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progress. uf' dmmvary m trhla ﬁeld must. be. hald responsible fnr what
might be regarded as'many anachronisms of treatment in the text
of the wpr’k -

.. It was my a,'q'b:tmn at the outset to have kept pace with the
extension of our knowledge up to the completion of the whole work,
but the ever-increasing demands upon my time and energies have
compelled me to abandon this project and to consider the literature
as closed at the end of 1902. An Appendix comprises the more
important syntheses which' have been effected during the printing
of this volume. In order to avoid unnecessary delay it has also
been decided to issue the work in two volumes. The second of these
is in rongh draft, and will be completed for publication as soon as
practicable.

If asked, as I frequently have been during the progress of the work,
what position synthetical chemistry occupies with respect to the
doctrines of Vitalism or Neovitalism, I think it advisable to place
upon record the opinion that the present achievements in the domain
of chemical synthesis furnish no warrant for the belief that the
chemical processes of the living organism are in any sense transcen-
dental, or that they must be regarded as belonging to a class of special
material transformations which human science will never be able to
reproduce. Such an admission as the latter would be tantamount to
a proclamation of Neovitalism; but the whole history of organic
synthesis, from the time when it was declared that organic com-
pounds could be obtained only by living agency, is opposed to any
such conclusion!. But although the doctrine of a special ‘vital
force' has received its deathblow at the hands of modern science,
and although there is no warrant for the belief that the physics or
chemistry of animals and plants is ultra-scientifie, yet it must not
be lost sight of that the synthetical possibilities of the living organism
have bronght us face to face with modes of chemical action of which
we are as yet profoundly ignorant.

Those who consider that the triumphs of chemical synthesis have
finally disposed of Vitalism in any form will do well to bear in mind
that, until the chemist has shown that his synthetical methods are
identical with Nature’s methods, there is just as much scope for
endeavouring to penetrate the chemiecal vital mysteries as there was
in the days when it was believed that every ‘organic’ compound

! 8oan on the other hand Dr. Lionel 8. Beale's Introductory Leclure on iThe Founda-

tions of Medical Science,' delivered at King's College on Ocl. 4, 1895. *The Lancet,’
Dct. 1g, 18gE.
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required an animal ‘or a plant forfits pmductiqp. IP‘thia‘is lost sight
of amidst the overwhelming mass of material aceumulated'by the
great army of workers in the field of Carbon Ghamis_-tx-f"’_—'ff we have
produced thousands of compounds which do not and probably never *
will be found to exist in living organisms; if ave have gone so far
beyond Nature as to make it appear unimportant whether an organic
" compound is producible by vital chemistry or not, we are running the
risk of blockading whole regions.of undiscovered modes of chemical
action by falling into the belief that known laboratory methods are
the equivalents of unknown vital methods.

The whole contents of this work will show how little warrant there
is for assuming such an attitude as the above. Rather than interpose
such a barrier to future investigation it would be better to return to
the initial position and to ask ecritically how far chemical synthesis
has as yet thrown light on the physiological processes of animals and
plants. It is evident that no synthetical process of a pyrogenic
character is of any particular biochemical interest. The fundamental
synthesis par excellence—the photosynthesis which plants are enabled
to accomplish, and in the course of which carbon dioxide is absorbed
by an organic compound and the product or produets decomposed with
the liberation of oxygen—is as yet without a laboratory parallel. It
has also long been recognised that many hydrolytic decompositions in
the living organism which result in the formation of definite products
are due to enzyme action. Such actigns can generally be imitated by
laboratory methods, but the analogy between the natural and the
laboratory process disappears when it is considered that as yet no
organic nitrogenous hydrolysing agent of the nature of an enzyme
has ever been synthesised.

Still more recently has it been shown to be probable that certain
up-grade syntheses in the living organism, i.e. the coalescence of
simpler to more complex molecules, may also be the result of enzyme
action®. Here again it may be said that the process might be imitated
by the use of chemical reagents, but the actual vital method has not
been reproduced in the laboratory. In emphasising these differences
between laboratory synthesis and synthesis in the living organism it
has appeared to me that some further stimulus might be given to bio-
chemical investigation, and this consideration has had much weight in

! Oroft Hill, Trans. Ch. Soc., 1898, 73, 634 ; Ber. Deutsch. ch. Gesell. 1go1, 84, 1380 :
Kastle and Loevenhart, Am. Ch. Journ. 1901, 28, 533 ; Hanriot, Comp. Rend. 1gor, 133,
113 ; Emmerling, Ber. Deutsch. ch. Gesell. 1901, 84, 3810; Fischer and E. F. Arm-

:‘;““Er Sitzungsber. Pr. Akad. Berlin, 1901, 123 ; Bor. Deutsch. ch. Gesell. 1goa,
s AT44.
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determining the completion of the task which was commenced nine
years ago.

The general survey of synthetical chemistry made possible by the
present work w'il help to bring into prominence the extreme im-
portance of the chemist and physiologist working hand in hand for
the future advancement of knowledge in this domain. Had time and
space permitted, I should have liked to discuss from the chemical point
of view the different hypotheses which have from time to time been
advanced by chemists and physiologists in explanation of the vital
synthesis of various compounds or groups of compounds. Such dis-
cussion, even had I possessed the necessary qualifications as a physiolo-
gist, would however have further delayed publication. This part of
the work may well be left over for future treatment, and will gain
rather than suffer in importance by allowing the facts to accumulate
and mature. I am not without hope that the present résumé will
materially assist any future discussion of the problems of Biochemistry.
As it stands, the work must be taken simply for what it professes to
be—a bare record of the synthetical achievements of generations of
workers arranged with a distinet biochemical bias.

At the outset I had also contemplated the interpolation of chemical
reactions and schemes, showing by the usual formuls the genetic
relationships between each vital product and its generators. This
likewise was abandoned when it was realised that such additions
would have expanded the work to an inordinate size, and, further,
that the chemical mechanism of these transformations was often
imperfectly understood or had been explained only in a tentative
way. Here again, therefore, it has been thought better on the whole
to limit the work to statements of fact only, because, while the pro-
duction of one compound from another is an actual achievement, the
chemical explanation of the process must necessarily, with the develop-
ment of our theoretical notions, be subject to modification. As exer-
cises in chemical theory the pages of this compilation will be found to
furnish an overwhelming mass of material, and the original publica-
tions from which the facts have been gleaned can always be consulted
by those who wish to enter more fully into this aspect of the
subject.

In offering this book as a work of reference embodying only records
of facts, it must of course be understood that my task has been simply
that of a compiler, and that I do not hold myself responsible for any
of the statements made by investigators. It is not in any sense to be
regarded as a critical work, and my whole object has been simply to
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bring practical workers, whether chemists, physiclogists, or technolo-
gists, into communication with the various authorities quoted. For
this reason full references have been given for every record of the
natural occurrence of the compounds and of the methods employed
for their synthetical production. As it has been found impossible to
read every paper in full in the original, it is also necessary to caution
those who use this volume that many of the papers contained in diffi-
cultly accessible publications have been seen only in the abstracts
published in the ‘Chemisches Central-Blatt,’ the ‘Journal of the
Chemical Society, the ‘Journal of the Society of Chemical Industry,’
and in the ¢ Journal of the Federated Institutes of Brewing.’ The
page given in the references must not therefore be quoted in all
cases without further verification as the actual page of the original
paper in which the statement occurs, but simply as a reference to
the page of the publication on which the original paper is to be
found.

The vital products recognised in this volume are those compounds
of definite chemical composition which are known to be produced as
the result of the vital activities—for the most part normal—of animals
and plants, including of course the heterogeneous assemblage of miero-
organisms. As explained in the mtroductory chapter, considerable
latitude has been allowed in the interpretation of the term °vital
product’; but it is to be understood that the syntheses of these
compounds as recorded are in every case complefe in the chemical
sense. It is necessary to call attention to this point because in many
instances it may appear that where one vital product (X) has been re-
corded as a generator of other vital products (4, B, &c.), the compound
X having originally been synthesised from 4 or B, that we have got
out of X nothing more than was originally put into it, and that there
has accordingly been presented a case of circular reasoning,’ or, in
other words, an incomplete synthesis. In all such cases, however, it
will be found that X can be obtained from generators other than 4 or
B, and that the synthesis of X is therefore independently complete.
The importance of recording the inter-relations of X, 4, and B is fully
explained in the subsequent pages.

A compilation such as the present would have been for me an im-
possible undertaking without the free use of the standard works of
reference, and I must in the first place acknowledge my indebtedness
t Beilstein's ‘ Handbuch der organischen Chemie’ and its Supple-
ments; to Watts's ¢ Dictionary of Chemistry,’ Morley and Muir; to
Thorpe’s ¢ Dictionary of Applied Chemistry '; and to Roscoe-Schor-
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lemmer’s ‘ Lehrbuch der organischen Chemie, by Brithl and his
collaborators. In addition to these general works, many treatises
dealing with special branches of the subject have been found of
extreme value:- -

For physiological chemistry, ‘ Lehrbuch der physiologischen Chemis,’
by Hammarsten, and the American translation by Mandel ; also ‘ The
Chemical Basis of the Animal Body,' by Sheridan Lea.

For enzymes, ‘The Soluble Ferments and Fermentation,’ by
J. Reynolds Green.

For fermentation, ¢ Die Mikroorganismen der Gérungsindustrie, by
Jirgensen ; also ¢ Technical Mycology,’ by Franz Lafar, German and
English editions; ¢ Die Gérungsorganismen,” by Klicker ; * Die Fer-
mente und ihre Wirkungen,’ by Oppenheimer; ¢ Die Zersetzung stick-
stofffreier organischer Substanzen durch Bakterien, by Emimerling.

For terpenes, ‘ The Chemistry of the Terpenes,’ by Heusler, trans-
lation by Pond.

For ethereal oils, ‘ Die aetherischen Oele, by Gildemeister and
Hoffmann ; also ¢ Les Huiles essentielles,’ by Charabot, Dupont, and
Pillet, and ¢ Odorographia,” by Sawer.

For carbohydrates,  Die Chemie der Zuckerarten,” by E. O. v. Lipp-
mann ; ‘ Kurzes Handbuch der Kohlenhydrate, by Tollens; ©Les
Sueres et leurs principaux dérivés,’ by Maquenne.

For glucosides, ‘ Die Glykoside,’ by Van Rijn.

For colouring-matters, ¢ Die Chemie der natiirlichen Farbstoffe,’ by
Hans Rupe.

For alkaloids, ‘ Ueber die Erforschung der Konstitution und die Ver-
suche zur Synthese wichtiger Pflanzenalkaloide,” by Julius Schmidt.

For ptomaines, ¢ Usber Ptomaine,’ by Brieger.

Some of the sections in the German edition of Roscoe and Schor-
lemmer’s treatise above referred to are in themselves special mono-
graphs, and some of the lectures in the Stuttgart series, entitled
* Ssammlung chemischer und chemisch-technischer Vortriige, have
also been found of much value, and are quoted under their respective
titles.

Mr. E. M. Holmes, F.I.S., has been good enough to revise the lists
of plants referred to in the present volume, and I desire to express
my thanks to this well-known authority for the valuable assistance
thus given.

R. M.

July, 1004,
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LIST OF SYNTHETICAL PRODUCTS
Arpenypes aND Kerones: Farry Groue.
Formie Aldehyde. 102. Crotonic Aldehyde,
Acetic Aldehyde. 103. Tiglic Aldehyde.
Acetal. 104. Citral. 105. Citronellal.
Butyric Aldehyde. 106. Acetone,
Valeric Aldehyde. 107. Methyl-n-amyl Ketone.
Hexoic Aldehyde, 108. Methyl-n-heptyl Ketone.
Heptoic Aldehyde. 108. Mathyl-n-nonyl Ketone.
Oectoic Aldehyde. 110. Mathyl-n-decyl Ketone,
Enncic or Nonoic Aldehyde. 111. Methylheptenone.
Decoie Aldehyde. 112. Phorone.
Acrolein. 113. Diacetyl.
AroMatic ALDEHYDES AND KETONES.
Benzoic Aldehyde. 131. Piceol or Parahydroxyacetophenone.
Hydrocinnamic Aldehyde. 132, Ketocoumaran. 133. Pmonol.
Cumic Aldehyda, 134. Hydrocotoin.
Salieylic Aldehyde. 135. Methylhydrocotoin.
Metahydroxybenzoic Aldehyde. 138. Euxanthone. 13%7. Gentisin.
Parahydroxybenzoic Aldehydea. 138. Chrysin. 139. Tectochrysin,
Anisic Aldehyde. 140. Apigenin. 141. Luteolin.
Vanillin, 123. FPiperonal. 142. Quinone.
Cinnamic Aldehyde. 143. Thymoguinone.
Orthocoumaric Aldehyde Methyl 144. Metahydroxyanthraguinone.
Ether. 145. Alizarin.
Asaryl Aldehyde. 148. Purpurcxzanthin.
Furfural. 12%7. Carvone. 147. Hystazarin. 148. Anthragallol.
Pulegone. 129. Menthone. 1498, Purpurin.
Orthohydroxyacetophenone, 150. Methylpurpuroxanthin.
CARBOHYDRATES AND (GLUCOSIDES.
Dihydroxyacetone. 158, d-Mannose.
d-Erythrulose. 157. Salicin.
d-Arabinose. 158. Populin.
Dextrose. 165. Lmvulose. 1569. Methylarbutin.
SvurLpHur CoMPOUNDS,
Carbon Disulphide, 166. Allyl Isothiocyanate.
Methyl Mercaptan, 167. Crotonyl Isothiocyanate.
Normal Butyl Mereaptan. 168. Angelyl Isothiocyanate.
Mathyl Sulphide. 168. Benzyl Isothiccyanate.
Ethyl Sulphide. 170. Phenylethyl Isothiocyanate.
Secondary Butyl Isothiocyanate. 171. Parahydroxybenzyl Isothiceyanate.
CyanogeN CoMPOUNDS.
Hydrogen Cyanide, 173. Tsceyanacetic Acid. 174. Thiocyanic Acid.
CampHon ANp TERPENE GROUP.
Camphor, 176. Borneol 177, Camphene. 178. Menthene.
Fravosxe Gnoue.
Fisetin. 180. Quercetin. 181. Kampherol.
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INTRODUCTORY

I. HISTORICAL

Tre history of organic chemical synthesis has been so firequantly
dealt with by previous writers that it is unnecessary to discuss the
subject in detail from this point of view. In so far as the existence of
a special ‘vital force’ was considered necessary to EEP!&i]EL the forma-
tion of organic compounds by the living organism, 1t is generally
conceded that Wohler, by his synthesis of urea from ammonium
cyanate in 1828, was the first to deliver a serious blow against the
doctrine in question. As a pioneer in the same field our own country-
man, Henry Hennell, must, as I ventured to plead in 18957, be accorded
a place not inferior to that of Wohler as being among the first to
produce an organie compound independently of the living organism.
The English chemist succeeded in synthesising alcohol from olefiant
gas at practically the same time that his great German contemporary
had excited the interest of the whole chemical world by his synthesis
of urea.

Important as was the latter discovery, it must not be forgotten that
at the time of its announcement the synthesis was not what would now
be termed ‘ complete,’ because the cyanide from which the cyanate was
prepared was then obtained by fusing nitrogenous organic matter with
an alkaline carbonate, so that it might have been said that the carbon
and nitrogen were both of vital origin. The synthesis of alcohol by
Hennell was equally incomplete, because the olefiant gas had been
obtained by the pyrogenic decomposition of organic material, viz. oil,
so that in this respect the two syntheses were on precisely the same
level.

Since aleohol was not in 1828 recognised as a vital product in the
same sense that urea was so regarded, it will be easily understood why
the synthesis of. the former failed to arouse any particular interest at
the time; the discovery did not clash with the current notions of
Vitalism. As Hennell's contribution to chemical synthesis had of late
years been allowed to fall into oblivion, I thought it desirable in 1895
to remind chemists once again of his claim to take rank among the
early pioneers in this field. The plea has not, however, been allowed
to pass unchallenged, for no less an authority than M. Berthelot, one
of the most active and distinguished among the later workers at the
subject of chemical synthesis, has denied Hennell's claim to have been
the first to synthesise alcohol?. TUnder these circumstances it will be

! Brit. Assoc. Rep, Ipswich, 189z, p. 640, ' Comp. Rend. 18gg, 128, 862.
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CHEMICAL SYNTHESIS 11

ing down complex into simpler molecules, which the chemist cannot
imitate at present by laboratory methods. In other cases, again, the
chemist has discovered relationships in the laboratory which the living
organism has long been realising in the vital laboratory. It must be
left to the judgement of physiological chemists to decide whether in
the case of any particular relationship herein recorded the chemical
mechanism of the transformation is similar in the organism and in the
laboratory—whether there is any analogy between the processes or
whether absolute ignorance must be declared. The consideration of
such problems cannot but give an impetus to further inquiry into the
chemical activities of animals and plants.

Certain details of treatment which follow from the foregoing con-
siderations may now be dealt with. While following the main divi-
sions, sich as hydrocarbons, aleohols, aldehydes, ketones, &c., under
which organic compounds are generally grouped, the information
which from the present standpoint is considered of the greatest impor-
tance is the particular generator which serves as a starting-point in
each synthesis, Since the generators under the present scheme are for
the most part themselves vital products, the relationships which from
the biochemical point of view are of the greatest interest are thus
brought into prominence. It was hoped at the outset of this under-
taking that it would have been possible to keep to the systematic
classification of the generators in the order of the above main divisions,
but the rapid progress of discovery made interpolations and rearrange-
ments so frequently necessary that this plan was found to be impracti-
cable in the time available and it had to be abandoned. This departure
from what may be considered the logical sequence will not, however,
be found of any practical disadvantage in using the work. The
systematic sequence has been observed as far as possible, and the
synthetical processes have been arranged under lettered paragraphs
with the name of the generator printed in italics so as to catch the
eye at once in running down the page. Each synthetical product has
also a registration number, so that cross-references are easily found
when necessary, the registration numbers which serve for such refer-
ences being printed in thick type in square brackets, The system of
cross-references, although throwing some additional trouble on the
reader, has been unavoidable in view of the fact that many synthetical
products serve as gemerators for numbers of other products. The
repetition of the synthetical processes every time a synthesised com-
pound is mentioned would have added enormously to the labour of
compilation, and would moreover have increased the size of the book
t? an inordinate extent. In order to facilitate reference the registra-
tion number of the compound and the initial letters of the paragraphs
containing the descriptions of the synthetical processes are also printed
at the top of each page.

Among other consequences which follow from this biochemical















16 INTRODUCTORY

but that its object is to furnish material for evolutional schemes of
genetic relationships which are chemically real, however far-fetched
they may appear from a laboratory or technical point of view.

Thus, to state the case in an abstract form, a vital produet, X, is
capable of being produced from a certain generator, 4, by the action
of heat or chemical reagents. But A by treatment with certain other
reagents can be transformed into the compounds P, Q, R, &c., each one
of which, or only the last one, say £, can by appropriate treatment be
converted into X. It may be urged against the system adopted in this
work that since X can be directly obtained from A, the intermediate
compounds P, @, R, &c., have been interpolated unnecessarily. This
objection is valid from a practical point of view, but if the fact that X
is obtainable from P, @, and R were for this reason omitted the genetic
relationships between 4, P, Q, R, and X would be lost sight of. More-
over it is possible—and in fact during the preparation of this work
numbers of actual cases have occurred—that one or all of the inter-
mediate compounds P, Q, F may be at present, or may be found sub-
sequently to be, synthesisable from some generator other than 4, let us
say B, so that B then becomes a generator of X—a fact that would
have been ignored if P, @, /2 had not been interpolated between 4 and
X. It is further possible that some natural source of one of the inter-
mediate compounds, say i, might be discovered hereafter, in which
case the genetic relationship of the vital product £ to A at one end
and X at the other would then be deducible from this work. Provision
is accordingly made by this treatment not only for the possible
development of further chemical relationships throngh the discovery of
new modes of synthesising compounds which are now non-vital inter-
mediate stages, but likewise for the possibility of some non-vital pro-
ducts, at present only used as stepping-stones in the laboratory series
of operations, being hereafter found in nature,

In illustration of the advantages of this system—a system in which
directness and simplicity of transformation cannot be allowed to deter-
mine which synthetical processes shall be included and which excluded
—the case of diacetyl [113] may be quoted. When the section dealing
with quinol [71] was first written the generators of diacetyl had to be
included among the generators of this phenol. It was afterwards
found in the laboratory of Schimmel & Co. that diacetyl is a consti-
tuent of certain ethereal oils, so that this compound, at first introduced
only on account of its genetic relationship to quinol, thereupon had to
be enrolled among the vital products and so, as it were, to have its
importance enhanced by having biochemical interest added to its
purely chemical interest as an indirect generator of guinol. Had
diacetyl been excluded because its connexion with gquinol 1s only of
an indirect character an interesting relationship between two vital
products would have been lost sight of. The cases in which new
synthetical processes for the production of non-vital intermediate
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compounds have been discovered during the compilation of this work
are too numerous to select special illustrations from ; constant interpo-
lations have, as already stated, been necessary to keep pace with the
progress of discovery. : : _

In pursuance of the scheme of recording the inter-relations hatw:aan
organic compounds on biochemical rather than on purely chemical
lines it has also been found necessary, not only to interpolate whole
series of intermediate stages irrespective of practical considerations,
but also to record synthetical processes which in many cases yield only
a small quantity, or even only a trace, of the final product. In other
words, the question of yield, like the question of directness of method,
cannot be allowed any weight in presenting the subject of chemical
synthesis from the present point of view. It is clear that we are
following the natural method in this, because it is tolerably certain
that & large number, if not a large majority, of the vital products at
present isolated and synthesised are of the nature of by-products,
having no quantitative relationship to their generators that could be
stated—even if we knew what these generators were—in the form of
chemical equations which could be said to express the whole truth.
No less is it certain that many of the vital compounds herein dealt
with arise from the breaking down of many antecedent generators,
and the final product results from the accumulation of traces of the
compound derived from several sources.

It may fairly be urged that the inclusion of processes which result
only in a trace of the final product diminishes the value of this work
from the technological point of view. Even here, however, it is
claimed that the biochemical method, if properly used, may be of great
service in chemical technology. In using this as a work of reference
in which all the generators of any particular compound are recorded
in a systematic manner, the chemist, the physiologist, and the techno-
logist will no doubt each use his judgement in assigning due weight
to any particular process. The mere statement of the fact that there
is any genetic relationship between one compound and another of
industrial importance may furnish a suggestive clue for future in-
vestigation. As our knowledge of biochemical processes advances and
as our chemical processes are bronght more and more inte line there-
with, it is certain that the manufacture of vital products will derive
Just as much advantage as will the laboratory methods for synthesising
organic compounds which are of no industrial use.

To state the case another way, the fact that a particular generator
gives rise to only a trace of some compound of industrial use is a hint
given by Nature that the future technologist might work upon to
Increase the yield and, as it were, to improve upon Nature's own
method. The history of the development of industrial organic
chemistry furnishes many examples which justify this inclusion of
all processes, irrespective of yield. In modern times the synthesis of

C
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indigo, first from benzene and acetic acid via phenylglycin, then from
naphthalene and acetic acid via anthranilic acid (a vital produet) and
phenylglycin-orthocarboxylic acid, may be quoted as a most instruc-
tive illustration. The yield from the first of these generators was
insufficient for technological success; the yield from anthranilic acid
is sufficient to enable the synthetical to compete successfully with the
natural product. In fact, most laboratory syntheses are at first accom-
plished without any consideration of the question of yield; it is not
till the process is taken over by the technologist that this question
becomes of importance. The conversion of a laboratory compound
into a technological product often reacts also upon the scientific
investigation of the compound, leading not only to improvements in
methods of production, but likewise to the discovery of new synthetical
processes.

The study of synthetical chemistry from the present point of view
will furnish numerous examples illustrative of the interdependence of
science and technology, and, in fact, many of the syntheses of vital
products effected of late years are the direct outcome of the techno-
logical value of such products. In view of the relationships between
biochemistry and chemical technology, the revelation of which, it is
claimed, is intimately associated with the present mode of treatment,
1t 1s obvious that patented processes have had to be included in the
literature. It is of course beyond the scope of this work to discuss
such processes critically, and they have all been included, when having
any bearing upon any particular synthesis, for whatever they may be
worth industrially. The inclusion of patented processes cannot, how-
ever, but contribute towards the utility of the work from the point of
view of the chemical technologist. :

In one direction a certain latitude has been allowed in dealing with
synthesised vital products, to which special attention must be directed
in conclusion. In the case of optically active compounds the synthesis
is not logically complete till the optical isomeride has been isolated 1n
the laboratory by one or another of the known methods. Nevertheless
the synthesis of such optically active compounds has been recorded as
an accomplished fact, although the laboratory product is, as is well
known, always optically inactive through ‘external compensation’
(racemism, &c.). In going beyond the facts to this extent it is claimed
that the course adopted is, however, but a reasonable anticipation of
future discovery. The optically active vital produect is actually present
in the racemic compound or mixture produced in the laboratory, and
it may confidently be expected that some method will hereafter be
devised for separating the optical isomerides in the case of synthesised
compounds which, being neither acid nor basic nor attackable by
biological methods, have thus far remained as unresolved. To illustrate
this point by a hypothétical case, dextrotartaric and racemic acids are
natural products, the latter alone being, strictly speaking, a synthetical
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manganese, lanthanum, yttriom, ura-
nium, and thorium, prases- and neo-
didymium produced in the electric fur-
nace give methane (in most cases mixed
with other gases) when acted upon by
water (Moissan, Proc. Roy. Soe. 80,
156 ; Bull. Soc. [3] 11, 1012 ; 15, 1285 ;
17, 15; Comp. Rend. 128, 362; 423 ;
1462 : Ann. Chim. g;] 9, 302 ; Moissan
and ],E'Ifard, Ann, Chim. [7] 18, 429;
Lebeau, Comp. Rend. 121, 48 ; Moissan,
Comp. Rend. 131, 5g95; Berthelot, Comp.
Rend. 182, 281).

Carbonand hydrogen combine directly
to form acetylene when the electrie arc
passes between carbon poles in an at-
mosphere of hydrogen (Berthelot, Ann,
Chim. [4] 18, 143; Comp. Rend. 54,
640 ; Bone and Jerdan, Trans, Ch. Soe.
71, 41; 79, 1042). Or certain metallic
carbides, such as those of barium, cal-
cinm, strontium, and lithinm prepared in
the electric furnace, give acetylene when
acted upon by water (Moissan, Bull. Sce.

3] 16, 1285 ; the production of acety-
ene from caleiom carbide and water was
first obeerved by Wihler, Ann. 124, 220:
the technical production of calcium ecar-
bide is due to Willson, 18¢g4. Waohler
repared caleium carbide by strongly
Eeating an alloy of zine and caleium with
charcoal : Maquenne prepares barium
carbide by heating barium ecarbonate
with magnesium powder and ecarbon ;
Ann. Chim. [6] 28, 266). Acetylene
gives methane when passed over finely
divided nickel heated to 300° (Sabatier
and Senderens, Comp, Rend. 124, 617
or when heated per se to 1150° (Bone an
Jerdan, Proe. Ch. Soe. 17, 164). Or
acetylene forms a compound with mer-
earic chloride (see under acetaldehyde
[EE; A), and this on treatment with
1odine and alkali gives iodoform (Le
Comte, Journ. Pharm. 18, 2¢7). From
iodoform as under D below.,

Carbon monoxide and hydrogen give
methane under the influence of the Bﬁ’ent
electric discharge (Brodie, Proc. Roy.
Soe, 21, 245 ; Ann, 169, 270). So also
(probably) does a mixture of carbon di-
oxide and hydrogen (Collie, Trans. Ch,
Soc. 79, mﬁ?). Methane is produced
by the catalytic action of finely divided
heated nickel or cobalt on a mixture of
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hydrogen with earbon dioxide or mon-
oxide (Sabatier and Senderens, Comp.
Rend. 184, 514; 68g).

[B.] Heptaie El] givesmethane among
the gases produced by heating the hydro-
carbon to goo® (Worstall and Burwell,
Am. Ch. Journ. 19, 815).

[C.] From methyl aleohol [18] through
methyl iodide and the action of sodium
on the moist ethereal solution or of the
copper-zine couple or aluminium amal-
gam on the alecholic solution of the
iodide (Gladstone and Tribe, Trans, Ch.
Soec. 45, 154 ; Wright, I&id. 47, 200;
Bone and Wheeler, f4id. 81, 541). Magne-
sium amalgam reduces the alkyl iodides
more readily than the copper-zine couple
(Meunier, Comp. Rend. 184, 472). Me-
thyl iodide (or chloride) gives methane
by heating with potassium hydride
(Moissan, Comp. Rend. 134, 38g). Or
from methyl 1odide through zine methyl
(Frankland, Ann. 85, 346; 111, 62) and
decomposition of the latter by water
(1bid. Phil. Trans. 1852, 2, 417 ; Laden-
burg and Kriigel, Ber. 32, 1821), or by
aleohol in an atmosphere of nitrogen or
hydrogen (Tolkatscheff, Journ. Russ.
Soc. 88, 469). Magnesium methiodide
gives methane ondecomposition by water

Grignard, Ann, Chim. [7] 24, 433;
schugaeff, Ber. 85, g3g12).

From methyl aleohol by passing the
vapour over heated magnesium (Keiser
and Breed, Ch. News, 71, 118), or by

ing the electric arc through the va-
pour (Lob, Ber, 84, g17), or by pyro-
genic contact decomposition (Ipatieff,
Ber. 85, 1055; 1060). From methyl
alcohol through methyl ether (Dumas
and Peligot, Ann. 15, 12 ; Kane, Ann,
19, 166; ILEbelmen, Ann. 57, 328;
Erlenmeyer and Kriechbaumer, Ber. 7,
699 ; Tellier, Arch. Pharm. 10, 57).
The latter gives methane on passing
through a hot tube (Tischtschenko, Ch.
Centr. 1goo, 1, 586, from Journ. Russ.
Soec. 81, 784).

[D.] From ethyl aleokol [14] throngh
chloroform (Liebig, Ann. 1, 198 ; Sou-
beiran, Ann. Chim. [2] 48, 131; Sou-
beiran and Mialhé, Ann. 71, 225;
Kessler, Journ. Pharm. 13, 162; Belo-
houbek, Ann. 165, 349; Goldberg,
Journ. pr. Ch. [ﬂ.] 24, 114 ; for electro-
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Iytic production of chloroform from
potassium chloride and aleohol see
Chem. Fab. auf Aktien, Germ. Pat.
29771 of 1884 ; Ber.17, Ref. 624. See
also Dony-Hénault, Zeit. Elektroch. 7,
57). Chloroform gives methane on reduc-
tion with zine dust in aleoholic solution
(Sabanejeff, Ber. ®, 1810 ; Perkin, Ch.
News, 18, 1c6) or by potassium amal-
gam (Regnault, Gerbardt’s ¢ Traité,’
1, 603). Or by passing chloroform
vapour and hydrogen through a hot
tube, or by heating chloroform with
copper or with potassium iodide and
water in a sealed tube (Berthelot,
Jahresber. 1867, 267).

Or from ethyl aleohol through bromo-
form (Léwig, Ann. 3, 295; Dumas,
Ann. Chim, [2] 88, 120; Giinther,
Arch. Pharm. [3] 25, 373), which is
reduced to methane by heating with
potassium iodide, water, and ecopper or
zine (Berthelot, Ann. Chim. [3] 51, 48),
or by the copper-zine couple (Gladstone
and Tribe, Journ. Ch. Soc. 28, 510).
Bromoform yields methane by passing
the vapour over heated copper (in an
atmosphere of carbon diﬂzige} or by
heating with zine dust in aleoholic
solution (Nef, Ann. 308, 329).

Or from ethyl aleohol through iodo-
form (Serullas, Ann. Chim. [2] 22, 152 ;
26, 314; Giinther, Arch. Pharm. [3]
26, 373 ; Rother, Pharm. Journ. [3] 4,
593; for electrolytic preparation of 10do-
form see Chem. Fab. auf Aktien, Germ.
Pat. 29771 of 1884 ; Ber. 17, Ref. 624 ;
Firster and Meves, Journ. pr. Ch. [2]
58, 354 ; Elbs and Herz, Zeit. Elektroch.
4,113; also Dony-Hénault, 74id. 7, 57;
Bull. Assoc. Belg. [6] 14, 247; for
production from potassium iodide and
aleohol by the action of ozone see Otto,
Germ, Pat. 1cgor3of 1898 ; Ch. Centr.
1goo, 2, 304). lodoform gives methane
by the action of the copper-zine couple
(Gladstone and Tribe, Journ. Ch. Soc.
28, 508), or by heating with finely
divided silver in an atmosphere of
carbon dioxide (Nef, Ann. 308, 329).

Or from ethyl aleohol through ethyl
chloride (Robiquet and Colin, Ann.
Chim. [2] 1, 343; Regnault, J4id. 71,
355; Kuhlmann, Ann. 88, 108 ; Liowig,
Pogg. Ann. 45, 346; Groves, Journ.
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Ch. Soc. 27, 637; Kriger, Journ. pr.
Ch. [2] 14, 195; Geuther, Zeit. [2] 7,
147). The latter gives methane (and
acetic acid) when passed over red-hot
lime (L. Meyer, Aun. 139, 282; see
also Dumas and Stas, Ann, Chim. [z]
78, 154, and Nef, Ann. 318, 1).

Or from alcohol through chloral by
chlorination (Liebig, Ann. 1, 18g) ; also
under formie acid [Vol. I1]). Chloral
in aqueous solution gives methane on
heating with zine or iron dust (Cotton,
Bull. Sce. [2] 42, 622).

Methane is among the gases produced
by passing the vapour of ethyl alcohol
over heated magnesium (Keiser and
Breed, Ch. News, 71, 118). Ethyl
aleohol by the action of aluminium
in presence of stannic chloride gives
aluminium ethylate (Hillyerand Crooker,
Am. Ch. Journ. 18, 41). The latter
gives methane among the products of its
decomposition by heat (Tischtschenko,
Ch. Centr. 1goo, 1, 585, from Journ.
Russ. Soe. 81, 784).

From ethyl alcohol through ethyl
ether (Valentin Rose, Scherer’s Journ.
d. Ch. 4, 253; Saussure, Ann. Chim.
89, 293 ; Dumas and Boullay, Iéid. [2]
88, 2g94; Williamson, Journ. Ch. Soe.
4, 106 ; Boullay, Journ. Pharm. 1, g7 ;
Soubeiran, Jféid. [3] 18, g321). Tie
latter gives methane among the pro-
duets of photochemical oxidation in pre-
sence of hydrogen peroxide (Berthelot,
Comp. Rend. 128, 627).

From ethyl aleohol through ethylene
by heating with dehydrating agents
(Mitscherlich, Ann. Chim. {3} 7, 1%}
Ebelmen, [l4id. 18, 136; Irlenmeyer
and Bunte, Ann. 188, 64; 192, 244 ;
Villard, Ann. Chim. [7] 10, 389; Newth,
Proe. Ch. Boe. 17, 147). DMethane 1s
among the products formed by passing
ethylene over finely divided nickel heated
in a tube (Sabatier and Senderens, Comp.
Rend. 124, 1358; 181, 26%), by passing
a mixture of ethylene and hydrogen
over heated freshly reduced cobalt (74id.
130, 1761), or by passing through a hot
tube (Day, Am. Ch. Journ. 8, 153).

Motk :—Ethylens and acetylene are among
the products formed when the wvapours of
primary aleohols such as mefhy! [13], ethyl [1d];
ERT T Pﬂj, and amyl aleohel [22] are passed
over ealeinm carbide heatod to zo0” (Lefobvre,
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Comp. Rend, 132, 1221). Ethylene or methane
or both gases are among the products formed
by passing the vapour of ethyl aleohol through
hot tubes of glass, platinum, or iron, or over
heated metals such as zine, brass, &e., or certain
metalliec oxides such as those of zine, tin, &e.
(Jahn, Ber. 13, gy ; Ipatieff, Ber. 34, 3579;
45, 1047 ; also over heated plumhbage erucible
material, Itid. 1o58). Ethylene and acetylene
are among the products of the pyrogenie de-
composition of the vapour of amyl aleohol [22]
(Wurtz, Ann. 104, 243). Ethylene is among
the products formed .ﬁl}' passing n-hexane [23 ;
A, &e.] or tsobufyl alcohol vapour [ 18] mixed with
air over heated platinum (v. Stepski, Monats.

23, 773)-

[B.] Propyl aleokol [16] gives me-
thane among the products formed by
passing the vapour over heated mag-
nesinm ( Keiser and Breed, Ch. News, 71,
118), or over heated plumbago crucible
material (Ipatieff, Ber. 85, 1059). Or
n-propyl aleohol gives iodoform by the
action of iodine and alkali (Lieben, Ann.
Suppl. 7, 218; 377), and this can be
reduced to methane as above under D.

Or from n-propyl aleohol through
the aldehyde (propanal) by oxidation
(Chancel, Ann. 161, 301; Przybytek,
Journ. Russ. Soc. 8, 335; Lieben and
Zeisel, Monats. 4, 14). Propanal gives
methane among the products of de-
composition of its vapour at a high
temperature (Tischtschenko, Ch. Centr.
1goo, 1, 586; Journ. Russ. Soec. 381,
784).

Or from n-propyl aleohol through
n-propyl chloride (see under isopropyl
alcohol [18; B]). The latter gives
carbon tetrachloride (with the hexa-
chloride) when heated with iodine
chloride to 200” (Krafft and Merz, Ber.
B, 1296). The tetrachloride gives me-
thane as below under L.

Or from isopropyl alcokol [18], being
among the products of pyrogenic contact
decomposition (Ipatieff, Ber. 35, 1056).

[¥.] Normal butyl aleokol [17] gives
iodoform by the action of iodine and
alkali (Lieben; see above under E).
Subsequent treatment as under D.

Or isobulyl alcokol [18] gives iso-
butyl chloride or bromide, and these
haloids passed over soda-lime heated
to 6co” give methane among other
products (Nef, Ann. 818, 22, &e.).
Methane is among the gases prml}u.:ud
by the pyrogenic contact decom position
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of the vapour of isobutyl aleohol by
certain metals (Ipatieff, Ber. 85, 1052;
also Noyes, Beilstein, I, 115) or by
plumbago crucible material (Ipatieff,
Ber. 385, 1060).

[G.] From octyl aleokol [28] through
1odoform (Lieben, loc. cit.) and then as
above under D.

[EH.] Glycerol [48] gives a small
quantity of methane among the products
of the dry distillation of the barium
compound (Destrem, Ann. Chim. [5]
27, 17; 44 ; Comp. Rend. 980, 1213).

Or from glycerol through allyl aleohol
(see under ethyl alcohol [14; G]), which
eives methane among the ucts of
pyrogenic contact decomposition by pass-
ing the vapour over certain heated metals
(Ipatieff, Ber. 85, 1054). Or from
glycerol through acrolein [)101] as under
HH below.

[1.] From aldekyde [02] throngh
iodoform (Lieben, Joc. cif.) and then as
above under D. Or aldehyde gives
chloral on chlorination (Pinner, Ber. 4,
256 ; Wurtz and Vogt, Zeit. [12] 7,679),
and this is decomposed by alkali with
the formation of chloroform (Liebig,
Ann. 1, 1gg). The latter, or chloral
itself, can be reduced to methane as
above under D.

Aldehyde gives methane among the
products of the decomposition of its
vapour by heat (Tischtschenko, Ch.
Centr. 19oo, 1, 586; see also Ipatieff,
Ber. 84, 3579) or by pyrogenic contact
decomposition by the action of certain
metals (Ipatieff, Ber. 85, 1049). Me-
thane is among the products of the
action of strong aqueous hydriodic acid
on aldehyde and many other compounds
at a high temperature (Berthelot, Bull.
Soc. [2] 7, 60; ®, 8; g1; 178; 265;
Jahresber, 1887, 342).

Or aldehyde-ammonia gives methane
among the products of its decomposition
when heated with a hypochlorite (De
Coninck, Comp. Rend. 126, 1042).

[3.] From acefone [108] through
chloroform or iodoform ( Liebig, Ann. 1,
198 ; Lieben, as above under E ; Ruthr.:r,
Jahresber. 1874, 317 ; Curtman, Beil-
stein’s ¢ Handbuch,” I, 18¢; Suilliot and
Raynaud, Bull. Soe. [2] 61, 4; Orndorff
and Jessel, Am. Ch. Journ. 10, 365), and
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subsequent reduction as above under D.
According to Berthelot (see above under
I) methane is among the gases produced
by the reduction of acetone by heating
to a high temperature with strong
aqueous hydriodic acid.

Acetone also gives bromoform by
electrolysis in presence of Entassmm
bromide and carbonate (Coughlin, Am.
Ch. Journ. 27, fi3: com Elbs and
Herz, Zeit. Elektroch. 4, 113). _

[E.] Bulyric aldelyde [94] gives
iodoform by the action of 1odine and
alkali (Lieben, as above under E).

[L.] From carbon disulphide [180]
by passing the vapour mixed with
sulphuretted hydrogen over heated
copper (Berthelot, Comp. Rend. 48, 236;
Ann. Chim. [3] 68, 6g). Or from
carbon disulplnge by heating with phos-
phonium iodide to 120°-140° (Jahm,
Ber. 18, 127).

Or carbon disulphide on chlorination
in the presence of iron and iodine and
subsequent treatment of the product
with bleaching powder gives carbon
tetrachloride (Serra, Gazz. 29, 353). Or
carbon disulphide can be converted into
the tetrachloride by chlorination (Kolbe,
Ann. 45,41; 64, 146; Hofmann, Ann.
115, 264; Klason, Ber. 20, 2376;
Mouneyrat, Bull. Soe. P,] 19, 262 :
for references to technical processes see
Conroy, Journ. Sce. Ch. Ind. 21, 309;
Urbain, Eng. Pat. 13733 of 1go1;
Journ. Soe. Ch. Ind. 21, 926). Carbon
tetrachloride can be reduced to methane
in the same way as chloroform (Berthe-
lot, Jahresber. 1857, 267).

[M.] Phenol [80] gives methane
among the products of pyrogenic de-
composition (Miiller, Journ. pr. Ch. 58,
1). Orphenol by theaction of potassium
chlorate and hydrochloric acid gives tri-
chlor-aa-glyceric acid, which is decom-
posed by cold alkaline solutions into
oxalic acid and chloroform (Schreder,
Ann. 177, 282).

[N.] From cresol [61; 62; 3] by
pyrogenic decomposition (Miiller, as
above under M).

[0.] ¥rom formic acid[Vol. IT], being
among the products of the dry distilla-
tion of the barium salt (Berthelot,
Jahresber. 1857, 426) and of the action
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of heated zine dust on the vapour of the
acid (Jahn, Ber. 18, 210g).

Or methyl formate on extreme chlo-
rination gives perchlormethyl formate
(Hentschel, Journ. pr, Ch. [zﬁ 38, 100 ;
214; 305), which is decomposed by
alumimum chloride with the formation
of carbon tetrachloride ([4id. 308). Sub-
sequent steps as above under L.

[P.] From acefic acid [Vol. II] by
heating acetates with barium oxide, with
potash-lime or soda-lime (Dumas, Ann.
Chim. [2] 78, 92; Ann. 83, 181; Von
Schlegel, Ann. 228, 140; Schorlemmer,
Ch. News, 28, 7: compare Ladenburg
and Kriigel, Ber. 82, 1820). Also from
acetic acid bﬂ photochemical decom-
position in the presence of uranium
galts (Fay, Am. Ch. Journ. 18, 28%).
Also by the electrolysis of fused potas-
sium acetate (Lassar-Cohn, Ann. 251,

58).
? Or indirectly from acetic acid through
the trichloro-acid by chlorination (Du-
mas, Ann. 82, 101). The trichloro-acid
gives chloroform on heating with
aqueous alkali (/4id. 113; Ann., Chim.
[2{ 58, 115).

Q.] Glyeollic acid [Vol. II] gives
methane on distillation with lime (Han-
riot, Bull. Soc. [2] 45, 8o; Comp. Rend.
101, 1156).

[R.] Lactic acid [Vol. IT] gives iodo-
form by the action of iodine and alkali
(Lieben, as above under E). Subsequent
reduction as before. Or lactic acid gives
chloroform on treatment with bleaching
powder (Eberhard, Journ. Ch. Sce. 80,
I, Abst. 357). Subsequent reduction as
above under D,

[8.] From malonic acid [Vol. II],
ethylene being among the products of
the electrolysis of the acid potassium
salt (Petersen, Ch. Centr. 1897, 2,
519). Ethylene gives methane as above
under D.

[T.] From suceinic acid [Vol. 1I],
methane being among the products of
electrolysis of an aleoholic solution in
presence of sodium hydroxide (Clark and
Smith, Journ. Am. Ch. Soce. 21, g67%).

Or indirectly through ethylene by
the electrolysis of a strong solution of
the sodium salt (Kekulé, Ann. 181, 79;
Clark and Smith, /ec. cif.; also from
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the acid potassium salt, Petersen, Ch.
Centr. 1897, 8, 519; 1g9co, 2, 171),
and then as above under D.

Or succinic acid gives a dibromo-acid
on bromination (Kekulé, Ann. 117, 123 ;
Ann. Suppl. 1, 352; Bourgoin, Bull.
Soc. [2] 18, 148; Gorodetzky and
Hell, Ber. 21, 1731), and this by treat-
ment with alcoholic potash gives acetyl-
enedicarboxylic acid (Bandrowsky, Ber.
10, 838 ; Baeyer, Ber. 18, 677 ; 226g),
the sodium salt of which gives, on the
addition of silver nitrate, silver acetylide
(Lossen, Ann. 273, 140). Acetylene
liberated from the latter gives methane
as above under A,

[0.] Fumaric acid [Vol. IT] combines
with bromine to form dibromsuceinie
acid (Kekulé, Aonn. Suppl. 1, 131;
Baeyer, loc. cif. ; Kirchhoff, Ann. 280,
20g ; Michael, Journ. pr. Ch. [2] 53,
295).  Subsequent steps as above
under T.

Or fumaric (or maleic) acid gives
acetylene on electrolysis of a strong
golution of the sodium salt (Kekulé,
Ann. 131, 85).

Or maleic acid (anhydride) on com-
bination with bromine gives 1sodibrom-
suceinic acid (Kirchhoff, Ann. 280, 207),
and this on heating with strong hydro-
bromic acid gives dibromsuceinie acid
(Michael, Journ. pr. Ch. [2] 63, 324).
Subsequent steps as above under T.
Irodibromsucecinic acid also on treatment
with alcoholic potash gives acetylene-
diearboxylie aciﬁﬁandmwsky, Ber. 10,
838), which gives acetylene and methane
as above under T,

[V.] Azelaic acid [Vol. II] gives
a small quantity of ethylene among
the products of its distillation with
goda-lime (Miller and Tschitschkin, Ch.
Centr. 18gg, 2, 182). Ethylene gives
methane as above under D.

[W.] Salicylic acid }vﬂ]. I1] by the
action of potassium chlorate and hydro-
chloric acid gives trichlor-aa-glyceric
acid, from which chloroform can be
obtained (see under M above).

X.] From gallic acid [Vol. II]
through trichlor-aa-glycerie acid by the
action of potassium chlorate and hydro-
chlorie acid and chloroform, &c., as
before (see under M above).

[1 T-HEH.

[¥.] Methylamine [Vol. II] gives
methane among the products of its re-
duction by strong aqueous hydriodic
acid at a high temperature (Berthelot,
as above under I).

[2.] Trimethylamine [Vol. II] on
heating the hydrochloride to 326° de-
composes with the formation of methyl
chloride (Vincent, Journ. Pharm. Lk]
30, 132 ; Jahresher, 1878, 1135). -
thyl chloride gives methane among the
products of pyrogenic decomposition
(Perrot, Ann. 101, 375), or a solution
of the chloride might be reduced as
above under C.

[AA.] Benzens (see under cymene
[8; I, &ec.]) by the action of sulphuric
acid and potassium chlorate gives tri-
chlorphenomalic acid, CCl,.CO.CH :
CH.COOH (Carius, Ann. 143, 129;
Kekulé and Strecker, Ann. 223, 170;
Anschiitz, Ann. 254, 152), and this
decomposes into chloroform (and maleie
acid) on heating with barium hydroxide
golution. For reduction of chloroform
to methane see above under D.

[BB.] From malic acid [Vol. II],
which gives bromoform by the action
of bromine and alkali (Cahours, Ann.e4,
351). Subsequentstepsas aboveunder D.

[cc.] From cifric acid [Vol, IIJ,
which gives bromoform as above,

[DD.] Ethylamine [Vol. II] gives
methane among the products of pyro-
genie decomposition (Miller, Bull. Soe.
[ﬁ% 45, 438). J ‘

EE.] Glucose [154] gives an oxime
which on reduction yields the base
glucamine. The latter gives iodoform
with iodine (Maquenne and Roux,
Comp. Rend. 132, g8c). From iodoform
to methane as above under D.

[FF.] From isovaleric acid [Vol. 11],
methane being among the products of
the dry distillation of the calcinm salt
(Dilthey, Ber. 84, 2115).

[GG.] Isoamyl alcokol [221 gives
methane among the products of pyro-
genic  decomposition by the contact
action of certain heated metals on the
vapour (Ipatieff, Ber, 86, 1053).

[HH.] From acrolein [101] through
propinal and nret‘glenu (see under
cymene [8; XVIII]), and then as
under A above,

—l
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SYNTHETICAL PROCESS.

[A.] From myristic acid [Vol. II]
through myristone by distilling the
caleium or barium salt (Overbeck,
Pogg, Ann. 88, 591; Ann, B4, 290;
Krafft, Ber. 15, 1713); the dichloride
by distilling with phosphorus penta-
chloride, and reduction of the dichloride
by heating with aqueous hydriodic acid
and phosphorus (Krafft, loc, eit.).

WoTe :(—A heptacosane may oceur in néroli
oil (E. and H. Erdmann, Ber. 33, 1a14), but the

constitution of this hydrocarbon is at present
unknown,

5. Normal Hentriacontane.
CH,[CH,],,. CH,

NATURAL SOURCES.

Occurs with the preceding in bees-
wax (Schwalb, Zoc. ¢it.) and tobacco leaf
(Thorpe and Holmes, loc. cit.).

SYNTHETICAL Procgss,

[A.] From palmitic acid an!. IT]
through palmitone by distilling the
barium salt (Piria, Ann. 82, 249); the
dichloride as above, and reduction of
latter as before (Krafft, loc. cit. 1714).

6. Cymene;
Paraisopropyltoluene ;
Paramethylisopropylbenzene ;
1-Methyl-4-Methoethylbenzene,

CH,
el
Nt

CH,.CH . CH,

NATURAL SOURCES.

In Roman cumin oil from the seeds
of Cuminum eyminum (Gerhardt and
Cahours, Ann. 38, 70; 101; 345); in
oil from the seeds of water-hemlock,
Cicuta rirosa (Trapp, Journ, pr. Ch. 74,
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428; Arch. Pharm. 281, 212; Ann.
108, 386) ; in oil of pepperwort, Safureia
hortensis (Jahns, Ber. 15, 816), and of
Satureia thymbra (Schimmel’s Ber. Oct.
188g).

Cymene occurs in oil of true bishop’s
weed, Plychotiz ajowdn (Haines, Journ.
Ch. Boe. 8, 28; Miiller, Ber. 2,
1 {SD; Landolph, Ber. 8, 936); in oil
of thyme from ZThymus vulgaris and
T serpyllum (Lallemand, Journ. Pharm.
24, 274 ; Comp. Rend. 37, 498 ; Ann.
108, 119; Febve, Comp. Rend. 93,
12go); in oil of wild bergamot from
Monarda fistulosa (Kremers, Pharm.
Rund. 18, 207 ; Melzner and Kremers,
Pharm. Rev. 14, 198); and in oil of
American  horsemint from Monarda
punctata (Kremers and Hendricks,
Pharm. Arch. 2, #3; Schumann and
Kremers, Pharm. Rev. 14, 223).

According to Faust and Homeyer
(Ber. 7, 142g9) cymene occurs in the oil
of Eucalyptus globulus, but according to
Gildemeister and Hoffmann (p. 691)
the oil investigated by these chemists
could not have been from that species.
Cymene oceurs in oil of FBucalypfus
kemastoma (Gildemeister and Hoff-
mann, 161), in oil of Thymus
capitatus from S. Spain (Schimmel’s
Ber, Oct. 188g), in oil of Trieste and
Smyrna origanum from Origanum kirtum
and 0. smyrneum (Jahns, Arch. Pharm.
216, 1; Gildemeister, fbid. 281, 182),
and in Ceylon oil of cinnamon (Schim-
mel’s Ber. April, 1902 ; Walbaum and
Hiithig, Journ. pr. Ch. [*:i;;] 88, 47).

According to Tardy (Bull. Soe. [3]
17, 580; 660) cymene is contained in
the oil of French bitter-fennel, but it
more probably resulted from the action
of hydrogen chloride on some other
constituent of the oil (Gildemeister
and Hoffmann, p. 740). According to
Klason the oil extracted from pine-
wood during the sulphite cellulose pro-
cess 18 eymene (Bied. Centr. 27, 137;
Ber. 83, 2343).

Cymene 1s contained in the steam
distillate from lemon-grass oil from the
Indian Andropogon eitratus (Dodge, Am.
Ch. Journ. 12, 553; Stiehl, Journ. pr,
Ch. [21 68, 51). Cascarilla oil from the
bark of Crofon cluferia contains cymene
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(Fendler, Arch. Pharm. 238, 671 : see
also Ch. Centr. 1900, 8, 574)-

Nore:—The eymene said in the older works
to be a constituent of so many plant oils is no
doubt some other hydrocarbon and was re-
corded before the discovery of dependable
chemical methods for identifying eymene. It
is probable also in many cases that the cymene
was produced by the action of the reagents
employed upon some constituent of the oil and
was not pre-existent as such.

Cymene is found in the urine of
dogs after repeated doses of sabinol
© (Hildebrandt, Ch. Centr. 1901, 1, 53).

SYNTHETICAL PROCESSES.

One of the generators of cymene in
some of the synthetical processes is
benzene, and as this hydrocarbon is also
the generator of large numbers of other
synthetical products its syntheses are
here introduced :—

Syntheses of Benzene.

[I.E From acelylene (see under meth-
ane |1; A]). The latter polymerises
under the influence of heat with the
formation of benzene (Berthelot, Comp.
Rend. 68, 470 ; Bull. Soe. [2] 7, 303;
Ann. Chim, Eﬂ 8, 469).

Nore :—Generators of acetylene (see under

methane [1; T; T ; &e.]) thus hecome generators
of benzena,

Carbon monoxide combines with

E-otasaium at 80° to form a salt of
exahydroxybenzene, the latter being
liberated on treatment of the salt with
hydrochloric acid (Brodie, Journ. Ch.,
Sce. [2] 13, 269; Ann. 118, 358;
Nietzki and Benckiser, Ber. 18, 1834).
Hexahydroxybenzene gives benzene
{['131:":!]:. diphenyl) on distillation with zine
ust,

Mellitie acid = benzenehexacarboxylie
acid can be obtained by oxidising char-
coal or other forms of carbon by alkaline
permanganate (Schulze, Ber. 4, 8oz ;
806), by fuming nitric acid (Dickson
and Easterfield, Proc. Ch. Soe, 14, 16 a0
5_7 the Flectmlﬁsis of dilute acid or

kali with carbon electrodes (Bartoli
and Papasogli, Gazz. 11, 468; Ch.
Centr. 1881, 327), by alkaline hypo-
chlorite (I%id.” Gazz. 18, 446), or by
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bheating with strong sulphuric acid
(Verneunil, Bull, Soe. [3] 11, 121;
Comp. Rend. 183, 1340). Mellitic
acid gives benzene when distilled with
soda-lime (Baeyer, Ann. Suppl, 7, 5).

Certain metallic carbides, e.g. of
barium, give benzene when heated to
6oo-8oc” with an equimolecular weight
of the metallic hydroxide (Bradley and
Jacobs, Germ. Pat. 125936 of 18¢8;
Ch. Centr. 1903, 1, 77).

[II.{ Methane [li and depfane [2]
give benzene among the products
formed by passing through a hot tube
(for heptane see Worstall and Burwell,
Am. Ch. Journ. 18, 815).

[IIL.] From ethyl alcokol [14] through
ethylene (see under methane [1; Dl}.
The latter gives benzene among the
products formed by passing through
a hot tube (Berthelot, Bull. Soec. fn]
B, 456; Norton and Noyes, Am. Ch.
Journ. 8, 362).

Wore :—Generators of ethylens thus become

generatora of benzene. (Sea under methane
[1; B; T; V, &.]).

Or from ethyl aleohol through chloro-
form, bromoform, or 10doform (see under
methane {;; D]). Chloroform gives
acetylene by passing the vapour over
heated copper (Berthelot, Comp. Rend.
50, 805) or by the action of potassium
or sodium amalgam (Kletzinsky, Zeit.
[2] 8, 127; Fittig, [4id.). Iodoform
ﬁri?es acetylene by the action of finely

ivided silver, zine, or the copper-zine
eouple (Cazeneuve, Comp. Rend. 97,
1371 ; Bull. Soc. P] 41, 106). Bromo-
form gives acetylene by similar treat-
ment (Ibid. [3] 7, 70; see also Nef,
Ann. 808, 329). Acetylene gives ben-
zene by polymerisation as under I
above.

Note :— Generators of chloroform and iodo-

form given under methane thus become through
acetylene generators of benzene.

Or from ethylene through ethylene
bromide and acetylene by the action of
aleoholic potash on the latter (Miasni-
koff, Ann. 118, 330; Sawitsch, Comp.
Rend. 52, 157; Ann. 119, 184; Sa-
banejeff, Ann. 178, 111), or by the
action of potassium isobutylate on the
bromide (Forcrand, Ann. Chim. [6] 11,
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477), or by passing ethylene chloride
over hot soda-lime (Wilde, Ber, 7, 352)
[IV.] From normal or isopropyi alco-
Aol [156; 18] through propylene and
allylene (see under benzyl aleohol [54 ;
E]). The latter gives mesitylene when
treated with sulphuric aeid (Schrohe,
Ber. 8, 17). Mesitylene oxidises to
trimesic = 1 : g : 5-benzenetricarboxylic
acid (Fittig, Ann. 141, 153), and this
gives benzene on distillation with lime.
Nore : —Generators of allylenc (see under
benzyl aleohol [54; F, &, &c.]) thus become

generators of benzene, Generators of propylene
are given under glyeerol [458].

[V.] From bufyl alcokols normal or
iso- [17; 18] through normal or iso-
butylene or pseudobutylene (see under
isobutyl aleohol [18 ; A] ; tertiary butyl
aleohol [18; B]; and secondary butyl
isothiocyanate [165 ; A and B]). Butﬁ-
ene or pseudobutylene bromide gives
crotonylene on treatment with aleoholie
potash (Caventou, Ann. 127, 347 ; Al-
medingen, Journ. Russ. Soec, 13, 392;
J. Wislicenus and Schmidt, Ann. 318,
211), and this by the action of sulphuric
acid gives hexamethylbenzene (Alme-
dingen, foe. cit.). The latter on oxida-
tion with permanganate gives mellitic
acid (Friedel and Crafts, Ann, Chim,
[6] 1, 470), which gives benzene as
above under I,

Benzene is a product of pyrogenic

thesis from isobutylene (Noyes;
Beilstein, I, 115).

[VI.] Methyl alcohol [18] is said to
give a small quantity of hexamethyl-
benzene by the action of zine chloride
(Greene and LeBel, Jahresber. 1878,
348).

A passage from methyl alcohol to
benzene is also possible through methyl
chloride and the further chlorination of
the latter to chloroform (Damoiseau,
Comp. Rend. 2,42). From chloroform
through acetylene as above under 111.

[VIL.] From carlon disuiphide [180]
through carbon tetrachloride (see under
methane [1; T } The latter 1s reduced
by zinc and ilute sulphuric acid to
chloroform (Geuther, Ann. 107, 212).

[VIIL] From acetone [luﬂ]l through
mesitylene (see under benzy aluullf:rl
[64; D)), and then ae above under IV,

HYDROCARBONS _ 6.

Or from acetone through phorone
and psendocumene (see under ortho-
cresol [61; B]] The latter oxidises to
a-xylic = methylterephthalic acid and
finally to trimellitic = 1 : 2 : 4-benzene-
tricarboxylic acid (Fittig and Laubin-
ger, Ann. 151, 276; Krinos, Ber. 10,
1494), which gives benzene on fusion
with alkali (Barth and Schreder, Ber.
12, 1257).

Or acetone and formic acid [Vol. II]
condense when the ethyl ester of the
latter and the ketone are acted upon
by sodium ethoxide, The product is
hydroxymethylene-acetone, and this
undergoes further condensation to tri-
acetylbenzene, which is oxidised to
trimesic acid by nitric acid (Claisen
and Stylos, Ber. 21, 1144).

[Ixi] From formic and acetic acids
[Vol. II]. A mixture of the esters
when acted upon by sodium gives
A-hydroxyacrylic = hydroxymethylene-
acetic=formylacetic acid, which readily
condenses to trimesic ester (Pintti, Ber.
20, 537 ; Claisen and Stylos, Ber, 21,
1146 ; see also Wislicenus and Binde-
mann, Ann. 318, 18).

Or a mixture of monochlor- or (better)
monobromacetic acid and ethyl formate
when acted upon by zine condenses to
trimesic ester, from which the acid can
be obtained by hydrolysis (Reformatsky,
Journ. Russ. Soc. 30, 280).

Or acetic acid on boiling potassium
dichloracetate with potassinm acetate
solution gives the potassium salt of
diacetyldihydroxyacetic = diacetylgly-
oxylic acid (Doebner, Ann. 811, 129).
The latter (salt) condenses with pyro-
racemie acid (see below under XIV) in
presence of alkali to phthalidetricarb-
oxylic acid, the aqueous solution of which
gives phthalidedicarboxylic acid on boil-
ing. The dicarboxylic acid gives toluene
when the barium salt is heated with
barium oxide (Doebner, foc. eit. 132).
Toluene can be oxidised to benzoie acid
Vol. IT], which gives henzene on dis-
tillation with lime.

Note :—Generatorsof toluena are given under
bhenzyl aleohol [54 ] paasim.

K.i] From isobutyric and formic acid
[Vol. 11]. Isobutyric acid is brominated
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(Markownikoff, Ann. 168, 229; Hell
and Waldbauer, Ber. 10, 448) and
a mixture of bromisobutyric ester and
formic ester acted upon by zine. Tri-
mesic (with tetramethyloxyglutaric)
ester is formed (Blaise, Comp. Rend.
128, 1808).

[X1.] From succeinic acid [Vol. 11]
through acetylenedicarboxylic acid (see
under methane [1; T]). The acid
potassium salt of the latter gives pro-
piolic=propargylic acid on boiling with
water (Bandrowski, Ber. 13, 2340), and
this on long exposure to light out of
contact with air partially condenses to
trimesic acid (Baeyer, Ber. 19, 2185).

Or from suceinie acid through ethyl-
ene by electrolysis (see under methane
[1; T]), ethylene bromide and acetylene
as above under 111, and polymerisation
as under I

XIIL.| From fumaric or maleic acid
[ ol. I1] through acetylene by electro-
ysis (see under methane [1 ; T.T{}.

[XII1.) fsovaleric acid | Vol. 11] gives
mesitylenic acid among other pmfuel;a
when the dry sodium salt is mixed with
sodium ethoxide and heated to 160" in
an atmosphere of carbon monoxide
(Loos, Ann. 202, 321). Mesitylenic
acid oxidises to trimesic acid (Fittig,
Ann. 141, 153).

[XIV.] From farfaric acid [Vol. II]
through pyroracemic acid (see under
benzyl aleohol [54; N]). The latter
gjvea uvitic acid (64 ; I), and this oxi-

ises to trimesic acid (Baeyer, Zeit. [2]
4, 119; Fittig and Furtenbach, Ann,
147, go1).

Pyroracemic acid condenses also with
acelaldehyde [92] or homologues (by
heating the mixture with baryta water
to form uvitic=methylisophthalic Mi(;
and homologues (Doebner, Ber. 23,
QE??;' 24, 1746). These alkyliso-
phthalic acids all oxidise to trimesic acid.

_Nore :—Generators of pyroracemic acid are
given under benzyl aleohol [54].

XV.] From malonic acid [Vol. IT]
and acefal [93]. The latter is con-
verted into monobromacetal (Pinner,
Ber. 6, 149 ; Fischer and Lan steiner,
Ber. 25, 2551), and this by interaction
with sodio-malonic ester gives acetal-

malonic ester (W. H. Perkin, junr,, and
Sprankling, Trans. Ch. Soc. 76, 13),
which by hydrolysis to acetalmalonic
acid and the action of water at 18c-
1go0° gives gE-aldehydopropionic acid
(Tdid. 16). The latter on heating with
sodium hydroxide solution gives tere-
phthalic acid (f#d. 18), and this gives
benzene on distillation with lime.

Or from malonic acid and ety aleokol
[14] and chlorgform through dicarboxy-
glutaconie ester by the interaction of
chloroform and sodio-malonic ester in
aleoholie solution (Conrad and Guthzeit,
Ann. 223, 250; Guthzeit and Dressel,
Ber. 23, 1414). The sodium deriva-
tive of dicarboxyglutaconic tetraethyl
ester on heating with aleohol at 150°
gives the triethyl ester of trimesic acid
{Lawrence and W. H. Perkin, junr,
Proc. Ch. Soc. 17, 47).

Work :—Dicarboxyglutaconic ester can also be
obtained from sodio-malonie ester and ethoxy-
methylenemalonie ester (Claisen and Haase,
Ann. 287, 86), or from sodic-malonic ester and
trichloracetic ester (Ruhemann, Ber. 20, 1017%),
or from sodio-malonic ester and carbon tetra-
chloride (Dimroth, Ber. 35, 2881).

[XVL] Malie acid [Vol. IT] by the
action of fuming sulphuric acid gives
coumalic acid=formylglutaconic anhy-
dride (v. Pechmann, Ber. 17, 936 ; Ann,
264, 272). The methyl ester of the
latter is converted into frimesic mono-
methyl ester by dilute alkali (7%id. Ann.
264, 294), and this can be hydrolysed
and converted into benzene as before.

Note:—Formylglutaconic = hydroxymethyl-
eneglutaconie ester ecan also be obtained
by the action of dilute sulphuric acid on
sodium-athylformylacetato (see above under
IX). The ester condenses to trimesic ester on

standing (oily form) or on distillation under
reduced pressure (Wislicenus and Bindemann,

Ann, 818, 18).

[XVIL] Tiglic acid [Vol. II] com-
bines with bromine to form a dibromide
which by the action of aleoholic potash
18 converted into S-bromangelic acid.
By the extreme action of alkali the
latter gives erotonylene (Wislicenus and
Henze, Ann. 813, 243). Subsequent
steps through hexamethylbenzene and
mellitic a.uifas above under V.

[XVIIL] From giycerol [48]through
acrofein [101] by dehydration (Redten-
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bacher, Ann. 47, 120 ; Van Romburgh,
Bull. Soc, 88, 550; Griner, Ann. Chim,
[6] 28, 367 ; Aronstein, Ann. Suppl. 3,
180; Wagner, Journ, Russ. Sce. 18,
317; Wohland Neuberg, Ber, 32, 1352),
dibromaerolein = dibrompropionic alde-
hyde by combination with bromine
(Aronstein, foc. cif. 185 ; Henry, Ber. 7,
1112 ; Linnemann and Penl, Ber, 8§,
109%), and the ethyl diacetal by con-
densing the aldehyde with formimino-
ether (Claisen, Ber. 81, 1015). The
diacetal on treatment with aleoholic
potash gives the diacetal of propargyl-
aldehyde = propinal, the latter being
obtained by the action of dilute sul-
phurie acid on the diacetal (Claisen, foe.
eit. 1022). Propinal is decomposed by
aqueous alkali into acetylene and formic
acid (Claisen, fse. eit.). From acetylene
to benzene as above,

The synthetical processes for the pro-
duction of cymene are the following :—

[A.] From denzene, methyl [18], and
normal or sopropyl alcokol [15; 18].
Benzene and normalor isopropyl bromide
or the corresponding chlorides condense
in the presence of aluminium bromide
or chloride respectivelyto form isopropyl-
benzene=cumene (Gustavson, Ber. 11,
1251 ; R. Meyer, Journ. pr. Ch. [2] 34,
g8 ; Silva, Bull. Soc. %] 43, 317;
Claus and Schulte im Hof, Ber. 18,
2012 : see also Kekulé and Schrotter,
Ber, 13, 2280; Konowaloff, Journ.
Russ. Soc. 27, 457 ; Radziewanowsk,
Ber. 28, 11 i?}.

Or monobrombenzene and isopropyl
iodide condense to isopropylbenzene on
treatment with sodium (Jacobsen, Ber,
8, 1260).

Isopropylbenzene on bromination in
presence of iodine gives parabromiso-
propylbenzene (R. Meyer, foc. cif. 101),
and this condenses with methyl iodide
under the influence of sodium to form
ecymene (Widman, Ber, 24, 439; 1363 ;
see also Jacobsen, Ber. 12, 430).

Or foluene (see above under IX) and
isopropyl chloride condense to cymene
in contact with aluminium chloride
(Silva, foc. cif. 321).

Note :—Isopropylbenzene may also be syn-
thesised from toluens through benzal chloride
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bychlorination (Beilstein, Ann. 118, 316 ; Beil-
stein and Kuhlberg, Ann. 146, 322) and interae-
tionof tho latter with zine methyl (Lisbmann,
Ber. 13, 46). Or from cumic acid [Vol. IL] by
distillation with lime or baryta (Gerhurdt and
Cahours, Ann. Chim. [3] 1, g’f 1oava; 14, 10%:
Ann. 38,88). Or from isobutyric aldehyde [94 ] and
pyroracemic acid (seo above under XIV) through
isopropylisophthalic acid, which gives isopro-
prlbanzene on distillation with lime (Dosbner
Ber. 34, 1748). Or from phﬁnyldimethy]mhinni
through B-allylbenzene = methovinylbenzens
by dehydration ; the hydrocarbon gives isopro-
pylbenzene by reduction (Tiffeneau, Comp,
Kend. 134, 845). Also from acetophensne and
magnesium methiodide through methovinyl-
benzene and reduction (Klages, Ber. 35, 2640 ;
3507 ; 88, 620). See also under benzoic alde-
hyde (114 ; A).

[B.] From dipentene [0] which gives
eymene on heating with phosphorus
pentoxide or cymenesulphonic acid by
the action of sulphuric acid. Or dipen-
tene (limonene) 1s combined with hydro-
gen bromide, the dihydrobromide further
brominated and the product debromi-
nated by reduction with zine dust and
hydrochlorie acid followed by sodium in
alcoholic solution (Baeyer and Villiger,
Ber. 81, 1401).

[C.] From amy! alcokol [22] (crude
fusel oil) through the pentine or va-
lerylene obtained by the action of
aleoholic potash on the amylene bromide
(Reboul, Ann. 131, 238). This pentine
on heating to 250-260° gives a diva-
lerylene which is said to yield cymene
by the action of bromine (Bouchardat,
Comp. Rend. 80, 1560).

[D.] Gﬂmm'ﬂﬁo[ﬁﬂ] gives terpin hy-
drate [C,,H,(OH),. H,O] by the
action of dilute mineral acids (Tiemann
and Schmidt, Ber. 28, -11'13?}, and this
on dehydration over sulphuric acid
gives terpin [C, H,(OH),].  The
latter gives a dibromide on heating
with bromine (C,,H,,Br;), and this
gives eymene on heating with aniline
(Barbier, Bull. Soc. [2] 17, 17; Comp.
Rend. 74, 194).

[B.] Linaloi! [87] gives terpin hy-
drate under the same conditions as
geraniol (Tiemann and Schmidt, foe.
cit.).

[:IF] Terpineol [39] combines with
bromine to form a dibromide which
gives cymene on heating with zine
dust. Or terpineol on standing in con-
tact with dilute sulphuric acid gives
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terpin hydrate (Tiemann and Schmidt,
Ber. 28, 1?31},which can be converted
into cymene as above under D.

[G.] Cineole [40] (eucalyptol) gives
eymene on distillation with phosphorus
pentasulphide (Faust and Homeyer,
HEI'- e 413}-

[H.] Mentho! [41] gives cymene on
heating with copper sulphate solution
at 260° (Briihl, Ber. 24, 3375). Also
(with hexahydrocymene and other pro-
ducts) on treatment with strong sul-
Phuric acid (Wagner, Ber. 27, !_53_3]:-

[1.] From #iymel [87] by distilling
with phosphorus pentasulphide (Pott,
Ber. 3, 121). Or by the action of
phosphorus pentachloride on thymol and
reduction of the chloride (C, H,.CI)
with sodium amalgam (Carstanjen,
Jahresher. 1871, 456).

[J.] Citral [104] gives cymene on
heating with aqueous hydrochlorie acid
(Dodge, Am. Ch. Journ. 12, 561 ;
gee also Tiemann, Ber. 83, 108), with
acid potassinm sulphate at 170° (Semm-
ler, Ber. 24, 204), with acetic acid
(Barbier and Bouveault, Comp. Rend.
118, 1051), or on treatment with zine
chloride solution, with hydriodic or
sulphuric acid (Verley, Bull. Sec. [3]
31, 408).

[K.] Cifronellal [105] combines with
bromine to form a dibromide which
. gives cymene on heating (Beilstein’s
* Handbuch,” 111, 475).

[L.] From cumic aldehyde [116]
through cumic aleohol (Kraut, Ann.
03, 66; 193, 224; Fileti, Gazz. 14,
498). The latter gives cymene on
boiling with zinc dust (Kraut, loc. cit. ;
Jacobsen, Ber. 12, 434).

[M.] Carvone [127] gives eymene by
the action of the sulphides of phos-
phorus (Kekulé and Fleischer, Ber. @,
1088) and among the products formed
by passing the vapour over heated zine
dust (Arndt, Ber. 1, 204).

[N.] From ferpinene [10], which forms
& mtrite which on reduction with
sodium in aleohol gives cymene among
other products (Wallach, Ann. 813, 361 ;
Semmler, Ber, 84, 715).
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7. Btyrene; Btyrolene; Phenyl-
ethylens; Cinnamene.

CH: CH,

NATURAL SOURCES.

Occurs in liquid storax, a balsam
from the Liguidambar orientaliz of Asia
Minor and N. Syria (Bonastre, Journ.
Pharm. 17, 338 ; Simon, Ann. 31, 265;
Blyth and Hofmann, Ann. 53, 293;
325). Also in American storax from
Liquidambar styraciflua (W. v. Miller,
Arch. Pharm. 220, 648) and in the
oil from the yellow resin of Xanthorrdea
hastilis of Australia (Schimmel’s Ber.
Oct. 1897 ; Ch. Centr. 1898, 1, 258).

Styrene exists as such in storax and
15 not a product of distillation (Van
Itallie, Ch. Centr. 1go1, 3, 856: see
also Tschirch and Van Itallie, Arch.
Pharm. 289, 506; 532).

SYNTHETICAL PROCESSES.

[A.] Among the products formed by
the action of heat on acefylene [1; A,
&e.] (Berthelot, Comp. Rend. 82, yos ;
947; Ann. 141, 181). Also among the
products formed by passing acetylene
over finely divided nickel at 200" (Saba-
tier and Senderens, Comp. Rend. 134, -
1185). Also by passing ethylene [1; D,
&cg or ethylene and fenzene vapour [8;
I, &c.] throngh a hot tube (Berthelot,
Bull. Soc. [2] 8, 456 ; Zeit. {'A] 4, 384;
Ann. 143, 257; Ferko, Ber. 20, 660).

Toluene vapour, alone or mixed with
ethylene, gives styrene by pyrogenic
synthesis (Ferko, loc. cit.). Acetylene
passed through benzene in presence of
aluminium chloride gives styrene (Varet
and Vienne, Bull. Soe. [2] 47, 918;
Comp. Rend. 104, 1375).

Or from ethylene through the brom-
ide and monobromethylene (vinyl brom-
ide) by the action of aleoholic potash
(Regnault, Ann. Chim. [2] 68, 358;
Beilstein, Jahresber. 1861, 60y ; Glick-
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aldehyde, and w-phenylethylamine (see
under phenylethyl mustard oil [170;
Dj).

]%}rfmm benzoic aldehyde and Aydrogen
eyanide [172] through mandelonitrile
and phenylethylamine (references as
before).

Or from benzoie aldehyde and edloro-
form [1; D, Ezc.i], which condense in
the presence of alkali to form trichlor-
methylphenyl carbinol (Joeitsch, Journ,
Russ. Soc. 29, g7). The latter by the
action of zine dust on the aleoholic
solution gives styrene (Jocitsch and
Faworsky, I4id. 80, g20).

D.% From lenzeie and acefic acids

g ol. IT] through acetophenone ( Friedel,
nn. 108, 122). Or from benzoic acid
and methyl aleokol [18] through benzoyl
chloride and zine methyl, which yield
acetophenone by interaction (Popoff,
Ber. 4, 720 ; Ann.1861, 296) ; or benzoyl
chloride and sodia-acefoacetic ester | Vol.
IT] give benzoylacetoacetic ester, which
ﬁields acetophenone among other pro-

ucts on hydrolysis (Bonné, Ann. 187,
1; Nef, Ann. 268, gg9). Acetophenone
gives styrene as above under A.

Nore :—Since ethylbenzenc gives a-toluic
aldehyde and the latter phenylethylamine,
which is a generator of styrene (see above
under A), generators of a-toluic aldehyde be-
eome gonerators of styrene (see below and
under phenylethyl mustard oil [1707).

[B.]) From phenylacetic and formie
acids | Vol. I1] through a-toluic aldehyde
[170; H]

[F.] From B-phenylpropionic acid

[Vul. IT]| through w-phenylethylamine

170 I].

[G.] From phenylalanine [Vol. II]
through w-phenylethylamine [170; J].

[E.] From cinnamic acid [Vol. 11},
which gives styrene by heating per se
or with lime or baryta or by heating
the copper salt (Gerhardt and Cahours,
Ann. Chim. [311c1, 96 ; Ann. 88, g6;
Kopp, Comp. Rend. 53, 634 ; Simon,
Ann, 81, 265; Howard, Journ. Ch. Soc.
18, 135; Hempel, Ann. 59, 318 ; Miller,
Ann. 189, 338; Kriimer, Spilker, and
Eberhardt, Ber. 23, 3269).

Or cionamic acid on combination
with hydrogen iodide gives iodhydro-

"

cmnamic = phenyliodopropionic acid,
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and this gives styrene on boiling with
sodium carbonate solution (Fittig and
Binder, Ann. 195, 137).

Cinnamic acid (or ester) combines
with bromine to form phenyldibrom-
propionic acid, which by the action of
aleoholic potash 1s converted into a-
brom- = 1*-bromeinnamic  acid and
finally into phenylpropiolic acid (Glaser,
Ann. 148, 325; 330; Barisch, Journ.
pr. Ch. [2] 20, 182; Kinnicutt, Am.
Ch. Journ. 4, 26; Stockmeier, Inang.
Diss. 1883, 52; Glaser, Zeit. [2] 4, 328;
Ann. 164, 140; W. H. Perkin, junr.,
Trans. Ch. Soec. 45, 173; Weger, Ann.
221, 70; Roser,Ann.247,138; Michael,
Ber. 34, 3648: see also Licbermann
and Sachse, Ber. 24, 4113, note).
Phenylpropiolic acid on heating with
water at 120" or by distilling the barium
salt gives phenylacetylene (Glaser, Ann.
154, 155; Weger, loc. cil.: see also
Holleman, Ber. 20, 3081).

Or phenylbrompropionie acid on boil-
ing with sodium carbonate solution gives
w-bromstyrene, which, on heating with
aleoholic potash, gives phenylacetylene
(Nef, Ch, Centr. 18g9, 8, ¢33, from
Ann. 308, 264, &c.: for conversion of
B-bromeinnamic acid into phenylacety-
lene see Michael, Ber. 34, 4226).

Cinnamic acid by the action of iodine
in presence of pyridine gives pyridine
B-1odocinnamate, which, by the action of
sulphurous acid on the sodium hydroxide
solution, gives 3-iodocinnamic acid. The
silver salt of the latter gives phenyl-
acetylene on heating (Ortoleva, Gazz.
29, 503). Phenylacetylene can be re-
duced to styrene as above under A.

From cinnamic acid through phenyl-
a-chlorlactic acid, a-foluic aldehyde,
and w-phenylethylamine (phenylethyl
mustard oil [170; A and E] :a,mfY above
under A); or through a-oxyphenyl-
propionic lactone anﬁ a-toluic  alde-
hyde [170; E]; or through phenyl-
glyceric acid (benzaldehyde [114 ; E]),
phenyl-g-chlor- or bromlactic acid, and
a-toluic aldehyde (phenylethyl mustard
oil [170; E]).

I.] Benzoylacetic ester [Vol. II] gives
phenyl-g-lactic acid on reduction with
godium amalgam (W. H. Perkin, junr.,
Trans. Ch. Soe. 47, 254). This acid
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(Gildemeister and Hoffmann, p. 869) ;
in oils from the-Spanish Safureia thymbra
(Schimimel’s Ber, Qct. 1889) and Thymus
capitatus (Ibid.) g in oil of frankincense
from Bosmiellia carferi, &e. (Wallach,
Ann. 262, 160); in wartara oil, probably

" from the seeds of Xanfhoxylum alatum

and X. acanthopodium (Schimmel’s Ber.

‘April, 16o6).

. Dipentene and d-limonene are con-
tained. in the ethereal oil from the
bucco-leaf, Barosma betulina and B.
‘serratifolia (Kondakoff and Bachtschieff,
Dipentene
is confained (with d-limonene) in man-

" darin oil (Schimmel’s Ber. Oct. 1901 ;

Ch.Centr. 1gox, 3, 1007), and (probably)
in oil of pennyroyal from Mentha
pulegium (Tétry, Bull. Soc. [3] 27, 186).
White camphor oil, néroli ol (Cannes),
and oil of petit-grain contain dipentene
(Schimmel's Ber. Oct. 1go2 ; Ch. Centr.
190z, %, 1207)-

Nore :—The question of the existence of di-

nteno as such in plant oils is complicated by
the fact that many compounds of the terpene

group give this hydrocarbon when acted upon
by heat or chemical reagents.

Dipentene is racemic limonene or
( ucssiliz']y} a pseudo-form of limonene
(Semmler, Ber. 33, 1455). d-Limonene
= hesperidene, carvene or citrene. The
gynthetical product is inactive (= di-
ntene), but the oceurrence of the active
Flfuﬁnmea is here included in anticipation
of some method of resolution of the
racemic form being discovered. The
dipentene found in some ethereal oils
may arise from limonene by the action
of the heat applied for distillation.
d-Limonene occurs in oil of sweet
orange, Portugal (Wright, Ch. News,
27, 260; Wallach, Ann. 227, 287 : see
also Wright and Piesse, Ch. News, 24,
147 ; Flatan and Labbé, Bull. Soc. gg]
19, 361; Fabris, Journ. Soe. Ch.
Ind. 19, 771), and in the néroli oil from
the flowers (Theulier, Ch. Zeit. 26, 126) ;
in oil of mandarin orange from Citrus
madurensis (Gildemeister and Stephan,
Arch. Pharm. 285, 583; Flatau and
Labbé, loc. cit. 364 ; Fabris, loc. cit. : for
references to botanical source of man-
darin oil see Gildemeister and Hoffmann,
p- 626, note); in Italian limetto il
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from Citrus limetfa (Gildemeister, Arch.
Pharm. 288, 174); in oil from the peel
of Cifrus medica (possibly with dipen-
tene : Burgess, ‘Analyst,” 28, 260); in
Chinese néroli oil from Cifrus triplera
(Umney and Bennett, Pharm. Journ.
4] 15, 146); in oil of lemon (Wallach,
nn. 227, 2g0); in oil of bergamot
(I'bid.; also Charabot, Comp. Rend. 1289,
728; Fabuis, loc. cif. 772); in oil of
caraway from Carum carui (Schweizer,
Ann, 40, 333; Journ. pr. Ch. 24, 257 ;
Saver and Grinling, Ann. 208, 75;
Wallach, Zoc. cit. 291); and in oil of
dill from Peucedanum graveolens(Nietzki,
Arch. Pharm. 204, 317; Wallach, Zoc.
cif. 292).
d-Limoneneoccursalsoinoil of fleabane
from Frigeron canadensis (Beilstein and
Wiegand, Ber.15,2854); in kuromoji oil
(see above under dipentene); in néroli oil
from orange flowers,Cifrus bigaradia(Tie-
mann and Semmler, Ber. 28, 2711; E.
and H. Erdmann, Ber. 82, 1214) ; in oil
of petit-grain from the young fruit of the
same plant (Paraguay oil : Semmler and
Tiemann, Ber. 25, 1186 ; Charabot and
Pillet, Bull. Soc. [3] 21, 74); in oil of
Massoia bark (see above under dipen-
tene) ; possibly in small quantity in oil
of spoonwort from Cochlearia officinalis
(Gadamer, Arch. Pharm. 287, gz2).
d-Limonene occurs also in oils of
American horse-mint from Monaida
punetata and wild bergamot from M.
Jistulosa(Kremers and Hendricks, Pharm.
Arch. 2,73; 76 ; Brandel and Kremers,
Pharm. Rev. 19, 200 the hydrocarbon
from the latter plant is entered simply
as limonene) ; in oil of Malabar carda-
mom from Elettaria cardamomum (Parry,
Pharm. Journ. [4] 8, 105); in ol of
Macedonian fennel (Schimmel & Co.;
Gildemeister and Hoffmann, p. 741);
m oil of celery from herb and seeds of
Apinin graveolens (Schimmel’s Ber. April,
1892); in Ceylon citronella oil (Lana
Batu) from dndropogon nardus and vars,
(Schimmel’s Ber, Oct. 18gg). Limonene
probably exists in the oleo-resin of
Dacryodes hevandra, Montserrat, W.
Indies (More, Trans. Ch. Soc. 75, 718).
l-Limonene occurs in oil from the
needles and cones of Pinus picea = Abies
albe (Wallach, Ann. 227, 287; 2486,
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221; Bertram and Walbaum, Arch.
Pharm. 231, 290 ; Schimmel’s Ber. Oct.
1892 ; April, 18¢3); in American oil of
spearmint from Mentha viridis (Power,
quoted by Gildemeister and Hoffmann,
p. 852; in Russian oil, Schimmel’s
Ber. April, 18g8; Ch. Centr. 1898, 1,
g91); in Russian peppermint oil (Andres
and Andreef, Ber. 25,609); in American
peppermint oil (Power and Kleber,
Pharm. Rund. 12, 157; Arch. Pharm.
233, 639); in oil of casecarilla ﬁaee
above under dipentene; also Fendler,
Arch. Pharm. 2388, 671); in oil of rue,
probably Algerian (Power and Lees,
Trans. Ch. Soe. 81, 1590); in the oil
of Bystropogon origanifolins, Teneriffe
(Schimmel’s Ber. Oct. 1go2; Ch. Centr,
1902, 2, 1208).

The oil from the leaves of Ferbena
triphylla (Grasse) probably contains
I-limonene (Theulier, Rev. gén. de Chim.
5, 324). A limonene is present in the
American oil of cedar leaves from Juni-
perus virginiana (Schimmel’s Ber. Apnl,
1898 ; Ch. Centr. 1898, 1, g90).

SYNTHETICAL PROCESSES.

[A.] From ferpineol [88] by heating
the latter with acid potassium sulphate
to 19o” (Wallach, Ann. 280, 258 ; 275,
104 ; 201, 362).

[B.] Cineole [40] gives a hydro-
chloride which yields dipentene on dry
distillation {Hell and Stircke, Ber. 17,
1971 ; Hell and Ritter, Ifid. 1979 ;
Wallach and Brass, Ann. 225, 298).
Also from cineole by heating with
benzoyl chloride or by combining with
hydrogen iodide and then eliminating
hydrogen iodide from the dipentene
dihydriodide thus formed (Wallach and
Brass, {oe. eif.; Wallach, Ann. 230,
1:"]" H

}[:(}]] Geraniol [136] by the action of
dilute mineral acids gives terpin hydrate
(Tiemann and Schmidt, Ber. 28, 2137).
The latter on heating withacid potassium
sulphate at 200” gives dipentene (Wal-
lach, as under A above). :

[D.] Linaloil [ﬂﬂ also gives terpin
hydrate by the action of mineral acids
(Tiemann and Schmidt,foe. eit.). Formie
acid acts on l-linalodl with the forma-

[0-G.

tion of dipentene and terpinene (Ber-
tram and Walbaum, Journ. pr. Ch. [2]
45, 6o1; Stephan, I4id. [2] B8, 10g:
sm;:s }aIsn Charabot, Bull, Soe. [3] 283,
189).

[E.] From earvone [127] through its
oxime and dihydrocarvylamine by re-
duction, The hydrochloride of the
latter gives dipentene among other pro-
ducts on treatment with sodium nitrite
(Wallach, Kruse, and Kerkhoff, Ann,
275, 110). Dihydrocarvylamine can
also be obtained from carvone by heating
with ammonium formate (Leuckart and
Bach, Ber. 20, 105; Wallach, loe. cit.
120; Ber. 24, 7984).

d-Carvone can be reduced by sodium
to dihydroearveol and the latter com-
verted into the xanthic acid dihydro-
carvyl methyl ester by means of carbon
disulphide and subsequent methylation
of the sodium salt. The methyl dihydro-
carvyl xanthate on dry distillation gives
l-limonene (Tschugaeff, Ber. 83, 3332;
33, 735)- :

[¥.] From normal or isopropyl alcofkol
[15 ; 18] and pofassivm cyanide [172
throngh the nitrile of pyrotartaric aci
by the interaction of propylene bromide
and the ecyanide (Simpson, Ann.121, 160)
and 3 - methyltetramethylenediamine
by reduction (Oldach, Ber. 20, 1654).
The diamine is converted into 3-3-
methylpyrrolidine by the dry distillation
of the hydrochloride ([4id. 1657), the
latter base into S-methyl-N-dimethyl-
pyrrolidylammonium iodide ; the latter
distilled with solid potash gives a base
which combines with methyl iodide to
form 3-methyl-N-trimethylpyrrolidylam-
monium iodide, and the latter on distilla-
tion with solid potash gives trimethyl-
amine and fsaprene [CHy: C(CH,). CH :
CH,] (Euler, Ber. 80, 198g). fsaprene
polymerises on heating to 250" or by
the action of dilute or aleoholie sulphurie
acid with the formation of dipentene
(Wallach, Ann. 227, 295; Bouchardat,
Comp. Rend. 88, 1217).

Nore :—All generators of propylene thus bhe-
come, with potassium cyanide, generators of
dipentens,

[@] From glyeerol ['45] through
allyl chloride (sce under benzyl aleohol
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Reess. (See for further particulars
Jirgensen’s ¢ Mikroorganismen der

Garungsindustrie,” chap. v; Klocker's
¢ Girungsorganismen, &e.'; and Lafar’s
‘Technical Mycology,” Vol. IL.) Sae-
charomyces saturnus, Klécker, from soil
in the Himalayas, can ferment wort
(Klocker, Abst. in Journ. Fed. Inst.
8, 523). & awamori, Inui, a yeast
which is concerned in the production
of the Japanese drink ‘awamori,’ is an
aleoholic ferment (Inui, Journ. Imp.
Coll. Sei. Tokio, 1go1, 15; Abst. 1n
Journ. Fed. Inst. 8, 529).

Certain ethyl esters, such as ethyl
acetate, propionate, butyrate, valerate,
hexoate, heptoate, octoate, ennoate,
palmitate, and oleate, are found in fusel
oils and in whisky, and may be secon-
dary products of aleoholic fermenta-
tions by yeasts and therefore of bio-
chemical origin (Perrot, Comp. Rend.
45, 309; Ann, 105, 64; Rabutean,
Comp. Rend. 87, 501; Ordonneau,
Ibid. 102, 217; Bell as quoted by
Allen, Journ. Fed. Inst. 3, 36 ; Barker,
Ann. Bot. 1900, 215).

Synthetical earbohydrates, such as
¢ glycerose,” obtained {)y the oxidation
of glycerol and now known to be
a mixture of glyceraldehyde and di-
hydroxyacetone [151] (Van Deen,
Jahresber. 1863, 501 ; Stone, Am. Ch,
Journ. 18, 656; Fischer, Ber. 20,
1088 : Fischer and Tafel, f&id.fgﬂ;;;
21, 2634 ; Grimaux, Comp. Rend. 104,
1276 ; Bull. Soe. [2] 45, 481; 49,
251), dextrose [164], lmvulose [155],
d-mannose [156], and mannononose
(Fischer and Passmore, Ber. 28, 2237)
grive alcohol on fermentation by yeasts.
According to Piloty (Ber. 30, 3160)
and Bertrand (Comp. Rend. 128, 842 ;
984 ; Bull. Soc. [3] 18, 502) dihydroxy-
acetone is not fermentable. According
to Emmerling (Ber. 32, 542) neither
dihydroxyacetone nor glyceraldehyde
are fermentable when pure.

The fermentability of sugars, natural
and synthetical, by yeasts 1s associated
with the number of the carbon atoms
in the sugar, the configuration of the
atoms in the molecule, and the nature
of the yeast. According to Fischer
(Ber. 28, 2114) the fermentable sugars
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contain multiples of three carbon atoms,
As regards configuration, while the
three hexoses and the nonnose men-
tioned above are with d-galactose fer-
mentable, the following sugars are
unfermentable :—d-gulose and 1-gulose
(Fischer, Ber. 24, 521; Fischer and
Stahel, I4id. 528; 2144); d-talose
(Fischer, loc. eif. 3622); sorbose (Pe-
louze, Comp. Rend. 84, 377; Ann,
Chim. [3] 35, 222); tagatose =l-sor-
bose (Lobry de Bruyn and Van Eken-
stein, Rec. Tr. Ch. 18, 257; 262;
19, 1) ; glutose (14id. 16, 257 and 274);
the hexoses of the l-series, such as
l-fructose (Fischer, Ber. 23, 370),
l-mannose ( Fischer and Thierfelder, Ber.
27, 2031), l-xylose (Koch, Ber. 20, ref.
145; Thomsen, Journ. pr, Ch. 18, 146 ;
Stone, Ber. 23, 3791), the pentoses,
rhamnose, the synthetical heptoses and
octoses (Fischer, Ber. 28, g30; Fischer
and Piloty, Ibid. 3102; 3827; Fischer
and Morrell, Ber. 27, 382; Fischer
and Passmore, Ber. 28, 2226 ; Fischer,
Ann. 270, 64; 288, 13g; Smith, Ann.
272, 182); glucononose (Fischer, Ann.
270, 104). .

For general summary see Fischer
and Thierfelder, Ber. 27, 2031 ; Fischer,
Zeit. physiol. Ch. 28, 60: for resolu-
tion of i-glucose, i-mannose, i-fructose,
and i-galactose by partial fermentation
with brewer’s yeast see Fischer, Ber.
28, 382 ; 2620; 26, 1259.

The fermentability of twenty-one
sugars and carbohydrates by various
yeasts and yeast-like fungi, without
reference to products, has been investi-
gated on a microscopic scale by Lindner,
Woch. Brau. 17, 713 ; 733; 746; 762;
Ch. Centr. 1901, 1, 57; 404; Journ.
Fed. Inst. 7, 224 : for experiments on
the relative fermentability of dextrose
and levulose by Niirnberg, &ec., sedi-
mentary and other yeasts see Knecht,
Centr. Bakter, II, 7, 161 ; 215.]

Manneotetrose, CyH,;Oy, a sugar
contained in ‘manna,’ 18 fermentable
by yeast (Tanret. Comp. Rend. 134,
1586 ; Bull. Soc. [3] 27, 947). Three
synthetical disaccharides, glucosido-
alactose, galactosidoglucose (7 meli-
biose), and galactosidogalactose, are
unattacked by surface yeast, and only
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the two first are fermented by sedi-
mentary yeast (Fischer and E. F. Arm-
strong, Ber. 85, 3144).

The various species of Sacebaromyees
behave differently towards different
sugars, their behaviour having relation-
ship to the enzymes contained in the
yeast cell :—

8. cerevisie, 8. pastorianns, and . el-
lipsoidens ferment saccharose, maltose,
and the products of their inversion,
1. e. dextrose and levulose, but not lac-
tose; 8. ilicis and 8. aquifolii ferment
saccharose, maltose, and dextrose; &
pyriformis and 8. vordermanni ferment
saccharose; 8. ewiguus, S. marvianus,
and 8. jorgensenii ferment saccharose
and dextrose, but not maltose; §. lud-
wigii ferments dextrose and saccharose,
but neither maltose nor lactose ; 8. pombd
ferments dextrose and saccharose;
8. acidi lactici and 8. fragilis ferment
lactose (summarised from Jorgensen's
¢ Mikroorganismen, &c.’ chap. v).
8. membraneefaciens is inactive towards
most sugars (Fischer and Thierfelder,
Ber. 27, 2031). So also is 8. Aansenii.
8. hyalosporus, S. farinosus, and S. ano-
malus, var. belgicus (all Lindner’s), can-
not ferment maltose, dextrose, or sac-
charose (‘ Die Giirungsorganismen, &e.,
Klocker, p. 203). 8. ludwigii is inca-
pable of fermenting galactose, and may
therefore be used for separating this
sugar from dextrose (Thomas, Comp.
Rend. 184, 610). 8. apiculafus fer-
ments dextrose and mannose (Cremer,
Zeit. Biol. 29, 525), but not saccharose,
lactose, maltose, or galactose (Voit, Zeit.
Biol. 28, 149; Hansen and Amthor,
Zeit. physiol. Ch. 13, 563).

8. (= Schizosaccharomyces) octosporus
ferments dextrose and maltose, but not
saccharose (Beyerinck, Centr. Balkter.
12, 49 ; Fischer and Lindner, Ber. 28,
984 ; 3034). 8. productivus, 8. mem-
branafaciens, and 8. pomié are incapable
of fermenting d-galactose under ordinary
conditions, but this sugar is ferment-
able under suitable conditions by &.
cerevisiae, by 8. pastorianus 1, 11, 111, by
8. ellipsoidens 1, 11, by 8. marzianus,
3‘?‘1 (slowly) ]_JF' the mould Monilia can-
dida (Ban, Bied. Centr, 26, 213). The
Yyeasts appear to be capable of gradual
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adaptation or ¢ acclimatisation’ towards
this sugar (Dubourg, Comp. Rend. 128,
440; Dienert, Ihid. 569 ; 617; Aun,
Inst. Past. 14, 139: 8. Iudwigii does
not seem to be amenable to this treat-
ment : for adaptation of yeasts to
saccharose see also Dubourg, loe. cif.
for variation in chemical activity of
yeasts produced by cultivation see Han-
sen, Zeit, ges. Bran. 25, 41; 57; j0;
82 ; Journ. Fed. Inst. 7, 29g).

8. anomadus, vars. I, 1L IIL, and IV, has
been investigated by Steuber (Zeit. ges.
Brau. 23, 3; 17; 33; Journ, Fed.
Inst. @, 123). 1 ferments saccharose,
glucose, and fructose, but not maltose,
lactose, or galactose ; 1I ferments sac-
charose slowly, but not fructose, glucose,
maltose, lactose, or galactose; III and
IV produce a trace of aleohol from
fructose, but do not ferment any of the
other sugars.

According to Barker (Ann. Bot.
1900, 215) 8. anomalus of Hansen
can ferment glucose, fructose, and
saccharose, but not maltose. This
yeast also produces ethyl and amyl
acetates. 8. dailii of Lindner can fer-
ment dextrose and ‘invert’ sugar; &
mali duclauzi of Kayser (found in cider)
can ferment invert sugar, but neither
maltose nor saccharose (‘Die Giirungs-
organismen, &c.,” Klocker, p. 215). Sac-
charomyces opuntiee, which ferments the
must of Indian figs, can ferment dex-
trose and levulose, but not lactose,
raffinose, galactose, mannitol, or dulcitol
(Ulpiani and Sarcoli, Gazz. 81, 395).
From a mixture of 8. pasforianus 11
and 8. opuntie sodium fluoride elimi-
nates the latter (Ibid, Atti Real. Accad.
[5%1;, 173)-

filk sugar is fermentable by three
yeasts from Armenian ‘mazun,” by
Weigmann’s yeast, Sacksia suaveolens,
and, possibly, by Monilia variabilis
(Lindner, Ch. Centr. 1go1, 1, 56;
Woch, Brau. 17, 713). The top fermen-
tation yeast, 8. pastorianus arborescens,
can ferment dextrose and levulose,
but not galactose nor di- and trisac-
charides (Van Laer, Bull. Assoc. Belg.
18, 177 ; Journ. Fed. Inst. 8, 763).

8. (Schizosaccharomyees) pombé and
octosporus and 8. logos are said to be
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dextrin-ferments (Jorgensen, loc. eif.
p. 216, note ; see also Marshall Ward,
Journ, Fed. Inst. 4, 355). 8. pomié,
8. octosporus, and 8. meliacei are included
by Lindner (foe. cif.) among dextrin
ferments,

The pentoses from the straw of
cereals which give furfural on distil-
lation with dilute acid are said to yield
aleohol on fermentation by yeast (Cross,
Bevan, and Smith, Trans. Ch. Soe. 71,
1c03 ; Bailey and Ford, Germ. Pat.
97238 of 1896; Ch. Centr. 1898, g,
55“:?. Pentoses generally, such as xylose
and arabinose, are not fermentable by
yeast (Stone, Ber. 23, 3796 ; Stone
and Tollens, Ann. 249, 267 ; Tollens,
Journ. Fed. Inst. 4, 447 ; Schone and
Tollens, Journ. Ch. Socc. 80, I, 367).
The pentosans from jute and brewer's
grains give aleohol on fermentation by
pure-culture yeast from lager beer yeast
({2d : also Journ. Fed. Inst. 7, 472).

The transformation of sugar into
alcohol by yeast has been found by
Buchner to be brought about by the
action of an enzyme-like nitrogenous
compound (zymase) formed by the
living cell, but capable of acting on
sugar when removed from the cell,
The literature relating to this discovery
is given below: Buchner, Ber. 30,
115 ; 1110; Buchner and Rapp, [bid,
2668 ; Stavenhagen, [lid. 2422 2963 ;
Neumeister, Iid.; v. Manassein, fhid,
3061 ; Green, Ann, Bot. 11, 555; 13,
491 ; Will, Ch, Centr. 1898, 1, 69;
Delbriick, lfid. 70; Hahn, Ber. 31,
200; Geret and Hahn, Ihid. 202;
Buchner and Rapp, [bid. 209 ; Schunck,
Itid, 309; Buchner and Rapp, fbid.
1531 ; Will, Ch. Centr. 18g8, 2, 439 ;
Lange, [Ifid. 548; Abeles, Ber. 81,
2261 ; Geret and Hahn, Ihd. 2335;
Wroblewski, Ilid. 3218 ; Centr. Physiol.
12, 697 ; Martin and Chapman, Proc.
Physiol. Soc. June, 18g8; Buchner
and Rapp, Ber. 33, 127; 2086;
Wroblewski, Centr. Physiol. 18, 284 ;
Cremer, Ber. 83, 2062; Albert, Ihid.
2372; Albert and Buchner, Ber. 33,
266 ; 971 ; Ahrens, Zeit. angew. Ch.
1goo, 483; Macfayden, Morris, and
Rowland, Ber. 83, 2764; Hahn and
Geret, Ch. Centr, 1900, 2, 641; Buch-
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ner, Ber. 83, 3307; 3311; Albert,
Ilid. 3775; Prior and Schulze, Zeit.
angew. Ch. 14, 208; Buchner and
Rapp, Ber. 84, 1523; Wroblewski,
Bull. Acad. Sci. Cracow, 1go1, g4;
Journ. pr. Ch. []23] 84, 1; R. and %’V
Albert, Centr. Bakter. II, 7, 737;
Buchner and Spitta, Ber. 85, 1703;
Buchner and Rapp, I4id. 2376 for gene-
ral summary see ¢ Die Zymasegiirung,’
by E. and H. Buchner and Martin
Hahn, Munich and Berlin, 1go3.

Not only the true yeasts but other
related miero-fungi, and eertain moulds
and bacteria, are capable of producing
aleohol from sugars as well as from more
complex carbohydrates :—

Hansen has investigated ecertain
species of Torula, Sp. III can ferment
hexose, but not saccharose; Sp. IV and
V1 can transform saccharose, but not
maltose; Sp. VII ferments dextrose,
but not saccharose or maltose. Sp. I,
II, and V appear to be incapable of
producing aleoholic fermentation, 7.
novee carlsbergie of Gronlund can in-
vert and ferment saccharose, maltose,
and dextrose. The red pigment-form-
ing Torula of Kramer inverts and fer-
ments saccharose and ferments maltose
and dextrose, but not lactose (summar-
ised from Jorgensen’s ¢ Mikroorganis-
men,” &e, ch. v).

A Torula-like species discovered in
milk by Duclaux (Ann, Inst. Past,
1, 573) ferments lactose, which is not
attacked by ordinary yeasts. ¢ Sac-
charomyees* lactis of Adametz (Centr.
Bakter. 5, 188g), the non-Saccharomyces
of Kayser (Ann. Inst. Past. 8, 737),
and Beyerinck’s © Saccharomyces’ kephir
and fyrocola (Centr. Bakter. II, 8, 44)
are said to produce aleohol from lactose.
Lactomyces inflans caseigrana from cheese
(Bochiccio, Centr. Bakter. &c. 15, 546)
can ferment lactose in bouillon.

Certain species of Mycoderma formerly
confused with 3. cerevisie of Hansen
produce alcohol in wort ( Lasché, as
quoted by Jorgensen, loc. eif. 4th ed.
p. 263). Species of Mycoderma can
produce small quantities of aleohol from
dextrose under appropriate conditions
(Beyerinck : see paper by Van Laer,
Journ, Fed. Inst, 7, 352).
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The moulds Mucor racemosus, M. sto-
lonifer, M. circinelloides, M. spinosus,
M. erectus, Kroascus alnitorquus (Sade-
beck), Penicillium glavcum, and Rhizopus
nigricans are generally included among
aleohol-producing fungi (Reess, ¢ Botan.
Untersuch, iber die Alkoholgiirungs-
pilze,” 1870; also J. R. Green's ‘ Fer-
mentation, p. 325 et seq.). Mucor
spinosus and M. circinelloides ferment
glucose (Gayon, Ann, Chim. l:iij] 14,
258; Comp. Rend. 88, 52; Bull. Soe.
Lﬂ] 81, 139; for earlier work on alco-

olic fermentation by Mucor racemosus
see Fitz, Ber. 8,48; 8, 1540; 9, 1352;
1354 ; Brefeld, Ber. 7, 282). Mucor
mucedo, M. erectus, M. spinosus, M.
alternans, M. circinelloides, and Rhizopus
wigricans cannot invert and ferment
saccharose ; with the exception of the
latter they can all produce alcohol from
maltose and they all ferment dextrose
and levulose. Mucor allernans fer-
mentstrehalose, but not raflinose. These
moulds cannot fermentgalactosedirectly,
but only after inversion (Lafar's ¢ Tech-
nical Mycology,” IT, 81). M. racemosus
is the only one of these species of Mucor
that can invert and ferment saccharose
(for quantitative results see Emmerling,
Ber, 30, 454) ; the others ferment not
only glucose, but invert’ sugar and
maltose. M. ereefus can produce aleohol
from dextrin (Hansen as quoted by
Jirgensen, ¢ Mikroorganismen,” &e.
126). Chinese yeast contains MWucor
(Amylomyees) rowwii (Calmette, Ann. Inst,
Past, 8,604), and this produees aleohol in
culture solutions of dextrose, d-fructose,
galactose, trehalose, d-mannose, maltose,
dextrin, and e-methylglucoside, but not
from saccharose, lactose, xylose, arabinose,
rhamnose, tose, raflinose, melibiose,
B-methylglucoside, or inulin (Sitnikoft
and Rommel,quoted by Lafar, ‘Technical
Mycology,’ II, 89: see also ref. given
below and Wehmer, Centr. Bakter, 1T,
8, 351; for industrial use see Boidin
and Rolants, Abst. in Journ, Fed. Inst,
3, 445; Collette and Boidin, 74id. 4,
432; 675; 6, 128: for behaviour of
two other B&Eﬁics of dmylomyces towards
various carbohydrates see Sitnikoff and
Rommel, Journ, Fed. Inst, 7, 112, from
Woch. Brau. 17, 621 : for technical pro-
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duction of alechol by joint action of
Mucedine and yeast see Lafar’s * Tech-
nical Mycology,’ 11, g4 ; also Barbet,
Germ. Pat. 125173 of 189y ; Ch, Centr.
19021 1.1 ‘1‘4‘4}'

Chinese yeast from Cambodia con-
tains Mucor cambodia, which produces
aleohol in saccharine solutions(Chrzascz,
Centr. Bakter. IL, 7, 326).

The ¢ koji’ ferment used for prepar-
ing rice wine (*saké’) in China and
Japan (see also under dextrose [154])
can produce aleohols from sugars (not
lactose). The ferment is said fo con-
tain Hurofivm (Aspergilius) oryze (Lieb-
scher, Bied. Centr. 1881, 70%) yeasts,
a red yeast, Penicillivm glaucum, Mucor
stolonifer, a Torula, and a white mould-
fungus : the latter ferments saccharose,
raffinose, dextrose, maltose, and d-frue-
tose (all shghtly), but not trehalose,
rhamnose, lactose, or melezitose. The
yeast (saké-yeast) ferments saccharose,
maltose, d-mannose, dextrose, d-fructose,
and methylglucoside (all readily) ; tre-
halose and d-galactose (less readily); and
not lactose or rhammose (Kozai, Centr.
Bakter. 11, 8, 385 et seq.: see also
Kellner, Mor, and Nagaocka, Zeit.
physiol. Ch. 14, 297%).

The ferment used in Java for pro-
ducing ‘raggi’ saccharifies starch by
the mycelium of Chlamydomucor oryze,
and aleohol is produced by the fermen-
tation of the sugars by Monilia javanica
and Sacelaromyces vordermanni, the other
constituents of the ferment (Went and
Prinsen Geerligs, Bot. Zeit. 1895, 143 ;
Sorel, Rev, Ch. Ind. 8, 13; Journ.
Fed. Inst. 8, 443). The Monilia can
ferment dextrose, lmvulose, maltose,
saccharose, and raffinose, but not lactose.
The Javan product contains also Mucor
Javanicus, which produces aleohol from
cane sugar, glucose, and lactose (Weh-
mer, Centr. Bakter. II, 8, 610; Journ.
:_Fed. Inst. 7, 113). The Chlamydomucor
18 accompanied by a mould, Muecor
dubins (7 n. sp. ; Iiid., Centr. Bakter. 11,
7, 313 ; Journ. Fed. Inst. 7, 493).

A Monilia resembling M. variabilis,
Lindner, contained among the organ-
isms concerned in the produetion of the
Japanese ‘¢ awamori’ can produce slight
fermentation in wort (Inui, Journ. Imp.
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Coll. Sei. Tokio, 1go1, 15; Abst. in
Journ. Fed. Inst. 8, 529).

Monilia candida ferments dextrose,
saccharose, and maltose (Hansen, Ber.
Deutsch. bot. Gesell. 1884 ; Fischer and
Lindner, Ber. 28, 3037 ; Fischer, Zeit.
physiol. Ch. 26, 60 et seq.). The milk-
sugar ferment Oidium lactis of Fresenius
can produce aleohol from lactose, glu-
cose, and (less readily) from saccharose
and maltose (Lang and Freudenreich,
quoted by Jorgensen, loc. cif. 131 ; see
also Jensen, Centr., Bakter. 11, 8, 248
et seq.). Oidinm (Monifia) albicans pro-
duces aleoholie fermentation in levulose,
glucose, and maltose, but not in lactose
(Linossier and Roux, Comp. Rend. 110,
868).

The mould ZFEurofiopsiz gayoni can
produce alcohol from hexoses when the
mycelium is completely immersed in
the solution (Laborde, Ann, Inst. Past.
11, 1 ; Duclaux, Abst. in Journ. Fed.
Inst. 8, 412). According to Maze
(Comp. Rend. 128, 16c8; 134, 1g1)
alcohol is the first produet of the assimi-
lation of the sugar by the mould. This
mould also appears to be capable of pro-
ducing alcohol from lactic acid and
glycerol (Ihid. 184, 240 ; see also Ann.
Inst. Past. 18, 433). The mould Mo-
nifia sifophila, nsed in W, Java for de-
composing arachis seed-cake, and found
on putrefying bread, flour, &e., hydro-
lyses and finally ferments man g' carbo-
hydrates with the production of alcohol
and ethyl esters (Went, Journ. Ch.
Soec. 80, IT, Abst. 412 ; Centr. Bakter.
IL 7, 544 ; 591). )

Starch, dextrin, and saccharose give
rise to the formation of more or less
alcohol by the action of Aspergiiius
oryzee, Mucor alfernans of Gayon, and
Mucor (Amylomyces) rouwii in appropriate
nutrient solutions (Sanguinetti, Ann,
Inst. Past, 11, 264).

Raffinose or melitriose and melibiose
ean yield aleohol under the influence of
appropriate ferments. The first of
these sugars is only completely ferment-
able by energetic sedimentary beer
}r[ﬂ.ﬂtﬂ, and 1s ﬂn]:,f in{:nmp]utel‘-rr fer-
mented by surface yeasts (Berthelot,
Comp. Rend. 108, 548 ; Ann. Chim,
[3] 48, 66 ; [6] 19, 500; Bull. Soe,
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Eg] 2, 655; Scheibler and Mittelmeier,
fer. 22 3118 ; Loisean, Comp. Rend.
109, 614; Bau, Ch, Zeit. 18, 1794 ;
Woch. Brau. 15, 38g; Andrlik, Ch,
Centr. 1898, 2, 1273: for references to
species which can resolve raffinose see
under levulose [155]). All the races
of wine yeast examined by Schukoft
(Woch. Brau, 18, 195) can only par-
tially ferment raffinose.

Pure melibiose is neither hydrolysed
nor fermented by surface yeast, but is
resolved by sedimentary yeast into
d-glucose and d-galactose and finally
completely fermented (Ban, Woch.
Brau. 18, 397; Ch. Zeit. 21, 186;
28, 69 ; see also Gillot, Bull. Assoc.
?e]g. 18, 240; Ch. Centr. 1902, 3,

11).

Yeasts that have been ‘acclimatised’
by cultivation in a nitrogenous medium
containing glueose and saccharose can,
according to Dubourg (Comp. Rend.
128, 440), ferment all sugars excepting
lactose. The sugars experimented with
comprised galactose, raffinose, and tre-
halose. Mucor alternans submitted to
this treatment can ferment trehalose,
d-glucose, d-maltose, d-fructose, and
d-galactose, but not lactose, saccharose,
or raffinose (Dubourg). These results
are contested by Klocker (Centr. Bakter.
11, 8, 241), who was unable to ¢ adapt’
8. maraxianus or 8. apiculatuz by the
method of Dubourg. S, apiculatus
could not be brought to invert sac-
charose nor 8. marvianus to ferment
maltose (see also Hansen, in Zeit. ges.
Brau. 25, as quoted above).

Trehalose is slowly fermented by sur-
face and sedimentary yeasts of the
Frohberg and Saaz types, by 8. ellipsoi-
deus I1, 8. pastorianus 1, 1I, and III,
by 8. logos, and by Monilia candida ; a
milk-sugar yeast had a slight effect, and
8. ponibe Jalm(iv 8. apiculatus were without
action (Bau, Woch. Brau. 18, 305 ; see
also Kalanthar, Zeit. physiol. Ch. 28,
88). The aleohol produced from arti-
choke tuber with yeast (Lévy, Comp.
Rend. 118, 1381) is probably due to
the fermentation of levulose resulting
from the resolution of inulin (see under
lievulose [165]). :

Fermentation with the production of
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alcohol from sugars is brought about in
some cases by symbiotic associations of
yeasts and bacteria. The képhir’
ferment used for preparing an effer-
vescent beverage from milk is some-
times considered to be of this nature.
The bacterium of képhir grains is
Dispora (Bacillus) caucasica of Kern.
There arve also present two species of
Streptococcus and a yeast. The latter
can produce feeble fermentation in wort,
but ecannot attack lactose (Kern, Bot.
Zeit. 1882 ; Biol. Centr. 1882 ; Freu-
denreich, Centr. Bakter. 11, 8, 47; 87;
135). According to Jorgensen (° Mi-
krmrgunismen,’ p- 92) a true Saccharo-
myces 18 present in Russian képhir grains
which is capable of fermenting lactose
independently of other organisms,
Among the yeasts recently identified in
képhir grains are 8. carfilaginosus of
Lindner and 8. fragilis of Jirgensen.
Among the organisms which ferment
milk and convert it into the aleoholie
beverage ¢ koumiss * is a Bacillus which
produces aleohol from milk-sugar
(Schipin, Centr. Bakter. II, 8, 775).
Ethyl aleohol is among the products
of fermentation of milk-sugar by lactic
acid bacteria (Barthel, Centr. Bakter.
I1, 8, 417). The species experimented
with was possibly Baeferium lactis
acidi of Leichmann (fbid. 11, 5, 344).
The ‘ ginger-beer plant” consists of
a symbiotic association of Sacelaromyces
Pyriformis  and Baclerium vermiforme
(Marshall Ward, Phil. Trans. 1892,
188, B, 125). A similar ferment found
as a parasitic growth on the sugar-cane
(Madagascar) consists of a yeast and
Bacterium, and can ferment saccharose,
maltose, d-glucose, and d-fructose (Mar-
shall Ward and Green, Proc. Roy. Soe.
85, 65). The industrial production of
alcohol from starch by dmylompees
rouwii of Calmette (see above for refer-
ences to process of Boidin and Collette)
18 regarded as a case of symbiotic
association between the Amylomyees and
the veast (‘gentil’) which is subse-
%,“E““J" added (Marbach, Abst. in Journ.
ed. Tnst. 5, 47¢).
Glyeerol gives alcohol among the
El'ﬂdﬂﬂ_tﬂ of its fermentation by various
acteria in appropriate nutrient solu-
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tions in presence of chalk (Fitz, Ber.
9, 1348; 10, 266; 11, 42; 1892 ; 12,
4813 13, 1311; 15; 873; Morin, Bull.
Soc. [2] 48, 8cg). The glycerol fer-
menting organism obtained from hay
infusion by Fitz is Bacillus fitzianus of
Zopf, and the butyl aleohol producing
organism obtained from cow-dung by
this author is B. bufylicus (see Emmer-
ling, Ber. 80, 451). These organisms,
or bacteria associated with them, are
said to give small quantities or traces
of aleohol among the products of their
fermentation of erythritol, mannitol,
starch, dextrin, inulin, lactose, duleitol,
caleium citrate and malate (during
ropionic fermentation), caleinm lactate
propionie fermentation), calcium gly-
cerate, caleium tartrate, gelatine, and
albumin (Fitz ; erythritol, Ber. 11, 45 ;
18go ; 12, 475 ; mannitol, 10, 280 ; 11,
1895; 16, 875; 16, 845 ; starch, 10,
282 ; 11, 44 ; dextrin, 10, 282 ; inulin,
11, 45; lactose, Jhid.; duleitol, I, ;
Ca-citrate, 11, 18g5; Ca-malate, 11,
1896 ; 12, 481 ; Ca-lactate, 11, 1898 ;
12, 4753 18, 1309; Ca-glycerate, 12,
474; 18, 1312; 18, 844; Ca-tartrate,
12, 475; gelatine and albumin, 12,
480).  Baeteria from blue pus produce
alecohol among other products from
glyeerol (Fitz, Ber. 11, 1893). Glycerol
gives aleohol among the products of its
fermentation by Prewmococens (Grim-
bert) and by Bacillus acidi levolactici
(Schardinger: see Emmerling’s ¢ Die
Zersetzung, &e.” p. 61).

The Granulobacler saceharobutyricum
obtained by Beyerinck from grain
(Centr. Bakter. 15, 171) produces aleo-
hol from glycerol (Emmerling, loc. eif.
453). Glycerol gives aleohol when fer-
mented by the Bacillns ethacetions of
Frankland and Fox (Proe. Roy. Soc.
48, 345). The latter produces aleohol
also from mannitol, arabinose, glucose,
lactose, saccharose, and caleium gly-
cerate (Frankland and Fox, foe. eif.;
Frankland and Lumsden, Trans. Ch.
Soc. 81, 432; F. and MacGregor,
1hid. 737 ; Y. and Frew, Itid. 59, 81).

The RBacillug butylicus of Fitz pro-
duces aleohol (trace) also from saccha-
rose (Ber. 15, 876) and from glucose
(Emmerling, Ber. 30, 451). Baciflus
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ethacelosuccinicus produces aleohol from
mannitol and duleitol (Frankland and
Frew, Trans. Ch. Soe. 81, 254).

The Prewmococens of Friedlinder pro-
duces small quantities of alcohol from
arabinose, glucose, galactose, lactose,
saccharose, maltose, and raflinose (traces),
mannitol, dextrin, and ereatinine (Brie-
%er, Zeit. physiol. Ch. 8, 306 ; 9, 1;

irimbert, Comp. Rend. 121, 6g8 ; Bull.

Soc. [3] 16, 52; 87; Ann. Inst. Past.
9, 840; Frankland, Stanley, and
Frew, Trans. Ch. Soc. 59, 253), and
from xylose (Grimbert; Bull. Soe. [3]
15, ]q;m].

The FBacillus of malignant cdema
produces aleohol from lactose, saccha-
rose, and ecaleinm lactate in an atmo-
sphere of hydrogen (Kerry and Frinkel,
Monats. 12, 350). Pasteur’s ¢ butyrie
ferment’ produces a trace of aleohol
from caleium lactate (Fitz, Ber. 13,
1310). Bacillus boocoprieus from cow-

dung produces alechol from glucose

and lactose (Emmerling, Ber. 28,
2726).

Aleohol is among the final products
of (lactic) fermentation of lactose by
Bacillus acidi lactiei (Haacke, Arch.
Hyg. 43, 16; Ch. Centr. 1903z, 1,
1122 ; by Bae. ae. I-lactici, Schardinger,
as quoted by Emmerling in the work
referred to below) and by Staphylococcus
pyogenes awrews (Liibbert : Emmerling,
‘Die Zersetzung stickstofffreier or-
ganischer Substanzen durch Bakterien,’
p- 110). Tyrothriz elaviformis and
Aetinobakter polymorphus can produce
aleohol from lactose (Duclaux, Ann.
Inst. Agron. 4™ Année, 1879-80,
p- 103; also Gayon and Dubourg,
Ann. Inst. Past. 15, 567). The ¢ man-
nitol ferment’ of Gayon and Dubourg
(foe. eif, 527) can produce alecohol from
most sugars excepting levulose (which
it converts into mannitol [61]). Alco-
hol is among the products of fermenta-
tion of glucose by Dunbar’s and other
Vibrios (Gosio ; quoted by Emmerling,
loe. cit. pp. 47 and 56), and of maltose
by Bacitlus fervitosus (Adametz ; quoted
by Emmerling, foc. cit. p. 59)-

The Bacillus amylozymicus of Per-
drix (Ann. Inst. Past. 5, 287) hydro-
lyses and finally ferments starch with

[14.

the formation of alecohol among other
products. Saceharomyees associate them-
selves symbiotically with the Baciflus
and increase the prodiction of aleohol
to go per cent. Aleohol is among the
products of fermentation of starch by
Bacillus suaveolens (Sclavo and Gosio,
Bied. Centr. 20, 419 ; Journ. Ch. Soe.
60, Abst. 1284). Some of the organ-
isms of putrefying cheese produce traces
of aleohol from glycerol, mannitol, and
sorbose in presence of chalk (Berthelot,
Jahresber. 1857, 509 ; Ann. Chim. [3]
50, 5501). ;

A l-lactic organism obtained from
ripe pears can produce aleohol from
mannitol and dextrose (Tate, Trans.
Ch. Soe. 88, 1263). Aleohol is formed
in fraces during the fermentation of
dextrose and lactose, and in considerable
quantity during the fermentation of
mannitol by Baeillus lactis aérogenes
(Emmerling, Ber. 83, 2477). Accord-
ing to Grimbert and Legros (Comp.
Rend. 180, 1425) this Baeillus is
identical with the Prewmobacillus of
Friedlinder, and can ferment glucose,
saccharose, glycerol, mannitol, and dex-
trin, but not duleitol.

Alecohol is among the products of
fermentation of mucie acid (Béchamp,
Bull. Seec. [3] 8, ??c%. Staplylococcus
pyogenes anreus and Baeillus coli com-
munis produce aleohol (traces) from
dextrose in nutrient solution in presence
of caleium carbonate (Hugounenq and
Doyon, Ann. Chim. [9 15, 145; also
Lﬁ{hert as quoted by Emmerling, ¢ Die
Zersetzung,” &c. p. 49).

Bacillus coli communis, B. lyphosus,
and allied species produce aleohol among
the products of fermentation in nutrient
solutions of d-glucose, levulose, gly-
cerol, mannitol, d-galactose, and l-ara-
binose in an atmosphere of nitrogen
(Harden, Trans. Ch. Soc. 78, 610).
Bacterium icleroides ferments dextrose
in a similar manner (/4id. Trans. Path.
Soc. 52, 115). An organism from sour
milk produces aleohol from pure arabi-
nose (Schone and Tollens, Journ. Ch.
Soc. 80, 1, 368).

Saccharobacilius pastorianus (Van Laer)
produces aleohol among other products
from dextrose, maltose, and saccharose
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(Klicker, ‘Die Gﬁnmgsurganismen , &e.?
p. 277). Aleohol is among the products
of the butyric fermentation of dextrose,
saccharose, and starch by the anaerobie
Amylobacter butylicum and 4. ethylicum
(Duclaux, ‘Ann. Inst. Past. 9, 811), _and
of the fermentation of sugar in nutrient
solution by a slime-forming Bacillus
isolated from impure water (Schar-
dinger, Centr. Bakter. 1I, 8, 144;
175). Soil bacteria produce aleohol
‘among the products of fermentation of
saccharose (Dehéram and Maquenne,
Comp. Rend. 97, 803). ‘

The sugar gelatinising Clostridium
gelatinosum produces aleohol in nutrient
solutions containing saccharose (Laxa,
Zeit. Zuckerind, 26, 122; Journ, Fed,
Inst. 8, 639).

Alcohol 1s formed in small quantity
as a product of putrefaction of fish
(Mérner, Zeit. physiol. Ch. 22, 514).
The bacteria which cause putrefaction
of proteids are capable of producing
aleoholic fermentation (Vitali, Ch.
Centr. 1goo, 1, 141). Arabinose gives
alecohol on putrefaction (Salkowski,
Zeit. physiol. Ch. 30, 478). Aleohol
and ethyl acetate are formed when blood
saturated with saccharose is kept for
fifteen months (fid. 27, 297). Fibrin
kept for several years under chloroform
water gives a cupric reducing substance
which is fermentable by yeast with the
El‘ﬂdll!:ﬁiﬂll of aleohol (/fid.). Raneid

utter contains alcohol and ethyl esters,
especially butyrate, which are probably
bacterial products (Amthor, Zeit. anal.
Ch. 88, 10). Alechol is among the
products of anaerobic putrefaction of
milk by Bacillus putrificus and by the
Bacilli of malignant wdema and of
symptomatic anthrax (Bienstock, Ch.
Centr. 1901, 1, 1209).

Aleohol is said to oceur in animal
tissues such as muscle, brain, and liver,
and in diabetic urine (Rajewski, Pflii-
ger’s Arch, 11, 122 ; Béchamp, Comp.
Rend. 89, 573 Zeit. anal. Ch. 20,
603; Markownikoff, Ber. 9, 1441 ;
1603).  Ethylsulphuric acid (a salt)
occurs under certain conditions in horse
urine (Pfeiffer and Eber, Landw. Ver-
suchs-Sta. 49, ¢7), and in human fistula
bile (Brand, Plliiger’s Arch. 90, 491).
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SYNTHETICAL Processes.

[A.] From acefylene (see under me-
thane [1; A]) through ethylene by
reduction (Berthelot, Comp. Rend. 50,
806 ; 64, 515; 132, 281; Wilde, Ber.
7, 353), ethylsulphurie acid by com-
bination of fatter with sulphurie aeid
(Faraday, Phil. Trans. 1825, 448;
Hennell, 16id. 1828, 240; 1828, 365 ;
Berthelot, Ann. Chim. [3] 48, 385),
and decomposition of ethylsulphuric
acid by hydrolysis (Hennell; Berthe-
lot ; see also Butleroff and Gorjainoff,
Ann. 189, 14%). There is said to be
some practical difficulty in reducing
acetylene to ethylene (Kriiger, Elektro.
Zeit. 1895, 32; Wood, Ch. News, 78,

o8).

: :’Enet.ylene can be partially reduced to
ethylene by passing it mixed with hydro-
gen over finely divided nickel heated to
300° (Sabatier and Senderens, Comp.
Rend. 128, 1173), or over finely divided
copper at 13c-180" ([hid. 180, 1559)
or iron at 180° ({ldd. 1628) or platinum
black at ordinary temperature (b,
131, 40), or by the action of heated
finely divided nickel on acetylene per se
(Ibid. 18%). Ammoniacal chromous
sulphate solution is said to reduce
acetylene to ethylene (Coudert, Eng.
Pat. 17159 of 18¢8; Journ. Soc. Ch.
Ind. 17, 1178; also Villon process,
Elect. Rev. 85, 375; Journ. Soe. Ch.
Ind. 18, 553; Berthelot, Comp. Rend.
132, 281).

Acetylene is reduced to ethylene by
the action of sodammonium (Moissan,
Comp. Rend. 127, gi4). Acetylene
can be reduced to ethylene and ethane
electrolytically, and in sulphurie acid
solution (with mercury cathode) gives
rise to small quantities of aleohol (Bil-
litzer, Sitzungsber. Wien. Akad. 110;
‘ Nature,” 87, 425).

Acetylene combines with mercuric
chloride to form a ecompound which is
decomposed on heating with aqueous
hydrochlorie acid with the formation of
aldehyde [92]. The latter can be re-
duced to aleohol as below under H
(Kriger and Piickert, Ch. Ind. 1885,
454 ; see also Caro, [hid. 226 and 454 ;
Kutscheroff, Ber. 17, 13). Acetylene
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aives a trace of aleohol when oxidised
by hydrogen peroxide in presence of
ferrous sulphate (Cross, Bevan, and
Heiberg, Ber. 33, 2015).

Certain metallic carbides (especially
uranium ) give ethylene among the gases
produced by interaction with water
(Moissan, Bull. Soe. [3] 17, 15; for
production of ethylene, acetylene, &e., by
the action of water on carbides of cerium,
lanthanum, yttrium, and uraniom see
also Berthelot, Comp. Rend. 132, 281 ;
for production of ethylene by the action
of water on mixed barium carbide and
silicide see paper by Tucker and Moody,
Journ. Soe. Ch. Ind. 20, g71).

Nore :—For generators of ethylene seo also
under methane [1 ; D, note].

[B] From mefhane [1] through
chloroform by chlorination (Regnault,
Ann. Chim. [2] 71, 380). Chloroform
gives acetylene by passing over heated

copper (Berthelot, Comp. Rend. 50,

8o5) or by the action of potassium
amalgam (Kletzinsky, Zeit. [2] 2, 127;
see also Fittig, loc. eit.).

Or from methane throngh methyl
chloride by ehlorination {_Bertﬁelﬁt, Ann.
Chim. [3])'52, 97). Ethylene is among
the products formed by passing methyl
chloride through a hot tube (Perrot,
Ann. 101, 375).

Or from methyl chloride and Aydrogen
eyanide [172] through methyl cyanide
(acetonitrile) and etdglamine [Vol. I1],
and then as under FF below.

[C.] From Aeptane [2], ethylene being
among the products formed on heating
the vapour to goo® (Worstall and Bur-
well, Am. Ch. Journ. 19, 815).

[D.] From methyl alcokol [18] through
ethane by the action of zine or sodium
on methyl iodide (Frankland, Journ. Ch.
Soe. 2, 179; Amn. 71, 213 ; Wanklyn
and Buckeisen, Ann. 116, 329 : methyl
eyanide as a ‘catalytic’reagent facilitates
this condensation, Michael, Am, Ch.
Journ. 25, 419). Ethane gives ethyl
chloride by chlorination (Schorlemmer,
Comp. Rend. 68, 703; Ann. 132, 234 ;
Darling, Ann. 160, 216). The chloride

ives aleohol on heating with agueous
alkali (Balard, Ann. Chim, P 12, 3oz).

According to Glock alcohol is formed
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by passing a mixture of ethane and air
over heated copper, ashestos, &e. (Germ.
Pat. 109015 of 1899 ; Ch. Centr. 1900,
2, 304; also Coquillon as quul;eg in
Journ. Sge. Ch. Ind. 19, 6343.

Or from methyl aleohol and pofassinm
eyanide [172] through methyl iodide
and eyanide and ethylamine I_YVﬂl. IT]
and then as under FF below.

Nore:—Many synthetieal products give
ethane on heating with strong aqueous hydr-
iodic acid in Bﬂﬂ.?ﬂﬂ tubes : acetaldehyds [92] ;
aeetorne [108] ; acelic acid [Vol, II]; ethylamine
[Vol. IT); sfyrene [7] ; tartronic acid from far-
taric or malonie acid [ Vol. IT] ; ethylbenzene [T; A];
naphihalene [12 ; 0] ; anthrocens [144] ; alizarin
[145] {Eﬂrtlm&ut.; for references see under
methane [1 ; I]).

Etkylene also is reduced to ethane by passing
in admixture with hydrogen over heatad finely
divided nickel (Sabatier and Senderens, Comp,
Rend. 124, 1358), and acefylene also gives ethane
among other products when passed mixed with
hydrogen over heated finely divided nickel,
copper, iron, cobalt, or platinum (Ibid. Comp.
Rend. 128, 1173; 130, 1550; 1628 ; 131, 403
187. Further particulars as to temperature,
&ec., aro given above under A,

Primary alecohols, such as methyl [137], isoluiyl
[18], and amyl alsahel [22], when their vapours
are passed over calcium carbide heated to 500°
give acetylene, ethylens;, and sthane among
other products (Lefebvre, Comp. Rend. 133,
1221).

Acetylene and ethane are produced directly
by the eombination of carbon and hydrogen
when an electric arc passes between ecarbon

oles in an atmosphere of hydrogen (Bone and
erdan, Trans. Ch, Soc. 78, 1042).

Ethane and ethylene are among the products
of pyrogenic contact decomposition of isopropyl
[lﬂﬂ and fsoamyl alcohol [22] (Ipatiaff, Ber. 35,
1053 : 1056). Propyl alechol gives ethane
among the products of pyrogenic contact c]-a—
composition by plumbago crucible material
{Ipatieff, Ber. 35, 1059).

[B.] From carbon disulphide [180],
ethylene being among the products
formed by passing a mixture of the
vapour with hydrogen sulphide and
phosphine over heated copper or a mix-
ture of the vapour with hydrogen sul-
phide and carbon monoxide over heated
iron (Berthelot, Comp. Rend. 48, 236).

Or from carbon disulphide through
the tetrabromide (Bolas and Groves,
Journ. Ch. Soc. 23, 161; 24, 773;
Ann. 168, 60; 180, 160; Hiland, Ann.
240, 238; Mouneyrat, Bull. Soe. [3]
10, 262). The latter on treatment with
excess of aleoholie potash yields ethylene
(Nef, Ann. 808, 319). Or through
the tetrachloride (see under methane






_ [K.] From oelyl aleokol [Esﬁhmugh
iodoform (1; @) and then as above.

[L.] ¥rom ilulyric aldehyde [94)
through iodoform (1; K) and then as
above,

[M.] From acefone [108] through
chloroform or iodoform (1; J). Iodo-
form gives acetylene or ethylene as
above. Chloroform gives acetylene by
passing the vapour over lma,tmi copper
(see under cymene [8; III]). Or
chloroform can be converted into methyl-
ene iodide by heating with aqueous
hydriodic acid at 130" (Bljuducho, Zeit.
[2.1] 7, g1). From methylene iodide to
ethylene as above under I.

Or from acetone through bromoform
(Liwig, Ann. 3, 2g95; Dumas, Ann.
Chim. [2] &6, 120; Giinther, Arch.
Pharm. [3] 25, 373). The latter gives
ethylene by the action of aleoholic
potash (Hermann, Ann. 85,211 ; Long,
Ann. 194, 23).

Or from acetone through acrolein
[101] and allyl aleohol (see under
glycerol [48; E]) and then as above
under G.

[N.] From phenol [60], ethylene
being among the products of pyrogenic
decomposition (Muller, Journ. pr. Ch,
58, 1). Or from phenol through chlor-
aa-glyceric acid and chloroform (see
under methane[1; M]),and then through
acetylene, &ec., as above under M.

[0.] From eresof [61; 62; 63], ethyl-
ene being among the products of pyro-
genic decomposition (Miiller, Zoe. eif. ).

[P.] From deatrose [154], ethyl
alcohol being produced in small quan-
tity by the action of an alternating
electric current on an agueous solution
(Berthelot, Ann. Chim. [5] 18, 450).
Ethyl alecohol is among the products
of reduction of dextrose by sodium
amalgam (Bouchardat, Comp. Rend.
738, 1co8; Ann. Chim. [4:! 27, 68).

¢Sugar’ in alkaline solution is said
to yield alecohol under the influence
of light in the absence of all life
(Duclaux, Ann. Inst. Past. 10, 168).

[Q.] From dydrogen eyanide [172] or
metallic cyanides, these by interaction
with red-hot magnesium giving mag-
nesium carbide. The latter is decoms-
posed by water with the formation of
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mty;ene (Eidmann, Journ. pr. Ch. [2]
59, 1).

[R.] From formic acid [Vol. II:! and
methyl aleohol [18)] throngh methyl for-
mate, perchlormethy] formate, and car-
bon tetrachloride (see under methane
[1; ©]). The latter on heating with
strong aqueous hydriodie acid at 130°
gives odoform (Walfisz, Bull, Soc. Eg]
7, 256), from which acetylene, &e., can
be obtained as above under I. Barium
formate gives ethylene among the pro-
ducts of dry distillation (Watts' Dict.
11, 484; comp. Merz and Weith, Ber.
15, 1511L).

[8.] From acefic acid [Vol, II]
throngh acetyl chloride or acetic anhy-
dride and reduetion with sodium amal-
gam (Linnemann, Ann. 148, 249;
Saytzeff, Journ. pr. Ch, [2] 8, 76).
Or indirectly through ethane by electro-
lysis (Kolbe, Ann. 69, 27g; Kuenen,
Proc. Physical Soc. 15, 237) and then
through ethyl chloride, &e., as above
under D.

Ethylene is among the products
formed by dropping acetic acid on to
heated zinc chloride (LeBel and Greene,
Am, Ch. Journ. 2, 26), and among the
products of electrolysis of an acid solu-
tion of potassium acetate (Petersen, Ch.
Centr. 1897, 2, 518).

A solution of the potassium salts of
acetic and glycollic acid [Vol. II], the
acetate being at the anode, give aleohol
on electrolysis (v. Miller and Hofer,
Ber. 28, 2437).

Or from acetic acid through etdyl-
amine [Vol, II] and then as under FF
below.

[T.] From propionie acid [Vol. IT],
which gives ethane by photochemical
decomposition in presence of uranium
salts (Fay, Am. Ch. Journ. 18, 26g).
Ethyl pr:}pinnate is formed by the elec-
trolysis of an acid solution of potassium
propionate (Petersen, Ch. Centr. 1897,
2, 518).

Ethyl iodide is formed by the elec-
trolysis of sodium propionate with
potassium iodide for the negative elee-
trolyte (v. Miller and Hofer, Ber. 28,
2430). Ethylene is among the pro-
ducts of electrolysis of a nentral solution
of potassium propionate (Bunge, Journ,
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electrolysis in alecholic solution in
presence of acid or alkali (Rockwell,
Journ. Am. Ch. Soc. 24, 71g).

[LL.] From aerolein [mli through
propinal and acetylene (see under cy-
mene [8 ; XVIII]) and then as above
under A.

15. Normal Propyl Alcchol; Ethyl
Carbinol; 1-Propanol.

CH,.CH,.CH,.OH

NATURAL SoURCES.

A secondary product of alecholie fer-
mentation by Sacekaromyces, being found
in most fusel oils (Chancel, Comp. Rend.
87, 410; @8, 659; 4726; Jahresber.
1858, 503; Ann. 151, 2¢8; Krimer
and Pmner, Ber. 38, 75; Fittig, Zeit.
[2] 4, 44; Pierre and Puchot, Ann.
183, 265; Comp. Rend. 88, 302 ; 70,
406 ; Linnemann, Ann. 160, 1gj;
Ekman, Ch. Zeit. 12, 564; in old
cognac fusel oil, Ordonnean, Comp.
Rend. 102, 217; Claudon and Morin,
Ilid, 104, 1187 ; 105, 1019 ; in fusel
oil from potato spirit, Rabuteau, Comp.
Rend. 87, 501 ; see also Bell as quoted
by Allen in Journ. Fed. Inst. 8, 36).

n-Propyl aleohol is among the pro-
ducts of fermentation of glycerol in
presence of caleium earbonate and nu-
trient salts by Bacillus butylicus (Fitz,
Ber. 18, 36; 1311 ; Morin, Bull. Sce,
[2] 48, 803) and among the products
of the lactic and butyric fermentation
of sugar (Bouchardat, Comp. Rend. 78,
1145; Meyer and Forster, Ber. 8, 535).

The Bacillus of malignant cdema
produces n-propyl aleohol among other
products from lactic acid in an atmo-
sphere of hydrogen (Kerry and Frinkel,
Monats. 18, 350).

Granulobacter bulylicum of Beyerinck
(Ree. Tr. Ch. 12, 141) produces n-propyl
and not, as formerly supposed, butyl
alcohol during butyrie fermentation
(Emmerling, Die Zersetzung,’ &e.
p- 115, note).

n-Propyl aleohol is among the pro-
duets of fermentation of starch by the
anaerobic dmylobacter butylicum and
A. athylicum of Duclaux (Ann. Inst.
Past. 9, 811).

[14 KK-15 A.

SYNTHETICAL ProCESSES.

[A.] From etlyl aleokol [14] through
ethyl iodide, eyanide [172] {Williamson,
Phil. Mag. [4] 8, 205; Buckton and
Hofmann, Journ. Ch. Soe. 9, 250;
Rossi, Ann. 158, 79), propylamine by
reduction, and action of nitrous acid on
the amine (Mendius, Ann. 121, 133;
Siersch, Ann. 144, 137; Silva, Zeit.
2] 5, 638 ; Linnemann, Ann. 161, 44 ;

eyer and Forster, Ber. 9, 535: iso-
propyl alcohol is simultaneously formed
in this process; see under the latter
[16; C]).

Or ethyl iodide and methyl iodide
from methyl aleokol [18]) can be con-
ensed to propane by the method of
Waurtz (sodinm in ethereal solution ; see
under n-heptane [2; A]). Propane
on chlorination gives n-propyl chloride
(Schorlemmer, Ann. 150, 20g; 152,
159), which can be converted into the

aleohol by the usual methods.

Or fromethyl alcohol through ethylene
(see under methane [1; D]), ethylene
chloride, vinyl chloride, chloracetalde-
hyde, and (with Aydrogen cyanide [1?2]1
B-chlorlactie acid, glyceric acid, an
pyrotartaric acid (see under benzyl
alcohol [64; A]); n-propyl aleohol is
among the products of electrolysis of
potassium pyrotartrate (Petersen, Zeit.
physik. Ch. 88, 6¢g8; Ch. Centr. 1yoo,
2, 172).

Nore :—Ethyl alechol is also a generator of
chloracetaldehyde through ethyl ether or ehilor-

acetal, or through chloral (see under benzyl
alcohol [54 ; IT).

Or from ethyl aleohol through iodo-
form, which by the action of sodium
ethoxide gives acrylic acid (Butleroff,
Ann, 114, 204). The latter can be
converted into a-chlorlactic acid (benzyl
alcohol [54; I]), glyceric acid ([bid.),
and pyrotartaric acid (6. F). _

Or ethylene can be combined with
phosgene (carbon oxychloride) to form
3-chlorpropionyl chloride, from which
the acid can be obtained by the action
of water (Lippmann, Ann. 128, 81;
Henry, Comp. Rend. 100, 114{. The
chloro-acid on treatment with alcoholic
potash or lead oxide or sodium hydroxide
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ives acrylie acid (Mouren, Ann. Chim.
E} 3, 158; see also Schmeider and

r:lenmeyer, Ber. 8, 339; Wislicenus,
Ann. 188, ?. _ _

Or ethylene combines with hypo-
chlorous acid to form glycolchlorhydrin
(Carius, Ann. 126, 17 ; Butleroff, Ann.
144, 40 : practically glycol from ethyl-
ene may be treated with hydrogen
chloride). The chlorhydrin with pofas-
sium cyanide [172] and by hydrolysis of
the nitrile gives Aydracrylic acid (Wisli-
cenus, Ann. 128, 4; 187, 346; Erlen-
meyer, Ann. 181, 268{. The salts of
the latter give acrylic acid on dry
distillation (Beilstein, Ann. 122, 372).
From acrylic acid via glyceric acid and
pyrotartaric acid as above.

Nore :—By these processes all generators of
ethylene become generators of n-propyl aleahol.

Or from ethyl aleohol and friony-
methylene | formic aldebyde: 01] by the
interaction of magnesinm ethobromide
and trioxymethylene in ethereal solution
(Grignard and Tissier, Comp. Rend.
134 107).

] From isopropyl aleokol [18]
through isopropyl iodide, which gives
ropane by reduction with zine and acid
Schorlemmer, Ann. 150, 20g). Or from
1sopropyl aleohol through propylene
and conversion of latter into pyrotartarie
nitrile (by means of pofassium cyanide
E[ll':-'ﬂ]} and pyrotartaric acid (see under
ipentene [9; F]) and then as under A.

[C.] From normal butyl aleokol [17]
through n-butyl iodide, n-butylene by
the action of alcoholic potash on the
latter (Saytzeff, Journ. pr. Ch. [2] 3,
88 ; Lieben and Rossi, Ann. 168, 164 ;
Grabowsky and Saytzeff, Ann.179,330),
and secondary butyl iedide = 2-10do-
butane by combining the n-butylene
with hydrogen iodide (Wurtz, Ann.
152, 23). 2-Iodobutane gives propane
among other products on heating with
aluminium chloride above 160" (Lothar
Meyer, Ber. 27, 2766; Kluge, Ann.
282, m;rl;.

[D.] From fertiary butyl aleokol LIB
through tertiary butyl iodide, which
also gives propane when heated with
aluminium chloride as above (Lothar
Meyer, loc. eit. ; Kluge, loc. cit.).

NORMAL PROPYL ALCOHOL 59

[E.] From glycerof [48], which gives
propane on heating in a closed vessel
with strong aqueous hydriodie acid
(Berthelot, Bull. Soe. [2]7,60; 9, 13;
184).

E;Ir through allyl alcohol by distilling
glycerol with oxalic acid SEEE under
ethyl aleohol [14; &]). Allyl alcohol
gives n-propyl aleohol on reduction with
zine and dilute sulphuric acid (Linne-
mann, Ber. 7, 852), on heating with
solid potash (Tollens, Ann. 158, 92;
Zeit. [2] 7, 242), or by reduction with
aluminium in alkalive solution (Spe-
ranski, Journ. Russ. Soc. 81, 423).

Glycerol gives n-propyl alecohol among
the products of decomposition of the
sodium compound above 245° (Fernbach,
Bull. Soc. l_i} 84, 146).

Or from glycerol through allyl brom-
ide (Henry, Zeit. [2] 8, 575; Tollens,
Ann. 168, 152; Grosheintz, Bull. Soe.
[2] 80, 98 ; Jacobi and Merling, Ann.
278, 11), trimethylene bromide by com-
bination with hydrogen bromide (Géro-
mont, Ann. 158, 370; Reboul, Ann.
Chim. [5] 14, 472; Erlenmeyer, Ber.
12, 1354+ Roth, Ber. 14, 1351 ; Bogo-
molitz, Bull. Sce. [2] 80, 23), tri-
methylene = eyclopropane by the action
of sodium or of zine dust on trimethylene
bromide in aleohol (Freund, Monats. 3,
626 ; Journ. pr. Ch. [2] 26, 367 ; see
also Reboul, Ann. Chim. [5] 14, 488;
Gustavson, Journ. pr. Ch. [2] 38, 300;
50, 381; 69, 302; Journ. Russ. Soc.
18, 4g95; Comp. Rend. 128, 437;
Wagner, Ber. 21, 1236; Tornog, lid.
1282 ; Wolkoff and Menschutkin, Ber.
81, 3o72; Journ. Russ. Sce. 82, 118;
Tanatar, Ber. 32, 7o2: 1g65). Tri-
methylene combines with strong sul-
phuric acid to form dipropyl sulphate
(Freund), which gives n-propyl alcohol
on decomposition by hot water (Gustav-
gon ; Berthelot, Ann. Chim. [j"]l 4, 102).
Or trimethylene combines with hydro-
gen iodide to form n-propyl iedide, from
which the alcohol ean be obtained by
the usual methods (Freund).

Or from glycerol through acrelein
[101](seealso undereymene [6; X VIII])
and oxidation of latter to acrylic acid
(Claus, Ann. Suppl. 2, 123; also Red-
tenbacher, Ann. 47, 125). From acrylic
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acid through a-chlorlactic, glyceric, and
pyrotartaric acids as above under A.

Or from glycerol and pofassium cyanide
[172] through allyl chloride and pyro-
tartaric nitrile and acid (dipentene [9 ;
G|) and then as under A above.

¥.] Ergthritol [50] gives 2-iodo-
butane on heating with aqueous hydr-
iodie acid (De Luynes, Bull. Soc. [2]
2, 3; Ann. 125, 252). Subsequent
steps through propane as above under C.

[G.] From mannitol [51] through
secondary hexyl iodide = 2-1odohexane
by heating with aqueous hydriodie acid
(Wanklyn and Erlenmeyer, Jahresher.
1861, 731 ; 1863, 480 ; Feit. 1861, 606 ;
18623, 641; Ann. 185, 130; Domae,
Monats. 2, 310; Hecht, Ann. 185, 146 ;
208, 311; Uppenkamp, Ber. 8, 55;
Schorlemmer, Ann. 199, 139 : accord-
ing to Combes and LeBel, Bull. Soc.
[3] 7, 551, the iodohexane thus formed
15 3-1odohexane). Propane is among
the produets formed by heating 2-i0do-
hexane with aluminium chloride to 225
(Lothar Meyer, Ber. 27, 2766 ; Kluge,
Ann, 282, 227).

Or from mannitol through acrofein
and aerylie acid (see under benzyl aleohol
[64; AA and E]). From the latter
through a-chlorlactic acid, glycerie acid,
and pyrotartaric acid as above under A.

[H.] From jformic aldekyde [81]
through foxymethylene,” which results
from its polymerisation (see under
formie aldehyd};‘}. Oxymethylene gives
n-propyl aleohol by dissolving in strong
sulphurie acid and distilling the product
with water (Gustavson, Journ, pr. Ch,
[2] 88, 301).

r oxymethylene forms a compound
with zine effy! which is decomposed by
water with the formation of n-propyl
aleohol (Tischtschenko, Journ. Russ.
Soc. 19, 483).

[I.] From erofonic aldehyde [102]
through erotonic acid (see under benzy
aleohol Hﬁai; H|). The acid combines
with hydrogen bromide to form a-brom-
butyric acid (Naumann, Ann. 118, 115 ;
Wislicenus and Urech, Ann. 165, 93 ;
Ley, Journ. Russ. Soc. 8, 129; Tupoleff,
Ann. 171, 24¢9; Hemilian, Ann. 174,
325). The latter, on distillation of the
potassium salt with a solution of sodium

[16 E-L.

nitrite, gives nitropropane (Auger, Bull.
Soc. [3] 28, 333), which can be reduced

propylamme and treated as above
under A.

Or from crotonic acid, the ester of
which condenses under the influence of
sodium ethoxide to form dierotonic ester,
from which the acid can be obtained by
hydrolysis. Dicrotonic acid gives pyro-
tartaric acid on oxidation by alkaline
permanganate (v. Pechmann, Ber. 38,
3323). From pyrotartaric acid as above
under A.

[7.] From acefic aldehyde [ 92]through
butyreehloral and allylene dichloride
(see under benzyl alcohol [54; HIJ).
The dichloride on heating with water at
180" gives aerylic acid (Pinner, Ber, 7,
66). Subsequent steps through a-chlor-
lactic acid, glycerie, and pyrotartaric
acids as above under A,

Or from acetic aldehyde through
erotonic aldeliyde [102] and crotonic
acid and then as above under I.

Aldehyde and Aydrogen eyanide [172]
give a cyanhydrin which, by the ae-
tion of phosphorus pentachloride, gives
a-chlorpropionitrile, from which a-chlor-
propionic acid can be obtained b
hydrolysis. The acid on heating wit
barium hydroxide solution gives acrylic
acid (Michael and Garner, Ber. 34,
4049). \

[K.] deetone [106] gives propane on
heating in a sealed tube with strong
agqueous hydriodie acid (Berthelot, Bull.
Soe. [2] 7, 68). From propane as
above under A. Or acetone on chlorina-
tion gives 1 :1-dichloracetone (Fittig,
Ann. 110, 40; Borsche and Fittig,
Ann. 183, 112), which gives acrylic acid
on boiling with potassium carbonate
solution (Faworsky, Journ. pr. Ch. [2
51, 555). From acrylic acid throug
pyrotartaric acid as above under A.

Or from acefone, acetic acid, and
ethyl aleofol through acetylacetone and
methylpropyl ketone (as under n-pri-
mary amyl aleohol [20; B; C]and n-
secondary amyl alcohol [21 ; D). From
the ketone through the oxime to propyl-
amine as below under AA.

[L.] Pulegone [|123] gives pyrotar-
tarie acid among the products of 1ts oxi-
dation by potassinm permanganate (Mar-
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kownikoff, Ber. 88, 1gog). Subsequent
steps as above under A.

[M.] Menthone [129] gives pyrotar-
tarie acid as above ([bid.).

[N.] From propionic acid [Vol. 1]
through propionic anhydride, which
gives n-propyl aleohol on reduction
with sodium amalgam (Linnemann,
Ann. 148, 251; 180, 231 ; 1861, 18 ;
see also Saytzeff, Zeit. [ﬂﬁ 8, 105). Or
ammonium propionate on dry distilla-
tion gives propionamide, which on heat-
ing with phosphorus pentoxide gives
propionitrile = ethyl eyanide (Dumas,
Malaguti, and Leblane, Ann. 84, 334 ;
see also Aschan, Ber. 81, 2344). The
latter can be reduced to propylamine
and treated as above under A.

Or from propionie acid through pro-
pionyl chloride, S-chlorpropionyl chlo-
ride by chlorination and 3-chlorpropionie
acid by hydrolysis (Michael and Garner,
Ber. 84. 4046). From the S-chloro-
acid through acrylic acid to pyrotar-
taric acid as above under A.

Or from propionic acid throngh the
aa-dibromo-acid and the ep-dibromo-
acid by transformation of the latter (see
under benzyl aleohol [64; O]). From
the ag-dibromo-acid through glycerie
to pyrotartarie acid ({4id.) and then as
above under A.

Or from propionic and formic acid
E‘.Tul. I1] through propionic aldehyde

y distilling a mixture of the caleium
salts (Williamson, Journ. Ch. Soe. 4,
138; Lieben and Rossi, Ann. 158,
137; 158, 531 79; 185, 10g9; 187,
293 ; Lieben and Janecek, Ann. 187,
126). The aldehyde gives the aleohol
on reduction (Rossi, Comp. Rend. 70,
129 ; Ann. 158, 80). Propaldoxime
also gives nitropropane among the pro-
duets of oxidation by permonosulphuric
acid (Caro’s reagent; Bamberger and
Scheutz, Ber. 84, 2032). From nitro-

propane through propylamine as above
under I and A.

NoTE :—Generators of propionic aldehyde are

given under hexanal (2-methylpentanal [66 :
C, ke.). ( ylpentanal (96 ;

[0.] From acetic acid EV&]. I1] and
hydrogen cyanide [172] through acetyl
cyanide, pyroracemic (pyruvic), and
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yrotartaric acid
aleohol [64 ; I]).
A.

Or from acetic acid and potassium
eyanide through cyanacefic acid by the
interaction of chloracetic acid and the
eyanide (Miiller, Ann. 131, 348; 350;
Meves, Ann. 143, 201; Fiquet, Ann.
Chim. [6] 28, 439). The sodium deri-
vative of eyanacetic ester interacts with
ethyl iodide to form a-cyanobutyric
ester (Henry, Bull. Soc. [aﬁ 48, 656 ;
Comp. Rend. 104, 1618), which gives
ethylmalonie acid as below under P and
n-propyl aleohol as under T.

[B.] Normal bulyric acid [Vol. II]
gives n-propyl butyrate when the silver
salt is acted upon by iodine (Simonini,
Monats. 14, 81), when the acid is oxi-
dised by manganese dioxide and dilute
sulphurie acid (Veiel, Ann. 148, 164),
or by the electrolysis of the solution of
the acid potassium salt (with some iso-
propyl butyrate in latter process; Ha-
monet, Comp. Rend. 123, 252 ; Peter-
sen, Ch. Centr. 18g%, 2, 519; Igoo, 2,
172). The ester gives the alcohol by
hyidrolysis. The aleohol is among the
products of electrolysis of sodium butyr-
ate in presence of sodium perchlorate
(Hofer and Moest, Ann. 323, 284).

Or from butyrie acid through butyr-
amide by distilling the ammonium
salt (Hofmann, Ber. 15, g82). The
amide gives n-propylamine by the action
of bromine in presence of caustic potash
(Itid. 769). From the amine to the
alcohol as above under A.

Butl);ric acid also gives propane by
photochemical decomposition in the
presence of uranium nitrate (Wisbar,
Ann. 2682, 235).

Or butyric acid by bromination gives
a-brombutyrie acid (Gornp-Besanez and
Klincksieck, Ann. 118, 248 ; Naumann,
Ann. 119, 115; Borodin, fhid. 123;
Friedel and Machuea, Ann. 120, 279;
Suppl. 2, 70; Ley, Journ. Russ. Soe.
9, 129 ; Wislicenus and Urech, Ann.
185, g3; Tupoleff, Ann. 171, 249;
Genvresse, Bull. Soc. [g] 7, 366 ;
Michael and Graves, Ber. 34, 4041).
From a-brombutyric acid through nitro-
propane and propylamine, &e., as above
under I,

(see under benzyl
Then as above under
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todide through ethylacetoacetic ester
and methyl-n-propyl ketone (see under
n-secondary amyl aleohol [21 ; C]). The
oxime of the ketone on heating to 100°
with a solution of hydrogen ehloride in
acetic acid (with a little aceticanh ydride{
gives propylamine. Other acids, acety
chloride, or phosphorus pentachloride
bring about a similar decomposition
Beckmann, Ber. 20, 2580; Hantzsch,

er. 24, 4018). From propylamine as
above under A.

Or from acetoacetic ester through
crotonic acid (54 ; I). From the latter
through a-brombutyrie acid and nitro-
propane, or through pyrotartaric acid as
above under I.

Or acetoacetic ester on bromination
under appropriate conditions gives y-
bromacetoacetic ester (Duisberg, Ber.
15, 1379 ; Ann. 213, 138; Conrad and
Schmidt, Ber. 29, 1045 : see also Haller
and Held, Comp. Rend. 114, 452), and
this by the aection of sodium ethoxide,
of alcoholic ammonia, or of sodium 1n
ethereal solution gives suceinylsuceinie
ester (Wedel, Ann. 219, g4 ; Duisberg,
Ann. 213, 149; Conrad and Schmidt,
loc. cit.; Mewes, Ann, 245, 74). From
succinylsuccinic ester through ethyl-
malonie acid as above under ¥ and O.

Or dibromacetoacetic ester (see under
quinol [71; (:-il) gives dihydroxytere-
phthalic diethyl ester (I4id.). The latter
on reduction with zine and hydrochloric
acid or with sodinm amalgam gives
suceinylsuceinic ester (Baeyer, Ber. 19,
432 ; Baeyer and Noyes, Ber. 22, 2168).

Ethylacetoacetie ester on treatment
with nitric acid gives 1 : 1-dinitropropane
(Chancel, Jahresber. 1883, 107g), and
this when reduced in ethereal solution
with aluminium amalgam gives propyl-
amine and propionic aldehyde (Ponzio,
Journ. pr. Ch. Fﬂ 85, 197).

[BB.] From #iymol [67] through
thymoquinone, thymoguinol [82], and
dihydroxyterephthalic acid (see under
quinol [71; P]_]]l, and then through suc-
cinylsuceinic acid, &e., as above.

[cc.] From ecarvacrol [Eﬂ] through
thymoquinone, &e. (quinol [71: @]).

[DD.] From wmalic acid [Vol. 11]
through oxalacetic rgeul by oxidising
with hydrogen peroxide and a ferrous
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salt at a low temperature (Fenton and
Jones, Trans. Ch. Soe. 77, 77). From
oxalacetic acid throngh pyrotartarie or
through ethylmalonic acid as above
under Z.

[EE.] From fumaric or maleic acid
[Vol. I1] through dibromsuceinie acid
(methane [1; U]) and then through
oxalacetic acid, &e., viz ethoxyfumarie
ester as above under ¥. From oxal-
acetic acid through pyrotartaric or
ethylmalonic acid as under 2.

[FF.] From aliyl isothiosyanate [168
through allyl eyanide and crotonic aci
(benzyl alcohol [54 ; J]). From crotonic
acid as above under I.

[GG.] From glyeocoll [Vol. 11] and
ethyl aleokol [14] through n-propyl-
amine by distilling the hydrochloride of
the ethyl ester with sodium carbonate
(Schilling, Ann. 127, g7 ; Kraut, Ann.
177, 267 ; Hantzsch and Silberrad, Ber.
33, 70; Auger, Bull. Soc. [3] 21, 5;
gee also Curtius and Jay, Ber. 27, 60;
Hantzsch and Metealf, Ber. 29, 1684 ;
for production of propylaminesee Curtins
and Goebel, Journ. pr. Ch. [2] 87, 163).
From propylamine as above under A.

[HH.] From alanine [Vol. I1] and
methyl aleokol [18] through aerylic aecid
(benzyl aleohol |54; BBJ}. From
acrylic acid through a-chlorlactic acid,
glyceric acid, and pyrotartaric acid as
above under A (see also under benzyl
alcohol [54; I and F)).

[I1.] From /lysine [Vol. II], pyro-
tartaric acid being a product of the
oxidation of the base by barium per-
manganate (Zickgraf, Ber. 35, 3401).

16. Isopropyl Alcohol ;
Dimethyl Carbinol;
2-Propanol.

CH,.CH(OH).CH,

NATURAL SOURCE.

Said to have been found as a secon-
dary product of fermentation in potato
fusel oil (Rabuteau, Comp. Rend. 87,
5o1).  According to Vietor Meyer and
Jacobson (Lehrb. d. org. Ch. I, 161 ;
see also Bouchardat, Ber. 7, Ref. 657)
this statement is erroneous.
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SYNTHETICAL PROCESSES.

[A.] From acefone [108] by reduction
with sodium amalgam (the acetone
should contain water) {Fri&d.ﬂ], Ann.
124, 327; Linnemann, Ann. 138, 38).
Acetone also gives isopropyl aleohol
(with pinacone) by electrolytic redue-
tion (Merck, Germ, Pat. 113719 of
189y ; Ch. Centr. 1900, 2, 794 ; Elbs
and Brand, Zeit. Elektroch. 8, 783). h

Or from acetone through 2 :2-di-
chlorpropane (Friedel, Ann. 112, 236),
a-chlorpropylene (CH,: CCl.CH,) by
the action of alcoholic potash or am-
monia, a-chlorallyl chlorde by chlori-
nating the chlorpropylene in the dark
{Friegal and Silva, Comp. Rend. 73,
957; 74, 806; 75, 81; Fittig, Ann.
185, 359), a~chlorallyl alcohol b{)ﬁhoiln
ing with aqueous potassium carbonate
(Henry, Comp. Rend. 985, 84g), and
acetyl carbinol [48] by the action of
sulphuric acid (Henry, Bull. Soe. [2]
38, 526). Acetyl carbinol reduces to

ropylene glycol (W. H. Perkin, junr.,
&‘mns. Ch. Soc. 58, 786), the latter by
the action of hydrogen chloride giving
gmpy]eue chlorhydrin  (Oser, Ann.

uppl. 1, 254 ; Morley, Ber. 13, 1805 ;
also Morley and Green, Trans. Ch. Soe.
47, 133), which by the action of alcoholic
potash gives propylene oxide (Oser, Zoc.
¢if.; Linnemann, Ann. 140, 178;
Monats. 8, 36¢9; Henry, Ann. Chim.
[4] 27, 261). The latter yields iso-
propyl aleohol on reduction by sodium
amalgam (Linnemann, foe. cit.).

Or from acetone throngh acrylic and
p%.'rutarl;aric acids (see under n-propyl
alcohol [15; K and A]). The latter gives
1sopropyl aleohol among the products
of electrolysis of the potassium salt
geberaen, Zeit, physik. Ch. 33, 698 ;

h. Centr. 1900, 2, 172).

Or from acetoneoxime,which gives iso-
propylamine by reduction with sodium
amalgam in acetic acid solution (Meyer
and Warrington, Ber. 20, 505; Gold-
schmidt, [4ul. 728) or by electrolytic
reduction (Tafel and Pfeffermann, Ber.
85, 1510),

Or from acetonephenylhydrazone,
which gives isopropylamine on redue-
fion with sodium amalgam and acetic
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acid (Tafel, Ber. 19, 1g26) or by
electrolytic reduction (Tafel and Pfeffer-
mann, Ber. 835, 1207). Isopropylamine
is converted into isopropyl alechol by
the action of nitrous acid (Siersch, Ann.
148, 264 ; Meyer and Forster, Ber. 9,
53‘[%.] From wormal propyl alcokol [151
through propylene by the action o
dehydrating agents (LeBel and Greene,
Am. Ch. Journ. 8, 23; Beilstein and
Wiegand, Ber. 15, 1498 ; Berthelot,
Comp. Rend. 128, 483 ; Newth, Proc.
Ch. Soc. 17, 147). Propylene combines
with strong sulphuric acid, and the
product gives isopropyl alcohol on
hydrolysis (Berthelot, Ann. Chim. [3
43, 399; Ann. 94, 78; Comp. Rend.
57, ¥97; Ann. 129, 120).

Nore :—Propylene is produced from propyl
aleohol to the extent of g3.3 por cont. by pass-
ing the vapour over heated plumbago crucible
material (Ipatielf, Ber. 35, 1059).

Or n-propyl aleohol can be con-
verted into n-propyl iodide and the
latter into propylene by the action of
alecoholic potash (Freund, Monats. 3,
633). Propylene combines with hydro-
gen iodide to form isopropyl iodide
(Berthelot, Ann. 104, 184; Erlen-
meyer, Ann. 139, 228 ; Butleroff, Ann.
145, 275; Michael and Leighton,
Journ. pr. Ch. [2] 60, 447). The
latter is converted into the aleohol by
heating with water and lead hydroxide
or with water only (Flavitzky, Ann,
175, 380; Niederist, Ann. 188, 391).
Or propylene eombines with bromine
and the bromide can be converted into
ropylene glycol (Wurtz, Ann. Chim.
E‘S] 55, 438; €8, 124; Henry, Rec.

r. Ch. 18, 221). From propylene
glyeol through propylene oxide as above
under A.

Or propylene glycol by the action of
hydrogen iodide gives isopropyl iodide
(Wurtz, Ann. Suppl. 1, 381), which
can be converted into the aleohol as
above.

Or propylene combines with chlorine
to form propylene chloride, which by
the action of aleoholic potash gives
a- (with some §-) chlorpropylene (CUa-
hours, Jahresber. 1850, 496; Reboul,
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Ann. Chim. [5] 14, 462). From a-
chlorpropylene through propylene oxide
as above under A,

n-Propyl aleohol can also be con-
verted into n-propyl chloride (Pierre
and Puchot, Ann. 163, 266; Ann.
Chim. [4] 20, 234; Malbot, Bull
Soc. [3] 2, 136). The latter when
chlorinated in the presence of alumininm
chloride gives propylene chloride (Mou-
neyrat, Bull. Soc. [3] 21, 616). Sub-
sequent steps as above.

[C.] From mefhy! and ethyl aleokols
[18; 14] through propane and propyl
chloride (see under n-propyl alcohol
[16; A]). From propyl chloride through
propylene chloride as above under B.

Or from ethyl alcohol through
ethylene (sce under methane [1; D),
ethylene bromide, and glyeol [kis]
(Wurtz, Ann. Chim. [ 3] 55, 400; Atkin-
gon, Phil. Mag. [4] 18, 433; Ann. 109,
232; Debus, Ann. 110, 316 ; Demole,
Ann. 178, 117 ; 177, 45; Henry, Ann.
Chim, ]l;q.] 27, 250; Jeltekoff, Ber. 6,

8; Birnstein, Ber. 8, 480; g17;
Zeller and Hiifner, Journ, pr. Ch. [2]
11, 229 ; Stempnewsky, Ann.183, 240;
Erlenmeyer, Ann. 192, 244; Gros-
heintz, Bull. Soc. 81, 293; Pribram
and Handl, Monats. 2, 673 ; Niederist,
Ann. 196, 354 ; Beilstein and Wie-

nd, Ber. 15, 1368; Bouchardat,

omp. Rend. 100, 452 ; Wagner, BF:-.
21, 1234; Haworth and W. H. Perkin,
junr., Trans. Ch. Soc. €9, 175; Henry,
Bull. Acad. Roy. Belg. [39 38, 9; Rec.
Tr. Ch. 18, 221). Glycol is converted
into the chlorhydrin by the action of
hydrochloric acid (Wuartz, Ann. 110,
125; Ladenburg, Ber. 18, 1408) and
into the iodhydrin by the action of
potassium iodide on the chlorhydrin
(Butleroff and Ossokin, Ann. 144, 42 ;
Demuth and Meyer, Ann. 258, 28;
Henry, Bull. Acad. Roy. Belg. [3] 18,
182). The iodhydrin by the action of
gine methy! and decomposition of the
product with water rives isopropyl
aleohol (Butleroff and Ossokin, Ann.
145, 257 ; Charon and Paix-Séailles,
Comp. Rend. 130, 1407).

Glyeol ehlorhydrin = chlorethyl aleo-
hol can also be obtained directly from
ethylene and hypochlorous acid (Carius,
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Ann. 128, 1g97; Butleroff, Ann. 144,
40).
Note :—By the above process all generators

uf ethylens become with methyl alechol (for
zine methyl) generators of isopropyl alechol.

Or from ethyl aleohol throngh pyro-
tartaric acid (see under n-prupgg aleohol
156; A]). From the latter by electro-
ysis as above under A.

Or from ethyl alcohol through ethyl
eyanide and propylamine and the action
of mitrous acid as under n-propyl aleo-
hol [15; A] (Linnemann and Siersch,
Ann. 144, 140 ; Linnemann, Ann. 150,
370; 161, 44; Ber. 10, 1111; Meyer
and Forster, Ber. 9, 535; Erlenmeyer,
Ber. 80, 2961).

Also from ethyl aleohol and dromo-
form (see under methane [1; D]J) or
carbon tetrachloride (see under methane
[1; L]) through propylene (see under
glycerol [48 ; D]).

From propylene as above under B.

[D.] Fromu-butyl aleokol [17] through
2-iodobutane and propane (see under
n-propyl aleohol [15 ; CE} From pro-
pane through propyl chloride and pro-
pylene chloride, &c., as above under B.

Or isobulyl aleohol [18] p{li'ms isobutyl
chloride or bromide, which yields pro-
pylene among other products when
passed over soda-lime heated above
600” (Nef, Ann. 818, 22). Isobutylene
from isobutyl aleohol also gives pro-
pylene among the products of pyro-
genic decomposition (Noyes; Beilstein,
* Handbuch,” I, 115). The vapour of
isobutyl aleohol yields propylene among
other products when mixed with air and
passed over heated platinum (v. Stepski,
Monats. 23, 773)-

[E.] From tertiary butyl aleokol [19]
throngh the iodide and propane (16 ; D).
Subsequent steps as above, Or through
isobutylene (see under isobutyl aleohol
[18; A]) and from the latter through
propylene as above under D. ,

[F.] From amyl aleokols of fusel oil
Elnﬂ], propylene being among the pro-

ucts formed by passing the vapour
through a hot tube (Reynolds, Journ.
Ch. Soc. 8, 111 ; Ann, 77, 118; Wurlz,
Ann, 104, 242). From propylene as
above under B,
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[a.] From glycerol 48] through
propane (16; E) and then as above
through propyl and propylene chlorides,
&e. Or from glycerol through allyl
jodide (see under isobutyl alcohol [18;
D]) and propylene; or through allyl
aleohol and propylene (see under ace-
tone [108; F]). Or from glycerol
through allyl bromide (16 ; E). The
latter gives propylene on heating the
aleoholic solution with zine dust (Wol-
koff and Menschutkin, Ber. 31, 3072 ;
Journ. Russ. Soc. 80, 559). Or allyl
bromide can be converted into tr-
methylene (15 ; B), and this ny:elds pro-
pylene when heated to 600” (Tanatar,
Zeit, physik. Ch. 41, 735 : see also Ber.
82, 702; 1965).

Glycerol gives propylene among the
products obtained by distilling it with
iodine and phosphorus (Berthelot and
De Luca, Anrﬁ 02, ﬁgc_hﬁ; inn. E{;himll

44, 350; nheim, Ann. Suppl.
%%]354},3;* wit]:{j P:ine dust (Westphal,
Ber. 18, zgia,]].

From glycerol through isopropyl
iodide by distilling with jodine and
phosphoros in presence of water (Erlen-
meyer, Ann. 126, 305; 1388, 211;
Markownikoff, Ann. 138, 364 ; Meyer,
Journ. pr. Ch. [2] 84, ¢8), and then as
above under B.

Or from glycerol through dichlor-
hydrin by the action of hydrochloric
acid (Berthelot, Ann. Chim. [3] 41,
297 ; Reboul, Ann. Suppl. 1, 222;
Carius, Ann. 122, %3; Hiibner and
Miiller, Zeit. [2] 6, 344; Watt, Ber.
6, 257;. Claus, Kdlver, and Nahm-
macher, Ann. 168, 43; Markownikoff,
Ann. 208, 358 ; Fauconnier and San-
son, Bull. Soc. [2] 48, 236 ; Fauconnier,
Ihid, 50, 212 ; Bigot, Ann. Chim. [ﬁ]
22, 437). Dichlorhydrin gives iso-
propyl aleohol among the products of
reduction by sodium amalgam (Buff,
Ann. Suppl. 5, 250).

Or (indirectly) dichlorhydrin can be
converted into 1 :2 : 3-trichlorpropane
(Berthelot and De Luea, Ann. Chim.

3] 48, 304; 523, 433; Fittig and

effer, Ann. 185, 35¢), a-chlorallyl
chloride (CH,:CCl.CH,Cl) by the
action of potash or triethflamine (Re-
bﬂlll, Ann, SIIPPL 1, 229; Cump. Rend.
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85, 993), a-chlorallyl aleohol by heating
with agueous potassium carbonate, and
then through acely! carbinol, &e.,as above
under A.

[H.] From erythritol [60] through
z-iodobutane and propane (15 ; F).

[I.] From mannitol [61] through
g-todohexane and propane or through
acrolein [101], acrylic acid, &e., to pyro-
tartaric acid (15 ; G) and then as above
under A.

Or from mannitol through n-hexane
(see under n-hexyl aleohol [23; B] and
n-propyl aleohol [15; G|). Propylene
is formed among other products by
passing n-hexane mixed with air over
heated platinum (v. Stepski, Monats.

28, 773).

Nore :—All generators of n-hexane given
under n-hexyl aleohol [28], viz., n-propyl aleohol
15 ; glyceral (48] ; suberic acid [ Vol. 11] ; acetone
108, &c.,thus become generators, through pro-
pylene, of isopropyl aleohol.

[3.] Thymol [@7] gives propylene on
heating with phosphorus pentoxide
(Engelhardt and Latschinoff, Zeit. [2]
5, 616). Or from thymol through
thymoquinone to suceinylsuceinie acid
(ester) and ethylmalonic acid asunder n-
propylaleohol (16 ; O; ¥ ; BB). Ethyl-
malonic acid gives isopropyl alcohol
among the products of electrolysis of
the solution of the potassium salt
(Petersen, Zeit. physik. Ch. 83, 698;
Ch. Centr. 1900, 2, 172).

[E.] From carvacrol [66] through
thymoquinone, &e. (15 ; CC), and then
as above.

[L.] From aldehyde [Bﬂcﬂ through
butyrochloral to acrylic and pyrotar-
taric acids (16; J). From the latter
as above under A. Or from aldehyde
and methyl alcofol by the interaction
of magnesium methiodide and the alde-
hyde (Grignard, Ch. Centr. 1901, 2,
622).

[M.] From acrofein [101] through
acrylic to pyrotartaric acid (15 ; E).

[N.] From ecrofonic aldeiyde [102]
through crotonic acid to pyrotartaric
acid, or through a-brombutyric acid,
nitropropane, and n-propylamine (15;
I). From the latter as above under C.

[0.] From acetyl carbinol [ 43 ]as above
under A.

rF2
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P.] From dewfrose [157], acetyl
carbinol being among the products of
fusion with alkali (Emmerling and
Loges, Ber. 16, 837). According to
Bouchardat (Comp. Rend. 73, 1008;
Ann. Chim, £41-:1 27, 68) isopropyl alco-
hol is among the products of reduction
of dextrose by sodium amalgam.

[Q.] From pulegone [128] through
pyrotartaric acid (15; L).

[R.] From menthons [129] through
pyrotartaric acid (15; M).

[8.] From acetic acid EVUI. IT7], pro-
pylene being among the products formed
by passing the vapour over heated zine
dust (Jahn, Ber. 18, 2111).

Or from acetic acid and polassinm
cyanide [172] and efhyl aleokol [14]
through pyrotartaric or ethylmalonie
acid (16 ; O) and then as above under
A and J.

[T.] From propionic acid [Vol. IT]
through the amide, nitrile, and n-pro-
pylamine (16; N) and then as above
under €. Or from propionic acid
through pyrotartarie aci(!I (15; N).

[U.] From Butyric acid [Vol. 1IJ,
isopropyl butyrate being among the
products of electrolysis of the aeid

tassium salt (16; P). Or from

utyric acid through n-propylamine
(16 ; Pzr:nd then as above under C.

Or from butyric acid through pro-
pane (16 ; FP) and then as above under
B. Or from butyric acid through
crotonic to pyrotartaric acid (15; P)
and then as above under A. Or from
butyric acid and ethyl aleolol [14
(and pofassium-mercuric cyanide) throug
ethylmalonic acid (156; P) and then as
above under J.

Butyric acid gives propylene when
passed over hot zine dust ﬁJ ahn, Ber.
13, 2115). Propylene is also among
the products of electrolysis of a solution
of potassium butyrate (Bunge, Journ.
Russ. Soc. 21, 552; Hamonet, Comp.
Rend. 123, 252 ; Petersen, Ch. Centr.
1897, 2, 519). From propylene as
above under B.

[V.] From isolutyric acid [VU]. IT]
throngh 1sopropylamine by the action
of bromine in the presence of alkali
on isobutyramide (Hofmann, Ber. 15,
#68). From the amine as above under

[16 P-AA.

A and C. Isopropyl isobutyrate and
propylene are among the products of
electrolysis of a solufion of potassium
isobutyrate (16; P; also under ©
above). Isopropyl alcohol is among
the products of electrolysis of sodium
isobutyrate in presence of sodium per-
cl;ln;*a.te (Hofer and Moest, Ann. 823,
284).

Or from isobutyric acid through
duisopropyl ketone by distillation of the
caleium salt (Popoff, Ber. 8, 1255;
Miinch, Ann. 180, 327). The oxime
of the ketone is. transformed by acetyl
chloride into isopropyl-isobutyramide,
which gives iSﬂper}'{amiﬂE (with iso-
butyric acid) on hydrolysis (Meyer and
Warrington, Ber. 20, 500).

Also from isobutyrie acid through
propane (15 ; Q).

[W.] From isovaleric acid [Vol. II],
propylene being among the products
of pyrogenic decomposition (Hofmann,
Journ. Ch. Soe. 38, 121). Propylene
is among the products of the dry distil-
lation of calcium isovalerate (Dilthey,
Ber. 84, 2115). Or from isovaleric
acid through hydroxypyrotartaric, citra-
conic, and pyrotartaric acids (benzyl
aleohol [64; M]).

[X.] From lactic acid [ Vol. 1], which
gives propylene among the products
of distillation of the caleium salt (Gos-
sin, Bull. Soc. [2] 48, 49). Or from
lactic acid through acrylic or citraconie
acid to pyrotartaric acid (15; R).

[¥.] From Aydracrylic acid [Vol. IT]
throngh acrylic acid to pyrotartarie
acid (15 ; 8). F

Z.] From g-Aydrozylbutyric acid [ Vol.
II] through crotonic acid to mnitro-
propane and n-propylamine (15; U)
and then as above under C, _

[AA.] From ozalic n._ntl acetic acids
[Vol. II], propylene being among the
products of dry distillation of a mixture
of calcium oxalate and potassium acetate
(Dusart, Ann. 87, 127). Or from oxalic
and acetic acids and etdyl aleokol E;l.ai]
through pyrotartaric or through ethyl-
malonie acid (16; Z). Or from oralic
and j}rﬂpfmﬂ.ﬂ acids and ﬂfﬂﬂtﬁﬂt‘: [14]
through A-methylmalic to citraconic
and pyrotartaric acid (benzyl aleohol
[64; M]).
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“ rgB.1 From malonic acid [Vol. IT]
imEl eeﬂﬁ]ﬁrﬁ alcokol [14] through ethyl-
malonic acid (16 ; T). Or from rpalun!c
acid, aldehyde [92], and acetic acid
through erotonic acid to mitropropane
and n-propylamine ([éid.). Or from
malonic acid and aleokol [14] and
methyl iodide [18] through propanetri-
carboxylic and pyrotartaric acids (I44d.).
Or from malonic and proponic acids
throngh  propanetricarboxylic ester,
citraconic and pyrotartaric acid (benzyl
alcohol [54; M]). .

[€C.] From succinic acid [Vol. II]
and ethyl aleokol [14] through ethyl-
malonie or pyrotartaric acid (15; ¥).

[DD.] From azelaic acid [Vol. II],
propylene being among the products
of distillation with soda-lime (Miller
and Tschitschkin, Journ. Russ. Soe.
81, 414; Ann. 307, 375).

[EE.] From aceloacetic acid (ester)
[Vol. I1] through pyrotartarie acid or
n-propylamine or ethylmalonicaeid (15 ;
AA ; and benzyl alcohol, 54 ; T).

[FF.] From malic acid [Vol. II]
through pyrotartaric or ethylmalome
acid (15 ; DD).

[G¢&.] From fumaric or maleic acid
[Vol. I1] through pyrotartaric or ethyl-
malonie acid (15; EE).

[HEH.] From farfaric acid [Vol. II]
through pyrotartaric acid (15 ; V).

[11.] From eifric acid [Vol. = II]
through pyrotartaric acid (15 ; "W).

[33.] From aconitic acid [Vol. II
through itaconic to pyrotartaric aci
(15; X).

[EE.] From glycocoli [Vol. 11 etiyl
ester [14] through n-propylamine (15 ;
G@G) and then as above under C.

[LL.] From alanine [Vol. II:l and
methyl aleofol [18] through aerylic to
pyrotartaric acid (15 ; HH).

[MM.] From allyl wsothiocyanate
[188] through allyl cyanide to crotonie
acid (15 ; ¥F). From ecrotonic acid
throngh nitropropane and n-propylamine
or throngh pyrotartarie acid (16 ; I).

[NN.] Choline [Vol. IT] gives glycol
45] on boiling the aqueous solution
(W urtz, Ann, Suppl. 8, 200). From glycol
and zine methyl as above under C.

[00.] From acelyl carbino! [48] as
above under A. i8]
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[BP.] From izobulyric aldehyde [94)],
which condenses under the influence
of alcoholic potash to form 2 :2:4-tri-
methylpentane-1 : 3-diol (Fossek, Mo-
nats. 4, 664 ; Brauchbar, /lid. 17, 641).
The latter on oxidation with potassium
permanganate gives diisopropyl ketone
(Lieben : Franke, Monats. 17, g2 ; 673).
From the ketone through the oxime to
isopropylamine as above under V.

17. Normal Butyl Alecohol ; Normal
Propyl Carbinol; 1-Butanol.

CH,.CH,.CH,.CH,. OH

NATURAL SOURCES.

A product of fermentation of glycerol
in presence of caleium carbonate by
Bacillus butylicus and other Schizomy-
cetes (Fitz, Ber. 9, 1348; 10, 276;
2226; 11, 42 ; 18, 1311 ; Vigna, Ber.
16, 1438 ; Emmerling, Ber, 29, 2726 ;
30, 451). Butyl aleohol is formed also
from mannitol (Fitz, Ber. 10, 280; 11,
42; 15, 875; Emmerling, Ber. 30,
452) and from saccharose by this Bacillus
(Fitz, Ber. 15, 876), which cannot pro-
duce butyl alechol from dextrose
(Emmerling, loc. cit. 453).

The butyl aleohol producing Bacillus
has been found on hay and on rotten
wood and is not identical with Grawwio-
bacter saccharobutyricum of Beyerinck
(Centr. Bakter. 15, 171), which can pro-
duce butyl aleohol from dextrose and
starch, but not from glycerol (Emmer-
ling, Ber. 80, 453).

Granulobacter  polymyzra, Beyerinck
(=7 Clostridium polymyaa, Prazmowski),
gives a trace of butyl alecohol when
grown anaerobically (Lafar’s ¢ Tech-
nical Myeology, 1,” 18¢, &e.).

Micrococcus acidi paralactici and the
Bacillus of symptomatic anthrax when
grown together in a nutrient solution
containing saccharose produce butyl
aleohol (Nencki; Centr. Bakter. 11,
%15; see also Lafar, “Techn. Mycol.

» 87).

B‘;I.:IﬂtEI']..:l. from blue pus ean produce
butyl aleohol from glycerol during bu-
tyrie fermentation (Fitz, Ber. 11, 1893).

The species of butyric ferments com-
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prised under Closfridium bufyricwm of
Prazmowski (= Bacillus amylobacter,
Van Tieghem) can produce butyl aleohol
from carbohydrates (Gruber; quoted
b:,rSJf:'-rgensen,  Mikroorganismen,” &ec.
P- 87).

Baltyl aleohol is formed during the
butyrie fermentation of milk by Bacillus
butyricus of Bodkin (Ch. Centr. 18g71,
- 1, 183; 1892,1, 484). A butyl alcugul
(? normal) oceurs in rancid butter, pro-
bably a bacterial product (Nagel, Am.
Ch. Journ. 23, 172).

FBacillus ortholutylicus from ferment-
ing caleium tartrate solution ferments
saccharose, lactose, maltose, glucose,
galactose, mannitol, glycerol, glycogen,
arabinose, inulin, and starch with the
production of butyl aleohol among
other produets (Grimbert, Ann. Inst.
Past. 7, 353). dmylobacter bulylicum
and 4. ethylicum of Duclaux produce
small guantities of butyl aleohol during
the fermentation of glycerol, glucose,
saccharose, maltose, lactose, and starch
(Duclaux, Ann. Inst. Past. 8, 811).

n-Butyl alecohol has been said to be
a constituent of the fusel oils of brandy
(Ordonnean, Comp. Rend. 102, 217 ;
Claudon and Morin, Jbid. 104, 1187)
and potato starch spirit (Rabutean,
Ihid. 87, 501 : see also Allen, Journ.
Fed. Inst. 8, 33). According to Bannow
(Meyer and Jacobson’s ¢ Lehrbuch
d. org. Ch’ I, 161, note) n-butyl
alcohol is not a normal constituent of
fusel oil. Emmerling has found n-
butyl aleohol (2-5 grams from 10 kilos.)
in fusel o1l from grain spirit (Ber. 85,

694).
SYNTHETICAL PROCESSES.

[A.] From efhyl aleokol [I‘fd.], n-butyl
aleohol being among the products
formed by heating barium ethylate and
ethyl alcohol to 230-240° (Guerbet,
(:omp.ﬂ?end. 133, 300; Bull. Soc. [3]
27, 579)-

Or from ethyl aleohol through butane
from ethyl iodide (Frankland, Ann. 71,
173; 77, 221 ; Schiiyen, Ann, 130,
233; Lowig, Jahresber. 1880, 3g7).
From butane through n-butyl chloride
by chlorination (Schiyen, loe. cit. 235).

[17-E.

Butyl chloride can be converted into
the aleohol by the usual methods (see
under methyl aleohol [13; B]; ethyl
aleohol [14 ; Dl]}

Or from ethyl and methyl aleokols
El!.[i 5 18] and’ polassium cyanide [172].

ethyl wdide 1s converted into methyl
cyanide (see under ethyl a]-::uhuslm[‘ld.;
D), and this by the action of sodium
and ethyl iodide gives n-propyl cyanide
(Holtzwart, Journ. pr. Ch. [2] 89, 233).
The latter reduces to n-butylamine
(Linnemann and Zotta, Ann. 162, 3),
which yields the aleohol on treatment
with nitrous acid ([hid.; also Victor
Meyer, Ber. 10, 130: methylethyl
carbinol is the chief product by this
method).

[B.] From normal propyl aleokol [15]
through n-propyl iodide and cyanide
(Schmidt, Zeit. [2] 6, 576). From the
latter through n-butylamine as above.

Or from n-propyl and metdyl! alcohol
[18] through n-butane by combining
the alkyls by the method of Wurtz
(see under n-heptane [2; A]). From
butane through butyl chloride as above.

From n-propyl aleohol and trioxy-
methylene ( formic aldehyde [81]) by the
interaction of magnesium propyl brom-
ide and trioxymethylene (Grignard and
Tissier, Comp. Rend. 134, 107).

[C.] From isoamyl aleokol |22], iso-
amyl iodide giving butane when heated

with aluminium chloride to 14¢°
(Lothar Meyer, Ber. 27, 2766).
[D.] From glyeero! [48] through

allyl iodide (see under isobutyl aleohol
[18; DJ), diallyl (1 : 5-hexadiene) by
the action of sodium, &e., on the iodide
(Berthelot and De Luea, Ann. 100,
61; Wurtz and Leclanché, Ann.
him. [4]3,129; Linnemann, Bull. Soc.
Lm] 7, 424 ; Ann. 140, 180; Oppen-
eim, Ber. 4, 672). Diallyl combines
with hydrogen iodide to form a dihy-
driodide, which by the aetion of sedium
gives B-hexylene. The latter combines
with hydrogen iodide to form secondary
hexyl iodide (2-iodohexane) (Wurtz,
Ann.182, 306), and this yields butane on
heating to 128° with aluminium chlor-
ide (Lotbar Meyer, Ber. 28, 2070; 27,
2766).
[B.] From mannitol [51] through
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secon hexyl iodide (see under n-pro-
pyl aﬂ:an;rﬁrol 1};5 ; G]); from the latter
as above under D.

Or secondary hexyl iodide can be con-
verted into n-hexane (see under n-hexyl
alcohol [23; B]). The latter on heating
with aluminium chloride breaks down
into pentane and the latter into butane
(Friedel and Gorgeu, Comp. Rend. 127,
590)-

Nore :—Generators of pentane (see under n-
amyl aleohol [20; B; C; D]) and of hexana
{(see under n-hexyl aleohol [23; A; B; O; &e.])

thus become generators of n-butyl aleohol
through butana,

1 From formic aldebyde [01] and
ﬂﬁIErFa;].ﬁrJafcﬂaﬁ'ﬂ{[lﬂ]. Trid.‘ijm[et.h]}']enﬁ
(polymerisation product of the aldeh EdE}
and zine propyl form a compound which
is decomposed by water with the forma-
tion of n-butyl aleohol (Tischtschenko,
Journ. Russ. Soc.19, 484: see B, above).

[@.] From acetic aldehyde [92]
through crofonic aldehyde [102] by
condensation (Lieben, Ann. Suppl. 1,
117; Bauer, Ann. 117, 147 ; Kekulé,
Ann. 162, g2 ; Zeit. [2]6, 572 ; Lieben
and Zeizel, Monats. 1, 820 ; Newbury
and Calkin, Am. Ch. Journ. 13, 523 ;
Orndorff and Newbury, Monats.
18, 513; Lieben, Ihid. 519; Miiller,
Bull. Soe. [3] 8, 796 ; Claisen, Ann.
308, 322 ; ron, Ann. Chim. [7]
17, 197; Delépine, Comp. Rend. 133,
876). The aldehyde is reduced by iron
and acetic acid to n-butyl aleohol (with
butyric aldehyde and erotonyl=butenyl
glmhol} (Lieben and Zeisel, loe. eit, 825 ;

42).

Or from aldehyde through g-hydr-
oxybutyric aldehyde (aldol) by conden-
sation with acid or alkaline condensing
agents (Wurtz, Comp. Rend. 74, 1361 ;
78, 1165; 82, 1438 ; Jahresber. 1872,
449 ; 1881, 599; Michael and Kopp,
Am. Ch. Journ. 5, 185 ; Orndorff and
Newbury, Monats. 13, 516; Claisen,
Ann.308,323). Aldol gives3-butylene-
glycol on reduction with sodium amal-
gam (Wurtz, Comp. Rend. 97, 473;
Demjanoff, Ber. 28, 22). From the
glycol through 1 : 3-dibrombutane and
methyleyclopropane as below under P,

Nore:—Aldol gives crotonic aldehyde on
dry distillation (Wurtz, Comp. Rend. 87, 45
Orndorfl and Nawbury, loc. ei.).
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H.] From bulyric aldeliyde [84] b
reﬂ!: uct:!{}n with ﬂodm mnl{gr'am[{Lilbei
and Rossi, Ann. 168, 137 ; 185, 145).

[1.] From formic acid [ Vol. I1] and
erythritol [60], which give crofonie
aldehyde [102] on distillation (Hennin-
ger, Ann. Chim. [6] 7, 217), and then
as above under G.

Note :—Other gencrators. of erotonic alde.
hyde are: aldil (from aldehyde ; Wuriz,
Jahresber. 1878, 612; Newbury, Am. Ch. Journ.
B, 112 ; Comp. Rend. 92, 196) : acelylene by the
sneesssive action of sulphuric acid and water
(Lagermarck and Eltekoff, Ber, 10, 637 ; Ber-
thelot, Comp. Rend. 128, 336) : vinyl bromidae
from ethylena bromide by the same treatment
(Zeisel, Ann. 181, 371} : the lactic acids ["Fnl. [I]
by electrolysis of strong solutions of the sodium
galts (v. Miller and Hofer, Ber. 27, 468): B-

hydrozybudyric acid [Vol, IT] by electrolysis of
the sodium salt (Ibid, 405).

[7.] From aecetic acid [Vol. II] and
ethyl aleokol [14]. Ammonium acetate
is converted into acetamide and aceto-
nitrile = methyl cyanide (Dumas, Comp.
Rend. 85, 383 ; Buckton and Hofmann,
Journ. Ch. Soe. 8, 242; Henry, Ann.
162, 149; Wallach, Ann. 184, 21;
Demargay, Bull. Sce. [2] 33, i?ﬁ}
From methyl cyanide and ethyl iodide
throngh n-propyl eyanide, n-butylam-
ine, &c., as above under A.

Or from acefic and formic ethyl esters

Vol. IT ; and 14 ], which condense under

the influence of sodium ethoxide to
form formylacetic = oxymethyleneacetic
ester (Wislicenus, Ber. 20, 2930: see also
v. Pechmann, Ann. 264, 269), which
undergoes further condensation when
liberated from its sodium derivative
to form formylglutaconic ester (Wis-
licenus and Bindemann, Ann. 318, 18).
Formylglutaconic acid gives the lactone,
coumalie acid, and this on heating with
sulphuric acid yelds ecrofonic aldebyde
[102], which can be reduced as above
under G.

[E.] Propionic acid [Vol. II] gives
butane among the products of electro-
lysis of the potassinm salt (Bunge,
Journ. Russ. See. 21, 551; Petersen,
Ch. Centr. 1897, 2, 518).

[L.] From butyric acid [Vol. II]
through butyryl chloride, which gives
the aleohol on reduction with sodium
amalgam (Saytzeff, Zeit. [2] 6, 108;
Linnemann, Ann. 181, 178) or with
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sodium in moist ethereal solution (W. H.
Perkin, junr., and Sudborough, Proc.
Ch. Soe. 10, 216).

Or from butyric acid through butyro-
nitrile = n-propyl eyanide by distilling
the ammonium saﬁ or amide with
phosphorus pentoxide (Dumas, Malaguti,
and Leblane, Comp. Rend. 25, 442;
658 ; Ann. 84, 332) or with zine chloride
(Linnemann and Zotta, Ann. 162, 3;
also Aschan, Ber. 81, 2944). From the
nitrile to n-butylamine, &c., as above
under A. 3

Butyrie acid gives butane by heating
with hydriodic acid (Berthelot; see
under methane [1; I]).

[M.] Succinic acia L‘,"c—l. IT] gives
butane on heating with hydriodic acid
(Berthelot, foc. eil.).

[N.] ddipic acid [Vol. II] gives
butane by distilling the caleium salt
with excess of lime (Hanriot, Bull. Soec.
[2} 45, 8o).

0.] Malic acid [Vol. IT] on heating
with strong sulphuric acid or zine
chloride gives conmalic acid (v. Pech-
mann, Ann. 264, 272). Subsequent
steps throngh crotonic aldehyde, &e., as
above under Jand @. Crotonic aldehyde
is among the products of electrolysis of
a strong solution of sodium malate (v.
Miller and Hofer, Ber. 27, 470).

P.] From teframethylenediamine (pu-
trescine) [Vol. II] throngh g-butylene-
glyeol by the action of nitrous acid
(Demjanoff, Journ. Russ. Soc. 24, ‘? 54);
1 : 3-dibrombutane by heating the glycol
with hydrobromic acid (f&id. 351), and
methyleyelopropane by the action of
zine dust on the alecoholic solution of
the dibrombutane ([4id. Ber. 28, 21).
Methyleyclopropane gives n-butyl aleo-
hol on treatment with strong sulphurie
acid and distillation of the product with
water ([bid. 23).

18. Isobutyl Alcohol; Isopropyl
Carbinol ; 2-Methyl-1-Propanol.

CH,.CH(CH,). CH,.OH
NatTunrar Sovrces.

A secondary product of aleoholic fer-
mentation as a constituent of the fusel

ALCOHOLS
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oils from beet molasses spirit, potato
spirit, and brandy (Wurtz, Ann. Chim.
3] 42, 129; Ann. 85, 197; 88, 107;
‘omp. Rend. 86, 310; Chapman and
Smith, Ber. 3, 127; Kriimer and Pinner,
1bid. 403; 8, 77; Rabutean, Comp.
Rend. 87, 501; Claudon and Morin,
Ihid. 104, 1109 and 1187 ; Bull. Soec.
[21 49, 178). -

sobutyl esters of angelic and other
acids occur in Roman oil of chamomile
from Anthemis nobiliz (Demargay, Comp.
Rend. 77, 360; 80, 1400; Fittiz and
Kibig, Ann. 185, 79; 81; gz2).

Isobutyl alechol is found n fraces
(with the n-alcohol) among the products
of the fermentation of the various
carbohydrates capable of being attacked
by the FBacillus orthobutylicus of Grim-
bert (Ann. Inst. Past. 7, 353: see also
under n-butyl aleohol [17]), the Bacitlus
isolated from fermenting calcium tartrate
solution.

SYNTHETICAL PROCESSES.

[A.] From fertiary bulyl aleokol [191
through isobutylene by the action o
alcnhtﬁic potash on the tertiary butyl
iodide or by heating the aleohol with
dehydrating agents (Butleroff, Ann.144,
19; Zeit.[2]6,236: seealso Lermentoff,
Ann. 198, 117). Isobutylene combines
with hypochlorous acid to form chlor-
isobutyl aleohol, and this on reduction
with sodium amalgam gives isobutyl
alcohol (Butleroff, Ann. 144, 24).

Nore :—Tertiary butyl aleohol gives a butyl-
ene on heating with anhydrous oxalic acid
(Cahours and Demargay, Comp. Rend, 886,

Gg1).

[B.] From isoamyl aleokol [22], iso-
butylene being among the products of
pyrogenic contact decomposition by
passing the vapour through a hot ron
tube (Ipatieff, Ber. 85, 1053 : see also
Wurtz, Ann. 104, 249 ; Butleroff, Ann.
146, 277). ey

[C.] From isovaleric acid [Vol. II]
by electrolysis of a solution of the

tassinm salt (Kolbe, Ann. 69, 259).
Eﬂhutylcne is among the products
formed and can be treated as under A.
Isobutylene is among the products of
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SYNTHETICAL PROCESSES.

[A.] From acetic acid [Vol. I1] and
methyl alcofiol [18] through the eom-
pound formed by the interaction of
zine methyl and acetyl chloride and
decomposition of this compound by
water (Butleroff, Jahresber. 1864, 496 ;
Ann. 144, 1; Wagner and Saytzeftf,
Ann. 175, 361; Pawloff, Ann. 188,
118). The same intermediate com-
pound is formed from zine methyl and
carbonyl chloride (Butleroff, Zeit. 1863,
484). Magnesium methyl and acetyl
chloride can be used also in this syn-
thesis (Fleck, Ann. 278, 129). Or
magnestum methiodide and methyl
acetate (Grignard, Comp. Rend. 132,
336), or magnesium methiodide and
acetyl chloride (Tissier and Grignard,
1bid. 683).

Or from dichloracefic acid through
dichloracetyl chloride (Otto and Bee-
kurts, Ber. 14, 1618), which, by inter-
action with zine methyl and decompo-
sition of the produet with water, gives
dimethylisopropyl ecarbinol (Bogomo-
letz, Ann. 209, 82). Subsequent steps
through pinacone, pinacolin, trimethyl-
acetic acid, &c., as below under D
and E.

Isobutylene is among the products
formed by dropping acetic acid on to
heated zine chloride (LeBel and Greene,
Am. Ch. Journ. 2, 26).

[B.] From isobufyl alcokol [18
through isobutylene by heating wit
gulphurie acid (Lermentoff, Ann. 188,
117 ; Puchot, Ann. Chim. [5] 28, 508 ;
Comp. Rend. 85, 757 : for use of zinc
chloride as a dehydrating agent see
Nevolé, Bull, Soe. [2] 24, 122: see
also Konowaloff, Ber. 18, 2395; Bull.
Soe. [z;] 34, 333, and Scheschukoff,
Journ. Russ. Soe. 16, 510: with the
ordinary dehydrating agents, Konowa-
loff, loc. cit. ; LeBel and Greene, Bull.
Soc. [2] 28, 306, or with heated plum-
bago crucible material as pyrogenic
contact substance, Ipatieff, Ber. 88,
1061, pseudobutylene is also formed :
gee further Faworsky and Desbout,
Journ. pr. Ch. [2] 43, 152; Ipatieff,
{oe. eit. : for production of isobutylene by
passing the vapour of the alcohol mixed
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with air over heated platinum see
v. Stepski, Monats. 23, 773). Iso-
butylene is formed also by the action
of alcoholic potash on isobutyl iodide
(Butleroff, Ann. 144, 1g9; Zeit. [2]
8, 278: see also De Luynes, Comp.
Rend. 56, 1175; Ann. Chim. [4]
2, 385) or chloride (Nef, Ann. 318,
28). Isobutylene on treatment with
sulphuric acid and hydrolysis gives
tertiary butyl aleohol (Butleroff, Ann.
144, 22 ; 180, 246); or by combina-
tion with zine chloride it forms a crys-

talline compound which yields tertiary

butyl alechol on decomposition with
water (Kondakoff, Journ. Russ. Soec.
25, 345 and 456 ; also Journ. pr. Ch.
[2] 54,442). Isobutylene is converted
mnto tertiary butyl alechol by the action
of aqueous oxalic acid (Miklaschewsky,
Journ. Russ. Soc. 22, 495). On com-
bination with hydrogen iodide iso-
butylene gives tertiary butyl iodide
(Butleroff, Ann. 144, 22 ; Markowni-
koff, Zeit. [2] @, 29), which can be
converted into the aleohol by the aetion
of water (Scheschukoff, Bull. Soc. [2]
45, 181 ; Dobbin, Trans. Ch. Soc. 87,
238).

Isobutyl iodide on treatment with
acetic acid and silver oxide gives also
tertiary (with isobutyl) alcohol (Linne-
mann, Ann. 162, 12 ; Butleroff, Ann.
188, 143).

Isobutyl aleohol can also be con-
verted into isobutyl chloride by the
action of hydrogen chloride, and then
into isobutylene by the action of
aluminium chloride on isobutyl chloride
(Mouneyrat, Ann. Chim. [7] 20, 485).

Also from isobutyl aleohol through
isobutylamine by the action of ammonia
on the iodide or bromide (Reimer, Ber.
8, 756 ; Hughes and Romer, Ber. 17,
511) or chloride (Malbat, Bull. Soe.
[2] 47,957 ; [3] 4,693; Comp. Rend.
104, 63 ; 228) and the action of nitrous
acid on isobutylamine (Linnemann,
Ann. 162, 24). Isobutylamine can also
be obtained from the aleohol by heat-
ing with ammonio-zine chloride (Merz
and Gasiorowski, Per. 17, 623). Ter-
tiary butyl alcohol is obtained also from
isobutyl “iodide throngh the eyanate
(Brauner, Ber. 12, 1874) and the action
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of potash on the latter (Linnemann,
. 162, 12).
Anﬁnlsin from }iso'i:-ut}rl aleohol by heat-
ing with hydrochloric acid and decom-
posing the tertiary chloride by heating
with water, the isobutyl chloride simul-
taneously formed remaining undecom-
posed (Freund, Journ, pr. Ch. [2] 12,

L

5.)[suhut}rl alcohol, when converted into
jsobutylsulphurie acid and the barium
salt of the latter heated to 13¢°, gives
a mixture of isobutylene (3) and pseudo-
butylene (}) (Biron, Journ. Russ. Soc.

28, 697).
[C.] From isovaleric acid [Vol. II]
through isobutylamine by the aetion

of bromine and potash on the amide
(Hofmann, Ber. 16, 76¢) and then as
under B. Also from isovaleric acid
through isobutylene (see under isobutyl
aleohol [18; Uﬁ}

[D.] From acetone [108] and glycerol
[48] through A-dimethylacrylic acid
(see under isobutyl aleohol E.B; D]
and isobutylene as above. Or from
acetone and acefic acid through g-
hydroxyisovaleric ester and isobutylene
as under isobutyl aleohol [18; D].

Also from acetone and chloroform
El. ; D] through acetone chloroform,’
G

Cl,. C(CH,),. OH (Willgerodt and .

enteser, Journ. pr. Ch. [2] 87, 364 ;
also Willgerodt, Ber. 14, 2451; 18,
1 {.35 ; Cameron and Holly, Journ.
Physical Ch. 2, 322), and reduction of
the latter with zine and hydrochlorie
acid at 100° (Willgerodt and Diirr,
Journ. pr. Ch. ‘g%’aﬂ, 287).

Also in small quantity from acetone
and methyl iodide by the action of
sodinm on the moist ethereal solution
(Frey, Ber. 28, 2520). Or to the ex-
tent of 70 per cent. from acetone by in-
teraction with magnesium methiodide
(Grignard, Ch. Centr. 1go1, 2, 623).

Or from acetone through pinacone
(=tetramethylethylene glycol) by the
action of sodium (Fittig, Ann. 110, 25;
114, 54; Stddeler, Ann. 111, 277;
Friedel, Ann. 124, 329 ; Bull. Soc. [2]
19, 289 ; Friedel and Silva, Ber. @,
?}5 ; 267; Jahresher. 1873, 340;

'hiele, Ber. 27, 455), or by electro-
lysis (Merck, Germ. Pat. 113719 of
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1899 ; Ch. Centr. 1goo, 2, 794), pin-
acolin (= dimethylbutanone) by dis-
tilling pinacone with dilute sulphurie
acid (Fittig, Aon. 114, 56 : see also
Vorlinder, Ber. 80, 2266), trimethyl-
acetic = pivalic acid by the oxidation
of pinacolin (Friedel and Silva, Comp.
Rend. 77, 48; Reformatzky, Ber. 23,
1596). 'The acid gives trimethyl car-
binol when the potassinm salt is electro-
lysed in aqueous solution (Petersen,
Zeit. physik. Ch. 83, 6g8).

[B.] From isobutyric acid [Vol. I1],
the ealeium salt of which gives pin-
acolin on distillation (Barbaglia and
Gueei, Ber. 18, 1572), and then as
above.

Or from isobutyric acid and methyl
alcohol through dimethylisopropyl ecar-
binol, which is formed by the inter-
action of isobutyl chloride and zine
methyl and decomposition of the product
with water (Prianischnikoff, Zeit. [2]
7, 275). The tertiary hexyl iodide
corresponding to the alcohol on treat-
ment with aleoholic potash gives tetra-
methylethylene (Pawloff, Ann. 188,
124), and the bromide of the latter on
treatment with silver acetate and
hydrolysis yields pinacone ([hid. 126).
Or the dimethylisopropyl aleohol gives
tetramethylethylene on distillation with
sulphuric acid (Reformatsky and Ples-
canossoff, Ber. 28, 2841).

[F.] From amyl alecliol [22] and
methyl aleokol [18] through trimethyl-
Ethﬂyene (see under acetone [108; E]),
which gives tetramethylethylene on
heating with lead and methyl iodide
at 220-230° (Eltekoff, Journ. Russ.
Soc. 14, 38c). Subsequent steps
through pinacone as above. Or from
fusel oil amyl aleohol through iso-
butylene by pyrogenic decomposition
(see under isobutyl aleohol [18 ; B]) and
then as under B above.

[@.] From etdy! [14] and melhyi
aleokol [18] through chloral (Liebig,
Ann. 1, 18g), which by interaction with
zine methyl gives dimethylisopropyl
earbinol (Rizza, Journ. Russ. Soc. 14,
99)-

[H.] From propionic acid [Vol. 11]
and methyl alcohol [18]. a-Brompro-
pionie acid (Friedel and Machuea, Ann.
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120, 286; Zelinsky, Ber. 20, 2026 ;
Michael and Graves, Ber. 84, 4044)
gives brompropionyl bromide (Kaschir-
sky, Journ, Russ. Soc. 18, 81), which
by interaction with zine methyl yields
dimethylisopropyl carbinol (fbid. 82).

[I.] From flactic acid [Vol. IT] and
methyl aleokol [18]. Lactic acid re-
acts with hydrogen bromide to form
a-brompropionie acid (Kekulé, Ann.
180, 16). Subsequent steps as above
under H, &e.

[7.] From diacelyl [118] and methyl

alcokol [131 through pinacone by the

mnteraction of magnesium methiodide
and the former(Zelinsky, Ber. 85,2138).
From pinacone through pivalic smitf as
above under D.

20. Normal Primary Amyl Alcohol ;
Normal Butyl Carbinol ;
1.-Pentanol.

CH,.CH,.CH,.CH,.CH,. OH

NATURAL SOURCES.

Said to occur in certain fusel oils
(Wischnegradsky, Ann. 190, 350) and
among the products of fermentation of
glycerol by Bacillus butylicus (Morin,
Bull. Soc. [2] 48, 8o3).

SYNTHETICAL PROCESSES.

[A.] From wormal valerie (pentanoic)
acid [Vol. I1] through the aldehyde
|#5] by distillation with a jformate
(Lieben and Rossi, Ann. 159, 70) and
reduction with sodium amalgam ([hid.).

Note:—The generators of waleric aldehyde
given under this eompound are : succinic acid ;

fumaric acid ; adipic acid; stearic  acfd  (all
through sebacic acid); and n-hexoic acid,

[B.] From acefic acid [Vol. 11] by
combining acetyl chloride with alu-
minium chloride, decomposing the pro-
duct with water (Combes, Ann. Chim.
[6], 12, 207), and reducing the acetyl-
acetone (2 : 4-pentanedione) thus formed
to n-pentane by heating with hydriodic
acid (Combes, loc, eif, 233). Normal
pentane gives 1-chlorpentane (together
with 2-chlorpentane) on chlorination

(Schorlemmer, Ann. 161, 268 ; Lacho-
wicz, Ann. 220, 191), and the corre-
sponding aleohol is obtained by con-
version into amyl acetate and hydrolysis
(Ihid.).

Note :—Normal pentane might also be syn-
thesised from welliyl lﬂ] and n-Pufyl [17
aleofiols or from el [14] and n-propw f'lﬁi
eleohiols by acting upon mixtures of the alky

iodides with sodium (Wurtz, Ann, Chim, [3] :

44, 275 : see also under heptane [2 ; A])

[C.] From acetone [108], acetic acid
[ Vol. IT], and ety alcokol | 14] through
acetylacetone by the action of sodium
on a mixture of acetone and ethyl
acetate (Claisen and Ehrhardt, Ber. 22,
1011 ; Claisen, Ann. 277, 168), reduc-
tion to pentane, &e., as under B.

[D.] From pyridine or piperidine
[Vol. IT] through n-pentane by heat-
ing with hydriodic acid to over 300°
(Hofmann, Ber. 18, 590; Spindler,
Journ. Russ. Soc. 28, 3g9) and then as
under B.

[E.] From sormal hexoic acid [Vol. 1T]
by the action of iodine on the silver
salt (Simonini, Monats. 18, 316) and
hydrolysis of the amyl hexoate formed.

Or from n-hexoic acid through n-
amylamine (r-aminopentane) by the
action of bromine in presence of potash
on the amide of the acid (Hofmann,
Ber. 15, 770), followed by the action of
nitrous acid on the amine (Gartenmeister,
Ann. 238, 253)

[¥.] From adipic acid |[Vol. IIE
throngh sebacie acid by electrolysis o
potassium ethyl adipate and hydrolysis
of the ester (Crum Brown and Walker,
Ann. 281, 120). Sebacic acid when
distilled with lime is said to give
among other products valeric aldehyde
(Calvi, Ann. 91, 110 ; Petersen, Ann.
108, 184 ; Daleand Schorlemmer, Ann.
198, 14g), which can be treated as
under A.

[@.] From mannitol [IEI] through
n-hexane (see under n-hexyl alcohol
[28; B]). The latter gives pentane
on heating with aluminium chloride
(Friedel and Gorgeu, Comp. Rend. 127,
5go). Subsequent steps as under B
uguve.

dinly!

From glyeerol [48] through
and hexane (see under n-hexyl

[18 H-20 H.
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Chim. [6] 12, 234) and the iodopentane
into the aleohol by the usnal methods.

[E.] From propionic acid [Vol. 1I]
through diethyl ketone (3-pentanone) by
distillation of the barium salt (Morley,
Ann. 78, 187), the dichloride by heat-
ing with phosphorus pentachloride,
methylethylacetylene (3-pentine) by the
action of aleoholic potash on the di-
chloride (Faworsky, Journ. pr. Ch. [2]
87, 387), methylpropyl ketone by heat-
ing the acetylene derivative with water
and mercuric bromide (Kutscheroff,
Ber. 14, 1542), and reduction as under
A

Also from propionic acid through
diethyl ketone by the action of propionyl
chloride on zine ethyl (Freund and
Pebal, Ann. 118, g) and treatment as
above.

[¥.] From formic acid [Vol. IIi| and
ethyl aleokol [14] through diethyl car-
binol = 3-pentanol by the action of zine
and ethyl iodide on formic ester and
decomposition of the product with water
(Wagner and Saytzeff, Ann. 175, 351),
diethyl ketone f;y oxidation of the
aleohol (/4id. Ann. 179, 322), and then
as under E.

Also by converting the diethyl car-
binol into amylene = symmetrical
methylethylethylene= 3-pentene by the
action of aleoholic potash on the iodide
(Wagner and Saytzeff, Ann. 175, 373 ;
179, 302), combining the amylene with
hydrogen chloride to form 2-chlorpen-
tane (/lid. Ann. 179, 321), and conversion
into the aleohol by the usual methods
(Schorlemmer, Ann. 161, 268). Hydro-
gen iodide combines with the amylene to
form 2-iodopentane (Wurtz, Ann. 148,
132), which ean be converted into the
aleohol by the same methods.

[@.] From ozalic acid [ Vol. I1] and
ethyl aleoliol [14] through diethoxalic
= hydroxydiethacetic = 3-pentanol-3-
carboxylic acid by the action of zinc
ethyl on oxalic ester and decomposition
of the product with water (Frankland,
Proc. Roy. Soc. 12, 396; Frankland
and Duppa, flid. 18, 140; Ann. 186,
a6 ; Geuther, Zeit. [2] 8, 705 ; Tittig,
Ann. 200, 21), diethyl ketone-by the
oxidation of diethoxalic acid or by
heating its ester with hydrochloric acid

[21 D-1.

(Chapman and Smith, Journ. Ch. See,
20, 173; Geuther and Wackenroder,
Zeit. [zj 8, 709), and then as under E.

Or from diethoxalic ester through
a-ethylerotonic ester by the action of
phosphorus trichloride (Frankland and
Duppa, Journ. Ch. Soc. 18, 133 ; Ann.
138, 2 ; Fittig and Howe, Ann. 200,
22 : see also Geuther, Bull. Soc. [2]
10, 34), the hydrobromide of ethylero-
tonic = 2-pentene-3-carboxylic acid by
the direct addition of hy n bromide
to the acid (Fittig and Howe, foe. cit. 23),
3-pentene by the decomposition of the
hydrobromide by eold sodium carbonate
solution (Fittig, flid. 30), 2-chlor- or
2-iodo-pentane, &c., as under F (see
also under hexoic aldehyde [2-methyl-
pentanol ; 98 ; L|).

[E.] From citric acid [Vol. IT] and
methyl aleokol [13] through acetone-
dicarboxylic acid (3-pentancnediacid)
by heating the former with sulphuric
acid (v. Pechmann, Ber. 17, 2543 ;
Ann. 261, 157; Peratoner and Straz-
zeri, Gazz. 21, 295: see also under
orcinol [75; C]), the diethyl ester,
dimethylacetonedicarboxylic (2 : 4-di-
methylpentanonediacid) diethyl ester by
the action of sodium methylate and
methyl iodide on acetonedicarboxylic
ester (Dinschmann and v. Pechmann,
Ann, 261, 182), diethyl ketone by the
action of hot dilute sulphuric acid on
the dimethylacetonedicarboxylic ester
({bid.), and then as under B. Citric
acid gives acetonedicarboxylic acid by
oxidation with potassium permanganate
(Deniges, Comp. Rend. 180, 32).

Nore :—Other generators of diethyl ketone
are: sodium ethyl and carbon monoxide (Wank-
Iyn, Ann. 140, a11) ; aceiyl or propionyl chlorvide
aeted upon by dry ferric chloride {Hamong
Bull. Soe. [2] 50, 356 and 547} ; sine ethyl an
nitropropane ovad, Ch. Centr, 1900, 2, 944).

[I.] From crude (fusel oil) amyl
aleokol [22] by conversion into amylene,
amylene bromide, and ¢ valerylene’ b
the action of aleoholic potash (Reboul,
Ann. 131, 238 ; Eltekoff, Journ. Russ.
Soc. @, 378). This ‘valerylene’ pro-
bably contains methylethylacetylene (3-
pentine), and can be converted into
methylpropyl ketone, &e., as under E.

Normal primary amyl aleokol [20]
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can be converted into the n-amyl
chloride (1-chlorpentane), g,nd the latter
on heating with acetic acid and potas-
sium acetate to 200" gives (with amyl
acetate) mormal amylene (propylethy-
lene) (Schorlemmer, Ann. 161, 269),
which combines with hydrogen iodide
to form 2-iodopentane (Wurtz, Ann.
148, 131 : see also Wagner and Sayt-
zeff, Ann. 179, 313 ; Wischnegradsky,
Ann. 190; 347), from which the aleohol
can be obtained as under F. Normal
amylene is also among the amylenes
obtained from the amyl alcohols of
fusel oil by the action of zine chloride
(Wischnegradsky, Journ. Russ. Soc. 9,
192).

9[:3‘.] From normal propyl alcokol [15]
and acefic acid [Vol. I1] by the action
of zine propyl (Gladstone and Tribe,
Ber. 8, 1136 ; Schtscherbakoff, Bull. Soe.
Lﬂ} 37, 345) on acetyl chloride (Mar-

ownikﬂg, Bull. Soc. ga] 41, 259;
Wagner, Journ. Russ. Soe. 18, 333)-
Ethyl alcohol is formed at the same
time.

[:E.]1 From normal penfane (see under
n-amyl alecohol [20; B; C; D, &e.])
by chlorination (Schorlemmer, Ann.
161, 268) and conversion into the al-
cohol by usual methods. The 1-chlor-
pentane formed also during chlorination
can be converted into 2-pentanol through
propylethylene as under I.

Note :—All generators of n-hexane are gener-
ators of pentane (see under n-amyl aleshol [20 ;
G ]} and therefore of 2-pentancl. The generators
of hexane (see under n-hexyl aleohol [23]
are: mannilol [B1] ; glyeerol [48] ; glufaric acid
Vol I1] ; cefyl alcohol [38] ; myristic acid [Vol.

I]; stearic acid [Vol. II] ; adipic acid [Vol. IT] ;
n-butyrie acid [Vol. IT], and aromatic compounds
(see under n-hexyl aleohol [23 ; A).

[L.] From fartaric and bufyric acids
[Vol. IT] through pyroracemic acid (see
under benzyl aleohol [54; W), the
potassium salt of which mixed with
potassium butyrate gives methylpropyl
ketone on electrolysis (Hofer and Uhl,
Ber. 88, 654). Subsequent steps as
above under A.

Nore :—The generators of pyroracomie acid
referred to under benzyl aleohol [54] are thus,
with butyric acid, generators of this amyl
almlfml. These are : ethyl alcohol and hydrogen
cyanids [14 ; 172) ; acetic acid or acetoncetic acid
:ml_ hydrogen cyanide ; citric acid ; propionde acid 3
bactic acid ; n- or isopropyl alcohol (15 ; 16],
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[0.] From dextrose [164], levulose
1565 | or manmnose PEH}, and acetic acid
Vol. II] through lmvulic acid (see

under erythritol [50; H; IJ), the
potassium salt of which when electro-
lysed in solution with potassium acetate
gives methylpropyl ketone (Hofer and
Uhl, Ber. 33, 656).

Note :—The following generators of laevulic
acid referred to under erythritel [50] thus
become with acetic acid generators of this amyl
aleohol : isoheroic acid ; malonic acid and glycerol
[48] ; acetic aldehyde [02] ; methylheplenons [111] ;
dimethylheplenal [357. _ f

The synthetical methylpropyl earbinol is
inactive, but is resolved into the l-modifieation
by Penicillium glaveum (LeBel, Comp. Rend. 89,
313 ; Ber, 12, 2163 ; Jalresber. 1878, 492).

22. Isoamyl Alcohol; Isobutyl Car-
binol; Imactive Amyl Alcohol
of Fermentation ; 2-Methyl-4-
Butanol.

CH,.CH(CH,).CH,. CH,.OH

NATURAL SOURCES.

Occurs as ester of angelie and tiglic
acids in Roman oil of chamomile from
Anthemis nobilis (see under isobutyl
alcohol [18]); occurs also in oil of
Fucalyptus globulus (Bouchardat and
Oliviero, Bull. Soc. [3] 8, 429). An
amyl aleohol (7 this one) has been found
in American oil of peppermint (Schim-
mel’s Ber. April, 18g94; Ch. Centr.
1896, 2, 977). _

Esters of amyl (probably iscamyl)
aleohol occur in the oils of Hucalyplus
macrorrhyncha, . aggregata, E. patenti-
nervis, &ec. (Smith and Baker, Proe.
Roy. Soe., N. 5. Wales, July, 18g8 ;
Smith, [bid. June, 1goo; ¢ Nature,” 62,
384 ; Schimmel’s Ber. April, 1go1 ; Ch.
Centr. 1go1, 1, 1007).

A secondary product of aleoholic fer-
mentation, this aleohol being the chief
constituent of various fusel oils (Scheele,
CrelPs Ann. 1585, 1, 61; Pelletan,
Ann. Chim. 80, 221 ; Berz. Jahresher.
8, 264 ; Dumas, Ann. Chim. 58, 314 ;
Anun. 18, 8o ; Cahours, Ann. Chim. 70,
81; 756, 193; Ann., 37, 164; Dumas
and Stas, Ann. Chim. 73, 128 ; Balard,
Thid. E,g] 12, 294 ; Ann. 53, 311 ; Pas-
teur, Comp. Rend. 41, 266 ; Ann. 88,
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163), isoheptyl chloride by chlorina-
tion, conversion into the aleohol by the
usnal method, and separation of the
primary from the secondary aleohol
(Grimshaw, loc. eif. 313).

[B.] From isobuty! alcokol [18], acetic
acid [ Vol. IT], and ethyl alcokol [14] by
eombining isobutyl iodide with sodio-
acefonceliz ester, decomposing the iso-
butylacetoacetic ester with potash,
reducing the ketone (2-methyl-6-hex-
anone) to the secondary alechol, con-
verting the latter into the iodide, and
reducing to isoheptane with zine and
hydrochloric acid (Purdie, Trans. Ch.
Soc. 89, 464 : see also Rohn, Ann.
190, 305). The isoheptane can then
be treated as under A.

Note :—A heptane (possibly identical with
the above) is said to be obtained from certain
cyclic compounds by heating to a high tem-
perature with strong agueous hydriodic acid
Berthelot, Comp. Rend. 88, a6 ; Bull. Soe.
{:] 8, 455). The compounds are : toluene [54

and the toluidines ; phifialic acid (see under hmxzy].

alecohol [64 ; B]) and fereplthalic acid, The latter
can be obtained by the oxidation of cymens [8]
and sumic aldehyds [116] (Hofmann, Ann. 87,
197; De la Rue and Miiller, Ann. 121, 8j;
Schwanert, Ann. 132, 257; Homoyer, Arch.
Pharm. [3] 5, 326).

28. Normal Primary Octyl Alcohol ;
1-Octanol.

CH,.[CH,],- CH,.OH

NATURAL SOURCES.

As ester of acetic acid in oil of
Heracleum gigantevm (Franchimont and
Zincke, Ann. 163, 193); as ester of
acetic, hexoie, decoie, and laurie acids
in oil of Heracleum sphondylivm (Zincke,
Ann. 152, 1 ; Maislinger, Ber. 9, gg8 ;
Ann. 185, 26)). As ester of n-butyrie
acid in fruit of Pastinaca safiva, com-
mon parsnip (Renesse, Ann, 168, 84).
An octyl aleohol oceurs as ester in the
ethereal oil from the root of dspidium
filiz mas (Bhrenberg, Arch. Pharm.
231 5)-

A E:ﬁ:yl (? n-octyl) aleohol oceurs in
rancid fat, probably a bacterial product
(Nagel, Am. Ch. Journ. 28, 173).

[27 A-20 B.
SYNTHETICAT. PROCESSES.

[A.] Normal octane (see under n-hexyl
aleohol [28; H]) by chlorination and
conversion into the primary and secon-
dary aleohols by the usual methods
gives a product which may contain an
aleohol identical with the natural pro-
duct, but this requires confirmation
(Schorlemmer, Ann. 152, 155).

[B.] Sebacic acid [Vol. 1I] gives
octane on distillation with ~baryta
(Riche, Ann. 117, 265).

Nores: —Cartain aromatie compounds (which
ean all be synthesised), such as zylens [B82 ; L%,

ethylhenzens [84 ; A, styrens [T], naphthalens [12 ],
phihalic acid [54 ; R, &e., according to Berthe-
lot give octane among other products when
heated with strong aqueous hydriodie acid (for
references see under isoheptyl alechol [27 ; B]).
The eonstitution of the octanes thus obtained
is nnknown.

A secondary octyl alechol (methylhexyl
earbinol = z-octanol) has been obtained by dis-
tilling the soap from the oil of Curcas purgans
(Bilva, Zeit. [2], 5, 185). The aleohol has been
synthesised (see under n-hexylaleohol [23; H |},
but it is doubtful whether it is at present to be
regarded as a biochemical product.

29, Nonyl Alcohol; Ennyl Alcohol ;
Nonanol.

C,H,,.0H

NATURAL SOURCE.

A nonylaleohol (39-4 per cent.) has been
found in the oil of sweet orange (Schim-
mel’s Ber. Oct. 1goo; Ch. Centr. 1900,
2, g6g ; Stephan, Journ. pr. Ch. [2] ez,

523).
SYNTHETICAL PROCESSES.

The constitution of the natural pro-
duet is not known with certainty ; 1t 18
probably the normal aleohol. The fol-
lowing nonyl aleohols are synthetical
produets :— :

[A.] Pelargonic and formic [Vol. II]
acids give the aldehyde (nonanal) on
distillation of the barium salts. The
aldehyde is reduced to mormal nonyl
alecohol by zine dust and acetic acid
(Krafft, Ber. 19, 2221),

[B.] From isovaleric acid [ Vol. IT] and
isoamyl aleokol [22]. Isoamyl isova-
lerate on treatment with sodium gives
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a nonyl alcohol (Lourengo and Aguiar,
it, [2] 6 ; !

ELF{‘J. énfoﬂﬂﬁgrﬁ aleohol [14] and
ananthol [Eﬂ by the action of zine
ethyl on the aldehyde and decomposition
of the product by water. The aleohol
is, ethylhexyl carbinol = 3 - nonanol
(Wagner, Journ. Russ. Soc. 18, 306;
Bull. Soc. [2] 42, 1330}.

Or from ethyl alcohol and enanthol
by converting the latter into n-Aepiyl
alcohol [26]. A mixture of n-heptyl
and ethyl alcohols gives (among other
products) n-nonyl alecohol when heated
with sodium to 230° (Guerbet, Comp.
Rend. 185, 172; Bull. Soc. [3] 27,

1036).
[D.] From ethyl alcokol Eli] and
bulyric acid [Vol. II]. The latter on

distillation of the calcium salt (Chancel,
Ann. 52, 295; Kurtz, Ann. 161, 205;
Schmidt, Ber. 5, 597), or by the action
of ferric chloride on butyryl chloride
and decomposition of the product with
water (Hamonet, Bull. Sce. [2] 50,
358), gives dipropyl ketone=butyrone
=4-heptanone., The latter on treat-
ment with zine and ethyl lodide yields
ethyldipropyl carbinol = 4-ethyl-4-hep-
tanol (Tschebotareff and Saytzeff, Journ.
pr. Ch. [2] 88, 158).

Note:—Dipropyl ketone can alzo be propared
from n-propyl aleoksd [157] and bulyric acid by the
interaction of zine propyl and butyryl chloride
(Schtschorbakeff, Journ, Russ. Soe. 18, 346). Or
from bufyric acid by heating butyric anhydride
with sodium butyrate (Perkin, Trans. Ch. Soe.
49, 33z) or (among other products) by the action
of sodium on ethyl butyrate (Brilggemann,
Ann. 248, 140). This ketone is also among
the products of the action of zine on a mixture

of butyryl chloride and ethyl ether (Freund,
Ann. 118, 33).

Secondary Nonyl Aleokol.

A secondary nonyl aleohol (methyl-n-
heptyl carbinol) occurs partly free and
partly as ester of acetic acid in Algerian
oil of rue (v. Soden and Henle, Pharm.
Zeit. 48, 1026; Ch. Centr. 190z, 1,
256; Ch. Drug., 60, 304; Power
and Lees, Trans. Ch. Soc. 81, 1592).
This aleohol has been obtained by re-
ducing the corresponding ketone [108]

(Mannich, Ber. 85, 2144; Houben,
Lbid. 358g).
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30. SBecondary Hendecatyl or
Hendecyl Alcohol ; Methyl-n-nonyl
Carbinol.

CH!ME
C,H,, OH
NATURAL SOURCE.

Oceurs partly free and partly as ester
of acetic acid in Algerian oil of rue (v.
Soden and Henle, Pharm. Zeit. 46,
1026; Ch. Centr. 1902, 1, 256;
Ch. Drug., 80, 304; Power and Lees,
Trans. Ch. See. 81, 1593).

SYNTHETICAL PRrocess.

[A.] From methyluonyl kefone [llﬂﬂ]
by reduction with sodiom amalgam
(Giesecke, Zeit. [2] @, 428; Mannich,
Ber. 85, 2144 ; Houben, T#id. 3590).

31. Normal Primary Dodecyl
Alcohol; 1-Dodecanol.

CH,.[CH,],,. CH,.OH

NATURAL SOURCES.

Esters of this aleohol (probably stea-
rate and palmitate of the normal aleohol
exist in Cascara sagrada (Dohme an
Engelhardt, Journ. Am. Ch. Soe. 20,
539). Oeccurs also as ester T:if oleic
and deglic acids) in sperm oil and in
oil from the bottle-nose whale, and to a
small extent in spermaceti [ 88 ] (Heintz,
Ann. 84, 306; 03, 2g99; Allen, in
Thorpe’s ¢ Dict. of Applied Chem.” 11T,
20; Hammarsten’s ¢ Lehrb. d. physiol.
Chem.” 1895, p. 76).

SYNTHETICAL PRrocess.

[A.] From laurie acid [ Vol. IT | through
the aldehyde by distilling the barium salt
with darsum formate (Krafft, Ber. 18,
1414), reduction with zine dust and
acetic acid, and hydrolysis of the acetate
thus formed (féid. 18, 1718).

Motk :—Tha identity of the natural and syn-
thetical products requires confirmation.






35 B-86 A.]

magnesium methiodide on the ketone
(in ethereal solution) and decomposition
of the magnesium compound by acid
(Barbier, Comp. Rend. 128, 110 ; Sand
and Singer, Ber. 85, 3183).

Nore :—The dimethylheptenol obtained by
this methodis (CH,), : € : CH. [CH,), . O(CH,),.
OH.

36. Geraniol; Lemonol ;
2 : 6-Dimethyl-2 ;: 6-0ctadienol-8.

CH,),:C:CH . CH,.CH,.
(s C(CH;): CH. CH,. OH

NATURAL SOURCES.

In East Indian geranium or palma-
rosa oil from Andropogon schenanthus
(Jacobsen, Ann. 157, 232); in oil of
citronella from Andropogon nardus, Pun-
jaub, Ceylon, Singapore, &e. (Schim-
mel's Ber. Oect. 18g3); in African,
Spanish, French, and Réunion geranium
oils from Pelargonium odoratissimum,
P. capitatum, P. radula, &e. (Gintl,
Jahresber. 1879, g42; Bertram and
Gildemeister, Journ. pr. Ch. [2] 48,
191 ; Tiemann and Schmidt, Ber. 28,
g24) ; and in German and Turkish oils
of rose from Rosa damascena, K. alla,
&c. (Bertram and Gildemeister, Joc.
cit,: see also Eckart, Ber. 24, 4205;
Arch. Pharm. 229, 355; DBarbier,
Comp. Rend. 117, 177 ; Bull Soe. [3]
9, 999). : _

Geraniol ocenrs in ylang-ylang oil
from Cananga odorata (Reychler, Bull.
Soc. [3] 11, 407; 576; 1045; 18,
140); in French oil of lavender from
Lavandula sp. (Schimmel’s Ber. April,
18¢8) ; in oil of néroli from the flowers
of the bitter orange, Cifrus ligaradia,
and in the ¢ orange-flower water * (Tie-
mann and Semmler, Ber. 28, 2711 ;
Hesse and Zeitschel, Journ. pr. Ch. [2]
84, 245); in petit-grain oil from the
leaves, shoots, and %;Eit of the same
plant (Passy, Bull. Soe. [3] 17, 519;
Charabot and Pillet, Itid. 21, 74); in
petit-grain oil from Paraguay (Schim-
mel's Ber. Oct. 1902 ; Ch. Centr. 1902,
2, 1208) ; in lemon-grass oil from the
Indian dndropogon citratus (Schimmel’s
Ber. Oct. 18¢4 ; also Oect. 1898 ; Ch.
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Centr. 1898, 8, g85: compare Stiehl,
Journ, pr. Ch. [2] 68, 51; Tiemann,
Ber. 82, 835; bbé, Bull. Soc. [3]
al, 77); and in oil of linaloe from the
wood of the Mexican Bursera delpe-
ehiana or B. aloerylon (Schimmel’s Ber.
April, 1892 ; Oct. 1894 ; Oct. 1900).

Occurs also in oil of sassafras leaves
(Power and Kleber, Pharm. Rev. 14,
103; Ch. Centr. 1897, 2, 42); in oil
of balm mint from Melissa ofjicinalis
(Flatau and Labbé, Comp. Rend. 128,
1725; Bull. Soc. [3] 18, 636); in
lemon oil from Citrus limonnm, Messina
and Palermo (Umney and Swinton,
Pharm. Journ. 61, 196; 370), and in
the oil from the leaves of Ferlena tri-
phytla, Grasse (Theulier, Rev. gén. de
Chim. 5, 324 ; Ch. Centr. 1902, 3,
1208).

The oil from Darwinia fascicularis of
Port Jackson contains geraniol and
60-65 per cent. of geranyl acetate
(Baker and Smith, Journ.and Proe. Roy.
Soc. of N. 8. Wales, 33,163 ; Journ.
Soc. Ch. Ind. 19, 848). Certain citron-
ella oils (Javan and Cingalese ¢ Lana-
Batu’) contain 32-38 per cent. geraniol
(Schimmel's Ber. Oct. 18gg; Journ.
Soe. Ch. Ind. 18, 556).

The oil from the leaves and twigs of
Eucalyptus macarthuri contains 6o per
cent. of geranyl acetate (Smith, Ch.
News, 83, 5). Geraniol is probably
contained in the oil of FEucalyplus
patentinervis (Schimmel’s Ber. April,
1gor ; Ch. Cenfr. 1901, 1, 1007). The
oil from the rhizome of Asarum cana-
dense contains geraniol (Power, Pharm.
Rund. 8, 1c1 ; Power and Lees, Proc.
Ch. Soec. 17, 210 ; Trans. 81, 66).

Nore:—The geraniol is contained inthe above
oils sometimes fres, sometimes combined as an
eater, and in some enses both free and com-
bined., The acid most frequently combined
with geranyl is acetic, but othor acids, such as
tiglie, wvalerie, &ec, are somotimes prosent,
Suggestions concerning the origin of geraniol
andalliedalechaols in plants have beenadvaneod
by Charabet (Ann, Chim. [y] 21, 207, &e.).

SYNTHETICAL PROCESSES.

[A.] From ecifral [104] by reduction
in aleoholic solution with sodium
amalgam and acetic acid (Tiemann,
Ber. 81, 825).
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mel’s Ber. April, 188g; Oct. 1894).
]-Linalotl is contained in Ceylon oil
of cinnamon (Iid. April, 1go2; Wal-
baum and Hithig, Journ. pr. Ch. [2
68, 47), and in oil of cinnamon le
(Schimmel’s Ber. Oct. 19o2; Ch.
Centr. 1902, 2, 1208). Linalotl and
linalyl acetate are present in oil of
Gardenia (Parone, Boll. Ch. Farm. 41,
449 ; Ch. Centr. 1902, 3, 703).
d-Linaloél = coriandrol oecurs in oil
of coriander from the fruit of Corian-
drum sativum (Kawalier, Ann. 84, 351 ;
Journ. pr. Ch. 58, 226 ; Grosser, Ber.
14, 2485; Semmler, Ber. 24, 2006;
Barbier, Comp. Rend. 118, 1460); in
‘ wartara’ oil from the froit of Xanfho-
wylon alatum and X, acanthopodium
(Schimmel’s Ber. April, I?DG ;s Ch.
Centr. 1900, 1, go8); in oil of sweet
(Portugal) orange from the rind of the
fruit of Citrus awranfium (Parry, Ch.
Drug. 1goo, pp. 462 and 722 ; Stephan,
Journ. pr. Ch. [2] 83, 523); in the
néroli o1l from the flowers of the same
plant (Theulier, Bull. Soc. 53 a7, 278 :
a French néroli oil examined by Schim-
mel & Co. probably contained l-lina-
loél; Ch. Centr. 1goz, 2, 1208), in
Chinese néroli oil from Citrus triptera

Umney and Bennett, Pharm. Journ.
E:}] 15, 146), and in oil of Asarum
canadense (Power and Lees, Proc. Ch.
Soc. 17, 210 ; Trans. 81, 63).

Inactive linaloél and linalyl isono-
noate are present in oil of hops (Chap-
man, Proe. Ch. Soc. 18, 72).

Wote :—For remarks on general transforma-
tion and migration of linalodl and other terpene
aleoholie compounds in plants, see papers by
Charabot, Bull. Soe. [3] 28, 18¢ ; Ann, Chim.

R
Linalosl ﬂé&l%gr? in trlﬂ.ﬂbﬂ'i’.ﬁ Eo%}a in uu:né Ef.f’e:.'a

in the free state and in other cases eombined
as linalyl acetate, &e.

SYNTHETICAL PROCESS.

[A.] Geraniol [88] by the action of
hydrochloric acid gives geranyl chloride
(Jacobsen, Ann. 167, 236), and this by
the action of alcoholic potash is con-
verted partially into inactive linalol
(Semmler and Tiemann, Ber. 81, 832).
A similar transformation is brought
about by heating geraniol with water
to 200" (Schimmel’s Ber. April, 18g8).

LINATOOE, 7= =" s 8

Or sodium geranyl phthalate- (from
geranyl chloride and phthalic acid |54 ;
R]) gives i-linaloil on steam distillation
of the neutral solution (Stephan, Journ,
pr. Ch. [2] 80, 244).

Note t— No method for resolving i-linalosil
imto its optical isomerides has yot been dis-
covered.

38. Citronellol ; Rhodinol (7);
2 : 6-Dimethyl-2-0Octencl-8.

CH,).:C:CH.CH,.CH,.
e CH(CH)). CH,. CI,. OH

NATURAL SOURCES.

1-Citronellol oceurs in Bulgarian and
German oil of rose and d- and l-citron-
ellol in Spanish, African, and Réunion
oils of geranium from Pelargonium
odoratissimum, &e. (see under geraniol :
Hesse, Journ. pr. Ch. [2] 50, 478; 53,
238; Tiemann and Schmidt, Ber. 29,
g22; Barbier and Bouveault, Comp.
Rend. 122, 737 ; Walbaum and Stephan,
Ber. 388, 2306; Schimmel's Ber. May,
1go1 ; Journ. Soe. Ch. Ind. 20, p. 744).

Citronellol is also said to be contained
in Indian geranium (palmarosa) oil
(Flatan and Labbé, Comp. Rend. 128,
1725 ; Bull. Soe. [33 19, 633 : compare
Schimmel’s Ber. Oect. 18g8, p. 67).
Javan (but not Ceylon) oil of citronella
contains d-citronellol 3Schi_mmel’s Ber.
April, 1902).

SYNTHETICAL PROCESSES.

[A.] From cifronellal [105] by re-
duction with sodium amalgam and
acetic acid (Dodge, Am. Ch. Journ. 11,
463 ; Tiemann and Schmidt, Ber. 29,
gab).

Note :—The aldehyde corresponding to the
above formula of citronellol is probably not
identical with l-citronellal But with the ise-
morie ‘rhodinal® of Bouveault (Bull. See. [3]
23, 458 ; 463 : see alsounder citronellal [105 ).

e above synthetical procoss may therefore
lead to tho production of an alechol isomerie

with the natural l-eitronellol (see also Harrics
and Schauwaecker, Ber. 34, 2981).

[B.] From menthone [120] through
the oxime, nitrile, and aldehyde = men-
thocitronellal (Wallach, Ann. 277,
154; 2478, 316 ; 2086, 129?. The latter
should be Bouveault’s ‘rhodinal,’ and
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would therefore give citronellol on re-
duction (Harries and Schauwecker, oe.
eit.).

Note :—According to Bouveault citronellol
and rhodinel are isomerides (see for summary

Bull. Soe. 23, 458 ; also und th
[120]). [a] 28, 458 ; also under menthone

39, Terpineol; Terpilenol; Terpene
Hydrate ; Menthenol ;
Al.8-Hydroxytetrahydrocymene ;

Al-Terpen-8-ol.

o,
O
> ’/ “\fﬁ

CH,

H,C
e
CH,. C(OH). CH,

Nore :—For constitutional formula see Wag-
ner, Ber. 27, 1652,

NATURAL SoOURCES.

i-Terpineol (and acetate) occurs in
oil of eajeput from Melalenca lencaden-
dron and var. miner (Voiry, Comp.
Rend. 108, 1538; Bull. Soc. [2] 50,
108), and in mauli oil from Melalenca
viridifolia, New Caledonia (Bertrand,
Bull. Soe. [3] 9, 433; Comp. Rend.
116, 1070) ; 1 oil of Ceylon cardamom
from Elettaria cardamomum, var. major,
Smith (Weber, Ann. 238, g8); and in
oil of Malabar cardamom (d-terpineol)
from FE. cardamomum (Schimmel’s Ber.
Oct. 18¢7; Parry, Pharm. Journ. 8,
105).

O1l of sweet marjoram from Origanum
majorane contains d-terpineol (Biltz,
Ber. 82, gg5). Terpineol is contained
in the oil of Lindera sericea, the  kuro-
moji’ oil of Japan (Kwasnik, Arch.
Pharm. 280, 265); in the Japanese
“kesso” oil from the root of Faleriana
officinalis, var, angustifolia (Bertram and

ildemeister, Arch. Pharm. 228, 483);
and in oil of fleabane from the N.
American Erigeron canadensis (Kremers
and Hunkel, Pharm. Rund. 18, 137).

1-Terpineol is probably present in
lemon-grass oil (Tiemann, Ber. 32, 835).

[38 B-38 A,

d-Terpineol is contained in oil of lovage
from the root of Levisticum officinale
(Schimmel’s Ber. April, 1897, p. 27,
and Oct. 189%, p. g, note), The oil
from Californian bay (Umbeliularia cali-
Jornica) contains a mixture, ‘terpinol,’
of which terpineol is one of the con-
stituents (Stillmann, Ber. 18, 630;
Wallach, Ann. 280, 251). Oil of Gar-
denia contains terpineol (Parone, Boll,
Ch. F-airm. 41, 489; Ch. Centr. 1goz,
2, 703).

i‘hg oil of the rind of the sweet
orange (see under linaloél [87]: Stephan,
Journ, pr. Ch. [2] 62, 523 and Schim-
mel's Ber. Oct. 1gco) contains 39-4 per
cent. of d-terpineol. Oil of Mexican lina-
loe (see under geraniol [86]: Schimmel’s
Ber.Oct. 1goc; Ch, Centr. 19co, 2, g50)
contains ineol. So also does man-
darin oil from Cifrus madurensis (Schim-
mel’s Ber. Oct. 1901 ; Ch. Centr. 1go1,
2, 1007). Oil of spike from Lavandula
spica may contain terpineol (Bouchardat,
Comp. Rend. 117, 53; 1004).

1-Terpineol is contained in the oil of
Asarum canadense (Power and Lees,
Proc. Ch. Soc. 17, 210; Trans. 81, 65).
Camphor oil from Laurus camphora pro-
bably contains terpinecl (Schimmel's
Ber. Oct. 1888). d-Terpineol is pre-
sent in oil of lemon (Schimmel’s Ber.
Qct. 1902 ; Ch. Centr. 1902, 2, 120%),
in French néroli oil (Ibid.), and in petit-
grain oil from Paraguay ([hid.).

Nore :—No method for resolving inactive
terpineol into its optical isomerides is at
present known,

SYNTHETICAL PROCESSES.

[A.] 1-Zinalodl [87] gives d-terpineol
and ifs acetate with geraniol on heating
with acetic anhydride to 150-160°
(Schimmel’s Ber, April, 188 ; Stephan,
Journ. pr. Ch. [2] &8, 109). The
crude product thus obtained is the
¢licarhodol' of Barbier (see under
geraniol [86; B]).

Or linalotl on treatment (below 20°)
with acetic acid containing § per cent. of
gulphuric acid gives 45 per cent. of its
weight of d-terpineol and 1o per cent. of
geraniol (Stephan, loc.cif.). d-Linalotlon
treatment with strong formic acid below
20° is largely converted into I-terpineol,

A
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saffron (Hilger, Ch. Centr. 1gco, 3,
576) ; in the Brazilian ¢ carqueia’ oil
from Genista tiidentala (Schimmel’s
Ber. April, 18¢6); in oil from the
leaves of the Indian Fitex trifolia (Itid.
Oct. 18g4) ; possibly in oil of penny-
royal from Mentha pulegium (Tétry,
Bull, Enc.} ] 27, 186) ; in oil of rue,
probably Algerian (Power and Lees,
Trans. Ch. Soc. 81, 1590) ; and in oil of
Russian spearmint (see under linaloil
[387]; Schimmel’s Ber. April, 18g8).
ceurs also in o1l from the leaves of
the Chilian Myrtus cheken (Weiss, Arch.
Pharm. 228, 666); in oil of myrtle
from Myrtus communis (Jahns, Arch.
Pharm. 227, 174; Schimmel's Ber.
April, 1889); in oil from Curcuma
zedoaria (Schimmel’s Ber. Oct. 18g0) ;
in oil of the W. Indian white cinnamon
from the bark of Canelia aiba (Schim-
mel’s Ber. Oect. 18g0); in Japanese
“ badiana ’ or star-anise oil from Jilicium
religiosum (Tardy, Bull. Soe. [3] 27,
g87), and also (as ‘ encalyptol’) in the
oil from many species of Fucalyplus —
E. globulus (Jahns, Ber. 17, 2941 ;
Archiv. Pharm. 223, 52); E. oleosa
(Maiden’s ¢ Useful Native Plants of
Australia,” p. 272); K. dumosa (Schim-
mel’s Ber. Oct. 188g); K. amygdalina
(Wallach and Gildemeister, Ann. 248,
278 ; Schimmel’s Ber. Oct. 188g);
E. rostrata (1bid. Oct. 1891) ; E. populi-
Jolia (Ibid. April, 1893); F. corymbosa
(1id.) ; E. resinifera ({bid. Oct. 18g8) ;
E. baileyana (Ibid. April, 1888) ; E. mi-
erocorys (fbid.) ; E.risdonia (Ibid. April,
1804); F. hemiphloia (Ibid. April,
1892) ; E. erebra (Ibid. April, 1893);
E. macrorrhyncha (Baker and Smith,
Journ.and Proe. Roy. Soc. of N.8. Wales,
82, 104, &c.); E. capitellata ([bid.);
. eugenioides (Ibid.); K. obligna (Schim-
mel's Ber. Oct. 18g8); £, punctata
(Baker and Smith, loe. cif, 81, 259,
&e.; Schimmel’s Ber. Oct. 18g8);
FE. lowophleba (Parry, Pharm. Journ.
81, 198); E. dewtropinea and E. levo-
pinea (Baker, loc. cif. 27, 414 ; Baker
and Smith, Ihid, 82, 195); E. Aema-
stoma (Schimmel’s Ber. April, 1888);
E. piperita (Baker and Smith, foe. cif.
31, 195); 4. macwlosa (Baker, Proc,
Linn. Soe. N. S. Wales, 1899, p. 596 ;
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Schimmel’s Ber. Oct. 1gco ; Ch. Centr,
1gco, 3, 970); K. licolor = K. largi-

Jlorens (Schimmel’s Ber. loc. cit. ; Journ.

Soc. Ch. Ind. 18, 1140); oil of ‘red
gum’ of Tenterfield (Psp.; Jbid.);
E. smithii and F. camphora (Baker,
Proc. Linn. Soe. N. 8. Wales, 18gg,
p- 292, &c); E. goniocalyz (Smith,
Journ.and Proc. Roy. Soc. of N.S. Wales,
as, 86, &c.; Journ. Soe. Ch. Ind.
19, 68); E. intertexta (spotted gum);
E. moriisii (grey mallee); E. viridis
(green, red, or brown mallee); and
E. vitrea (white-top messmate) (Baker,
loc. eit. 1goo, p. 303, &ec.; Ch. Centr.
1901, 8, 1c00); F. melliodora (Parry,
Ch. Drug. 68, 588); FE. pulverulenta
(Schimmel’s Ber. April, 1g02) ; E. poly-
bractea (blue mallee) ; a little in oils
from E. angophoroides (apple-top box),
E. infermedia (bastard bloodwood),
E. lactea (spotted gum), E. ovalifvlia
(red box), E. wmbra (stringy bark or
bastard white mahogany), E. wilkin-
sonia = £, hemastoma var. = F. levo-
pinea var. minor, E. fletekeri (lignum
vitee or black box), and from E. wooli-
siana (mallee box) (Baker, Proe. Linn.
Soc. N. 8. Wales, 1900, part IV).

SYNTHETICAL PROCESS.

[A.] Terpineot 539] gives cineole
among other products when boiled
with dilute sulphuric or phosphorie
acid (Wallach, Ann. 239, 21; 275,
105).

Note :—No method for resolving terpineol
into its optical isomerides is at present known.

41, Menthol; Terpanol;
Peppermint Camphor ;
Methylisopropyl-hexahydrophenol.
oH,
CH

11,(;/ \cn,
HT!J
29

¢
CH(CH,),
NATURAL SOURCES.

In oil of peppermint from Mentha
piperita  (England, Germany, and

H(OH)
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sunlight on the latter Kliug, Comp.
Rend. 129, 219). { 5

Note :—Generators of propylens (see under

glycerol [48]) thus become generators of
aceto

[B.] From acefone [108] through
chloracetone (Riche, Ann. 112, 321;
Mulder, Ber. 5, 1010). The latter on
heating with potassium acetate in al-
coholic solution gives acetol acetate
(Henry, Ber. 5, ¢66), which can be
hydrolysed by boeiling with water and
barium earbonate (W. H. Perkin, junr.,,
Trans. Ch. Soe. 58, 791).

Bromacetone (Sckolowsky, Journ.
Russ. Soe. 8, 330; Emmerling and
Wagner, Ann. 204, 2g) on boiling with

lum carbonate solution gives acetol
(E. and W. {oe. ¢if. 40: compare Simon-
cini, Gazz. 81, 496).

Or acetone can be converted into 2 : 2-
dichlorpropane by phosphorus penta-
chloride (Friedel, Ann. 112, 256), and
this by alcoholic potash gives a-chlor-
propylene, which can be converted into
afB-dichlorpropylene, &c., as above
under A.

Or acetone by the action of sodium
and ethyl acetate gives acetylacetone
(Claisen and Ehrhardt, Ber. 28, 1011),
which by the action of sulphuryl dichlor-
ide yields chloracetylacetone ﬂCﬂmhes,
Comp. Rend. 111, 292). The latter on
heating with potassium acetate in alco-
holie solution gives acetol acetate (Ibid.).

Or from acetone through mesityl
oxide (see under aldehyde [92; E]} and
trimethyltriose by oxidation of the
latter with potassium permanganate.
The triose decomposes readily into acetol
and acetone (Harries and Pappos, Ber.
34, 2979).

Or from acetone and formic acid [ Vol,
1T] throngh formopyroracemic ester (H .
CO,.CH,. CO. CHy) from chloracetone
and potassium formate. The ester on
heating with methyl alcohol gives me-
thyl formate and acetol (Henry, Bull.
Acad. Roy. Belg. 1902, p. 445; Ch.
Centr. 1902, 3, g28).

Nore:—Allyleno by the action of fuming
hydrochloric acid gives 2 :z.dichlorpropane
(Reboul, Ann. Chim. [5] 14, 453), which can
be treated as above, The generators of allylone
refarred to under benzyl alechol [64] thus
become gencrators of acetol.

[43 A-44,

[C.] Glycerol |48] by the action of
dry hydrogen chloride gives dichlor-
hydrin =dichlorisopropyl aleohol (see
under isopropyl almhuf' [18; @&]), and
this by the action of phosphorus penta-
chloride yields 1 : 2 : 3-trichlorpropane
(Berthelot and De Luca, Ann. Chim.
Eg 48, 304; 62, 433; Fittic and

feffer, Ann. 185, 359), which can be
treated as above under A.

Or from glycerol through allyl iodide,
which gives 1 : 2 ; 3-trichlorpropane by
chlorination (Oppenheim, Bull. Soc. [2]
2, 97).

Note :—Propane glves I : 3 : 3-trichlorpropans
by direet chlorination, so that generators of

propane thus become generators of acetol (ses
under glycerol [48; A]).

[D.] From acefic acid [Vol. II]
through the compound “formed from
acetyl chloride and aluminium chloride,
which compound on decomposition with
water gives acetylacetone (Combes,
Ann. Chim.ec[:ﬁ] 12, 207). The latter
can be treated as above under B.

Or from acetic acid and fsobutyl or
tertiary butyl aleokol [18; 19] through
mesityl oxide by the condensation of
isobutylene with acetyl chloride or acetic
anhydride (see under acetic aldehyde
[e2; FF]), and then as above under B.

[E.] From dewtrose [154], acetol being
among the products formed by fusion
with caustic potash (Emmerling and
Loges, Ber. 16, 837).

[F.] From aceloacetic ester [Vol 1I]
through mesityl oxide (see under alde-
hyde [023; I-J]}, and then as above
under B.

44. Methylacetyl Carbinol;
Dimethylketol ; 3-Butanol-2-one.

CH,.CH (OH).CO.CH,

NATURAL SOURCE.

A product of the action of Bacillus
tartricus (Grimbert and Ficquet, Comp.
Rend. Soe. Biol. 1847, p. g62) on the
ammonium or caleium salt of tartarie
acid (Grimbert, Comp. Rend. 133,
7006).
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with hydrogen bromide (Géromont,
Ann. 158, 370; Reboul, Ann. Chim.
[5] 14, 472; Lermontoff, Ann. 183,
358 ; Erlenmeyer, Ber, 12, 1354 ; Ann.
197, 184; Roth, Ber. 14, 1351 ; Bogo-
molitz, Bull. Soc. [2] 80, 23) and con-
version into the glycol by the action of
moist silver oxide, or by forming the
diacetate and hydrolysing (Reboul, loe.
cif. 491 ; Beilstein and Wiegand, Ber.
15, 1497 ; Zander, Ann. 314, 178;
Niederist, Monats. 8, 839). The hydro-
lysis is best effected by barium or
calcium hydroxide (Henry, Bull. Acad.
Roy. Belg. [3] 38, g).

Or from glycerol through allyl
aleohol (ethyl aleohol [14; GJ), the
monochlorhydrin by combination with
hypochlorous acid, and reduction with
sodium amalgam (Henry, Rec. Tr. Ch.
18, 208).

47. Isobutylene Glycol ;
2-Methyl-2 : 3-Propanediol.

CH,. C(CH,)(OH).CH,.OH

NATURAL SOURCE.

Among the products of fermentation
of saccharose by Saccharomyces ellip-
soidens (Claudon and Morin, Comp.
Rend. 104, 110g; Bull. Soec. ["..,8 48,
178 ; Henninger and Sanson, Comp
Rend. 108, 208).

SyYNTHETICAL PROCESSES.

[A.] From dsobutyl aleokol [113]
through isobutylene (tertiary butyl alco-
hol [19 ; B]), the bromide (2-methyl-2 :
g-dibrompropane) by combination with
bromine (Linnemann, Ann. 183, 36),
and decomposition of the bromide by
heating with potassium carbonate solu-
tion (Nevolé, Bull. Soc. [2] 27, 63;
Comp. Rend. 88, 65; 146).
Isobutylene bromide can also be
obtained from isobutyl aleohol by heat-
ing isobutyl chloride or bromide with
bromine in the presence of iron (Meyer
and Miiller, Journ. pr. Ch. 46, 161 ;
Herzfelder, Ber. 27, 1260). The glycol
can be prepared also directly from 1s0-
butyl aleohol by the action of (aqueous)

[46 A-48.

hydrochloric acid (Lwoff, Bull. See. [2]
43, 112).

Isobutylene gives this glyeol hy
oxidation with potassium permanganate
(Wagner, Ber. 21, 1232). Isobutylene
bromide is also converted into the glycol
by heating with water and lead oxide
to 50° (Krassusky, Journ. Russ. Soc.
33, 791).

[B.] From fertiary butyl aleokol [IB:I
through isobutylene (see under isobuty
alcohol [18; A]), and then as under
A above. Or by conversion into tertiary
butyl chloride or bromide and then into
isobutylene bromide by heating with
bromine and iron (Herzfelder, loc. cif.
1261 : see also Meyer and Miiller,
Journ. pr. Ch. 48, 161).

Also from tertiary butyl aleohol
through isobutylene bromide by the
action of bromine (Etard, Comp. Rend.
114, 753), and then as under A.

Note :—All generators of isobutylene given

" under iscbutyl (18] and tertiary butyl alcohol

[18] are genorators of this glycol. These ara:
isoamyl alcohol [18 ; B); isovaleric acid [18 ; C];
acetone and glycirel or acefic acid via B-dimethyl-
acrylic acid [18 ; O], &e.

48. Glycerol; 1:2:3-Propanetriol.
CH,(OH).CH(OH) . CH,(OH)

NATURAL SOURCES.

Widely distributed in vegetable and
animal kingdoms, glyceryl esters of
acids of the fatty and other series being
found in most saponifiable fats and
fixed oils (Scheele, 1779, Crell’s Ch.
Journ. 4, 1go; Crell’s Ch, Ann. 1, 69 ;
Chevreul, ¢ Recherches sur les Corps,
Gras’; Pelouze, Ann. 18, 210; 20,
46; Comp. Rend. a1, 718: for list of
oils and fats see A. H. Allen’s tables
in Thorpe’s ¢Dictionary of Applied
Chemistry,” ITI, 28-34). : _

Glyceryl esters occur also in certain
waxes, such as Japan wax from fhus
succedanea and other species, the wax
from species of Balanophora (Java),
myrttle-berry wax from Myrica cerifera
(N. Amerimli, and other species of
Myrica found in N. and 8. America,
Abyssinia, and the Cape of Good Hope.
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and potassium acetate (Dusart, Ann,
97, 127). Also among the products
obtained by passing the vapour of acetic
acid over heated zine dust (Jahn, Ber.
18, 2111).

[D.] Ethyl aleofol [14] by the inter-
action of zine ethyl and carfon fefra-
ehloride [methane; 1; L ; 0, &e.] (Beil-
stein and Rieth, Ann. 124, 242), or of
bromoform and zine ethyl (Beilstein
and Alexejeff, Jahresber. 1864, 470).

Also from dichloracetal (Lieben, Ann,
104, 114; Jacobsen, Ber. 4, 217;
Pinner, Ber. 5, 148; Krey, Jahresber,
1878, 474) by the action of zine ethyl
(Paterno, Comp. Rend. 77, 458).

[B.] dcetone [108] through 2 :2-
dichlorpropane by the action of phos-
phorus pentachloride (Friedel, Ann. 112,
236) and the action of sodium at 130-
150" (Friedel and Ladenburg, Zeit. | 2]
4, 48). Also from 2 : 2-dibrompropane
by the same process (Reboul, Ann, Chim.
[5] 14, 488).

Acetone combines with bromine to
form an unstable dibromide ( Linnemann,
Ann. 126, 3c7) which gives acrolein
[101] on distillation ([bid. 310) ; or, by
the actionof iodine trichloride on acetone,
diiodacetone s formed (Simpson, Journ.
pr. Ch. 102, 380), and this yields acrolein
on treatment with silver eyanide (fhid.).
Acrolein when reduced with zine and
hydrochlorie acid gives allyl alcohol
(Linnemann, Ann. Suppl. 3, 260), and
the latter yields glycerol by oxidation
with potassium permanganate (Wagner,
Ber. 21, 1237).

Or allyl alcohol can be converted into
allyl iodide (Tollens, Bull. Soc. [2] 9,
396), or allyl carbonimide (Cahours and
Hofmann, Phil. Trans. 1857, p. 555) and
allylamine (féid. Ann. 102, 301). The
latter on acetylation and bromination
gives acetyl-Ay-dibrompropylamine and
the dibrompropylamine by hydrolysis,

[48 C-L.

Petersen, Ch. Centr. 1897, 2, s519).
Propylene is also among the pmiu{:ts
formed by passing butyric acid vapour
over }haa!:ed zine dust (Jahn, Ber. 13,
21 I:'j .

[G.] Tsovaleric acid [Vol. II]; pro-
pylene is among the products (ethylene,
butylene, &c.) formed by passing the
vapour through a hot tube (Hofmann,
Journ. Ch. Soc. 8, 121) ; also among the
products of dry distillation of ecaleium
isovalerate (Dilthey, Ber. 34, 2115).
 [B|.] Lactic acid [ Vol. IT] ; propylene
18 among the products (et yﬁne, &e.)
formed by distilling caleium lactate
(Gossin, Bull. Soe. [2] 43, 49).

[1.] dzefaic acid [Vol. I1]; propylene
is among the products of distillation
with soda-lime (Miller and Tschitschkin,
Journ. Russ. Soc. 81, 414 ; Ann. 307,

75):

[3.] Thymol [87] gives propylene on
heating with phosphorus pentoxide
[Er&gc;l}hardt and Latschinoff, Zeit. [2]
&, 616).

[E.] From acetic acid [Vol. II] and
ethyl aleokol [Hlli]’ through ethoxychlor-
acetoacetic ester by the action of sodinm
on ethylchloracetate in ethereal solution
and decomposition of the product by dilute
hydrochloric acid (Fittig and Erlenbach,
Ann. 268, 15). The ester on heating
with dilute hydrochlorie acid gives sym-
metrical dichloracetone = 1 : 3-dichlor-
propanone ([did. 18), and this yields
diiodacetone on heating with potassium
iodide solution (Volker, Ann. 192, Hg).
Diiodacetone can be converted into acro-
lein, &e., as under E.

Or acetic acid can be converted into
chloracetic acid and nitromethane hﬁ'
distilling potassium chloracetate wit
potassium nitrite (Preibisch, Journ. pr.
Ch. [2] 8, 316).  Nitromethane gives
glycerol as below under L.

[L.] From methyl aleokol [18] and

y-amino-af-propyleneglycol by heating formic aldelyde [Eljl by converting the

the latter with water, and glycerol by the
action of nitrous acid (Chiari, Monats.
19, 571).

[F.] Butyric and isobulyric [Vol. 11]
acids ; propylene is among the products
of electrolysis of the potassinm salts
(Bunge, Journ. Russ. Soc. 21, 552;
Hamonet, Comp. Rend. 123, 252;

aleohol into methyl iodide and nifro-
methane by the action of silver mitrite
(Bewad, Journ. Russ. Soc. 24, 126; Meyer,
Ann. 171, 32); the sodium or barum
compound of nitromethane gives brom-
nitromethane by the action of bromine
(Tscherniak, Ber. 7, g16; Ann. 180,
128; Ber. 80, 2588), and this condenses
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36, 257 ; Comp. Rend. 21, 720; Portes
and Brunier, Bull. Soec. [3] 18, 96;
Imber and Belugou, I8id. 21, 935: for
technical production, Guédras, Monit.
Sci. 18, 577 ; Ch. Centr. 1899, 2, 626).

50. Erythritol; Erythroglucin;
Erythromannite ; Phycite ;
1:2:3:4-Butanetetrol.

H H
é I

HO ,H,0— S—(—CH, .0H
|

HO HO
(Inactive modification).

Naturarn Souvrces.

Occurs in the free state in Profo-
coccus vidgaris (Lamy, Ann. Chim. [3]
A5, 1358; 51, 232; Comp. Rend. 38,
655) and as an ester of a complex acid
(orcellic acid) in erythrin and g-erythrin,
which are found in the lichens Hoceellu
tinctoria, R. wmontagnei, and R. fuci-
Jormis.  (For distribution of erythrin
= erythric acid in lichens see also
under orcinol [75]: for B-erythrin see
B-orcinol [77].) Hesse (Journ. pr. Ch.
52] 57, 258) regards erythrin as a con-

ensation product of erythritol and
lecanoric acid.

Erythritol has been found in the alga
Trentepohlia jolithus (Bamberger and
Landsiedl, Monats. 21, 571).

SYNTHETICAL PROCESSES.

[A.] From acetylene and efhylene (see
under methane [1; A ; D, &ec.]). When
these gases are passed through a hot
tube a hydrocarbon is formed which is
apparently identical with erythrene or
pyrrolylene (divinyl; 1 : 3-butadiéne ;
CH,:CH.CH:CH,) (Berthelot, Ann.
Chim. [4] 9, 466), and this can be
converted into an unstable dibromide
by bromination in chloroform solution
at —21° then into a stable isomeric
dibromide which, with silver acetate,
forms a diacetin. The latter is again
brominated, the dibromdiacetin con-
verted into a tetracetin by further
treatment with silver acetate, and the

product hydrolysed (Griner, Comp.
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Rend. 118, 723; Bull. Soc. [3] o,
218). When the unstable dibromide
15 heated to 100 there is formed, with
the stable dibromide above referred to,
another dibromide which, on oxidation
with permanganate, gives the dibrom-
hydrin of natural erythritol from which
the latter can be obtained through the
diacetin and hydrolysis, or by heating
the dibromhydrin with potassium hy-
droxide and then hydrating the di-
hydroxybutane thus obtained by heating
with water (Griner, Comp. Rend. 117,
5535 Bull. Soc. [3] 9, 218; also Thiele,
Ann. 308, 331?{;“ laquenne and Ber-
trand, Comp. d. 133, 1565).

Or the acetylene and ethylene could
be indirectly converted into erythrene
throngh pyrrole as under €, this last
compound being formed among other
products when a mixture of acetylene,
ethylene, and ammonia are passed
through a hot tube (Dewar, Proc. Roy.
Soe. 28, 63).

[B.] From amyl aleokol [22]. Ery-
threne is said to be among the products
formed by passing the vapour through
a hot tube (Caventou, Ann. 127, ¢3),
or by pyrogenic decomposition by pass-
ing the vapour over heated iron (Ipatieff,
Ber. 85, 1053).

[C.] From suceinie acid Fan. I1] and
methyl aleokol [18] through succinimide
(D’Arcet, Ann, Chim. [‘:.E 68, 204 ;
Fehling, Ann. 49, 198; Laurent and
Gerhardt, Comp. Rend. d. Travaux de
Chim. 1849, 108; Menschutkin, Ann.
182, 165; 187 ; 182, 93 ; Bogert and
Eecles, Journ. Am. Ch. Soc. 24, 20),
pyrrole [ Vol 117 by distilling suceinim-
ide with zine dust (Bell, Ber, 18, 877).
N-methylpyrrole (C,H,.N.CH;) by
the action of methyl iodide on potassium
pyrrole (Ciamician and Dennstedt, Ber.
17, 2951), dihydromethylpyrrole (me-
thylpyrroline) by reduction with zine
dust and acetic acid (Ciamician and
Magnaghi, Ber. 18, 725: see also
Knorr and Rabe, Ber. 34, 3491 ; Cia-
mician, f4id. 3952), tetrahydromethyl-
pyrrole  (N-methylpyrrolidine) by
further reduction with |]:I|'{]1'iLH.1iU acid
and phosphorus (C. and M. Fid. 2080),
the methiodide by addition of methyl
iodide, dimethylpyrrolidine  (C,H; .
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by distilling the methiodide
iwa[t?;ﬂai:;lazlsiuym llydrnxﬁie,and dimethyl-
pyrrolidine-methiodide (trimethylpyrro-
lidine iodide; C HT.]";[CHBEIE!} by
addition of met’hﬂ iodide. The latter
compound on distillation with caustic
alkali gives (among other products)
pyrrolylene or erythrene, which can be
treated as under A (Ciamician and

Magnaghi, Ber. 18, 2081 ; 18, 569;

Gazz. 16, 504)-

Or the succinimide can be converted
into dichlormaleinimide by the action
of chlorine at 160° (Ciamician and
Silber, Ber. 18, 2393), perchlorpyrrole
chloride by the action of phosphorus
pentachloride, reduction to tetrachlor-
pyrrole with zine dust and acetic aecid,
conversion into tetraiodopyrrole by heat-
ing with potassium iodide solution, and
reduction to pyrrole with zine dust in
alkaline solution (ldid. 17, 554; 18,
3027), and then through N-methyl-
pyrrole, &e., as above,

lso from suceinic acid thmu%h
methylsuceinimide by distilling the
methylamine [Vol. 11] salt (Menschut-
kin, Ann. 182, g2), conversion into
N-methylpyrrole b)I; distilling with zine
dust, and then as above.

Or indirectly from suceinic acid
through levulic acid by heating with
acetic anhydride (Fittig, Ber. 30,
2148). From levulic acid through
N-methylpyrrole, &c., as below under D.

r sucecinie acid is converted into the
anhydride by heating with acetyl
chloride, the anhydride into mono-
scdium ethyl ester by treatment with
sodinm efhozide in aleoholie solution,
and the ester into succinoyl-ester
chloride (earbethoxypropionyl chloride)
by the action of phosphorns trichloride.
The chloride on treatment with zine
methyl in benzene solution and decom-
position of the product with water
gives ethyl lmvulate, from which the
acid can be obtained by hydrolysis
(Blaise, Bull. Soc. [3] 21, 641 ; 647).
From lwvulic acid as below under D,

Succinic ester and methylethyl ketone
(from acetic and propionic acids) con-
dense under the influence of sodium
ethoxide to form y-ethylidene-y-methyl-
pyrotartaric acid (CH,.CH :C[CH,].
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CH[COOH | . CH, . COOH), which

gives levulic acid on oxidation with
potassinm permanganate (Stobbe, Stri-
gel, and Meyer, Ann. 321, 105).

[D.] From ethyl alcokol [14] and
acetic acid [Vol, 11] by converting the
latter into chloracetic ethyl ester
(Willm, Ann. Chim. [3] 48, 97; Ann.
102, 1cg; Conrad, Ann. 188, 214),
and then into acetylsuccinic ester by
the interaction of ehloracetic ester and
sodio-acetoacetic ester (Conrad, loe. cit.;
Rach, Ann. 234, 36). Acetylsuccinie
ester on boiling with dilute hydro-
chloric acid is converted into g-acetyl-
propionic or levulic (4-pentanonic) acid
(Conrad, Ann.188,222; Ber.11,2177),
the oxime of which (y-isonitrosovalerie
acid) is formed by the action of hydr-
oxylamine on the ketonic acid (Miiller,
Ber. 18, 1618 ; Rischbieth, Ber. 20,
2670). The oxime on heating with
sulphuric acid forms methylsuccinamie
acid (Bredt and Bidddinghaus, Ann.
251, 31g), and the latter on heating
gives methylsuccinimide (/4id. 320),
from which N-methylpyrrole can
obtained by heating with zinc dust as
under C.

Or sodio-acetoacetic ester and ethyl-
ene bromide interact to form brom-
ethylacetoacetic ester, which on heating
with dilute hydrochloric aecid gives
acetylpropyl alecohol. The latter gives
levulic acid on oxidation with chromie
acid mixture (Lipp, Ber. 22, 1197).

Divinyl is among the products
formed by passing the vapour of ethyl
aleohol over aluminium powder heated
to 580-680° (Ipatieff, Journ. pr. Ch. [2]
87, 420).

[E.] From isohexoic acid [Vol. I1] by
long boiling with dilute nitric acid,
which gives the anhydride of a-methyl-
hydroxyglutarie acid =2 : 2-methylpen-
tanoldiacid (Bredt, Ber. 14, 1781).
This anhydride on heating with sul-
phurie acid gives levulic acid (Tollens
and Block, Ber. 19, 707), which can be
treated as under D. ;

The anhydride can also be obtained
from dsohexoic (isobutylacetic) acid
through the anhydride of y-hydroxyiso-
hexoie acid by oxidising the former acid
with potassium permanganate (Bredt,
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Ann. 208, sg)hand boiling the y-hydroxy-
isohexoic anhydride with dilute nitrie
acid ([4id. 62).

[F.] From malonic acid Pf"'ol. I1] and
glycerol [ 48] through allylmalonic acid
by the action of allyl iodide on sodio-
malonic ester and hydrolysis (Conrad
and Bischoff, Ann. 204, 168), allylacetic
acid by heating allylmalonic acid (7#id.
170), and yé-dibromvaleric acid by the
addition of bromine (Messerschmidt,
Ann. 208, 10¢), The dibromo-acid on
boiling with water gives (with much
dihydroxyvaleric acid) levulic acid
(Fittizg and Urban, Ann. 268, 64),
which can be treated as under D.

Or from malonic acid, glyeerol, and
methylamine [ Vol. II] (with ethyl al-
cohol as accessory) through ethylbrom-
propyl malonate by the action of trime-
thylene bromide (see under propylene
glycol [46; A]) on sodio-malonic ester,
Ethylbrompropyl malonate on bromina-
tion gives ethyl-as-dibrompropyl ma-
lonate, and this on treatment with
methylamine yieldsamethylamide which
on hydrolysis gives among other pro-
duets N-methylpyrollidine-2-carboxylic
= hygric n.c:it{ (Willstitter, Ber. 88,
116c; W.and Ettlinger, Ber. 35, 620).
The latter on dry distillation yields N-
methylpyrollidine (Liebermann and Cy-
bulski, Ber. 28, 582), which can be
treated as above under C.

Malonic acid and acrolein [101] from
glycerol condense in presence of pyridine
to form pB-vinylacrylic acid, and this is
reduced by sodium amalgam to allyl-
acetic acid (Doebner, Ber. 85, 1136:
according to Thiele and Jehl, Ber. 35,
2320, the acid thus formed is By-pen-
tenoic acid).

[&.] From acetic acid [Vol. IT], gly-
cercl []43] and ethyl aleokol [114] through
allylacetoacetic ester by the action of
allyl iodide on sodio-acetoacetic ester
(Zeidler, Ann. 187, 33), allylacetic ester
by the action of sodium ethoxide (/0id.
39), allylacetic acid by hydrolysis, and
then as under F.

Or allylacetoacetic ester can be hydro-
lysed to allylacetone (Zeidler, Ann.
187, 35; Conrad, Aon. 192, 153 ; Mer-
ling, Ann. 264, 323), which gives le-
vulie acid on oxidation with potassinm
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permanganate (v. Braun and Stechele,
Ber. 83, 1472).

Or gl{eem] can be converted into
trimethylene bromide (see under propyl-
ene g;]:f’m] L;Lﬁ ; Al)and the latter con-
densed with sodio-acetoacetic ester to
form brombutylmethyl ketone (Lipp,
Ber. 18, 3278). The latter on decom-
position by alkali gives allylacetone (v.
Braun and Stechele, /oc. cif. 1473), which
can be oxidised to lmevulic acid as
above.

Or from acetic acid or ethyl acetate
and acefone [106] through acetylacetone
(see under n-primary amyl aleohol [20;
B; C]). The latter by the action of
ethyl chloracetate on the sodium deri-
vative gives gA-diacetylpropionie ethyl
ester (March, Comp. Rend. 130, 1192},
and this on treatment with strong cauns-
tie soda solution yields levulic acid ([4id.
132, 6g7).

Or sodio-acetylacetone and ethyl-a-
brompropionate (see under aldehyde |92 ;
E]) interact to form Sp-diacetyl-a-me-
thylpropionic ethyl ester, which is de-
composed by alkali as above into le-
vulic acid and ester (March, Joc. cit.
184, 179: see also Ann. Chim. [7] 28,
295).

gﬁlsn from giycersl through allylamine
by the interaction of allyl iodide and
silver eyanate, and decomposition of the
allyl eyanate with alkali (Cahours and
Hofmann, Phil. Trans. 1857, 555; Ann.
102, 301). Allylamine by the action
of ethyl iodide gives ethylallylamine
(Rinne, Ann. 188, 261), and the vapour
of the latter yields (among other pro-
ducts), when passed over heated lead
oxide, pyrrole (Konigs, Ber. 12, 2344),
which can be treated as under C.

Or from glycerol through allyl al-
eohol, allyl chloride (Tollens, Ann. 158,
154 ; Eltekoff, Journ. Russ. Soc. 14,
304), and trimethylene-chlorobromide=
1 : 3-chlorbrompropane (Reboul, Ann.
Chim. [5] 14, 487). The latter by
the action of pofassivm cyanide gives
y-chlorbutyronitrile (Henry, Bull, Soe.
|2] 45, 341; Gabriel, Ber, 28, Ij':?l%,
and the chlornitrile by interaction with
sodinm phenolate yields y-phenoxy-
butyronitrile (Gabriel, Ber, 24, 3231),
which by reduction with sodium In
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alcohol gives 8-phenoxybutylamine, and
the latter on heating with strang hydro-
chloric acid at 180-185" d-chlorbutyl-
amine (Ikid. 3232). On distilling the
amine with potash solution pyrrolidine
is formed (Ibid. 3234 ; Schlinck, Ber. 32,
j025) and the latter might be methy-
“Jated and treated as above under C.

Or from glycerol through allyl aleohol
(see under ethyl aleohol [14; G]), which
probably gives divinyl among the pro-
ducts of pyrogenic eontact decomposition
(Ipatieff, Ber. 85, 1054).

[H.] From levulose [165] through
levulic acid by boiling with dilate
sulphurie acid (Grote and Tollens, Ann.
175, 181) and subsequent treatment as
under D. _ y

[I.] Mannose [156] gives levulic
acid when its phenylhydrazone is heated
with hydmchxiorie acid (Fischer and
Hirschberger, Ber. 22, 370).

[7.] From dextrose [164] through
saccharie acid by oxidation with nitrie
acid or bromine (Trommsdorff, Ann.
8, 36; Guérin-Varry, Ann. Chim. [2]
49, 280; 53, 318; 65, 332; Herzfeld,
Ann. 220, 352; Tollens, Ann. 249,
218). Ammonium saccharate gives
pyrrole on distillation (Bell and Lapper,
Ber. 10, 1g62), and this can be con-
verted into dimethylpyrrolidine, &ec., as
under C.

Or from dextrose through gluconie
acid [Vol. I1], d-arabinose, and d-
erythrose (see under latter P_EE; DJ).
The latter gives i-erythritol on redue-
tion with sodium amalgam (Ruff, Ber.
32, 36497).

[K.l] From diethylamine [Vol. II].
Pyrrole is formed when the vapour is
passed through a hot tube (Bell, Ber,
10, 1868), and can be treated as under C.

[L.] From glutamic acid [Vol. 11]
by converting the acid into pyroglu-
tamic acid by heating to 1g9o°, the
latter on further heating giving pyrrole
(Haitinger, Monats, 8, 228).

[M.] From piperidine [Vol. IT]
through dimeth Ipiperidine by heating
the hydmch]ﬂrigc with methyl aleohol
at ESQ" and decomposition of the
ammonium  chloride derivative by
silver oxide, &e. (Ladenburg, Ber,
18, 2057; Ladenburg, Mugdan, and
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Brzostoviez, Ann. 279, 344). Di-
methylpiperidine hydrochloride when
treated with hydrogen chloride at 220"
is converted into dimethylpyrrolidine
(Ladenburg, Mugdan, and Brzostovicz,
loc, eif.: also Merling, Ann, 264, 310),
which ean be converted into erythrene
as under C, &e.

[N.] Dimethylheplenol [35] gives le-
vulic acid among the products of its
oxidation by chromic acid mixture (Bar-
bier, Comp. Rend. 126, 1424).

[0.] From erofonic aldehyde [102] and
hydrogen cyanide [_1':-'2]. The eyanhydrin
of erotonie aldehyde hydrolyses to a-
hydroxypentenoic acid [CH, . CH: CH..
CH(OH). CDDH], and this on heating
with dilute hydrochlorie acid undergoes
(isomeric) transformation into levulic
acid (Fittig, Ber. 20, 2582 : see also
Lobry de Bruyn, Bull. Soe. [2] 42,
159; Fittig, Ann. 299, 1).

[B.] From furfural [126] through
pyromucie acid by oxidation (Schwanert,
Ann. 114, 63 ; 118, 257 ; Volhard, Ann.
261, 379). The acid on heating with
lime and ammonio-zine chloride gives
pyrrole (Canzoneri and Oliveri, Gazz.
16, 487). From pyrrole to erythrene
as above under C.

[Q.] Methylheptenone [111] on oxida-
tion with potassium permanganate gives
a ketone glycol which, on further oxida-
tion with chromie and sulphurie acid,
yields (with acetone) levube acid (Tie-
mann and Semmler, Ber. 28, 2128).

[R.] From d-erythrose [162] by re-
duction as above under J.

[8.] dzelaic acid [Vol. I1] gives ery-
threne among the products of its dis-
tillation with soda-lime (Miller and
Tschitschkin, Journ. Russ. Soe, 81, 414 ;
Ann. 807, 375).

[T.] From glucomie acid [Vol. 1I]
through d-arabinose and d-erythrose as
above under J.

[U0.] From pgrrele [Vol. II] and
methyl aleokol [13] as above under C.

[V.] [lsopropyl aleokol I[IB] gives
divinyl (erythrene) among the products
of pyrogenic contact decomposition (Ipa-
tieft, Ber. 85, 1056).

Note:—Thea bicchemical produst, d-erythru-

lose [152]), obtained from i-erythritol by the
action of the sorbose Baclerium, gives with the
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:-]l::;;z]i;e_rfthritul, another modification, d-ery-
H OH
i
HO.H,C.C.C.CH,, 0H

I

H HO
on reduction (Bertrand, Comp. Rend. 130,
1472). A partial synthesis of l-erythritol start-

ing from l-xylose has been effected by Maquenne
(Comp. Rend. 130, 1402).

51, Mannitol ;
1:2:3:4:5:6-Hexanehexol,

H H HOHO
m.n,c_éi_H_%_cu,.mx

HOHO H H
(Dextro-modification).

NATURAL SoURCcES.

Mannitol is widelydistributed through-
out the vegetable kingdom. Oceurs in
“manna,” the thickened sap of the
manna ash, Frazinws ornus = Ornus
europea and 0. rotundifvlia (Proust,
Ann. Chim, 57, 143 ; Tanret, Bull. Soc.
[3]127, 947); in Australian manna from
styoporum platycarpum (Flickiger, Ch,
Zeit. 18, 185) ; in root of monkshood,
Aconitum  napellus (Smith, Jahresber,
1860, 535); in celery, Apium graveolens
(Payen, Ann. 12, 60; Monteverde, Ann.
Agronom. 19, 444), parsley (Monte-
verde, foe. cit.), and pomegranate root
(Boutron-Charlard and Guillemette,
Journ. Pharm. 21, 16g); in leaves and
twigs of lilac, Syringa vulgaris (Roussin,
Jahresber. 1851, s550; Ludwig, fhid.
1857, 503: see also Monteverde, foc.
eit.); in bark of Canella alla (Meyer
and Reiche, Ann. 47, 234 ; Petroz and
Robiquet, Journ. Pharm. 8, 198), and
of ash, Frazinus excelsior (Rochleder
and Sehwarz, Ann. 87, 186).

Mannitol exists also in the sap of
Conifere such as Pinus and dbies, Ke.
(Kachler, Monats, 7, 410); in coffee
berries (Bonssingault, Comp. Rend. 91,
63g) and berries of Ephedra distachya
(Meunier, Ann. Chim. [6] 22, 412) ; in
fruit of cherry laurel, Prunws laurocerasus
(Vineent and Delachanal, Comp. Rend.
114, 486) ; in olives (De Luea, Jahres-
ber. 1861, 740 ; 1862, 505; Bull. Soc.
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1883, 372) ; in pine-apple (Lindet, 4id.
[2] 40, 65), and in the fruit of Cactus
opuntia (Berthelot, Ann. Chim. [ 3]
48, 66). The ‘manna’ of olives is an
exudation resulting from a bacterial
disease of the cambium layer and con-
tains 52 per cent. of mannitol (Trabut
and Schweinfurth, Comp. Rend. 132,
225 : see also Battandier, Journ. Pharm.
[5?13,1??}

Mannitol occurs in the cambium layer
of larch, Lariz europea, and other Coni-
ferm ; in the water dropwort, Enanthe
crocata ; in Meum athamanticum ; Poly-
podium vulgare ; Scorzonera hispanica ;
Triticum repens; root-bark of Punica
granatum ; in leaves of privet, Ligustrum
vidgare ; n fruit of Lawrus persea, and
in leaves of the cocoanut palm, Cocos
{11;;51‘#; (Watts’s Dict. Morley and Muir,

. 189).

Mannitol oceurs also in the tubercles
of Cyclamen eurapeum (De Luca, Comp.
Rend. 47,295 ; 87, 297 ; Bull. Soc. [2]
82, 417). The mannitol complex ap-
pears to be contained in eyelamin, the
glucoside oceurring in this and other
species of Cyelamen and in Primulaces.

Mannitol has been found in certain
Scrophulariacem (272 species) of the
genera Rhinanthus and Fuplrasia and in
some Orobancheacem, Oleaces, and Um-
belliferse (Monteverde, Ann. Agronom.
19, 444 ; Journ. Ch. Soc. @8, 1I, abst.
25) ; in leaves and bark of Genipa brasi-
liensis (Kwasnik, Ch. Zeit. 18, mgg;
in leaves and bark of Basaracantha
spinosa,var, ferox (Griitzner and Pecholt,
Arch. Pharm. 283, 1); in leaves of
Catha edulis (Beitler, 14id. 289, 17); In
sap of the sea buckthorn, Hippophaé
rhamnoides (Erdmann, Ber. 82, 3353).

A true manna found on Andropogon
annulaius contains 58 per cent. manni-
tol (Baker and Smith, Journ. and Proe.
Roy, Soc. N. 8. Wales, 80, 291). The
lichens Physcia (Xanthoria) parieting and
Callopisma vifellinum contain mannitol
(Zopf, Ann. 800, 354 ; for the former
Zopf quotes Lilienthal).

Mannitol occurs in algee and fungi:—
Laminaria saccharine (Stenhouse, Ann.
61, 349; fussula infegra (= Agaricus
integer) to the extent of 20 per cent.
(Thorner, Ber. 12, 1635); Jlaclaring
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latter by fractional erystallisation of
the morphine or strychnine salt is re-
solved into d- and l-mannonic acids,
The d-acid on reduction with sodinm
amalgam in acid solution gives d-man-
nose Tlsﬂ] , and by further reduetion of
the latter with sodium amalgam in
alkaline solution d-mannitol (Fischer
and Hirschberger, Ber. 21, 1808 : see
also Ber, 28, 2133).

[B.] Glycerol|48] when heated with
dehydrating agents, such as acid potas-
sinm sulphate, yields acrolein [101]
(Redtenbacher, Ann. 47, 120; Aronstein,
Ann. Supp. 8, 180; Van Romburgh, Bull.
Soc. [2] 88, 550; Griner, Ann. Chim.
[6] 28, 367; Wohl and Neuberg, Ber.
32, 1352), which combines with bromine
to form acrolein bromide = 2 : 3-di-
brompropionic aldehyde (Aronstein, {oe.
eif, 185; Henry, Ber. 7, 1112; Linne-
mann and Penl, Ber. 8, 10g97). The
latter on treatment with baryfa water

oives a product from which the osazone -

of a-acrose can be isolated (Fischer and
Tafel, Ber. 20, 1092 ; 2566) and con-
verted into mannitol as under A.

Glycerol can also be directly oxidised
by means of bromine in presence of
sodium carbonate solution (Fischer and
Tafel, Ber. 20, 3385), the ‘glycerose’
thus obtained giving rise by the action
of alkali to a mixture of sugars from
which a-acrose can be isolated and
treated as above.

Nore :—According to Neuberg (Ber. 35, 2632)
acrose partly consists of d-fructose. Glycerose
is a mixture of dihydroxyacetone and glycerie
aldehyde, the former predominating (sce under
dihydroxyacetone [151 ; D]).

[C.] Acetone [108] gives a dibromide
(C,H,O . Br,) by the action of bromine,
this compound on distillation giving
acrolein (Linnemann, Ann. 125, 310),
which ean be converted into a-acrose,
&ec., as under B.

[D.] From demtrose [154] by reduc-
tion with sodium amalgam (Dewar,
Phil. Mag. 4, 39; Adrian Brown,
Trans, Ch. Soc. 51, 642 ; Bouchardat,
Bull. Soc. [2] 18, 38). The yield is
emall.

[E.] From levulose [155]{!1;{ redue-
tion with sodinm amalgam (hrusemann,
Ber. 9, 1465 ; lischer, Ber, 23, 3684).
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The yield is 30-40 per cent. of the
levulose, about 50 per cent, of sorbitol
being formed simultaneously.

[F.] From wmannose [168] through
levulose (see under sorbitol [52; CJ),
and then as above under E,

[G.] From fartaric acid [Vol. I1I]
through dihydroxymaleie acid by oxida-
tion with hydrogen peroxide in presence
of ferrous salts. The acid referred to
decomposes in aqueous solution with
the formation of glycollie aldehyde, and
the latter, on heating in vacuo at 100°
polymerises to a mixture of a- and 8-
acrose (Fenton, Trans. Ch. Soc. 85,
899; 87, 48; 774; 69, 546; 71, 375;
Jackson, flid. 77, 129). The polymeri-
sation of the aldehyde takes place in
presence of dilute caustic soda at o
(Jackson, foc. eitf.).

[H.] From acefal [93] through gly-
collic aldehyde (see under furfural [1286 ;
F]), and then as above.

1.] From ethy! aleokol [14] through
lycollic aldehyde (see under furfural
128; G]), and then as above.

[7.] From choline [Vol. 11] through
glyeollic aldehyde (see under furfural
[126; H]), and then as above.

[K.] Gluconic acid [Vol. 117 has been
said to give mannitol on reduction with
sodium amalgam in acid solution (v.
Wachtel ; Tollens, ¢ Kohlenhydrate,” I1,
282; Fischer, Ber. 23, g30: see also
Herzfeld, Ann. 220, 335)-

52. Sorbitol ; Hexanehexol.
HOH HOHO

J= |
HO . H,0—0— c—é-c_cn, OH

T
IlIHGHH

[Dn:tru-mudiﬂentiun].

NATURAL SOURCES.

In berries of mountain-ash (Boussin-
gault, Ann, Chim. fq} 26, 376; Hitze-
mann and Tollens, Ber, 23, 1048) ; n
apples, pears, medlars, plams, and
cherries (Vincent and Delachanal,
Comp. Rend. 108, 354; 108, 676;
114, 486 ; Bull. Soc. i‘l] 34, 218), and
in beet-sugar molasses (v. Lippmann,
Ber. 25, 3216).
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laurocerasus (Tilden, Pharm. Journ. [3]
5, 761).

Benzyl acetate is the chief constituent
of the ethereal oil of jasmine from
Jasminum  grandiflorum  (Hesse and
Miiller, Ber. 82, 565; 765; Hesse,
Ihid. 2611 ; 33, 1585; 34, 291; 2916:
see also E. Erdmann, Ber. 84, 2281).
The free alcohol occurs also in this oil
(Hesse and Miuller, loc. eif., 765 ; Hesse,
Ibid. 2619 ; Ch. Ind. 25, 1).

The lower boiling fraction of the oil
of cassia flowers from Acacia farnesiana
probably contains benzyl alechol (Schim-
mel’s Ber. April, 1go1). The alcohol
lias been found in considerable quantity
in the distillation water from ylang-
ylang essence (v. Soden and Rojahn,
Ber. 84, 280g). It is contained in this
last oil prnba%ly as benzyl salicylate and
benzoate (Schimmel’s Ber. Oct. 1g071).
The chief constituent of the oil of
(Gardenia is benzyl acetate (Parone,
Boll. Chim. Farm. 41, 489; Ch. Centr.

1602, 2, 703)-

SYNTHETICAL PROCESSES.

[A.] From acetylene through benzene
(see under cymene [6; A]). Benzene
can be converted into toluene by treat-
ing brombenzene and methyl iodide with
sodium (Fittig and Tollens, Ann. 131,
303), or by passing methyl chloride
info benzene containing aluminium
chloride (Friedel and Crafts, Ann.
Chim. [6] 1, 460; 11, 264). .Toluene
cives benzyl aleohol among the pro-
duets of its oxidation by manganese
dioxide and sulphuric acid (Weiler, Ber.
88, 464), and benzyl acetate by oxida-
tion with chromie acid or potassium
permanganate in acetic acid solution
(Boedtker, Bull. Soc. [3] 25, 843).

Toluene is converted into benzyl
chloride by passing chlorine into the
boiling liquid (Cannizzaro, Ann. Chim.

3] 45, 468; Beilstein and Geitner,
Ann. 189, 337 : see also Lauth and
(irimaux, Bull. Soc. [1} 7, 105), or at
ordinary temperatures by chlorinating
in sunlight (Schramm, Ber. 18, 6o8).
jjgn:;,:g] chloride can be converted 1I_|h:l
benzyl alcohol by treatment with
potassium acetate and subsequent hydro-
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lysis (Cannizzaro, Ann, 98, 246 ; Seelig,
Journ, pr. Ch. [2] 38, 167), by heating
with a solution of potassium carbonate
(Meunier, Bull. Soc. [2] 88, 159), with
water and lead hydroxide (Lauth and
Grimanx, Ann. 143, 81), or with water
only (Niederist, Ann. 196, 353). Ben-
zyl acetate is formed by the interaction
of benzyl chloride and lead acetate
(Bodroux, Bull. Soc. [3] 21, 288).

Also from acetylene through ethylene
(see under ethyl alcohol [14; A]), ethy-
lene chloride, vinyl chloride by alcoholic
potash (Regnault, Ann. 14, 28), and
chloracetaldehyde by the action of
mercurie oxide on vinyl chloride (Glin-
sky, Zeit. [2] 8,678 ; 4, 617; 8, 647).
The aldehyde by treatment with Aydro-
gen cyanide [172] and hydrochlorie acid
gives [-chlorlactic acid ([éid. 1[111, 8,
515; Frank, Ann. 208, 344), which 1s
converted by silver oxide into glycerie
acid (Frank, loc. cit. 348). The latter
gives pyrotartaric acid as under F,
citrabrompyrotartaric acid and allylene
as under N, mesitylene, uvitic acid, and
toluene as under D.

Nore :—All generators of ethylene thus be-
coma generators of toluene and of benzyl
aleohol.

[B.] Benzoic aldehyde [114] on treat-
ment with caustic alkali gives benzyl
alecohol and benzoic acid (Cannizzaro,
Ann. 88, 129; Meyer, Ber. 14, 2304 ;
Ch. Soe.
75, 1155; Raikoff and Raschtanoff,
Ch. Centr. 1go2, 1, 1212), oOr benzyl
alcohol by reduction with sodium amal-
gam (Friedel, J ahresber. 1862, 263 ;
Bull. Soc. 1862, 18). Also from benzoie
aldehyde through toluene by heating
with hydriodic acid (Berthelot, J ahres-
ber. 1887, 346), and then as under A.

Or benzaldoxime or hydrazone gives
benzylamine on reduction with sodium
amalgam and acetic acid, or by electro-
lysis (Goldschmidt, Ber. 18, 3233;
Tafel, fhid. 1928 ; Tafel and Pfeffer-
mann, Ber. 85, 1510). Benzylamine
may be converted into benzyl alcohol
by the action of nitrous acid (see Curtins,
Ber. 17, 958).

Note :—For generators of benzylaming Bo@
also under benzyl mustard oil [168].
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[C.] Benzoic acid [Vol. IT] gives
benzyl aleohol on reduction with sodium
amalgam (Herrmann, Ann. 132, 70 ;
138, 335)- i

Beﬁg;] chloride by reduction with
sodium amalgam in presence of hydro-
gen chloride, or by reduction with
sodium amalgam alone in moist ethereal
solution, gives benzyl alcohol (Lipp-
‘mann, Zeit. [2] 1, 700; Bull. Soe. [2]
4, 249 ; W. H. Perkin, junr., and Sud-
borough, Proc. Ch. Soe. 10, 216).

The following synthetical products
are generators of toluene, and therefore
of benzyl alecohol under A :—

Generators of Toluene through Mesitylene
and Uvitic Aeid.

[D.] Aeetone [108] on treatment with
sulphuric acid condenses to mesitylene
(Kane, Phil. Trans. 44, 474 ; Hofmann,
Journ. Ch. Soe. 8, 104 ; Cahours, Comp.
Rend. 24, 255; Varenne, Bull. Soc. [2]
40, 266 ; Fittig and Brickner, Ann.
147, 42 ; Omdorff and Young, Am. Ch.
Journ. 15, 24¢ ; Meyer and Molz, Ber.
29, 2831 ; Luecas, ifud. 2884; Kister
and Stallberg, Ann. 278, 210; Noyes,
Am, Ch., Journ. 20, 8c7). Mesitylene
on oxidation with nitric acid gives uvitie
acid (Fittig and v. Furtenbach, Zeit. [2]
4, 1; Ann. 147, 295), and the latter on
distillation with soda-lime yields toluene
(Baeyer, Zeit. [2] 4, 119).

] Normal and isopropyl aleofiols
[15; 18] through propylene (see under
glycerol [48; A]), propylene bromide,
allylene by the action of aleoholic potash
on the latter (Markownikoff, Ann. 118,
332 : see also Valentin, Ber. 28, 2664),
mesitylene by the action of sulphurie
acid on allylene (Schrohe, Ber. 8, 17;
Michael, Journ. pr. Ch. [2] 60, 441),
and then as under D.

Or indirectly through propylene brom-
ide and eyanide, pyrotartaric acid by
hydrolysis of the latter (Simpson, Ann,
121, 161), and then through eitrabrom-
pyrotartaric acid as under N and ally-
lene as under M,

Propylene also forms a compound
with mercurie sulphate in acid solution
which readily decomposes with the for-
mation of acrolein [101] (Deniges, Comp.
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Rend. 128, 1145). The latter oxidises
readi]y to acrylic acid, which can be
converted into a-chlorlactic acid, glyceric
acid, pyrotartaric or pyroracemic acid,
allylene, &c. (see under F, I, M).

Nore :—All the generators of propylens re-
ferred to under glycersl [48; B; C; D; B;
F; G, &e¢.] can be regarded as sources of allyl-
ene as abave,

[F.] Giycerol [48] gives rise to allyl
alcohol or iodide (see under ethyl alco-
hol [14 ; G| and under isobutyl aleohol
[18; D]), either of which can be con-
verted into allyl chloride (Oppenheim,
Ann. 140, 205; Tollens, Ann. 158,
154 ; Eltekoff, Journ. Russ. Soe. 14,
394). The latter on heating with strong:
aqueous hydrochloric acid at 100" gives
propylene chloride (Reboul, Ann. Chim.
[5] 14, 453), which by the action of
aleoholic potash yields a mixture of a-
and B-chlorpropylene (léud., loe. eif,
462), the latter on further treatment
with aleoholic potash giving allylene
(Friedel, Ann. 134, 262), which can be
converted into mesitylene and toluene
as under E and D.

Or the allyl iodide can be converted
into allyl cyanide by the action of
potassium  cyanide PTEPI (Claus, Ann.
131, 58 ; Rinne and Tollens, Ann. 159,
106), and then into a-crotonic acid by
heating with potash solution (Will and
Kirner, Ann. 125, 273). The erotonie
acid can be converted into allylene as
under G.

Or the allyl iodide can be converted
into pyrotartaric (methylsuecinic) acid
by heating with aleoholic potassinm
cyanide and decomposition of the product
with potash (Claus, Ann. 181, 37; Ber.
6, 612 ; Huler, Ber. 28, 2952). The
pyrotartaric acid can be converted into
citrabrompyrotartaric acid and then into
allylene as under N.

Glycerol on oxidation with nitric acid
(Debus, Phil. Mag. [4] 15, 195 ; Ann.
108, 79 ; Sokoloff, [iid. g5; Mulder,
Ber. 9, 1902; Beilstein, Ann. 120,
226), with bromine and water (Barth,
Ann. 124, 341) or mercuric oxide in
presence of barinm hydroxide (Born-
stein, Ber. 18, 3357) gives glyceric acid
which on dry distillation yields, among
other products, pyrotartaric acid (Mol-
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denhauer, Ann, 131, 337; 339; Bit-
tinger, Ann. 196, g2), which can be
treated as above. Glycerie acid also
gives among the products of its dis-
tillation (with acid potassium sul-
phate) pyroracemic acid (Moldenhauer,
Ann. 181, 337; Bottinger, Ann.198, 92),
which can be converted into uvitic acid,
&e., as under I, (For preparation of
glycerie acid from glycerol by oxidising
with nitric acid in presence of red lead
see Zinno, Ch. Centr. 1898, 1, 26 ; also
Waohlk, Journ. pr. Ch. Eﬂr] 81, 200: b
alkaline silver chloride, Cazeneuve, Bull.
Soe. [3] 16, 763.)

r from glycerol through epichlor-
hydrin by the action of hydrochloric
acid (Berthelot, Ann. 82, 302; Ann.
Chim, [ 3] 41, 299 ; Hibner and Miiller,
Zeit. [12 8, 344 ; Watt, Ber. 5, 257 ;
Reboul, Ann. Suppl. 1, 221 ; Tollens
and Miinder, Zeit. [2] 7, 252 ; Prevost,
Journ. pr. Ch. [2]18, 160; Claus, Ber.
10, 557 ; Cloéz, Ann. Chim. [6] 8, 145).
Epichlorhydrin condenses with Aydrogen
cyanide [172] to form a nitrile which
gives crotonie acid on reduction with
hydriodic acid (Lespieau, Comp. Rend.
127, 965 ; 129, 224).

Or from glyeerol through aerolein
[101} (see under mannitol [61; B]),
acrylic acid (Wahlk, Journ, pr. Ch. [2]
81, 200), a-chlorlactic, glycerie, pyro-
tartaricacids,and allylene as above under
E. Or from acrolein through 3-chlor-
propionic aldehyde and acid and aeryhe
acid (Geuther and Cartmell, Ann. 112,
{g; Krestownikoff, Jahresber. 1880, 6¢6;
Nohlk, loc. cit.).

Or from glycerol through allyl alco-
hol (see under ethyl aleohol [14; &]),
of-dibrompropyl aleohol, af-dibrom-
propionic acid and acrylic acid (Bil-
mann and Wohlk, Journ. pr. Ch, [2]
81, 199 ; 215), and then as above. Or
from ap-dibrompropionic acid to gly-
ceric acid as under O below. Or from
allyl alcohol through glyoxal (172;
BB), and, by means of Aydrogen eyanide
Ll‘:-'ﬂ], the mitrile of pyroracemic acid as

elow under H. _

[G_] Malonic acid I_VDL I1 ], paratde-
Ayde (by polymerisation of acetaldelyde
[92]), and glacial acetic acid [Vol, llj
when heated to 100" give a-crotonic
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(2-butenoic) acid (Komnenos, Ann. 218,
1419). The latter combines with hypo-
chlorous acid to form a-chlor-3-hydroxy-
butyric acid (Erlenmeyer and Miiller,
Ber. 15, 49; Melikoff, Ann. 284, 1g8).
This acid on heating with strong aqueous
hydrochloric acid at 100" gives af-di-
chlorbutyric acid (Melikoff, loc. eif.
2¢1), which, by heating with excess of
aqueous alkali, yields a-chlorisopropyl-
ene (Wislicenus, Ann. 248, 2¢7). The
latter on heating with aleoholic potash
gives allylene which can be treated as
above.

Or crotonie acid (ester) is condensed
by sodium ethoxide to form dicrotonie
ester from which the acid ean be ob-
tained by hydrolysis. Dicrotonic acid
gives on oxidation with alkaline per-
manganate methylsuceinic = pyrotar-
taric acid (v. Pechmann, Ber. 88, 3323),
which can be converted into ali;ﬁene,
&c., as under W below.

Or malonic acid (ester) can be con-
verted into methylmalonic ester by
sodium and mefhy! iodide. 'The sodinm
derivative of methylmalonic ester inter-
acts with ethyl chloracetate to form
a propanetricarboxylic ester, the acid

= a-methylethenyltricarboxylic acid)
from which gives pyrotartaric acid on
hydrolysis ( Bischoff and Kuhlberg, Ber.
23, 635).

Or from diethyl malonate, aldehyde,
and acetic anhydride through ethyli-
denemalonic ester, g-cyanobutyrie acid,
and pyrotartaric acid (see under n-propyl
aleohol [15 ; T]}.

[H.] deetic aldelyde[92] by the action
of chlorine gives butyrochloral =2:2:
3-trichlorbutanal (Kriimer and Pinner,
Ber, 8, 383; Pinner, Ann. 179, 26),
which, by oxidation with nitric acid,
yields aa3-trichlorbutyric acid (Krimer
and Pinner, foc. cit. 38g ; Judson, Ber.
3, 785; Garzarolli, Ann.182,181). The
latter on reduction with zine and water
(Sarnoff, Ann. 184, ¢ i} %ivm&l a-chlor-
crotonie acid, which, by heating with
aqueous hydrochlorie acid, yields ag-
dichlorbutyric acid (Merlikoff, Ann.
234, 201). The latter can be converted
into allylene, &e., as under G.

uaf-Trichlorbutyric acid also decom-
poses on heating the aqueous solution
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of the sodium salt with the formation
of aa-dichlorpropylene; the latter on
heatine with alcoholic potash at 150
gives allylene (Valentin, Ber. 28, 2661).
Butyrochloral also on treatment with
caustic alkali gives an allylene dichloride
which yields allylene by the action of
sodium (Krimer and Pinner, Ann. 158,
47 ; Pinner, Ann. 179, 44 ; Ber. 8, 898 ;
14, 1081). The aaf-trichlorbutyric acid
also gives the same allylene dichloride
when the silver salt is boiled with water
(Ldid.). i

Or aa@-trichlorbutyric acid by the
action of caustic potash givesa3-dichlor-
erotonic acid (Garzarolli, Ber. 8, 12c9)
which, on heating with zinc and water,

ields tetrolic acid (Szenicand Taggesell,

er. 28, 1671). The latter decomposes
at 210° witil the formation of allylene
(see below under I).

Or the acetic aldehyde can be con-
verted into erofonic aldefyde [102] (see
under normal butyl aleohol [17; GJ)
and the latter oxidised to a-crotonic acid
(Kekulé, Ber. 8, 604; Zeit. [2] 8, 705),
which can be eonverted into allylene, &e.,
as under G.

Motk :—0Other generators of crofonic aldehyde
[102] are given under that compound, viz
wmalic acid, acetylens, firniis and acelic ssters.

Or acetic aldehyde and Aydrogen
eyanide[172 | give a eyanhydrin which by
the action of phosphorus pentachloride
{i&]ds a chloreyanhydrin, and this by
1ydrolysis a-chlorpropionicacid (Michael
and Garner, Ber. 34, 4049). The latter
on heating with barium hydroxide gives
acrylicaeid (14id. 4050). From the latter
through a-chlorlactie acid, glyceric acid,
&e., as above under B, F, &ec.

Or from the aldehyde through glyoxal
(see under hydrogen cyanide ﬁ.'}'ﬂ; 0]):
the latter combines with hydrogen
cyanide to form pyroracemic nitnile,
from which the acid can be obtained
and freated as under I below.

[1.] From ethyl aleokol [14] and acefic
acid through acefoacetic ester [Vol. 1I],
which gives a-crotonic acid by reduction
with sodium amalgam (Beilstein and
Wiegand, Ber. 18, 482). The acid can
be converted into allylene as under G.

Ethyl alcohol on treatment with iodine
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in the presence of alkali gives iodoform,
which by the action of sodinm ethylate
yields acrylic acid (Butleroff, Ann, 114,
204). The latter combines with hypo-
chlorous acid to form a-chlorlactic acid
(Melikoff, Ber. 12,2227), which by treat-
ment with silver oxide gives glyceric
acid (Ihid. 18, 272): from the latter
pyrotartaric acid, citrabrompyrotartaric
acid, allylene, &e., can be obtained as
under F and M.

Ethyl ether (from ethyl aleohol) on
chlorination gives dichlorether (D’ Arcet,
Ann. 28, #2; Malaguti, Ann. Chim.

2] 70, 338; [3]16, 5; 19; Regnault,
bid. [2]71, 392; Lieben, Ann. 111, 121 ;
123, 130; 188, 287; 141, 236 ; 1486,
180; 150, 87 ; Abeljanz, Ann. 164,
1g7), which by the action of strong sul-
phuric acid yields chloracetaldehyde
(Jacobsen, Ber. 4, 216). The latter
can be converted into g-chlorlactic acid,
glyceric acid, &c., as under A.

Or ethyl alecohol can be converted
into chloracetal by ehlorination (Lieben,
Ann. 104, 114), and the latter into
chloracetaldehyde by heating with acetic
acid, dilute sulphurie, or dry oxalic acid
(Natterer, Monats. 8, 446). The
chloracetaldehyde is treated as above.

Or ethyl alcohol ean be converted
into ¢hloral by chlorination, into chloral
eyanhydrin (Hagemann, Ber. 5, 151;
Pinner and Bischoff, Ann. 179, 77;
Pinner, Ber. 17, 19g7), trichlorlactic
acid by hydrolysis (Pinner and Bischoff,
loe. cit. 159 ; Pinner, loc. cit.), dichlor-
acetaldehyde by heating the sodium salt
with water (Reisse, Ann. 267, 331),
dichlorlactic acid by forming the eyan-
hydrin of dichloracetaldehyde and hydro-
lysing (Grimaux and Adam, Ber. 10,
go3; Bull.Soe.[2]34, 29),chloracetalde-
hyde by heating sodium dichlorlactate
with water (Reisse, Ann. 267, 335), and
then as above.

Or ethyl alcohol can be converted
into ethyl cyanide (propionitrile: see
under normal propyl aleohol [[15; Al),
aa-dichlorpropionie acid by chlorination
of the nitrile and hydrolysis (Otto, Ann.
132, 181 ; Beckurts and Otto, Ber.
8, 18%7), pyroracemic (propanonic) acid
by heating dichlorpropionic ester with
water or the acid with water and silver
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oxide (B. and O., Ber. 10, 264; 18,
228).  Pyroracemic acid gives pyro-
tartaric acid among other products by
heating to 100" with hydrochloric acid
or to 170" per se (De Clermont, Ber.
8, 72 ; Bottinger, Ber. 9, 837; 1823;
Ann. 188, 308 ; De Jong, Ree. Tr. CSEL
20, 81; 21, 191 : see also Wolff, Ann.
817, 22). Pyrotartaric acid can be con-
verted into allylene, mesitylene, &c., as
above.

Or (more directly) pyroracemic acid
gives uvitie acid, among other products,
on boiling with baryta water (Finckh,
Ann. 122, 184 ; Béttinger, Ann. 172,
241 ; 253; 188, 313; 208, 129 ; Wolff
and Heipp, Ann. 805, 125; 152), which
acid can be converted into foluene, &e.,
as under D.

Or uvitie acid may be synthesised by
heating a mixture of pyroracemic acid
and acetic aldelyde [92] with baryta
water (Doebner, Ber. 23, 2377).

Acetic and pyroracemic acids are also
generators of toluene through phthalide-
dicarboxylic acid (see under cymene [6 ;
IX|).

::natic acid can be converted into
acetyl cyanide by the interaction of
acetyl chloride and silver eyanide (Hib-
ner, Ann. 120, 334 ; 124, 315); the
eyanide on hydrolysis gives pyroracemic
acid (Claisen and Shadwell, Ber. 11,
620; 1563), which yields uvitic acid,
&c., as above.

Acetoacetic ester by the action of
nitrous acid gives isonitrosoacetone
(Meyer and Ziiblin, Ber. 11, 695;
Ceresole, Ber. 16, 1328), which, by the
action of acetyl chloride, yields acetyl
eyanide (Claisen and Manasse, Ber. 20,
2196). The latter can be converted into
pyroracemic acid as above,

Acetoacetic ester by the interaction
of the sodium derivative and a-brom-
propionie ester (Friedel and Machuea,
Ann. 120, 286 ; Comp. Rend. 53, 408 ;
Bischoff, Ann. 208, g319; Zeliusky,
Ber. 20, 2026) gives F-methylaceto-
suceinie ester (Conrad, Ann. 188, 226 ;
Bischoff, foc. cif. 320): the latter on
treatment with aleoholic potash yields
I}}'rﬂtﬂ-rtﬂﬁﬂ acid {UDI] I'EH],. loe. cil. 22?}:

Or by the interaction of ehloracetic
ester and sodio-acetoacetic ester aceto-
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succinic ester is formed (Conrad, e, eif.
218 ; Rach, Ann. 234, 36), which by
the action of sodium and mefdyl iodide
gives a-methylacetosuccinic ester (K ress-
ner, Ann. 192, 135) : the latter on treat-
ment with alecholic potash also yields
pyrotartarie acid (lbid. 138).

Or the a- and g-methylacetosuccinie
esters on heating with hydrochloric acid
give B-acetylbutyric and g-acetylisobu-
tyric acids respectively (Bischoff, Ann,
2086, 319 and 331). Both these acids
on oxidation with dilute nitrie acid yield
pyrotartarie acid (fbid. 337) with other
products.

Acetoacetic ester also by the action
of methyl 1odide on its sodium deriva-
tive gives methylacetoacetic ester, which
by the successive action of bromine and
alcoholic potash yields mesaconic acid
(Demargay, Ann. Chim. [5] 20, 473 ;
Gorboff, Journ. Russ. Soc. 19, 605 ;
Cloéz, Bull. Soc. [2] 8, 598 and 6oz;
Wolf, Ann. 260, 8g ; Ssemenoff, Journ.
Russ. Soc. 28, 430; 80, 1ocg; Conrad,
Ber. 82, 1c05). Potassium mesaconate
solution gives allylene on electrolysis
(Aarland, Journ. pr. Ch. [2] 7, 142).

Acetoacetic ester by the action of
phosphorus pentachlonde gives a mix-
ture of 3-chlor-a- and g-crotonie acids
(Frolich, Zeit. [2] 6, 270; Geuther,
thid. [21 7,237 ; Autenrieth, Ann. 259,
259; Fittig, Ann. 288, 13). Both
these acids by the action of potassium
hydroxide give tetrolic (2-butinic) acid
(Geuther, foc. cif, 245; Friedrich, Ann.
219, 319, 342; Kahlbaum, Ber. 12,
2338; Fittig and Clutterbuck, Ann.
268, gf : see also Desgrez, Bull. Soc.
[3] 11, 391). Tetrolic acid is decom-

at 210° into carbon dioxide and
allylene.

[3.] Allyl isothiocyanate [168 | by the
action of zine dust is converted into
allyl eyanide (Schwarz, Ber. 16, 25¢8),
which can be converted into a-crotonie
acid, allylene, &e., as under F. Water
also in contact with allyl isothiocyanate
gives allyl cyanide (Will and Korner,
Ann. 128, 272).

[K.] From wormal bulyrie acid [Vol.
IT| through the a-bromo-aeid (see under
n-propyl alcohol [16 ; P|), which gives
crotonie acid when the ethyl ester 1s
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SYNTHETICAL PrROCESSES,

[A.] From phenol [80] through p-
hydroxybenzaldehyde [118] by the action
of chloroform in the presence of caustic
alkali, the o-hydroxy-aldehyde being
also formed (Reimer and Tiemann, Ber.
8, 824; Tiemann and Herzfeld, Ber.
10, 63), and reduction of the aldehyde
with godium amalgam and dilute sul-
phuricacid (Biedermann, Ber. 18, 2374).

Also from phenol, together with sali-
genin, by the action of formic aldehyde
in the presence of alkali (see under
saligenin [55; E]).

B.] Parahydrozylenzoic acid [Vol.
IT|, by heating its ethyl ester with
aqueous ammonia, is converted into p-
hydroxybenzamide (Hartmann, Journ.
pr. Ch. [2] 18, 50), and the latter on
reduction with sodinm amalgam in acid
solution gives p-hydroxybenzyl aleohol
(Hutchinson, Ber. 24, 1%5; Auwers
and Daecke, Ber. 32, 3373).

57. Phenylethyl Alcohol; Benzyl
Carbinol; 1°-Phenethylol.

C,H,.CH,.CH,.OH
NATURAL SOURCES.

In small quantity in the steam distil-
late from German oil of rose (v. Soden
and Rojahn, Ber. 83, 1720 3063 ; Wal-
baum and Stephan, ffid. 2305; v. 8.
and R. Ber. 84, 2803). Indred and in
fresh rose petals [%Va,lhaum, Ber. 33,
1go4 ; 229g), and to a small extent in
Bulgarian oil of rose (v. Soden and
Rojahn, Ber. 88, 3065).

In the aqueous distillate from orange
flowers (Hesse and Zeitschel, Journ.
pr. Ch. [2] 84, 245). Esters of this
alcohol occur in  Irench néroli il
(Schimmel’s Ber. Oect. 190z; Ch.
Centr. 1gc2, 2, 1208).

SYNTHETICAL PROCESSES.

[A.] From phenylacetic and formic
acids | Vol. IT] by distilling a mixture
of the calcium salts (Cannizzaro, Ann,
119, 254) which gives a-toluic=phenyl-
acetaldehyde. The latter yields the
alcohol on reduction with sodium amal-
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gam (Radziszewski, Ber. 9, 373) or,
preferably, with zine and acetic acid
(V. Soden and Rojahn, Ber. 83, 1723).
_The generators of a-toluic aldehyde
iven under phenylethyl mustard oil
Erm] thus become generators of this
aleohol ;—

[B.] From lenzene or toluene through
a-toluie aldehyde (phenylethyl mustard
oil [170 ; A]).

[C.] From sfyrene [7] through a-
toluic aldehyde (170 ; B).

[D.] ¥rom benzoie aldekyde [114], al-
cohol [14], and acetic acid |Vol. 1I]
throngh a-toluic aldehyde (170 ; €).

[B.] From einnamie acid [Vol. II
through a-toluic aldehyde (170 ; E).

[F.] From denzoic and acetic acids
[Vol. 117 through a-toluic aldehyde
(170 ; F).

[G.] From {arfaric or racemic acid
Vol. I1] and a-propyl aleokol [15)
through a-toluie aldehyde (170; D).

[H.] From cymene [6] throngh aceto-
phenone and a-toluic aldehyde (170 ; G).

~ 58. Methylphenyl Carbinol ;
1'.Phenethylol; Styrolyl Alcohol.

C,H,.CH(OH).CH,

NATURAL SOURCE.

Oceurs as acetate in Gardenia oil
(Parone, Boll. Ch. Farm. 41, 48g ; Ch.
Centr. 190z, 8, 704).

SYNTHETICAL PROCESSES.

[A.] From lenzene [8] and efhyl al-
ecokol [14] through ethylbenzene (see
under phlorol [84; A]). The latter on
bromination at its boiling-point or in
presence of strong light gives 1'-brom-
ethylbenzene (see under styreme [7;
Al). The latter gives the aleohol ace-
tate by interaction with silver acetate

Radziszewski, Ber. 7, 141 ; Berthelot,
eit. 52{4, 589).

[B.] From sfyrene [7] through 1'-
bromethylbenzene by combination with
hydrogen bromide (Schramm, Ber. 28,
1710), and then as above.

[C.] From d&enzoic and acefic acids
[Vol. II], or from denzene and acelyl

s, L0
el il e |

R L
il
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SYNTHETICAL PRrOCESSES.

[A.] From acefylene (see under me-
thane [1; A]), the sulphonic acid formed
by absorbing the latter in fuming sul-
phuric acid, and fusion of the sulphonie
acid salt with potash (Berthelot, Comp.
Rend. 88, 539: could not be confirmed
by Schroeter, Ber. 81,218¢; Ann. 303,
132). According to later experiments
by Berthelot (Comp. Rend. 127, go8 ;
128, 335), the fpotassium-acetylene
sulphonate’ is heated to 180-200° in
an atmosphere of hydrogen, and then
distilled with dilute sulphurie acid, when
phenol passes over. A further quantity
is obtained from the residue by fusion
with potash at 250" (see also Ann.
Chim. [4] 19, 432 and [7] 17, 28g.)

r from acetylene through lenzene
(see under cymene Lﬂ; Al), benzene-
sulphonic acid (Mitscherlich, Pogg. Ann.
81, 283; 634; Stenhouse, Proc. Roy.
Boc. 14, 351 ; Wurtz, Comp. Rend. 64,
749 ; Michael and Adair, Ber. 10, 585),
and fusion of the potassium salt with
excess of potash (Wurtz, Aun. 144, 121 ;
Bull. Soc. [2] 8, 197; Kekulé, Lehrh.
d. org. Ch. 8, 13; Dusart, Zeit. [2] 8,
29g). DBenzene 1s said to be oxidised
by atmospheric air in the presence of
alkali with the formation of phenol
(Nencki, Ber. 14, 1144).

Also from benzene by passing air
throngh the boiling hydrocarbon in
presence of aluminium chloride (Friedel
and Crafts, Ann, Chim. [6] 14, 435;
Bull. Soc. [2] 81, 463); by the action
of palladium hydride, water, and air
(Hoppe-Seyler, Ber. 12, 1552); or by
oxidation with hydrogen peroxide or
nascent ozone (Leeds, Ber. 14, 76 ;
Cros¢, Bevan, and Heiberg, Trans. Ch.
Soc. 758, 751).

Also from benzene through nitro-
benzene, aniline, and action of nitrous
acid (diazo-reaction) on latter(Hofmann,
Ann. 76, 356; Hunt, Silliman's Am.
Journ. [2] 8, 372; Jahresber. 1849,
391 ; Griess, Ann. 187, 39 : for direct

sroduction of aniline from benzene by
the action of hydroxylamine in presence
of aluminium chloride see Gracbe, Ber.
34, 1778; Jaubert, Comp. Rend. 132,

d41).
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A synthesis of phenol from ecarbon
1s possible through mellitic (benzene-
hexacarboxylic) acid, which is obtained
by oxidising charcoal with alkaline
permanganate (Schulze, Ber. 4, 8oz
do6), by the electrolysis of dilute acid
or alkali with retort carbon for the
positive electrode (Bartoli and Papa-
sogh, Gazz. 11, 468; Ch. Centr. 1881,
327), by the oxidation of animal char-
coal or lampblack with alkaline hypo-
chlorite ([4id. Gazz. 15, 446), or by
heating wood charcoal with strong
sulphurie acid (Verneuil, Bull. Soc. [3]
11, 121).

Mellitic acid is converted by dry dis-
tillation into pyromellitic (1:2:4: 5-
benzenetetracarboxylic) acid (Erdmann,
Ann. 80, 281), which by reduetion in
alkaline solution with sodium amalgam
1s converted into hydropyromellitic acid
(Baeyer, Ann. Suppl. 7, 38; 168, 337 ;
268, 205). The latter on heating with
strong sulphurie acid gives isophthalic
acid ([lid. Ann. Suppl. 7, 4), which can
be converted into 5-sulpho- and 5-hy-
droxyisophthalic acid by sulphona-
tion and potash fusion (Heine, Ber.
13, 4(?3}. The latter acid gives phenol
on distillation with lime (see also
under L).

Mellitic acid can be obtained also by
the oxidation of charcoal with fuming
nitric acid (Dickson and Easterfield, Proc.
Ch. Soe. 14, 163).

Phenylsulphurie acid (potassium salt)
is obtained E:,r the action of potassium
pyrosulphate on phenol in potassium
hydroxide solution (Baumann, Ber. 9,
54 and 1715; 11, 1907 ; Brieger, Zeit.
physiol. Ch. 8, g11; Drechsel, Journ.
pr. Ch. [2] 20, 234). The acid is also
among the products of the electrolysis
of phenol by an alternating current n
the presence of magnesium sulphate and
acid magnesium carbonate (Drechsel,
doe. cil.). «

[B.] Gilyeerol [43& is said to give
phenol when distilled with caleium
chloride (Linnemann and Zotta, Ann.
174, 87 ; Suppl. 8, 254).

[C.] From salicylic acid [IVD]. IIl]“!J_'f
distillation with lime (Gerhardt, Hev.
Scien. 10, 210; Rosenthal, Zeit. [fI]
B, 627) ; also by heating per se, or with
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Ber. 9, 146; Friedlinder and Hen-
nques, Ber. 14, 2802 ; FEhrlich, Ber.
15, 2010}, m-nitrobenzylidene chloride
(1% : 1'-dichlor-g-nitrotoluene) by the
action of phosphorus pentachloride
(Widman, Ber. 18, 676), m-toluidine
by reduction (Vienne and Steiner, Bull.
Soe. [2] 88, 428; Widman, /loc.
cit. 677; Bull. Soc. [2] 88, 216;
Ehrlich, Ber. 15, 2011; Harz, Ber
18, 3348), m-chlortoluene by the diazo-
reaction (Wroblewski, Ann. 168, 19g),
m-chlorbenzoic acid by oxidation (/dud,
200), m-hydroxybenzoic acid, &ec., as
under E.

Or the m-nitrobenzoie aldehyde might
be directly oxidised to m-nitrobenzoic
acid, reduced to m-aminobenzoic acid,
and then converted into m-hydroxy-
benzoic acid and phenol as under E.
The aldehyde can also be converted
(partially) into m-chlorbenzaldehyde
by the action of iodine and antimony
%mtaelmlﬂride (Gnehm and Binziger,

er. 29, 875), and then oxidised to
m-chlorbenzole acid and treated as
under E.

[I.] Mefacresol [ﬂﬂ!l is said to give
m-hydroxybenzoic acid on fusion with
potash (Barth, Ann. 154, 361 ; Monats.
8, 8o2), and this can be converted info
phenol as under E.

[3.] Naplittalene Elﬂ] when nitrated
gives a-nitronaphthalene (Laurent, Ann.
Chim. [2] 59, 378 ; Piria, Ann. 78, 32 ;
Beilstein and Kuhlberg, Ann. 188, 83),
which on oxidation yields 3-nitrophthalic
acid (Guareschi, Ber. 10, 294 ; Beil-
stein and Kurbatoff, Ann. 203, 217).
The latter on reduction with tin and
hydrochlorie acid gives m-aminobenzoie
acid (Faust, Ann. 160, 61; Miller,
Ann. 208, 245), which can be con-
verted into m-hydroxybenzoic acid and
phenol as under B.

Or the reduction can be regulated so
as to give g-aminophthalic acid (Miller,
foc. eit.), from which, by the diazo-
method, 3-hydroxyphthalic acid can be
obtained (Bernthsen and Semper, Ber.
18, 167 ; 20, 937), and this gives phenol
on heating.

Or from naphthalene through phthal-
ie aecid, 1',.]:.1_]]1]]:‘u:ll;':JI &e., to o-toluie acid
(see under benzyl alcohol [64; R]), or
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through 1 : 3 : 8-naphthylaminedisul-
phonic acid, &e., to o-toluie acid (14id.),
The latter on sulphonation gives 6-
sulpho-o-toluic acid (Jacobsen and
Wierss, Ber. 18, 1959), from which, by
potash fusion, 6-hydroxy-o-toluic acid
can be obtained (flid. 1963).

Or o-toluic acid can be converted into
the 6-hydroxy-acid through the 6-
nitro- and 6-amino-acid and diazo-
method ([bid. 17, 163). The 6-hydroxy-
o-toluic acid is converted into the
methoxy-o-toluic acid by methylation,
and the latter on oxidation with alka-
line permanganate gives 3-methoxy-
phthalic (3-methoxy-1 : 2-dicarboxylic)
acid, which yields g-hydroxyphthalie
acid on fusion with alkali (}mbaen,
Ber. 18, 1965). The latter acid gives
phenol when heated.

Phthalic acid also may be nitrated,
and the 4-nitro- (separated from the
3-nitro-) acid (Miller, Ann. 208, 224)
converted into ester and reduced to
4-aminophthalic ester, which by the
diazo-method and hydrolysis gives 4-
hydroxyphthalic acid (Baeyer, Ber. 10,
1079; Miller, Ber. 11, 1191; Ann.
208, 23'{]. The latter on heating with
hydrochlorie acid yields m-hydroxyben-
zoie acid, from which phenol can be
obtained as under E.

Or phthalic acid may be sulphonated
by fuming sulphurie acid (Loew, Ann.
143, 257; Rée, Ann. 283, 219), the
4-sulphophthalic acid converted into
4-h}fgmx}rphthaliﬂ acid by fusion with
alkali (Gracbe, Ber. 18, 1130 ; Rée, loc.
eit.), and the latter converted into m-
hydroxybenzoic acid and phenol as
above.

Naphthalene may also be converted
into a-sulphonie acid and urnaph!lhﬂl
(Eller, Ann. 1562, 275), the latter into
acetate, and the acetate oxidised by
chromic acid into 3-hydroxyphthalic
acid (Miller, Ann. 208, 247), from
which phenol can be obtained as above.

[The acid thus obtained by Miller i8

said to have been 2-hydroxyisophthalic
acid, but from its mode of formation
must be g-hydroxyphthalic acid (Beil-
gtein, 11, 1936 and errata, 2209).

Or naphthalene-a-sulphonie acid may
be converted into the sulphonamide,

= S
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the latter oxidised by permanganate to
a-sulphophthalic acid (Remsen and
bnmstn&ka Am. Ch. Journ. 5, IE?},
and the sulpho-acid converted into 3-
hydroxyphthalic acid by potash fusion
(Remsen and Stokes, Am. Ch. Journ.
8, 282), and then into phenol as before.

Or a-naphthol may be sulphonated
and nitrated so as to form dinitro-a-
naphtholsulphonie (2 : 4-dinitro-1-naph-
thol-7-sulphonic) acid (Caro, Ber. 14,
2029), which on oxidation with nitric
acid gives 4-sulphophthalic acid (Graebe,
Ber. 18, 1127), from which 4-hydroxy-
phthalic acid, m-hydroxybenzoic acid,
and phenol can be obtained as above.

Naphthalene-g-sulphonie acid, when
converted into its amide and the latter
oxidised with potassium permanganate,
also gives 4-sulphophthalic acid (Remsen
and Comstock, Am. Ch. Journ. 5, 110).

[E.] Indigo [Vol. I1] on distillation
with potash gives aniline (Fritzsche,
Ann. 39, 56), which can be converted
into phenol as under A.

[L.] From acefone [108] through
mesitylene and uvitic or mesitylenic
acid (see under benzyl alechol [64;
D|), m-toluic acid or m-xylene (see
under o-cresol [81; B]), and isophthalic
acid by oxidation of either the acid or
hydrocarbon (Weith and Landolt, Ber.
8, 721; Fittig and Velguth, Ann.
148, 11).

Isophthalic acid on nitration gives
a mixture of 4- and 5-nitro-acids
(Beyer, Journ. pr. Ch. [_‘:.% 23, 352;
25, 470 ; Storrs and Fittig, Ann. 153,
285). The 5-nitro-acid on reduction
and application of the diazo-method
yields 5-hydroxyisophthalic acid (Beyer,
loe. eif, 25, 515), and this gives phenol
on heating with lime.

Or isophthalic acid can be sulpho-
nated (Heine, Ber. 18, 493), the 3-
sulpho-acid converted into the 5-hy-
droxy-acid by potash fusion (I4id.), and
then into phenol as above.

Or from acetone through phorone
and pseudocumene (see under o-eresol
[61; B]), methylterephthalic (a-xylidic)
acid by oxidising the latter with nitric
acid (Fittig nnf Laubinger, Ann. 151,
276), and isophthalic acid, which is
formed (with trimellitie acid) by further
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oxidation with potassiom permanganate
(Krinos, Ber. 10, 1494).

Or psendocumene may be sulphonated,
the sulphonamide oxidised with alkaline
permanganate so as to form 4-sulph-
amide-a-xylic acid (Jacobsen and Meyer,
Ber. 18, 1g0), which by further oxida-
tion with the same reagent gives 5-
sulphotrimellitic acid (f4id. 1g2). The
latter on potash fusion yields 5-hydroxy-
trimellitic acid (/4id.), and this gives
phenol on distillation with lime.

Or mesitylene may besulphonated, and
the sulphonamide oxidised with chromic
acid mixture or alkaline permanganate
so as to form o- and p-sulphamide-
mesitylenic acid (Hall and Hemsen,
Ber. 10, 1040; Jacobsen, Ann. 208,
167). The latter acids on further
oxidation with potassium permanganate
give sulphamidetrimesic acid (Jacobsen,
foe. eif, 203), which by potash fusion
yields hydroxytrimesic acid (féid.), and
E]Jn? latter gives phenol by heating with

e.

Nore :—Generators of mesitylene and uvitie
acid (gee under benzyl alechol [54 ; D to F])
thus become generators of pheno

[M.] From cymene [8] through tere-

phthalic acid by oxidation (De la Rue
and Miiller, Ann. 121, 87 ; Schwanert,
Ann. 132, 257 ; Homeyer, Arch. Pharm.
Fﬂ 5, 326; Beilstein, Ann.188,41). The
atter can be converted into nitro- and
aminoterephthalic acid by nitration and
reduetion, and into hydroxyterephthalic
acid by the diazo-method (Burkhardt,
Ber. 10, 1435), the latter giving phenol
on heating with sand.

Or terephthalic acid may be bromi-
nated, the bromo-acid fused with potash
(Fischli, Ber. 12, 621), and the hydroxy-
terephthalic acid thus formed converted
into phenol as above.

[N.] Carvacrol [66] when fused with

tash gives hydroxyterephthalic aecid
F;acobsen, Ber. 11, 5*;(:?, and this can
be converted into phenol as above.

[0.] Tymol [87] also gives hydroxy-
terephthalic acid  when fused with
potash (Jacohsen, loe. eit.).

[P.] Phenylacetic acid [Vol. I1] on
nitration gives the 2 : 4-dinitro-acid,
which can be converted into o-nitro-
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Toluene on nitration gives a mixture
of p- and o-nitrotoluenes (Glénard and
Boudault, Comp. Rend. 18, 505; Hof-
mann and Muspratt, Ann. 53, 22rI;
Kekulé, Zeit. [2] 8, 225; Rosenstiehl,
Ann. Chim, [45] 27, 433 ; Reverdin and
La Harpe, Bull. Soc. 50, 44 : for direct
production of o- and p-toluidine from
toluene and hydroxylamine in presence
of aluminium chloride see Graebe, Ber.
34, 1778). The latter can be reduced
to o-toluidine, and this by the diazo-
reaction gives o-cresol (Kekulé, Ber. 7,
1006).

Or o-nitrotoluene gives o-cresol di-
rectly among the produets of pyrogenie
(electric) decomposition when mixed with
steam and heated to 500-1000" (Lib,
Zeit. Elektroch. 8, 775).

Or p-nitrotoluene can be reduced to
p-toluidine, the latter converted into
3-brom-p-toluidine (Wroblewski, Ann.
168, 153), into 3-brom-p-toluic nitrile
by the diazo-method (Claus and Kunath,
Journ, pr. Ch. [2] 39, 486), the acid by
hydrolysis, 3-brom-6-nitro-p-toluic acid
by nitration (Claus and Herbabny, Ann.
265, 364), and then through 6-nitro-3-
amino-p-toluic acid, 6-nitro-m-toluidine,
o-nitrotoluene, and o-toluidine to o-eresol
as above and under C and F.

Toluene can be converted into para-
toluic acid by several processes:—By
heating p-bromtoluene with sodinm in
an atmosphere of carbon dioxide (Kekulé,
Ann. 187, 184), or by treatment with
sodium and ethyl chlorocarbonate and
hydrolysing the ester (Wurtz, Comp.
Rend. 88, 1298 ; Amn. Supp. 7, 126).

By the action of aluminium chloride
on a solution of phosgene in toluene
and decomposition of the chloride with
water (Ador and Crafts, Ber. 10, 2176).

By nitration, reduction of p-nitro-
toluene to p-toluidine, the formation of
the nitrile by the diazo- (Sandmeyer)
reaction and hydrolysis (Herb, Ann,
258, g; Glock, Ber. 21, 2650; Van
Scherpenzeel, Ree. Tr. Ch, 20, 149).

By the action of aluminium chloride
on a mixture of toluene and chlorocar-
bflmldi:(urea chloride)dissolved in carbon
disulphide, and hydrolysis of the p-toluic
amide thus formed (Gattermann and
Schmidt, Ann. 244, 51).
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By heating toluene with zine chloride,
acetie acid, and phosphorus oxychloride,
and treating the product with dilute
sodium hydroxide solution (Frey and
Horowitz, Journ. pr. Ch. [2] 48, 116).

By the action of aluminium chloride
on a mixture of toluene and phthalic
anhydride (see under benzyl alcohol
[64; R]), and potash fusion of the
p-toluyl-o-benzoic acid thus formed
(Friedel and Crafts, Ann. Chim. [6] 14,
449 ; Bull. Soc. [2] 85, 508).

By passing eyanic acid and hydrogen
chloride into toluene at 100" in presence
of aluminium chloride (Gattermann and
Rossolymo, Ber. 23, 1195).

By passing carbon monoxide and
hydrogen chloride through toluene in
the presence of aluminium and cuprous
chlorides and oxidising the p-toluie
aldehyde thus formed (Gattermann and
Koch, Ber. 30, 1622).

Paratoluic acid can be converted into
2-hydroxy-p-toluicacid(2-methylphenol-
g-carboxylic acid) by several processes: —

By sulphonation and potash fusion of
tlée 2-sulpho-acid (Weinreich, Ber. 20,
g81).

By conversion into 2-brom-p-toluic
acid (Briickner, Ber. 9, 407) and potash
fusion of the latter (Vongerichten, Ber.
11, 368).

By converting the acid (or nitrile)
into z-nitro-p-toluic acid by nitration
(Fittig and Ramsay, Ann. 188, 251 ;
Banse, Ber. 27, 2162; Van Scherpen-
zeel, foc. eil.), reducing to amino-acid
and applying the diazo-reaction (Fittica,
Ber. 7, g27 ; Vongerichten and Rissler,
Ber. 11, 705).

The 2-hydroxy-p-toluic aecid thus
formed gives o-cresol when distilled
with lime.

From Toluene through m-Xylene and
the Hydrowytoluic Acids.

Metaxylene is formed (among other
methylbenzenes) when methyl chloride
is passed into toluene in presence of
aluminiom chloride (Friedel and Crafts,
Ann. Chim, [6] 1, 461 ; Ador and Ril-
liet, Ber. 11, 1627), and this on sul-
phonation gives (chiefly) m-xylene-4-
sulphonic acid (Jacobsen, Ann. 184,
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188; Ber. 11, 18), the amide of which
gives on oxidation with chromie acid or
potassium permanganate G-sulphamide-
m-toluic acid (Remsen and Iles, Am,
Ch. Journ. 1, 41; Jacobsen, Ber. 11,
895; Coale and Remsen, Am. Ch.
Journ. 8, 205). The latter on potash
fusion yields 6-hydroxy-m-toluic acid
%faeﬂbsen, loc. eif. 897; Remsen and

es, loc. cit. 48 ; 114; Ber. 11, 462;
Mahon, Am. Ch. Journ, 4, 186), which
on heating with hydrochlorie acid at
180-185" gives o-cresol,

Or m-xylene can be nitrated, the 6-
nitro-m-xylene oxidised to 6-nitro-m-
toluic acid by chromic acid (Beilstein
and Kreusler, Ann. 144, 168), reduced
to the amino-acid (liid, 177), the latter
converted into the 6-hydroxy-m-toluie
acid by the diazo-reaction (Remsen and
Kuhara, Am. Ch. Journ. 8, 428), and
the hydroxy-acid converted into o-cresol
as above.

Or m-xylene may be brominated, the
product oxidised to 6-brom-m-toluie acid
by chromic acid (Fittig, Ahrens, and
Mattheides, Ann., 147, 32; Jacobsen,
Ber. 14, 2352), the 6-hydroxy-acid
formed by potash fusion of the bromo-
acid (Jacobsen, foe. cif.), and then con-
verted into o-cresol as before.

When m-xylene is sulphonated the
2-sulphonic acid is produced as well as
the 4-sulphonic acid (Jacobsen, Ann,
184, 188; Ber. 10, 1015; 11, 19), and
the amide of the former on oxidation
with chromie acid gives 2-sulphamide-

m-toluie acid ([4id. Ber. 11, gor), which

on fusion with potash yields 2-hydroxy-
m-toluie (B-eresotic = o-homosalicylic)
acid. The latter on heating with strong
hydrochlorie acid is converted into o-
cresol.

Or m-xylene ean be directly oxidised
to m-toluic acid by dilute nitric acid
(Tawildaroff, Zeit. [2] 8, 419; Ber. 4,
410 ; Briickner, Ber. 8, 406 ; Reuter,
Ber. 17, 2028). m-Toluiec acid on
nitration gives (with much 4-nitro-acid)
a small quantity of 2-nitro-m-toluic
acid (Jacobsen, Ber. 14, 2353; Van
Scherpenzeel, Rec. Tr. Ch. 20, 149),
and this on reduction to the amino-acid
and application of the diazo-reaction
yields 2-hydroxy-m-toluic acid (Jacobsen,
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loc. cit.), which can be converted into
o-cresol as before.

Or m-toluic acid may be brominated
with the formation of 4-brom- and
6-brom-m-toluic acid (Jacobsen, Zoe.
cit.), the latter being convertible into
6-hydroxy-m-toluic acid by potash
fusion and then into o-cresol as above,

Noxe :—All the generators of toluene referred

to under benzyl aleohol (54 ; A and D to T,

&e.) by theforegoing methods become generators
of o-cresol,

[B.] From acefone &na] through
mesitylene (see under benzyl aleohol ;
[64; DJ]), mesitylenic acid by oxida-
tion with dilute nitric acid (Fittig,
Ann. -141, 144; Fittig and Briickner,
Zeit. [2] 4, 493; Ann. 147, 45),
m-xylene by distilling mesitylenic acid
with lime (Fittiz and Velguth, Ann,
148, 10), and then as under the fore-
going methods. Or from acetone

_ through phorone (2 : 6-dimethyl-z2 : 5-

heptadienone-4) by the action of lime
or acids (Fittig, Ann. 110, 32; Baeyer,
Ann. 140, 301), psendocumene (1:2 : 4-
trimethylbenzene) by the action of phos-
phorus pentoxide or zine chloride on
phorone (Jacobsen, Ber. 10, 855), xylic
acid (1 : 3-dimethyl-4-benzoic acid) by
the oxidation of pseudocumene by dilute
nitrie acid (Fittiz and Laubinger, Ann.
161, 26g), m-xylene by distilling xylic
acid with lime (Fittig and Bieber, Ann.
158, 236), and then as above. Ov from
acetone through triacetonamine by the
action of ammonia (Heintz, Ann, 178,

05; 189, 2i14), nitrosotriacetonamine
ﬁy the action of nitrous acid ([4id. 185,
1 ; 187, 233), phorone by the action of
caustic alkali on the nitrosamine ([éid.
187, 250), and then as above.

Nork :—Mesitylonie acid is formed also in
small quantity by passing earbon monoxide over
n mixture of sedium ethylafe and sodium acefals
heated to 205% or by heating this same mixfure
with zine dust (Gouther and Frohlich, Ann.
208, 310). Also under similar eonditions from
sodium isovalerate and ethylato at 160° (Loos, Ibid.
aan).

Mesitylene also is converted by further
oxidation into uvitic acid (see under
benzyl aleohol [64; DJ), and this on
heating the caleium salt with a small
quantity of lime gives m-toluic acid

(Bottinger and Ramsay, Ann. 168, 255)
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and Kuhlberg, Ann. 155, 23 ; Ehrlich,
Ber. 15, 2009; Gattermann, Ber. 18,
1483), the latter converted into m-
nitrotoluene by the diazo-method (Zid,
158, 346), reduced to m-toluidine, and
converted into m-cyanotoluene by the
diazo- (Sandmeyer)reaction ( Buchka and
Schachtebeck, Ber. 22, 841), m-toluie
acid by hydrolysis, and then as above.
o-Nitrotoluene can be converted into
m-toluie acid by a similar series of pro-
cesses.

Or p-toluidine can be sulphonated
(v. Pechmann, Ann. 178, 195; Nevile
and Winther, Ber. 18, 1947), the p-
toluidine-3-sulphonic acid converted into
the nitrile by Sandmeyer’s process (Ran-
dall, Am. Ch. Journ. 18, 258), and the
latter hydrolysed to 3-sulpho-p-toluic
acid, which, by potash fusion, gives 3-
hydroxy-p-toluic = y-cresotic acid (We-
ber, Ber. 25, 1743). The latter on
heating with hydrochlorie acid 1s con-
verted into m-cresol.

Or toluene can be converted into 3-
nitro-p-toluidine as above, the latter con-
verted into the nitrile (Leuckart, Ber.19,
175; Niementowskiand Rozanski, Ber.
21, 1993 ; Noyes, Am. Ch. Journ. 10,
476), then into 3-nitro-p-toluic acid by
hydrolysis, into 3-amino-p-toluic =
homoanthranilic acid by reduetion, and
then into 3-hydroxy-p-toluic = y-cresotic
acid by the diazo-method (N. and R.
loc. cit. 19g8).

From toluene through p-xylene by
the action of sedium on p-bromtoluene
and methyl iodide (Fittig and Glinzer,
Ann. 136, 303; Jannaseh, Ann. 171,
79), p-xylenesulphonic acid and 1 : 4 : 2-
xylenol (Jacobsen, Ber. 11, 26 ; Wurtz,
Ann. 147, 373), 3-hydroxy-p-toluic acid
by potash fusion of latter (Jacobsen,
foc. cif. 570), and m-cresol as above.

Or p-xylene may be nitrated, reduced
to the corresponding xylidine, the latter
converted into p-xylenol by the diazo-
method SNI}i":]ting, Witt, and Forel, Ber.
18, 2665), and then as above.

Kore:—All generators of toluene thus become
gtnerators of m-oresol.

[B.] From acefone [108] through
mesitylene, mesitylenic acid gse& under
o-cresol [61; B]), and m-xylene, and
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then as under A. Or from mesitylene
through uvitic acid and m-toluie acid
and then as under A (see also under o-
cresol [61; B]).

Or from acetone through phorone,
psendocumene, I : 3-dimethyl-4-benzoic
(xylic) acid, and m-xylene as under o-
cresol (61; B).

Note :—Generators of mesitylens and uvitie

acid (see under benzyl alechol [54 ; D to QJ)
thus also become generators of m-cresol.

From acetone and orafic acid [ Vol. 1T
and ethyl aleokol [14] through acetone-
oxalic ester by the action of sodium
ethylate on a mixture of acetone and
oxalic ester (Claisen and Stylos, Ber.
20, 2188). This acetoneoxalic ester
(=acetylpyroracemic ester) on heating
with baryta water is converted into
5-hydroxy-m-toluie acid (Claisen, Ber.
22, 3271), from which m-cresol can be
obtained as under A.

[C.] From acetic acid [Vol. I1] and
elhyl aleokol [14] through s-methyl-
phenol-z : g4-dicarboxylic acid (= m-
hydroxyuvitic acid) by the action of
chloroform, chloral, trichloracetic ester
or carbon tetrachloride on sodio-aceto-
acetic ester (Oppenheim and Pfaff, Ber.
7,929 ; 8, 884 ; Oppenheim and Precht,
Ber. 8, 321; Conrad and Guthzeit,
Ann. 222, 249), and hydrolysis of the
ester thus formed. The acid on distil-
lation with baryta gives m-cresol (Op-
penheim and Pfaff, Ber. 8, 886).

Or acetoacetic ester on treating the
sodium compound with methylene 1odide
(Hagemann, Ber. 28, 876), or the ester
with formic aldehyde (Knoevenagel,
Ihid. 10go) and hydrolysis of the pro-
duct, gives 3-methyl-A,-keto-R-hexene
(1 - methyleyelo - -hexenanef (Hage-
mann, foe. eif.; Knoevenagel, loe. cif.
1085; K.and Klages, Ann. 281,97). The
latter forms a dibromide (Hagemann,
foe. eif. 884; Knoevenagel, loc. cif.
1g51), which readily decomposes into
hydrogen bromide and m-cresol (K.
Thid.).

Acetoacetic ester through its methyl-
ene derivative can also be converted by
the action of ammonia under various
conditions into dihydrolutidine-dicarb-

_ oxylic ester (Knoevenagel and Klages,
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Ann. 281, 96 ; Schiff and Prosio, Gazz.
25, 70 : seealso Griess and Harrow, Ber,
21, 2740). The latter on heating with
aleoholic potash gives the above methyl-
eyclohexenone among other products
(S. and P. Zoe. ¢if. 76), and this can be
converted into m-cresol as before,

[D.] From naphkthalene [12] through
o-toluic acid (see under benzyl alcohol
[54; R]), and from the latter as under A.

Phthalic acid may also be converted
into phthalimidine (/oe. ¢it.), the latter
nitrated (Honig, Ber. 18, 3447), reduced
to 5-amino-o-toluie acid by heating with
hydriodie acid and phosphorus (Z2id.
344g), and the latter converted into
5-hydroxy-o-toluic acid and m-cresol as
under A. .

Also from naphthalene through the
trisulphonicacids (heteronucleal) derived
from the m-disulphonic acid, which, on
fusion with alkali, give m-hydroxytoluic
acid and m-cresol (Kalle & Co., Germ.
Pat, 81484 of 1894 ; Ber. 28, Ref. 694 ;
also Ref. 364). The 1:6-dihydroxy-
naphthalene-3-sulphonie acid on fusion
with alkali gives the corresponding
trihydroxynaphthalene, which yields m-
eresol on further heating (Kalle & Co.,
Germ. Pat. 112176 of 1899 ; Ch, Centr.
1goo, 2, 700: see also Ber. 28, Hef.
671 and 6g3, relating to Germ. Pats.
81281 and 81333 of 1893 of Meister,
Lueius, and Bruning, and also Ch, Centr.
1897, 1, 1039). Suteh

[B.] Orthocresol [81] on heating with
ammonium chloride and ammonio-zine
chloride at 330-340" gives o-toluidine
(Merz and Miiller, Ber. 20, 547). The
latter can be econverted into o-toluie
acid, and m-cresol as under A.

Or o-toluidine may be acetylated,
nitrated, hydrolysed, and thus eonverted
into 5-nitro-o-toluidine (Beilstein and
Kuhlberg, Ann. 168, 345), from which,
by the diazo-method, m-nitrotoluene can
be obtained ([4id.), and from this m-
toluidine. The latter might be directly
converted into m-cresol 1}- the diazo-
method, or indirectly through m-toluic
acid, &e., as under A.

[F.] Paracresol [63] on nitration
erives g-nitro-p-cresol (Armstrong and
Thorpe, B. A. Rep. 1875, 112; Hof-
mann and Miller, Ber. 14, 573 ; Stiidel,

AROMATIC ALCOHOLS AND PHENOLS

[82 Cc-83.

Ann. 217, 53; Frische, Ann. 224, 138),
which, by heating with ammonia, gives
3-nitro-p-toluidine (Barr, Ber. 21, 1543).
The latter can be converted into m-
nitrotoluene, m-toluidine, and m-cresol
as under A.

[@.] From lenzoic aldehyde [114]
through the m-nitro-derivative, m-tolui-
dine (see under phenol [80; H]), and
then as above.

[H.] From thymel [87] by heating
with phosphorns pentoxide and decom-
position of the m-cresyl phosphate by
heating with alkali (Engelbardt and
Latschinoff, Zeit. [2] 5, 621; South-
worth, Ann. 168, 268 ; Stiidel and Kolb,
Ann. 259, 209 ; Tiemann and Schotten,
Ber. 11, #6g).

Or thymol can he converted into
thiothymol by the action of phosphorus
pentasulphide (Fittica, Ann. 172, 328),
g-sulpho-p-toluie acid by oxidation of
thiothymol with nitrie acid (f4id. 329},
and then through g-hydroxy-p-toluic
acid and m-eresol as under A.

[1.] From menthone [128], which gives
tetrabrom-m-cresol among the products
of the action of bromine. The tetra-
brom-derivative gives m-cresol on redue-
tion with sodium in aleoholic solution
(Baeyer and Seuffert, Ber. 34, 40).

[7.] From pulegone [1233 through
methyleyelohexanone (see under phenol
[60; 8]). The latter gives m-cresol
on treatment with a chloroform solution
of bromine %Klag\es, Ber. 33, 2567:
see also Wallach, Jlid. 3338).

63. Paracresol; 4-Methylphenol
HO

‘M,

NATURAL SOURCES.

Occurs as a salt of ecresylsulphurie
acid in urine of herbivorous animals,
and, in certain diseases, in human urine

(Baumann, Ber. 9, 1 38g; Stideler,
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tion with potassinm permanganate gives
4-brom-m-toluie acid (Claus, Journ. pr.
Ch. [2] 48, 21), and this can be con-
verted into p-cresol as before.

Toluene or m- or p-xylene can, by
further methylation, be converted into
pseudocumene = 1 : 2 : 4-trimethylben-
zene (Fittie and Ernst, Ann. 139, 187 ;
Fittig and Jannasch, Ann. 151, 286 ;
Fittig and Laubinger, flid. 257 ; Jan-
nasch, Ann. 176, 286; Friedel and
Crafts, Ann. Chim. [6]1, 461; Ador and
Rilliet, Ber. 12, 329), the sulphonic acid
of which (Jacobsen, Ann. 184, 1gg)
gives a sulphonamide, which, by oxida-
tion with alkaline permanganate, gives
4-sulphamidemethylbenzene-2 : 5-dicarb-
oxylic (methylterephthalic = a-xylid-
ic) acid (Jacobsen and Meyer, Ber.
16, 1go). The latter (sulphamide) on
potash fusion gives methyl-4-phenol-
2 : 5-dicarboxylic (s-hydroxymethyltere-
phthalic) acid (Z4id.), and this on heat-
ing with lime gives p-cresol. '

Note :—All generators of toluene thus become
generators of p-cresol.

[B.] From p-hydroxyplenylacetic acid
Vol. II;|] by heating with lime (Sal-
owski, Ber. 12, 1440).

[C.] From acefone [108] through
mesitylene (see under bhenzyl aleohol
[64 ; D]), mesitylenesulphonic acid
(Jacobsen, Ann. 146, 95), 4-hydroxy-
mesitylenic (1 : 3-dimethyl-4-phenol-5-
carboxylic) acid by potash fusion of the
sulphonic acid (Fittig and Hoogewerff,
Ann. 150, 333), 4-hydroxyuvitic (4-
methylphenol-3 : 5-dicarboxylic) acid by
potash fusion of bydroxymesitylenie
acid (Jacobsen, Ann. 195, 285), and
decomposition of the hydroxyuvitic acid
by heating with hydrochloric acid at
200" l:fﬁ.e'-rf. 208, I-I;Hfl}. :

Or from mesitylene through mesityl-
enic acid (see under o-cresol [61; B]),
4-nitro- and 4-aminomesitylenic acid
(Schmitz, Ann. 183, 162; 171), 4-hy-
droxymesitylenic acid by the diazo-reac-
tion (Jacobsen, Ber. 11, 2055), and then
4-hydroxyuvitic acid and p-cresol as
above. ) wlhi S

Or 4-hydroxymesitylenic acid may
he converted into l:3_:4-xlylnnal by
heating with hydrochloric acid at 200
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(Jacobsen, Ber. 11, 2052 ; Fittig and
Hoogewerff, Ann. 150, 330), and the
xylenol converted into 4-hydroxy-m-
toluic acid and p-cresol as under A.

Or mesitylene may be converted into
mesitol (1 :3: 5-trimethyl-2-phenol) by
potash fusion of mesitylenesulphonie
acid, or by the diazo-reaction from
aminomesitylene  (Biedermann and
Ledoux, Ber. 8, 59 and 250; Jacob-
sen, Ann. 195, 268). Mesitol on potash
fusion gives 4-hydroxymesitylenic acid
(Jacobsen, foc, cif. 274), from which
p-cresol can be obtained as above,

Or from mesitylenic acid through
a-sulphomesitylenic acid by sulphona-
tion (Remsen and Brown, Am. Ch.
Journ. 8, 218), 4-hydroxymesitylenic
acid by potash fusion (I4id. 220), and
then as above.

Or mesitylene may be oxidised to
uvitic acid (see under benzyl aleohol
P:'ul ; D), which, by distillation with
ime, gives m-toluic acid (Béttinger and
Ramsay, Ann. 188, 255). The latter
can be converted into 4-hydroxy-m-
toluic acid and p-cresol as under A,

Nore :—Generators of mesitylene and uvitic
acid (see under benzyl aleohol [54 ; D to Q)
thus also become generators of p-cresol.

Acetone may also be converted
through phorone into pseudocumene
see under o-cresol [61; B]), and the
Satt.er into s-hydroxymethylterephthalic
acid and p-cresol as under A.

[D.] Parakydrozybenzoic  aldehyde
[1191 gives, among other products, p-
cresol when heated with acetic acid and
zine dust (Tiemann, Ber. 24, 3170).

[B.] Metacresol [82] on mnitration

ields a mixture of 4- and 6-mitro-m-
cresol (Stiidel, Ann. 217, 51 ; 258, 210).
The ethyl ether of the former gives, o_:
heating with strong agqueous ammoni
at 141:31 50°, 4-nitr§-m—%nluidine {St;fidel
and Kolb, Ann. 269, 224). The latter
on replacement of the NH,-group by
hydrogen by the diazo-method would
give p-nitrotoluene, which can be con-
verted into p-toluidine and p-cresol as
under A.

[F.] Anelhole |
pressure to 250-275° gives,
products, p-cresol methyl ether

[88] when heated under

among other
(Orn-
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chloride (in acetic acid solution) con-
denses to coumarone (Stoermer, Ber.
80, 1703), and this can be reduced to
phlorol as below under D.

[D.] From mr;marincliVDI.H through
the chloride or bromide (Perkin, Zeit.
[2] 7, 178 ; Journ. Ch. Sce. 17, 368;
24, 37; Ann. 167, 116; Fittig and
Ebert, Ann. 216, 163), a-chlor- or a-
bromeoumarin (Perkin, foe. cif.; also
Journ. Ch. Soc. 28, 368), o-couma-
rilic acid by the action of aleoholic
potash (lbid. Journ. Ch, Soe. 24,
45; Fittig and Ebert, foe. eit.),
coumarone by heating coumarilic acid
with lime (Fittig and Ebert, loc. eil.
168 and 228, 347), and reduction of
coumarone in hot aleoholie solution with
sodium, hydrocoumarone being simul-
taneously formed (Alexander, Ber. 25,
2410).

The conversion of hydrocoumarone
into o-ethylphenol can also be effected
by beiling with strong hydriodic acid
solution (Baeyer and Seuffert, Ber. 34,
52). Coumarone also gives o-ethyl-
phenol among the products of its de-
composition by aleoholie alkali (Stoermer
and Kahlert, Ber. 85, 1630).

[E.] From salicylic aldelyde [117]
and acefic acid [Vol. T1] i,'.hmugh 0-
aldehydophenoxyacetic acid (aldehydo-
phenylglycollic acid) by the action of
chloracetic acid on the sodium compound
of the aldehyde (Rossing, Ber. 17, 2g990),
coumarone by heating the aldehyde acid
with acetic anhydride and sodiom ace-
tate (/bid, 3oco), and then as under D.

[F.] Cinnamic acid [Vol. II] when
nitrated gives a mixture of o- and p-
nitro-acids (Beilstein and Kuhlberg,
Ann. 1683, 126 ; Morgan, Ch. News,
38, 269 ; Jahresher. 1877, 788; Miiller,
Ann, 212, 124 ; Drewsen, Ann. 213,
151 ; Fischer and Kuzel, Ann, 221,
265). The former, by the action of hypo-
chlorous acid on the sodium salt, yields
(with o - nitrophenylchlorlactic acid)
12-chlor-2-nitrostyrene = o-nitrophenyl-
w-chlorethylene (Lipp, Ber. 17, 1070),
which, by reduction and the diazo-
method, gives 1%-chlorvinylphenol = o-
hydroxy-w-chlorstyrene (Komppa, Ber,
28, 2g7c). The latter when heated
with strong potash solution yields
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coumarone (lid. 2g71), which can be
converted into phlorol as under D.
[&.] Benzoic aldehyde [114] on nitra-
tion gives (with much m-nitro-) a small
quantity of o-nitro-aldehyde (Rudolph,
Ber. 18, 310), which, on heating with
acelic anhydride and sodinm acetate,
yields o-nitrocinnamie acid (Gabriel and
Meyer, Ber. 14, 830). The latter can

be converted into coumarone and phlorol
as under F.

Nore :—For o-nitrobenzaldehyde generators
see also under indigo [Vol. II].

[B.] From plhenylacetic acid LVuL IT]
through the 2 : 4-dinitro-acid by nitra-
tion ( Radziszewski, Ber. 2, 210; Gabriel
and Meyer, Ber. 14, 823), 2-nitro-4-
amino-acid by reduction, the diazo-
chloride by the action of nitrous acid
in presence of hydrochlorie acid, o-nitro-
benzaldoxime by heating the diazo-
chloride with aleochol, o-nitrobenzalde-
hyde by oxidising the aldoxime with
chromic acid (Gabriel and Meyer, foc.
eif. and 18, 3057; Gabriel, [fid. 18,
520), and then as under G.

[1.} Acefoaeetic ester [Vol. II] and
benzene can give rise to phlorol by the
following steps :—

Benzene is brominated, the mono-
bromhbenzene converted by cold nitration
into brom-2z : 4-dinitrobenzene (Kekulé,
Ann. 187, 167 ; Spiegelberg, Ann. 187,
257 : see also Walker and Zincke, Ber.
5, 117), the latter combined with
sodio-acetoacetic ester so as to form 2:
g-dinitrophenylacetoacetic ester (Heck-
mann, Ann. 220, 137 : a bis-dinitro-
phenyl derivative 1s formed simul-
taneously). The dinitrophenyl ester on
heating in alecohol with 1o per cent.
sulphuric acid is converted into 2:4-
dinitrophenylacetic acid (lbid. 134),
which can be treated as above.

[3.] Racemic or tartaric acid [Vol. I1]
and n-propyl aleokol [16] are generators
of ethylbenzene, and therefore of
phloral, by the following steps:—

Pyroracemic acid is obtained from the
above acids by dry distillation or other
method (see under benzyl aleohol [54 ;
N |), and this, when mixed with propionte
aldefyde and barinm hydroxide solution,
condenses to 1 :3: 5-ethylisophthalic
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stituents of oil of camphor (Sugiyama ;
Schimmel’s Ber. Oct. 1902 ; Ch. Centr.
1902, 2, 1207).

SYNTHETICAL PROCESSES.

[A.] From eymene [8] by sulphona-
tion (Gerhardt and Cahours, Ann. Chim.
3] 1, 106; Delalande, Ifid. 368 ;
liiller, Ber. 8, 130; Jacobsen, Ber.
11, 1060; Claus and Cratz, Ber. 18,
goI; 14, 2141; Spica, Ber. 14, 653 ;
Gazz. 11, 201; Sieveking, Ann. 108,
2fio ; Beilstein, Ann. 170, 287 ; Paterno,
Ber. 7, 591; Gazz. 8, 544 ; Kraut,
Ann. 192, 226; Baur, Ann. 220, 18),
and potash fusion of the a-(2)-sulphonie
acid thus formed (Pott, Ber. 2, 121;
H. Miiller, Ilid. 130; Jacobsen, Ber.
11, 1060). Cymene on nitration gives
2-nitrocymene (CH, = 1) (Barlow, Ann.
98, 245; Landolph, Ber. 8, 937:
Fittica, Ann. 172, 314; Schumoff,
Journ. Russ. Soe. 19, 119; Widman,
Ber. 19, 584 ; Soderbaum and Widman,
Ber. 21, 2126), and 2-aminocymene by
reduction (Soderbaum and Widman,
foe. cif. 2127). The cymidine thus
formed yields carvacrol by the diazo-
method (Semmler, Ber. 25, 3353).
[B.] Carvone [127] on heating with
acids or alkalis grives carvacrol (Volekel,
Ann. 85, 246; Kekulé and Fleischer,
Ber. 8, 1088; Lustig, Ber. 18, 12;
Reychler, Bull. Soc. £3] 7, 32 ; Tiemann,
Ber. 82, 10g9). With formic acid the
yield is quantitative (Klages, Ber, 32,
1516).

67. Thymol; Metacymophenol;
5-Methyl-2-Isopropylphenol ;
1: 4-Methylmethoethyl-3-Fhenol.

NATURAL SOURCES.

In oil of thyme from Tiymus vulgaris
(Doveri, Ann. Chim. [Ig} 20, 943
Ann. 84, 374 : Lallemand, Comp. Rend.
a7, 498; Ann. Chim. [’3} 49, 148;
Ann. 102, 119) and 7. serpyllum (Jahns,
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Ber. 15, 819; Arch. Pharm, 218, 277);
in oil from the seeds of bishop’s weed,
Plyeholis ajowan (Haines, Journ. Ch.
Soc. 8, 28g; Stenhouse, Ann. 83, 26g;
88, 309; H. Miiller, Ber. 2, 130); in oil of
Amenican horse-mint, Nonarda punctata
(Arppe, Ann. 58, 41; Schimmel’s Ber.
Oct. 1885; Schumann and Kremers,
Ch. Centr. 18g7, 2, 42: Pharm. Rev.
1806, 1); and in oil of Oswego tea
from Monarda didyma (Flickiger, Arch.
Pharm. 212, 488).

Menthol [41] or peppermint camphor,
which oceurs in the oil of Mentha pipe-
rita and other species of Mentha, is a
hexahydrothymeol. The phenols present
in the oil of wild bergamot from Mo-
nardae fistulosa contain less than 2 per
cent. of thymel (Kremers, Ch. Centr.
1899, 2, 126 ; Pharm. Arch. 2, 73).

Thymol occurs in the N. American
oil of Cunila mariana (Millemann, Am.
Journ. Pharm. 88, 495; Schimmel’s

- Ber. Oct. 1893), and (possibly) in the oil

of the N. American wild mint, Mentha
canadensis (Gage, Pharm, Rev. 18, 412).
The oil from the Japanese Mosla

Japonica contains 44 per cent. thymol

(Shimoyama ; see Gildemeister and
Hoffmann, p. 861).

0il from the Algerian Origanum flori-
bundum = O. cinerewm contains thymol
(Battandier, Journ. Pharm. 18, 536;
Journ. Soe. Ch. Ind. 21, 1551).

SYNTHETICAL PROCESSES.

[A.] From cumic aldelyde [116] by
nitration, conversion of the nitro-deriv-
ative into nitrocymylidene chloride
(C,H, . CHCI,.. NO, . C;H, = 1:3:4)
by the action of phosphorus penta-
chloride, reduction to the corresponding
3-aminocymene by zine and hydro-
chloric acid, and conversion into thymol
by the diazo-method (Widman, Ber. 15,
166).

[é.] From menthone [1298] through
the dibromo-derivative, the latter giving
thymol on heating with quinoline
(Beckmann and Eickelberg, Ber. 28,
418 : see also Oddo, Gazz. 27, 112).

Or menthone gives, among the pro-
ductsof bromination, pentabromdehydro-
thymol,and this yields thymol by reduc-
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tion with zine dust and hydrochloric
acid followed by sodium in aleoholic
solution (v. Baeyer and Seuffert, Ber.
34, 4?}' . 3

[C.] Cymene [8] is brominated and
then sulphonated.  The bromsulphonie
acid on heating with ammonia and zine
dust is debrominated, and the 3-cymene-
sulphonic acid thus obtained gives
thymol on fusion with alkali (Dines-
mann, Germ. Pat. 125097 of 1go0;
Ch. Centr. 1go1, 3, 1030; Eng. Pat.
13745 of 1gor; Jowmn. Soe. Ch. Ind.
20, 101g).

68. Anethole; Anisstearoptene;
Para-anol Methyl Ether ;
1'-Propenyl-4-Anisole.

CH :CH. CH,

NATURAL SouRcEs.

In oil of aniseed from Pimpinelia
anisum (De Saussure, Ann, Chim. [2]
13, 280; Dumas, Ann. 8, 245; Blan-
chet and Sell, 7%id. 28%; Cahours,
fhid. 41, 56; 88, 1377; Laurent, Iiid,
44, 313 ; Gerhardt, [did. 318; 48, 234 ;
Journ, pr. Ch. [1] 88, 267), and in o1l of
star-anise from [{/icium verum (Cahours,
Comp. Rend. 12, 1213; Ann. 85, 313;
Pers-:-z_, Comp. Rend. 18, 433 ; Ann. 44,
%11]; in Chinese oil of star-anise (Tardy,

ull. Soc. [3] 27, ggo).

In oil of anise-bark from a ies of
Lilicium (? parviflorum) from ;F:flngus-
car (Schimmel’s Ber. April, 18g2); in
oil of fennel from Feniculum vuigare
(Blanchet and Sell, Ann. 8, 287 ;
Cahours, Ann. 41, 74; Journ. pr. Ch.
24, 359).

In oil of French, Algerian, and
Galician bitter fennel (Tardy, Bull.
Soc. [3] 17, 660; a7, 994); in oil of
Japanese fennel (Schimmel’s Ber. Oct,
1893 ; Ummey, Pharm. Journ, 57, g1);
in oil of Macedonian fennel and of
Indian fennel from F panmorinm
(Umney, Zoc. rit. 58, 226).

Ancthole has been found in the
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ethereal oil of Piper pelfalum (Surie, Ch.
Centr, 18gg, 1, 883), and in oil of Os-
morrhiza longistylis from N. America
(Eberhardt, Pharm. Rund. 5, 149).

Nore :—Tha anethole which Gerhardt be-
liowed to exist in oil of tarragon from Arfemisin
dracunculis (Comp. Rend. 18, 487) has since
been shown to be the isomeric methylchavi-
col = estragol (Schimmel's Ber. April, 18g2;
Grimaux, Comp. Rend. 117, 1089 ; Hell and
Gaab, Ber. 28, 344).

SYNTHETICAL PROCESSES,

[A.] From anisic aldelyde [120]
through methylparapropiocoumaric acid
by heating the aldehyde with propionic
anhydride and dry sodium propionate,
and distilling the acid thus formed
(Perkin, Journ. Ch. Soe. 81, I, 411).

Or the anisic aldehyde may be heated
with sodinom propionate and propionic
anhydride at 200°, when anethole is
directly formed (Mouren and Chauvet,
Comp. Rend. 124, 404 ; Moureu, Ann.
Chim, [7] 15, 135).

Or from anisic aldehyde and efdy/ al-
eakol [14]. The aldehyde and magne-
sinm ethiodide condense to form ane-
thole and a polymeride (Béhal and Tif-
fenean, Comp. Rend. 132, 563: see
also Bougault, Bull. Soc. [3] 25, 1160).

[B.] From phenol [80], propionic acid
[Vol. I1], and methyl alcokol [18]. Phe-
nol is converted into anisole (see under
anisic aldehyde [120; B]), and the latter
mto p-propionylanisole by treatment
with propionyl chloride in ence of
aluominium chloride (Gattermann, Ber.
22, 1129; Klages, Ber. 35, 2262).
Propionylanisole reduces to a earbinol
[1-propylol-(1%)-4-methoxybenzene], of
which the acetate gives anethole on
boiling with pyridine (Klages, foe. cit.).

69. Catechol; Pyrocatechol;

Orthodihydroxybenzene ;
1: 2.Phenediol.

HO
\'L'!H

NATURAL SoOURCES.

Said to have been found in wvarious
parts of plants, especially in autumnal
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papaverme and narcotine, in psend-
aconitine from the root of Aconitum
Jerox, in berberine from Berberis vul-
garis, Xanthoxylon clava, Hydrastis cana-
densis, &e., in hydrastine from Hydra-
&fis canadensis, and in corydaline from
the roots of Corydalis(Aristolochkia)cava.

The colouring-matter of red grapes
appears to contain the catechol complex
(Sostegni, Gazz. 33, 17).

The following synthesised natural
products contain the catechol, guaiacol,
or veratrole complex :— lsoeugenol [70] ;
methylisoeugenol [80];  methylevgenol
[8Y]; wamaliin [121]; (lufeclin [141];
alizarin [146]; hystazarin [147]; profo-
catechuic acid [Vol. I1]; verafric acid

Vol. I1; piperonylic acid [Vol. I1];
ydrocaffeie acid [Vol. I1] ; caffeic acid
QVDL I1]; ferulaic acid [Vol. II];
esperetinie acid [Vol. I1] ; piperic acid
[ Vol. IIH.

Catechol has been found (as a salt of
catechol sulphate) in the urine of man
and herbivorous animals (Baumann,
Pfliiger’s Arch. 12, 63 ; Baumann and
Herter, Zeit. physiol. Ch. 1, 244 ; Bau-
mann and Preusse, I4id. 8, 157 ; Miiller,
Ber. %, 1526; Nencki and Giacosa,
Zeit. physiol. Ch. 4, 335; Schmiede-
berg, lizd. 8, 18g).

According to Halliburton (Journ.
Physiol. 10, 2417}, it 1s contained in the
cerebrospinal fluid. A phenolie sub-
stance extracted from the kidneys has
been considered to be catechol, but
according to O. v. Fiirth it is not this
compound (Zeit. physiol. Ch. 24, 142 ;
26, 15; 29, 105).

SYNTHETICAL PROCESSES.

[A.] Phenol [80] by various iodising
processes gives (with para-) ortho-iodo-
phenol (Schiitzenberger and Sengen-
wald, Comp. Rend. 54, 197; Kbrner,
Ann. 187, 197 ; Hlasiwetz and Wesel-
sky, Sitzungsber. Wien. Akad. 60 [2
20 ; Lobanoff, Ber. 8, 1251; Schall,
Ber. 18, 18g7 ; Willgerodt, Journ. pr.
Ch. [2] 87, 446). The latter on fusion
with potash gives ecatechol (Korner,
Zeit. [2] 4, 322; Lautemann, Ann.
120, 315; Noelting and Stricker, Ber.
20, 3019).
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Or phenol when chlorinated or bromi-
nated at 150-180° gives orthochlor- or
bromphenol (Merck, Germ. Pat. 76597
of 18g3). These derivatives give catechol
on heating with caustic soda-lye under
pressure (/hid. Germ. Pat. 84828 of
1893).

Or phenol may be nitrated, the ortho-
(separated from the para-) nitrophenol
reduced, and the o-aminophenol con-
verted into o-lodophenol by the diazo-
method (Noelting and Wrzesinski, Ber.
8, 820; Noelting and Stricker, Ber.
20, 3018 ; Neumann, Ann. 241, 68).

o-Aminophenol is also converted
(partially) into catechol by heating to
a high temperature with dilute mineral
acids (Meyer, Ber. 830, 256g).

Or o-nitrophenol can conve
into its methyl ether by methylation
(Brunck, Zeit. [2] 8, 204 ; Miihlhauser,
Ann. 207, ﬂé ; Willgerodt and Ferko,
Journ. pr. Ch. [2] 83, 153), into o-

-anisidine by reduction (Miihlhauser,

foe. cit, 239), into guaiacol by the diazo-
method (Kalle, Eng. Pat. 7233 of
1894 ; Journ. Soe. Ch. Ind. 17, 26g),
and into catechol as below under F.

Or o-aminophenol can be converted
into o-chlorphenol by the diazo-method
(Schmitt and Cook, Ber. 1, 67), and
the chlorphenol sulphonated (Kramers,
Ann. 178, 331). The 2-chlorphenol-
4-sulphonic acid on heating at 250
with caustic soda solution gives cate-
cholsulphonic acid, from which catechol
can be obtained by hydrolysis (ES.::-E
Chim. d. Usines du Rhine, Germ. Pat.
97099 of 18g6; Ch.Centr. 1898,2, 521).

Or a-phenoldisulphonic acid gives on
fusion with alkali catecholsulphonic
acid, from which catechol is obtained
by heating with 50 per cent. sulphuric
acid to 200° (Merck, Germ. Pat. Bnﬂx_ 7
of 18g3). Or phenoltrisulphonic acid
(Senhofer, Ann. 170, 110; Arche and
Eisenmann, Germ. Pat. 51321 of 1859)
on fusion with alkali at 230-260° gives
catecholdisulphonie acid (Tobias, Germ.
Pat. 81210 of 18¢4), the sodium salt of
which yields catechol when the concen-
trated aqueous solution is heated to 210~
215" (Ild. Germ. Pat. 81209 of 1894).

Or phenol may be sulphonated (Ke-
kulé, Zeit. [2] 8, 19y), and the o-sul-
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Gilbody, W.H. Perkin, junr., and Yates,
Trans. Ch. Soc. 79, 1396.)

SYNTHETICAL PROCESSES.

[A.] Benzene can be converted into
resorcinol by various processes :—

By nitration and partial r:a-r:luctmn
m-dinitrobenzene and m-nitmpllme can
be obtained (Deville, Ann. Chim. [3]8,
187 ; Muspratt and Hofmann, Ann. 57,
214; Beilstein and Kurbatoff, Ann. 178,
43; Anschiitzand Heusler, Ber, 19,2161 ;
Wiilfing, Germ. Pat. 67018 of 1891;
Ber. 28, Ref. 421). The latter gives m-
iodonitrobenzene by the diazo-method
(Griess, Zeit. [Jz] 2, 218), m-iodaniline
by reduction ([bid.), and m-mqnphennl
by the diazo-method (Noelting and
Stricker, Ber. 20, 3020). The latter on
fusion with potash gives resorcinol
(Kérner, Zeit. 2] 4, 322).

Or m-nitraniline can be converted
into m-nitrophenol by the diazo-method
(Fittig and Banthin, Ber. 7, 179; 11,
2cgg ; Henriques, Ann. 215, 323;
Waguner, Journ. pr. Ch. ['2] 33, 70),
m-aminophenol by reduction (Bantlin,
Ber. 11, 2101), and resorcinol by the
diazo-method (I4id.). '

Or m-dinitrobenzene can be reduced to
m-phenylenediamine, which, on heating
with dilute acids to a high temperature,
‘is converted (partially) into resorcinol
(Meyer, Ber. 30, 256g).

I‘ffetadinit.mhenzene when boiled with
potassinm ecyanide and methyl aleo-
hol is converted into the nitrile of 6-
nitro-2-methoxybenzoic acid (Lobry de
Bruyn, Rec. Tr. Ch. 2, 212). The
latter on heating with methyl aleohol
and potash 1s converted into the nitrile
of 2 :6-dimethoxybenzoie acid (Ibid.
21g), which, on heating with strong
hydrochloric acid at 140° splits up into
carbon dioxide, methyl chloride, am-
monium chloride, and resorcinol. Or
by potash fusion the nitrile is converted
into 2 : 6-dihydroxybenzoie aeid, which
splits up into carbon dioxide and resor-
cmol on heating above 167°,

_Or benzene may be nitrated, the mono-
ﬂltrﬂb@qzﬂnﬁ converted into m-nitro-
sulphonic acid by fuming sulphurie
acid (Limpricht and Bernthsen, Ann,
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177, 82), into m-sulphanilic acid by
reduction, and m-aminophenol by fusing
the latter with caustic soda (Gesell. .
Ch. Ind., Germ. Pat. 44792 of 1888;
Meyer and Sundmacher, Ber. 82, 2112),

Benzene when sulphonated under
appropriate conditions gives p- and m-
disulphonic acids, the proportions vary-
ing according to the conditions of
sulphonation (Buckton and Hofmann,
Journ, Ch. Soe. 8, 255; Barth and
Senhofer, Ber. 8, 754 ; 1477; 9, 909;
Egli, Ber. 8, 817; Limpricht, Ber.
9, 550; Komer and Monselise, Ibid.
583; Binschedler and Busch, Monit.
Sei. 1878, 116g). Both p- and m-
benzenedisulphonic acid (the former by
isomerie transformation) give resorcinol
on fusion with caustic alkali, this being
the technical process (Garrick, Zeit.
[2] 5, 551 ; Barth and Senhofer, Ber. 8,
1483 ; Degener, Journ, pr. Ch. [2] 20,
219 ; Genvresse, Bull. Soc. [3]15, 404 ;
Fahlberg, Am. Ch. Journ. 2, 195; Bin-
schedler and Busch, Jahresber. 1878,
1137 and 1184; Schoop, Zeit. ch.
Ind. 1887, II, 1; Miihlhiiuser, Ding.
Poly, Journ. 263, 154 ; Journ, Soe. Ch.
Ind. 8, 284).

[B.] From foluene (see under benzyl
alcohol [54; A, &c.]) through p-nitro-
toluene by nitration, 4-nitrotoluene-2-
sulphonic acid by sulphonation (Beilstein
and Kuhlberg, Ann. 155, §; Jenssen,
Ann, 172, 230), the amino-aecid by reduc-
tion (B.and K. Ann. 172, 230; Jenssen,
{oe. eif. 233 ; Brackett and Hayes, Am.
Ch. Journ. 9, 400), p-cresol-2-sulphonie
acid by the diazo-method (Jenssen, Zoc.
eif. 237), and 2 : 4-dihydroxybenzoic
(2: 4-phenediolcarboxylic or 3-resoreylic)
acid E}r potash fusion of the cresolsul-
phonic acid (Ascher, Ann. 181, 11).
A-Resoreylic acid on heating with sodium
hydroxide, or per se, gives resoreinol
(Senhofer, Ber. 12, 125g).

Or toluene may be converted into the
2 : 4-disulphonic acid by sulphonation
(Hakanson, Ber. 5, 1085 ; Gnehm and
Forrer, Ber. 10, 542; Gnehm, i,
1276 ; Fahlberg, Ber. 12, 1052; Klason
and Berg, Ber. 13, 1150; Senhofer, Ann.
164, 126 ; Klason, Ber. 19, 28g0o), the
disulphonic acid oxidised to 2 :4-di-
sulphobenzoic acid (Blomstrand, Ber. 5,
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1088 ; Brunmner, Jahresber. 1879, 750 ;
Fahlberg, Am. Ch. Journ, 2, 188), and
the latter converted by potash fusion
(below 250°)into 8-resorcylic acid (Blom-
strand, loe. cit. ; Fahlberg, loe. cit. 196),
from which resorcinol can be obtained
as above.

[C.] From phenol [80] throngh p-
bromphenol (Hiibner and Brenken, Ber.
8, 170 ; Gordon, Proe. Ch. Soec. 7, 64 ;
Meldola and F. H. Streatfeild, Trans.
Ch. Soe. 78, 681), and fusion with
potash (Fittig and Mager, Ber. 7, 1177 ;
8, 362), the resorcinol in this case being
formed by isomerie transformation.

Or phenol may be converted into o-
and p-nitrophenol by nitration, the
latter reduced to p-aminophencl, and
the NH,-group replaced by iodine or
chlorine fa_v the diazo-method (Noelting
and Stricker, Ber. 20, 3018 ; Schmitt,
Ber. 1, 67 : for references to direct
iodising of phenol see under catechol
[69; A]; for direct chlorination of
phenol see Petersen and Biihr-Praderi,
Ann. 157, 123 ; also Dubois, Zeit. [2] 2,
705; 8, 205). Both p-chlor- and p-
1odophenol give resorcinol (by isomerie
transformation) when fused with potash,
the latter above 165° (Faust, Ber. 8,
1022 ; Noelting and Wrzesinsky, Ber.
8, 820).

Resoreinol is also among the products
of fusion of phenol with caustic soda
(Barth and Schreder, Ber. 12, 420).
The phenolsulphonic acids (see under
catechol [69; A]) also (by isomeric
transformation) give resorcinol when
fused with potash (Kekulé, Zeit. [2] 8,
301).

[D.] Benzoic acid [ Vol. I1] when sul-
phonated with fuming sulphuric acid in
the presence of phosphorus pentoxide
gives 3: 5-disulphobenzoic acid (Barth
and Senhofer, Ann. 159, 217), from
which by potash fusion 3 : 5-dihydroxy-
benzoie (3 : 5-phenediolearboxylie or a-
resorcylic) acid is obtained (flid. 222).
This acid, on heating with sodium
hydroxide above 350", yields resorcinol
(Barth and Schreder, Ber. 12, 1258).

Or benzoie acid may be converted
directly or indirectly into m-bromben-
zoie acid (Peligot, Ann. 28, 246 ; Griess,
Ann. 117, 25; Reinecke, Zeit. [2] 1,

116; 2, 367 ; B, 109; Hiibner, Ohly,
and Philip[j, Ann. 1483, 233 ; Hiibner
and Petermann, Ann. 149, 131; An-
gerstein, Ann. 168, 2 and 5; Friedburg,
Ihid. 26 ; Hiibner, Ann. 222, 100),
the latter sulphonated by sulphuric an-
hydride (Hibner and Upmann, Zeit.
[2] 8, 2g5), the 3-brom-5-sulphobenzoic
acid thus formed converted into a-resor-
eylie acid by potash fusion (Bittinger,
Ber. 8, 374), and then into resorcinol as
above.

[E.] Umbelliferone [Vol. II] on fusion
with potash gives B-resorcylic aecid
Tiemann and Reimer, Ber. 12, gg7;

iemann and Parrisius, Ber. 18, 2358),
and finally resorcinol (Hlasiwetz and
Grabowski, Ann. 139, gg)

[F.] Ethyl aleokol [141, glycerol [48],
and acefic acid [Vol. furnish the
resorcinol complex by the following pro-
CESELE 1 —

Acetic acid and aleohol give acetic
ester, and the latter acefoacelic ester.
Glycerol on oxidation with nitrie acid
or other oxidising agents gives glyceric
acid (Debus, Phil. Mag.[ 4]15, 1g5; Ann.
106, 7¢; 109, 227 ; Sokoloff, Ann. 108,
95; De la Rue and Miller, Ann. 109,
122 ; Beilstein, Ann. 120, 228 ; Barth,
Ann. 124, 341; Moldenhauer, Ann.
131, 324 ; Mulder, Ber. 8, 1goz; Born-
stein, Ber. 18, 3357; Lewkowitsch,
Proc. Ch. Soc. 8, 14; Wohlk, Journ.
pr. Ch. [2] 61, 2co; Zinno, Monit. Sei.
18, 493 : see also under benzyl aleohol
[64; F]). Glyceric acid by the action
of phosphorns iodide yields S-iodopro-
pionic acid (Beilstein, Ann. 120, 226 ;
122, 366 ; Erlenmeyer, Ann. 191, 284;
Rosenthal, Ann. 2388, 16; Meyer, Ber.
19, 3294; 21, 24). The ester of B-
iodopropionic acid condenses with sodio-
acetoacetic ester to form acefoglutarie
diethyl ester (Wislicenus and Limpach,
Ann. 192, 128), which on heating with
hydrochloric acid gives y-acetobutyrie
(5-hexanonic) acid (Fittig and Wolff,
Ann. 216, 129; Fittig and Christ,
Ann, 268, 113; W. H. Perkin, junr.,
Trans, Ch. Soe. 89, 1510). y-Aceto-
butyric ester condenses under the in-
fluence of sodium ethoxide to diketo-
hexamethylene or dihydroresorcinol,
from which resorcinol can be obtained

AROMATIC ALCOHOLS AND PHENOLS [70 B-F. ]

*



70 F-1.|

 bromination and suhseqneyt removal
l;% l]:ydmgen bromide (Merling, Ann.
a7s, 28; Vorlinder, Ber. 28, 2348 ;

. 294, 269). ¢
Aﬂé'lr Et‘g z ;g.]}rﬂi}'ﬂl may be converted into
allyl bromide and trimethylene bromide
(see under n-propyl aleohol [15; E]).
The latter interacts with sodio-acetoace-
tic ester to form brompropylacetoacetic
ester (Lipp, Ber. 18, 3279), which gives
acetylbutyl alcohol on heating with
dilute hydrochlorie acid (Zbid. 3280;
Colman and W. H. Perkin, junr., Trans.
Ch. Soc. 55, 354). The alcohol yields
y-acetobutyric acid on oxidation with
chromic acid mixture. :

Or from ethyl alcohol through iodo-
form and methylene iodide [14; T, p. ’]5 5]
and the action of the latter on sodio-
acetoacetic ester, which gives a product
(consisting of two methylketohexenyl-
enecarboxylic esters, C,,H,,05) which,
on boiling with dilute sulphuric acid,

ields methyl-1-cyclohexenone-3. The

tter on oxidation with alkaline per-
manganate gives y-acetobutyric acid
(Hagemann, Ber. 28, 876, &e.; Harries,
Ber. 85, 1176 : see also Hagemann and
Knoevenagel, Ann, 287, 138). Subse-
quent steps as above. ;

The glycerol in the above synthesis
might be replaced by lactic acul [Vol.
II&, which gives acrylic acid (among
other products) when the calcium salt
is heated (Claus, Aun. 138, 288 : for
production of acrylic acid from laetic
acid via a-chlorpropionic acid see Michael
and Garner, E‘.er. 34, 4o50). Ethyl
acrylate condenses with sodio-acetoacetic
ester to form acetoglutaric ester (Vor-
linder, Ber. 28, 234g), which can be
converted into y-acetobutyric acid, &e.,
as above.

Or suceinic acid [Vol. II] gives 8-
iodopropionic acid by electrolysing the
sodium salt with potassium iodide for
the negative electrolyte (v. Miller and
Hofer, Ber. 28, 2436). g-Iodopropionic
acid and acetoacetic ester give y-aceto-
bufgrilz acid and resorcinol as above.

r the glycerol may be replaced by
acefic aldehyde [92}, which on chlorina-
tion gives butyrochloral = 2: 2 : 3-tri-
chlorbutanal (Kriimer and Pinner, Ber.
8, 383; Pinner, Ann. 179, 26). The
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Jatter on heating with potash solution
gives an allylene dichloride (C;H,Cl),
which on heating with water yields
acrylic acid (Pinner, Ber. 7, 66). Sub-
sequent steps as above.

st soic fed ! ives ag- and
aﬂﬂﬁzﬁmfr-:éﬁ?:w u-r]ll E:Ih-e{:['}yfalmlml (54 ;
0]). The af-acid yields aerylic acid on treating
the solution with zing and sulphurie aecid
(Caspary and Tollens, Ann. 187, 241 ; Melikof,
Journ. Russ. Soc. 18, 156). !

The propyl alechols [15 ; 18] also give acr%'lm
acid through propylene and asrclein 3101] see
under benzyl aleohol [54; B]), and mannifol
|‘_|51‘]i g'l:ven acrolein among tI-:!u products of L!:ﬁ
oxidation by manganese dioxide and sulphurie
acid (54 ; AA).

[G.] Euzanthone [138] gives resor-
cinol among the products of fusion with
potash.

[H.] From furfural [126] and acefone
106] through pyromucic acid, muco-
romic acid, and nitromalonie alde-

hyde (see under phloroglucinol [86; I]).
The latter condenses with acetome 1n
the presence of alkali to form p-nitro-
phenol (Hill and Torrey, Ber. 28, 2598 ;
Am. Ch. Journ. 22, 8g). Subsequent
steps as above under C.

[1.] From malonic and cifric acids
Vol. 11] and aleofiol [14]. Chloroform
[1; D, &e.| reacts with sodium ethoxide

to form orthoformic triethyl ester
(Williamson and Kay, Ann. 93, 346;
Stapff, Zeit. [2] 7, 186 ; Deutsch, Ber.
12, 116 ; Wichelhans and Ladenburg,
Ann. 152, 164; Arnhold, Ann. 240,
1G3). This ester condenses with diethyl
malonate (acetic anhydride as condens-
ing agent) to form ethoxymethylene-
malonic ester (Claisen, Ber. 28, 272g).
The latter condenses with acetonedi-
earboxylic ester (from ecifric acid; see
under glycerol [48; M]) under the
influence of sodium ethoxide to form
acetonedicarboxylmethenylmalonic ester,
which undergoes further condensation
with the elimination of aleohol and the
formation of resorcinoltricarboxylic ester
(dihydroxytrimesic ester). The latter
on boiling with sodium hydroxide solu-
tion gives resorcinoldicarboxylic = 3-
dihydroxybenzoie acid (Errera, Gazz.
81, 139; Ch. Centr. 1901, 1, 1092).
The acid yields resorcinol on heating
(Senhofer and Brunner, Ber. 13, Ref.

930):
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[9.] From guincZ [71] through hy-
droxyquinol by alkaline fusion (Barth
and Schreder, Monats. 4, 176 ; 5, 590).
Hydrmayquinul (or its carboxylic acid)
gives dihydroresorcinol on reduction
with sodium amalgam (Thiele and
Jaeger, Ber. 84, 2841). Subsequent
treatment as above under F.

71. Quinol ; Hydroguninone;
Paradihydroxybenzene ;
Pyrogentisic acid ;

1 : 4-Phenediol.

HO

HO

NATURAL SOURCES.

Occurs to the extent of from 2 to
5 per cent. in the 8. African ¢sugar
bush,” Protea mellifera (Hesse, Ann.
290, 317), and as glucoside (arbutin)
in the berries of the red whortleberry,
Vaceinium vitis-idea, in leaves of the
red bearberry, drefostaphylos wva-ursi,
and 4. glauca, and of Pyrola umbellata,
P. rotundifolia, P. chlorantha, P. elliptica,
Calluna vulgaris, Ledum palustre, Epigea
repens, Gaultheria procumbens, and
Chimaphila maculata (Kawalier, Ann.
82, 241 ; 84, 356; Zwenger and Him-
melmann, Ann. 128, 203; Claassen,
Jahresber. 1870, 877; 1885, 1761 ;
Schiff, Ann. 208, 165; Schunck and
Marchlewski, Ann. 278, 354; Maisch,
Am. Journ. Pharm. 48, 31g).

Arbutin is decomposed by the moulds
Aspergillus niger, A, glavcus, and Peni-
cillium glawcwm with the liberation of
quinol (Puriewitsch, Ber. deuntsch. bot.
Gesell. 18, 368).

The quinol complex is contained in
enzanthone (136, gentizin [187), Aomo-
gentisie acid "ol ]I], melfylarbulin
[169], and (possibly) in saponarin, a
glucoside contained in Saponaria offici-
nalis (Barger, Ber. 85, 1296).

Quinol oceurs as a constituent of
normal urine (Platt, Am. Ch. Journ.

18, 382).

AROMATIC ALCOHOLS AND PHENOLS
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SYNTHETICAL PROCESSES.

[A.] From phenol through p-iodo-
phenol by various iodising processes
(see under catechol [68 ; A]), and fusion
of the latter with potash at a tempera-
ture below 165 (Korner, Zeit. [2] 2,
662 ; 731; 4, 322).

Or from phenol through p-nitrophenol
by nitration, p-aminophenol by reduc-
tion, and the diazo-reaction with the
latter (Weselsky and Schuler, Ber. 9,
1160).

From phenol by the action of potas-
sium persulphate in alkaline solution
(Ch. Fab. vorm. E. Schering, Germ.
Pat. 81068 of 1894; Ber. 28, Ref.
666).

Quinol is among the products of
electrolysis of a solution of phenol by
an alternating current in presence of
magnesium sulphate and acid earbonate
(Drechsel, Journ. pr. Ch. [2] 28, 249),
and also among the products of the
oxidation of phenol by hydrogen per-
oxide (Martinon, Bull. Soce. [2] 48,
156).

From phenol through p-nitrosophenol
= quinone-oxime (Bridge, Ann. 277, 85;
Whurster, Ber. 20, 2632), and the action
of hydroxylamine on the latter (Hepp,
Ber. 10, 1654).

From phenol and carfon fetrachloride
[1; L] through s-nitrosalicylic and

ntisic acids as under euxanthone
136; C]. From gentisic acid as under
C below.

[B.] Quinone [142] gives quinol on
reduction (Wahler, Ann. 51, 152). The
reduction can be effected by alcohol
under the influence of light (Ciamician
and Silber, Ber. 88, 2911 ; 35, 3594).
Also by isopropyl aleohol and formie
acid under similar circumstances (/bid.
34, 1542). Quinol (and p-diethoxy-
quinone) 1s formed by heating quinone
with aleohol in the {aresenuﬁ of zine
chloride (Knoevenage and Bickel,
Ber. 84, 3798).

[C.] Salicylic acid [Vol. II] can by
various processes be 1odised or bromi-
nated so as to form 5-iodo- or 5-brom-
salicylic acid (Gerhardt, Ann. Chim. (3]
7, 217; Cahours, Ilid. 10, 341; 18,
99 ; Henry, Ber. 2, 275; Lautemann,

{?
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Ann. 120, 302 ; Demole, Ber. 7, 1437 ;
Goldberg, Journ. pr. Ch. [2:[ 19, 368 ;
Hiibner, Ber. 13, 1347 ; Birnbanm and
Reinherz, Ber. 15, 458 ; Hibner and
Heinzerling, Zeit. [2] 7, 7o09; Hand,
Ann. 234, 133), which on fusion with

tash gives 2 : 5-dihydroxybenzoie (5-
E;dmx_—-,rsa]icylic, gentisie, or 2 : 5-phene-
diolearboxylic) acid (Lautemann, /oe. ¢if.
3211; Liechti, Ann. Su&tﬂ. 7, 144 :
Demole, foe. cif.; Goldberg, loc, cif.
371 ; Miller, Ann. 220, 124 ; Rakowski
and Leppert, Ber. 8, 78g). The latter
on dry distillation yields quinol among
other products (Herrmann, Ann. 211,

6).

33()1' salicylic acid may be nitrated
(Hiibner, Ann. 105, 6; 31 ; Schiff and
Masino, Ann. 1988, 258; Deninger,
Journ. pr. Ch. [2] 48, 550; Hirsch,
Ber. 38, 3238), the 5- (separated from
the 3-) mitro-acid reduced to 5-amino-
salicylic acid (Beilstein, Ann. 130,
243 ; Hibner, Ann. 105, 18; Schmitt,
Jahresber. 1864, 383), the latter con-
verted into 2 : 5-dihydroxybenzoie ( =
tisic)acid by the diazo-method (Gold-
rg, loe. cif. 368), and then into quinol
as before.

Note :—3-Amincsalioylic acid is best pre-
pared by the reduction of benzeneazosalieylic
acid (Fischor and Schaar-Rosenburg, Ber. 32,
B1). 5-Nit.maqllny1ic acid also on heating witly
lime gives p-nitrophenol, which can be reduced
to p-aminophenol and treated as above under
A. Salieylie acld yields gentisic acid by direct
oxidation with potassium persulphate in alka-

line solution (Ch. Fab, vorm. Scherin ; Germ,
Pat. 81297 of 1894 ; Ber, 28, Ref. ﬁgi:l.g

D.] Benzoic acid [Vol. IT] when
mtrated gives chiefly m-nitrobenzoio
acid (Mulder, Ann. 84, 297; Gerland,
Ann. 91, 186; Griess, Ann. 168, 12g ;
Hiibner, Ann. 223 72 ; Holleman,
Zeit. physik. Ch. 31, 79). A solution
of this acid in sulphuric acid gives
S-aminosalicylic aeid on electrolysis
(Gattermann, Ber, 28, 1850), and from
this 2 : 5.dihydroxybenzoic acid and
quinol can be obtained as above,

m-Nitrobenzoic acid also gives 5-
aminosalicylic acid by reduction in
strong sulphuric acid with zine dust
at a low temperature (Germ. Pat.
?g:%njg of 1896; Ch. Centr. 1898, 3,

QUINOL

147

Benzoic acid also gives among the
roducts of its nitration some o-nitro-
acid (Griess, loe. cif. and Ber. 8, 526 ;
10, 1871 ; Krnst, Jahresber. 1860, 299 ;
Liebermann, Ber. 10, 862 ; Widnmann,
Ann. 183, 204; Holleman, Rec. Tr.
Ch. 18, 267), which by reduction gives
o-aminobenzoic (anthranific) acid [Vol.11]
(Beilstein and Kuhlberg, Ann. 163,
138). The latter by the action of
polassium eyanale [172] on the hydro-
chloride yields o-uraminobenzoic acid
(Griess, Journ. pr. Ch. 52] 5, 371), and
this on nitration gives a dinitro-uramino-
benzoic acid (Griess, Ber. 11, 1730),
which on boiling with water yields
5-nitro-z-aminobenzoic acid (f5id.). The
latter on heating with Xotash solution
gives 5-nitrosalicylic acid (74id.), which
can be treated as under B.

Note :—Generators of anthranilic acid [ Vol. II)
thus become generators of quinol.

Or benzoie acid may be brominated
(Peligot, Ann. 28, 246; Angerstein,
Ann. 1568, 2; Reinecke, Zeit. [2] 1,
116; &5, 109; Hiibner, Ohly, and
Philipp, Ann. 148, 233 ; Hiibner and
Petermann, Ann. 149, 131 ; Angerstein,
Ann. 188, 5) so as to give m-brom-
benzoic acid. The latter on nitration
gives (with the 3-brom-2-nitro-acid)
3-brom-6-nitrobenzoic acid (Hiibner,
Obly, and Philipp, lee. eit.; Hiibner
and Petermann, /Joe. cit), which by
reduction yields 6-amino-3-brom- (= 5-
brom-2-amine) benzoie acid (H., 0., and
P. loe. cit. 241), from which by the
diazo-method 5-bromsalicylic acid can
be obtained (Hiibner and Emmerling,
Zeit. [2] 7, 709). The latter can be
converted into 2 : 5-dihydroxybenzoic
(gentisic) acid, &c., as unger C.

. [B.] Cinnamic acid [ Vol. IT] on nitra-

tion gives a mixture of p- and o-nitro-
acids (Beilstein and Kuhlberg, Ann.
183, 126), from the latter of which
o-nitrobenzoic acid can be obtained by
oxidation with chromie acid (Jhid.;
Widnmann, Ber, s, 393), o-aminoben-
zole acid by reduction, and then as
under C.

[F.] Benzoio aldehyde [114] on nitra-
tion gives chiefly m-nitro-, but also some
o-nitrobenzoie aldehyde (Rudolph, Ber,

L2
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13, 310; Fittica, Ber. 10, 1630). The
latter can be oxidised to o-nitrobenzoic
acid, and then treated as under C.

Or from benzoic aldehyde through
toluene by heating with strong hy-
driodie acid solution at 280° (Berthelot,
Jahresber. 18687, 346), o-nitrotoluene
by nitration (see under o-cresol [61;
Al), o-nitrobenzoic acid by oxidation
(Weith, Ber. 7, 1058; Widnmann,
Ann. 193, 225; Monnet, Reverdin,
and Noelting, Ber. 12, 443; Noyes,
Ber. 18, 53), and then as above.

[G.] The erexals [81; @2; 63] by
distillation with hot zine dust (Baeyer,
Ann. 140, 295; Marasse, Ann. 152,
64), or by heating with phosphorus
trisulphide (Kekulé and Fleischer, Ber,
8, 1088 ; Geuther, Ann. 221, 55), give
toluene, from which o-nitrobenzoic acid,
&ec., ean be obtained as above.

[H.] Benzyl aleokol [54] heated with
hydriodie acid and phosphorus at 140°
18 reduced to toluene (Graebe, Ber. 8,
1054 ), which can be treated as above.

Note:—All generators of foluene (see under
benzyl aleochol [54; A, &e.]) thus become
generators of quinol.

[1.] Phenyiacetic acid [Vol. IT] when
nitrated gives the 2 : 4-dinitro-acid
(Radziszewski, Ber. 2, 210; Gabriel
and Meyer, Ber. 14, 823), and this by
reduction the z2-nitro-4-amino-acid (G.
am} M. Jm.‘i] cit. 1324} TI{)& !ti:t::lﬂr, on
replacing the NH, -gron drogen
Byt thi' ifazo meilacl and® tho ateil:
taneous action of nitrous acd, gives the
oxime of o-nitrobenzoic aldehyde ([éid.
826 ; 15, 3057 ; 18, 520), from which
the nitro-aldehyde can be obtained by
oxidation with ehromie acid mixture
(f4id. 14, 829), and finally o-nitrobenzoic
acid by oxidation with potassium per-
manganate. Subsequent steps as above,

Or the 2 : 4-dinitro-acid in alkaline
solution decomposes into 2 : 4-dinitro-
toluene (Radziszewski, Ber. 2, 210;
8, 648 ; Gabriel and Meyer, Ber. 14,
#24), which on reduction with am-
monium sulphide gives 2-nitro-4-tolui-
dine (Beilstein and Kuhlberg, Ann. 155,
14). The latter by the diazo-method
yields o-nitrotoluene, from which o-
nitrobenzoic acid can be obtained by
oxidation (see above under F).
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[3.] Zudigo [Vol. I1] when boiled

with aqueous potash gives o-aminoben-
zote (anthranilic) acid [Vol. II} (Fritz-
sche, Ann. 89, 83; Liebig, Ihid. g1),
which can be converted into quint}? as
under D.

_[E.l] Homogentisic acid [Vol. 11] gives
quinol on fusion with potash.

[L.] Gentisin [187] when fused with
potash gives 2 : 5-dihydroxybenzoie
(gentisic) acid (Hlasiwetz and Haber-
mann, Ann. 175, 62; 180, 345; Tie-
mann and Miller, Ber. 14, 1988), which
can be converted into quinol as under B.

[M.] Fuzanthone [188] gives quinol
among the products of fusion with
potash (Baeyer, Zeit. [2] 5, 569).

[N.] Succinic acid [Vol. 1I] gives
Euiml among other products by the dry

istillation of its salts (v. Richter, Journ.
pr. Ch. [2] 20, 207).

Or suceinie acid (ester) by the action
of sodium in presence of aleohol or of
dry sodium etEuxidE can be converted
into succinylsuceinic (cyclohexanedione-
2 : 5-dicarboxylic-1 : 4) ester (Fehling,
Ann. 48, 186 ; Herrmann, Ber. 10, 107 ;
Ann. 211, 306 ; Duisberg, Ber. 16, 133;
Volhard, [%id. 134 ; Piutti, Gazz. 20,
167 ; Vorlinder, Ann. 280, 186). The
latter on oxidation by air or bromine
gives p-dihydroxyterephthalic (guinol-
dicarboxylic or 2 : 5-phenedioldicarboxy-
lic) ester (Herrmann, foc. ¢if. 111; Ann,
211, 327), and the acid on dry distilla-
tion or on fusion with potash yields
quiriol (fbid. Ber. 10, 112; Ann. 211,

6).

SSDr snceinylsuceinie ester can be con-
verted into dihydroxyterephthalic acid
by the action of phosphorus pentachloride
(Levy and Curchod, Ber. 22, 2108).

Or from suceinie acid through levulie
acid (see under erythritol [50; C]) and
then through the dibromo-acid and di-
acetyl as below under O.

[0.] From acetoacetic ester [bVDI-_H:f
and its dibromo-derivative by bromina-
tion (Duisberg, Ann. 218, 143 ; Schon-
brodt, Ann. 253, 177 ; Epprecht, Ann.
278, 85). The latter when acted on in
dry ethereal solution by sodium gives
dihydroxyterephthalic ester (Wedel,
Ann, 218, 74).

Or acetoacetic ester can be converted

h:ﬂ!‘:'i_li-:h g
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~ into methylacetoacetic ester (Geuther,
Jahresher. 1865, 303; Isbert, Ann. 234,
188 ; Roubleff, Ann, 258, 254; Nef,
Ann. 288, go), and the latter converted
by the action of nitrous acid into iso-
nitrosomethylethyl ketone = butadione-
oxime (Meyer and Ziiblin, Ber. 11, 322).
The latter on decomposition by heating
with dilute sulphurie acid gives diaeetyl
[118] (v. Pechmann, Ber. 20, 2539;
2g904; 3162; 3213; 31, I4171; 23,
2115; 24, 3954). On heating diacetyl
with excess of dilute caustic soda solu-
tion it yields p-xyloquinone ([é4id. 21,
1420), from which dihydroxyterephthalic
acid and quinol can be obtamed as below
under R.

Or diacetyl under the influence of
hydrochloric acid gives a trimoleeular
polymeride, and this yields p-xylogquinol
among other products on reduetion with
sodium amalgam (Diels and Jost, Ber.
35, 3292).

Note :—Generators of diacefyl [113] thus be-
come generators of quinol.

Or acetoacetic ester can be converted
into acetosuceinic ester by the action of
ethyl chloracetate on the sodium com-
pound (Conrad, Ann, 188, 218), and
then into B-isonitrosolevulic acid by the
action of nitrous acid (Thal, Ber. 25,
1718). The isonitroso-compound gives
diacetyl on boiling with dilute sulphurie
acid ({4id. 1723), and this can be con-
verted into p-xyloquinone, &e., as above,

Or methylacetoacetic ester can be
brominated and the y-bromo-derivative
converted into tetrinic = a-methyl-
tetronic acid by heating with aleoholic
potash, or per se at 100" (Demar¢ay,
Ann. Chim. [5] 20, 451; Baull. Soc.

2] 83, 518; Pawloff, Ber. 18, 486;
onrad and Kreichgauer, Ber. 29, 1047 ;
Wolff, Ann. 288, 16). Tetrinic acid
gives diacetyl on oxidation with nitric
acid, potassium permanganate, or with
chromic acid (Wolff, Ber. 28, 2220 ;
Ann, 288, 27),

Or from acetoacetic ester through
lievulic acid (see under erythritol [50 ;
D]). The latter on bromination gives
the g-dibromo-acid (Hell and Kehrer,
Ber. 17, 1981 ; Wolff, Ann. 229, 2606),
and this on boiling with water yields
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diacetyl among other products (Wollt,
loe. cit,; Ber. 28, 2216).

Or from acetoacetic acid and glycerol
[48] via allylacetone (see under ery-
thritol [60; G]), levulic acid, and
diacetyl as above.

Or from acetoacetic ester through the
y-bromo-derivative and suceinylsuccinic
acid (see under n-propyl alcohol [15 ;
AAl), and then through dihydroxytere-
phthalic ester, &e., as above.

[B.] Z%ymol [67] can by various pro-
cesses of oxidation be converted into
thymoquinone (Lallemand, Jahresber.
1854, 592 ; Carstanjen, Journ. pr. Ch.
[2] 8, 53; 16, 410; Andresen, Journ.
pr. Ch. [2] 28, 172 ; Armstrong, Ber.
10, 297 ; Liebermann and Ilinski, Ber.
18, 3194), which easily reduces to t4ymo-
quinol [82]. The latter on heating with
phosphorus oxychloride gives a diphos-
phorie ester, the potassium salt of which
on oxidation with potassium perman-
ganate yields dihydroxyterephthalic acid
(Heymann and Konigs, Ber. 20, 2393).

[Q.] Carvacrol [86] on oxidation also
gives thymoquinone (Claus, Journ. pr.
Ch. [2] 89, 356 ; Reychler, Bull. Soec.
[g] 7, 32), which can be treated as
above.

[R.] Trom acefone [108] through
pseudocumene (see under o-cresol [61;
B]|), nitropseudocumene, and pseudo-
cumidine (5-amino-1 : 2 : g-trimethyl-
benzene) by nitration and reduction
(Schaper, Zeit. [2] 8, 12). The latter
on oxidation gives p-xyloquinone (Noel-
ting and Baumann, Ber. 18, 1151;
Sutkowski, Ber. 20, g77), which reduces
to p-xyloguinol. The latter is converted
by phosphorus oxychloride into a di-
phosphorie ester of which the potassium
salt is oxidised by permanganate to
dihydroxyterephthalic acid (Heymann
and Komgs, Ber. 20, 23g6).

Or from acetone and efiyl acefale
through acetylacetone and levulic acid
(see under erythritol [50 ; G]). From
the latter through diacety/ [118] as above
under O.

Nore:—Xylidines derived from the zulenes
(61, A; 82, A ; 83, A) can, by healing their
hydrochlorides with methyl aleohol at a high
temperature (3oo-3207), be made to furnish
pecudoocumidine (Hofmann, Ber. 15, 2895 ;
Noelting and Forel, Bor, 18, 20680),
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Also amino- and diamine-p-xylene give xylo-
quinone on oxidation (Carstanjen, Journ. pr.
Ch. [2] 28, 423 ; Noelting, Witt, and Forel, Ber.
18, 2607 ; Nietzki, Ann. 215, 168). Generators
of the xylenes (see under o-cresol [61; A and B]
and p-cresol [83; A and B]) thus become
gm_mthars of dihydroxyterephthalic acid and
quinol.

[8.] From ozalic and acelic acids
Vol. II] and aleokol [14] through
etipic acid (diacetyldicarboxylic or
: 4-hexadionediacid) by the action of
ethylchloracetate on oxalic diethyl ester
in the presence of zinc, and hydrolysis
of the ketipie ester formed (Fittig,
Daimler, and Keller, Ann. 249, 183).
Ketipic acid on dry distillation or on
heating with dilute sulphuarie acid gives
diacetyl (/bid. 200), which can be con-
verted into p-xyloquinone, &e., as under
N and Q.

Ketipic acid can also be obtained from
oxalic and acetic esters in ethereal solu-
tion by the action of dry sodium ethylate

(Wislicenus, Ber. 20, 589 ; Ann. 246,

28).
: [T.] Penzene [iﬂ], irrespective of the
compounds of which it is the generator
under the preceding headings (phenol
[A], quinone [B], &e.), can be made to
turnish quinol directly by electrolysing
a solution of the hydroearbon in aleohol
in presence of sulphuric acid (Gatter-
mann and Friedrichs, Ber. 27, 1942).
Or by electrolysis in suspension in
sulphuric acid (Kempf, Germ. Pat.
117251 of 1899 ; Ch. Centr. 1901, 1,
348).

Quinol is among the products of the
oxidation of benzene by hydrogen per-
oxide in presence of ferrons sulphate
(Cross, Bevan, and Heiberg, Ber. 38,
2018).

Nitrobenzene in strong sulphuric acid
solution gives p-aminophenol on electro-
lysis (Gattermann and Koppert, Ber.
28, 2810; Noyes and Clement, ftid.

o; Gattermann, [hid. 1844 ; 27,
1g27), and this can be converted as
under A.

Or benzene might be converted into
nitrobenzene, aniline, acetanilide, p-
nitraniling, and p-phenylenediamine.
The latter on heating with acids to
a high temperature gives quilw] {Mﬁ;‘ﬂr,
Ber. 80, 2569). Aniline yields quinol
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(16-18 per cent.) on oxidation with
chromic acid mixture (Nietzki, Ber. 10,

1999). iy
itrobenzene on mild reduction gives
phenylhydroxylamine (Bamberger, Ber.
27, 1347; 1548; Wohl, lhid. 1432),
and this on electrolysis in alcoholie
sulphuric acid solution (Haber, Zeit.
Elektroch. 4, 506), or by heating with
the same solution (Bamberger, Ber. 27,
1349 ; Bamberger and Lagutt, Ber,
81, 1 500), yields, among other products,
p-aminophenol, which ean be converted
into quinol as under A.
Aniline gives, among other products,
p-aminophenol on oxidation with hydro-
en peroxide (Prudhomme, Bull. Soe.
3] 1%, 621), or with hypochlorous acid
(Bamberger and Tschirner, Ber. 381,
1522)-

Or phenylhydroxylamine can be oxi-
dised to nitrosobenzene, and this gives
p-aminophenol among the products of
the action of hot aqueous alkali (see
under catechol [69 ; M]).

Aniline on methylation gives di-

methylaniline, which by the action of
nitrous aeid yields the p-nitroso-deriva-
tive. The latter on decomposition by
alkali gives (with dimethylamine) p-
nitrosophenol (Baeyer and Caro, Ber. 7,
8og; g67), which can be treated as
under A. p-Nitrosophenol 1s among
the products of the action of agueous
alkali at ordinary temperatures on
nitrosobenzene (Bamberger, Ber. 33,
1954)-
[U.] From furfural [128] and acefone
[108] through p-nitrophenel (see under
resorcinol [70; H]), and then as under
A above.

[V.] From /@vulose [165] or mannose
[1566] through levulic acid (see under
erythritol [60; H; I]), and then through
diacetyl as above under O.

[W.] From isohexoic acid [Vol. IIJ
through levulic acid [60; E], an
then as above through diacetyl. :

[X.] From malonic or acetic acid
[Vu]. IT1] and glycerol [48] through
wvulic acid [60; F; G| Or from
glycerol through glycerie acid and
pyroracemie acid (see under benzyl
alcohol [64; F]), and then as below
under BB,
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o-cresol can be converted into tolu-
quinone-oxime  (nitroso-o-cresol) by
nitrosylsulphate (Noelting and Kohn,
Ber. 17, 370), and this gives 5-amino-
cresol on reduction (Z4id.).

73. Quinol Methyl Ether ;
p-Hydroxyanisole ;
p-Methoxyphenol.

HO

g

. CH,

NATURAL SoURCE.

Oceurs with the glucoside of guinol
(arbutin) as the glucoside mefkylarbutin
[158] (see under quinol [71] for botanical
sources).

SYNTHETICAL PROCESS.

[A.] From guinel [71] and methyl
aleokol [18] by heating the potassium
compound of the former with potassium
methyl sulphate (Hlasiwetz and Haber-
mann, Ann. 177, 338), or by heating
the potassium compound with methyl
iodide diluted with methyl aleohol
(Hesse, Ann. 200, 254).

74. Quinol Ethyl Ether; p-Hydroxy-
phenetole ; p-Ethoxyphenol.
HO

A

WNATURAL SOURCES.

Oceurs in small quantity in oil of
star-anise from Iilicinm verum (Oswald
in Beilstein’s ¢ Handb. d. org. Chem.’
grd ed. IT, g3g) ; in Chinese oil of star-
anise (Tardy, Bull. Soe. [3] 27, ggo).

SYNTHETICAL PROCESSES.

[A.] From guinel [71] and aleokol 14%
by heating the potassium compound o
the former with ethyl iodide (Wichel-
haus, Ber. 12, 1501).
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[B.] From phenol E_EO and aleohol
[lﬂ through the ethyl ether, phenetole
(Cahours, Ann. 78, 226 ; Kolbe, Journ,
pr. Ch. [2] 27, 424), p-nitrophenetole
by nitration (Hallock, Am. Ch. Journ,
1, 271), phenetidine by reduction (Wag-
ner, Journ. pr. Ch. [QTET, 206), and the
diazo-reaction with latter (Hantzsch,
Ibid. 22, 462). Or phenol can be
nitrated, the p-nitrophenol eonverted
into p-nitrophenetole by heating the
potassium salt with potassium ethyl
sulphate in aleohol (Willgerodt and
Ferko, Journ. pr. Ch. %] 83, 153), and
then into phenetidine, &ec., as before.

[C.] From salicylic acid [ Vol. 11] and
aleokol [14] through ethyl salicylate
(Cahours, Ann. 52, 332; T4, 314;
Gottig, Ber. 9, 1473). The latter,
according to Baly (Ann. 70, 26g), gives
phenetole on distillation with baryta,
and this can be treated as under B.

[D.] Benzene [8] can be converted
into p-nitrophenetole by hoiling p-chlor-
nitrobenzene with aleoholic potash
(Willgerodt, Ber. 15, 1coz), and this
ecan be converted as under B.

75. Orcinol ; 3 : 5-Dihydroxytoluene ;

Methylresorcinol ; Methyl-3 : 5-
Phenediol.
/CH;
H I

NATURAL SOURCES.

Orcinol does not occur in the free
state in the vegetable kingdom, but the
complex is contained in certain acids
obtained from lichens. Heecella tinctora,
R, fuciformis, and K. montaguei have long
been known to yield orcinol. The com-
plex exists in the following com-
pounds :— .

Evernic acid from Krernta prunastri,
var. vulgaris, Ramalina pollinaria (Sten-
house, Ann. 68, 84 ; 155, 55; Hesse,
Ann. 117, 297 ; Journ. pr. Ch. [2] 87,
250 ; Zopf, Ann. 297, 300; 3006), and
Physcia (= Anaplychia) ciliaris (Hesse,
Journ, pr. Ch, [2] 68, 4635).
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Erythrin = erythric acid from HKoe-
EEI{I,II mmfﬂgngﬁ: ﬂ Fﬂ}‘j{ﬂ'ﬂ&i&, H.-'I]d other
species; from Parmelia olivelorum and
Aspicilia calcarea (Heeren, Berz. Jahres-
ber. 11, 279; Kane, Ann. 39, 25;
Schunck, Ann. 61, 64; Stenhouse,
Ann. 88, 72; Hesse, Ann. 117, 297 ;
130, 22; Journ. pr. Ch. [2] 57, 232 ;
256; 83, 470; Zopf, Ann. 207, 276 ;
303; 813, 342: see also’ De Luynes,
Ann. Chim. [4] 2, 385; Menschutkin,
Bull. Sce. [2] 2, 424).

A-Erythrin from certain forms of
Roveella fuciformis contains (through
orsellic acid) the orcinol complex (Men-
schutkin, foc. cif. ; Lamparter, Ann. 134,
243).

givarieatic acid from FEvernia di-
varicata, B, prunasiri, var. thamnodes,
and Hematomma ventosum (Zopf, Ann.
207, 268 ; 300, }52; 817, 137 ; Hesse,
Ber. 80, 364 ; Journ. pr. Ch. [2] 57,
246 ; 58, 465 ; 62, 439; 85, 537).

Diffusin from Platysma diffusum and
Parmelia sorediata (Zopf, Ann. 308,
382 ; 818, 317 ; 817, 110).

Gyrophoric acid from Uwbilicaria
(Gyrophora) pustulata, G. proboscidea,
G. hirsuta, G. dewsta, G. vellea, G, poly-
phylla, G. spodochroa, var. depressa, Le-
canora tartarea (?), Blastenia arenaria,
var. feicholytum, Parmelia locarnensis,
and Lecidea grisella (Stenhouse, Ann. 70,
218 ; Zopf, Ann. 300, 332 ; 813, 322 ;

26 ; 817, 110; Hesse, .'?mu'n. pr. Ch.
2] 58, 475; 63, 462; 466; 472;
Ea} 522}1

Glomelliferin from Parmelia glomelli-
Jera (Zopf, Ann. 3086, 282 ; 821, 37).

Lecanoric (= parmelic) acid from
Lecanora parella, Evernia prunastri, Roc-
cella tinctoria, Psora ostreata, Parmelia
Juliginosa, var. ferruginascens, P. verru-
culifera, P. borreri, P. tiliacea, var.
scortea, P. sorediala, P. tinclorum,
P. periata (trace), P. perforata (trace),
P: olivetorum, P. tlinclorum = coral-
loides, P. glabra (= P. olivacea and
P. glabra), P. sordida, Urceolaria cretacea,
U. seruposa, var. arenaria, Pachnolepia
decussata,and Pertusaria lactea (Schunck,
Ann. 41, 158 ; 54, 264 ; Rochleder and
Heldt, Ann. 48, ; ; Stenhouse, Ann.
68, 59; Zopf, Ann. 205, z;.rS; 308,
3045 317; 318; 319; 818, 331; 317,
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110; 321, 37; Hesse, Journ. pr. Ch.
[2] 67,264 ; 409; 411; 68,473; 499;

‘556 ; 82, 451; 452; 453; 47%; 638,

533; 550; 85, 553: Hesse was unable
to find this acid in Lecanora parella,
Schaer = Oelrolechia pallescens-y-parella,
and suggests that Schunck must have
had some other species in hand).

Patellavie acid from Urceolaria (Pa-
tellaria) scruposa (Weigelt, Jahresber.
1889, 768: see also Hesse, Journ. pr.
Ch. [2] 58, 558; Zopf, Ann. 824,
Sgilamnlic acid from Ramalina polli-
#aria and many species of FEvernia
(Hesse, Journ. pr. Ch. [2] 67, 232;
253 ; Ber. 30, 364; Zopf, Ann. 287,
306).

Usnetie=stereocaulie (=lobaric acid)
acid from swea barbata, Stereocaunlon
alpinum, 8. coralloides, 8. pileatum, Lepra
cholerina, Lecanora badia, Parmelia saxa-
tilis, var. panuniformis, var. pheotropa, P.
aleurites, P. omphalodes (Hesse, Ber. 10,
1326 ; Journ. pr. Ch. [2] 823, 445;
459 ; Zopf, Ann. 288, 57; 295, 271 ;
2g7 ; 808, 300; 314 : see also Sal-
kowski, Ann. 319, 391).

Umbilicarie acid from Gyrophora poly-
phylla, G. densta, G. hyperborea (Zopf,
Ann. 800, 337; 817, 139; Hesse,
Journ. pr. Ch. [2] 68, 545).

Orcinol ean be liberated from the
lichen acids which contain the complexby
the action of micro-organisms (Czapek,
Ch. Centr. 1898, 1, 684, from Centr.
Bakter. II, 4, 49).

The dimethylorcinol eomplex may be
contained in podophyllotoxin from the
Indian Podophylium emodi and the
American P, pelfafum (Dunstan and
Henry, Trans. Ch. Soc. 78, 223).

SYNTHETICAL PROCESSES.

[A.] From ¢?oluene [64; A, &e.|
through p-chlortoluene. The latter on
sulphonation gives (with the z-sulphonic
acid) p-chlor-3-sulphonie acid (Vogt and
Henninger, Ann. 165, 362 ; Wynne,
Trans. Ch. Soc. 61, 1078), which on
fusion with potash yields orcinol among
other produets (V. and I. loc. cif. 366 ;
Bull. Soc. [2] 21, 373). There must
be isomeric transformation in this case.
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_Or toluene may be nitrated, the o-
nitrotoluene reduced to o-toluidine, the
latter sulphonated (Gerver, Ann. 169,
374; Pagel, Ann. 176, 292; Nevile
and Winther, Trans. Ch. Sce. 37,
626; Ber. 13, 1941), the 2-toluidine-
5-sulphonie acid brominated, and thus
. converted into g-brom-2-toluidine-5-

sulphonic acid (N. and W. Ber. 13,
1942). The latter on repl:min% the
1aZ0-

NHE;%mup by hydrogen by the
method gives 3-bromtoluene-5-sulphonic
acid (fbid. 1944), from which orecinol
can be obtained by potash fusion (Flid.
Ber. 15, 29g0).

Or 2-toluidine-5-sulphonic acid may
be converted into 2-toluidine-3: 5-di-
sulphonic acid by further sulphonation
({bid. 2992; Hasse, Ann. 230, 288),
the disulphonic acid into toluene-3 : 5-
disulphonic acid by replacing the
N H-group by hydrogen (Limpricht and
Hasse, Ber. 18, 2177 ; Ann. 230, 295 ;
Nevile and Winther, Ber. 15, 2gg2),
and the disulphonic acid into orcinol by
potash fusion (N. and W. /oc. cif. 29g3).

Or o-toluidine may be converted into

: 5-dibrom-2-toluidine by bromination
(Wroblewski, Ann. 188, 162), into
i: 5-dibromtoluene by replacing the

WH_-group by hydrogen (N. and W.
Ber, 18, gfi6), and the dibromtoluene
into orcinol by potash fusion (/éid. 15,
2G92). :

Toluene may also be nitrated, the
p-nitrotoluene reduced, the p-toluidine
converted into 3 : 5-dibrom-4-toluidine
by bromination (Wroblewski, Ann.
168, 188), the NH,-group replaced by
hydrogen (fb#d.), and the 3:5-dibrom-
toluene converted into orcinol as above.

Or p-toluidine may be converted into

: 5-dinitro-4-toluidine by nitration and

ydrolysis of the acetyl- or benzoyl-
derivative ( Beilstein and Kuhlberg, Ann,
158, 341; Hibner, Ann. 208, 312; 222,
#4), the NH,-group replaced by hydro-
gen (Stidel, Ber. 14, go1; Ann. 217,
18¢ ; Hiibner, Ann, 222, 74 ; Nevile
and Winther, Ber. 15, 2¢84 ; Homg,
Ber. 20, 2418), the 3: 5-dinitrotoluene
reduced by ammonium sulphide to 5-
nitro-g-toluidine (Stiadel, Ann. 217, 18¢;
N. and W. loe. cif. 2g85), and the latter
converted into 5-nitro-j-cresol by the
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diazo-method (N. and W. /oc. cit. 2986),
Tlhﬁ nitrucr;sfll on reduction and re-
placement of the NH,-group by hydroxyl
by Et:'h}e dia.zn-methn{lﬂggi‘?ea%rcﬁngl {I:‘iii’.
2007 ).

p-Acettoluide may also be brominated
and then nitrated, or nitrated and then
brominated =o as to gi?e on hydrolysis
3-brom-5-nitro-4-toluidine {‘%’ml}lew-
ski, Ann. 192, 202 ; N.and W. Ber. 18,
968). The latter on replacement of the
NH,-group by hydrogen gives 3-brom-
5-nitrotoluene, and by reduction 5-
brom-3-toluidine, from which, by the
diazo-method, 5-brom-3-cresol ean be
obtained, and this also gives orcinol on
fusion with potash (N. and W. Ber.
15, 29gI : see also Nevile, Eng. Pat.
4389 of 1881).

[B.] Paracresol [88] when the ethyl
ether is nitrated is converted into the
3 : 5-dinitro-p-cresol ether (Stidel, Ann.
217, 161). Or p-eresol may be nitrated
(Frische, Ann. 224, 139: see also Arm-
strong and Field, Ber. 8, g74), and
converted into the dinitro-ether by the
action of ethyl iodide on the silver salt
(Noelting and Salis, Ber. 15, 1859).
The dinitro-ether on treatment with
aleoholic ammonia is converted into
3 : 5-dinitro-4-toluidine (Stadel, /oc. cif.
186), from which 3 : 5-dinitrotoluene,
5-nitro-3-toluidine, 5-nitro-3-cresol, 5-
amino-3-cresol and orcinol can be
obtained as under A.

[c.] Citric acid [ Vol. IT] when heated
with sulphuric acid gives acetonedi-
carboxylic (8-ketoglutaric or 3-penta-
nonedicarboxylic) acid (v. Pechmann,
Ber. 17, 2543 ; 18, 2289; 19, 1446,
2465 ; 2604 ; 20, 145; 24, 857 ; 3259;
4095; Ann. 261,151 ; v. P.and Neger,
Ann. 278, 186; Henry and v. P. Ber.
26, gg97; also Germ. Pat. 32245 of
1884). The diethyl ester of this acid
by the action of sodium gives dihydr-
oxyphenyltricarboxylic triethyl ester
(Cornelius and v. P. Ber. 18, 1448 ;
v. P. and Wolman, Ber. 81, 2014), il-l]_d
the latter on hydrolysis by alcoholic
potash gives s-dihydroxyphenylacetic
(3 : 5-phenediolethylic) acid (C. and v. P.
loe. cif. 1449), the silver salt of wl'ﬂffh
yields orcinol on dry distillation (f&id.

1451).

s
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this synthesis are also obtainable from
2 : 4-dinitrotoluene by partial reduction
(Beilstein and Kuhlberg, Ann. 155, 14 ;
Graeff, Ann. 229, 343; Anschiitz and
Heusler, Ber. 18, 2161); or the 2:4-
toluylenediamine may be monacetylated,
converted into 4-acetamino-z-cresol by
the diazo-method, hydrolysed, and the
4-amino-2-cresol converted into cresor-
cinol as before (Wallach, Ber. 15, 2832
and 2835).

[B.] From resorcinol [70] and earbon
disulphide [lﬂﬂil. A mixture of these
compounds on heafing in presence of
potassium sulphide solution gives resor-
cinoldithiocarbonic acid. The latter on
reduction with zine dust and acetie
acid gives cresoreinol (Schall, Journ. pr.
Ch. [2] 54, 415).

77. 3-Orcinol;
3 : 5-Dihydroxy-p-xylene ;
p-Xylorcin ;
1:4-Dimethyl-3 : 5-Phenediol.

CH,

Hy i3 §
H,
Natunrat SoURCES.

The B-orcinol complex is contained
in B-erythrin from the lichen Roccella
fuciformis, in barbatic acid from the
lichen Usnea barbata, and in @-usnic
or cladonic acid from the lichen C7a-
donia rangiferina.  (For occurrence of
B-erythrin, which yields @-orcinol
through picroerythrin, see under oreinol
E?E] ; for barbatic acid, Stenhouse and

iroves, Ann. 203, 302 ; for g-usnic =
cladonie acid, Stenhouse, Ann. 68, g8 ;
155, 58; Hesse, Ann. 117, 346: cla-
donic acid may be a mixture of usme
and barbatic acids, Paternd, Gazz. 8,
113; 12, 231 ; Stenhouse, loc. eif. 285:
for barbatic acid in various species of
Usnea see Hesse, Ber. 30, 357 : accord-
ing to the latter author cladonic acid is
a mixture of usnic and atronoric acids :
for barbatic acid in Usnea longissima
see Zopf, Ann. 207, 293 ; Hesse, Journ,
pr. Ch. [2] 67, 239 ; in dlectoria ochro-
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leuca, Zopf, Ann, 308, 298 ; in Usnea
barbata 3-kirta, Hesse, foc, cif, 85, 537 ;
in Usnea cerating and U, dasypoga (7),
Zopf, Ann. 824, 39).

Atranorin = atranorie acid, which is
contained in a large number of lichens
(for occurrence see under methyl aleohol
[18]); and ceratophyllin = atraric acid
= physecianin, which is a decomposi-
tion product of atranorin, also contain
the g-orvcinol complex (Hesse, Ber. 30,
1988).

The complex is contaimed in rhizonie
and rhizominie acids from Rhizocarpon
geographicum, var. configuum ([bid. 81,
664 ; Journ, pr. Ch. [2] 58, 527).

Coeeellic acid from Cladonia ecoccifera,
C. amauvracrea, and C. floerkeana = C,
bacillaris, contains the rhizonminie and
therefore the B-orcinol complex ([hid.
Ann. 284, 107; Journ. pr. Ch. [2] 57,
274; 58,472; 62,447 ; Zopf, Ann,

300, 330).

SYNTHETICAL PROCESS.

[A.] From foluene [54 ; A, &e.] and
p-aylene (see under metacresol [62; A]).
The xylene on nitration gives (with
other isomerides) 3 : 5-dinitro-p-xylene,
which by reduction with nascent am-
monium sulphide yields 5-nitro-3-amino-
p-xylene = m-nitro-p-xylidine (Fittig,
Ahrens, and Mattheides, Ann. 147, 22).
The latter by the diazo-method gives
5-nitro-p-xylenol-3 (Kostanecki, Ber.
19, 2320), the corresponding amino-
xylenol by reduction with tin and
hydrochlorie acid, and g-orcinol by the
diazo-method (Zbid. 2321).

78, Mesorcinol ;
1:3: 5-Trimethyl-2 ; 6-Phenediol.

o,
D e

HO \
cu,k P

NATURAL SOURCE.

Coccellic acid from the lichens C/a-
donia coceifera, &e. (see under B-oreinol
[77]), hydrolyses to rhizonic and coceel-
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from Myreia (Eugenia) aeris, 'W.
Indies (Mittmann, Arch. Pharm. 227,
529). : :

Occurs also in the ol from the
“clove bark”’ of Amboyna from Cinna-
momum  culilawan (Gildemeister and
Stephan, Arch. Pharm. 235, 582), and
in certain oils of lemon poor in gera-
niol (Schimmel's Ber. Oct. 18g8.;
Ch. Centr. 1898, 3, g85). Methyleu-
genol probably oceurs in matico oil
from the leaves of Piper angustifolivm
(Ibid.).

The betelphenol or chavibetol of the
ethereal oil of Piper feile (Bertram and
Gildemeister, Journ. pr. Ch. [2] 38,
349) is possibly identical with this
methylengenol.  Occurs in  Ceylon
‘ Lapa Batu’ and in Java citronella
oils (Schimmel’s Ber. Oct. 1899 ; Ch.
Centr. 18gg, 2, 880; Journ. Soe. Ch.
Ind. 19, 556).

Methyleugenol is a constituent of the
oil of Asarum arifolivm (Miller, Arch.
Pharm. 240, 371; Ch. Centr. 1903,
2, 642).

SYNTHETICAL Process.

[A.] From catechol [88], glycerol
[48], and metlyl aleokol [18]. Catechol
18 by methylation converted into vera-
trole (Béhal and Choay, Bull. Soe. [3]
9, 142 ; Gorup, Ann. 147, 248; Mar-
asse, Ann. 162, 74). Glycerol is con-
verted into allyl iodide by distilling
with iodine and phosphorus (for refer-
ences see under isobutyl alechol [18 ;
Ili|j, and wveratrole when heated with
allyl iodide and zine gives methyl-
eugenol (Moureu, Comp. Rend. 121,
721).

82. Thymoquinol ;
Hydrothymoguinone ;
1:4-Methylmethoethyl-2 : 5-
Phenediol.

CH,

\ H
Sk 7
Ny

CH,.CH.CH,
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NATURAL SoURcEes.

In o1l of wild bergamot from Monarda
Jistulosa (Brandel and Kremers, Pharm.
Rev. 19, 200; 244), and probably in
Algerian oil of bitter fennel (Tardy,
Bull. Soe. [3] 27, 994).

SYNTHETICAL PROCESSES.

[A.] From Ziymo! [87] through
thymoquinone and reduction of latter
(see below under the dimethyl ether
[83; 5]1:1.

[B.] From ecarvacrol [88] through
thymoquinone, &e. [83; B].

83. Dimethylthymogquinol ;
Thymoguinol Dimethyl Ether ;
1:4-Methylmethoethyl-2 : 5-
Phenediol Dimethyl Ether.

CH,

W.m,

GH,.OY
CH,. CH. CH,

NATURAL SOURCE.

Oceurs with phloryl isobutyrate in oil
of arnica root from Arnica montana
(Sigel, Ann. 170, 363).

SYNTHETICAL PROCESSES.

[A.] Thymol and derivatives [67] on
oxidafion give thymoquinone (Lalle-
mand, Jahresber. 1854, 592 ; Paternd,
Ber. 8, 440; Steiner, Ber. 11, 289;
Andresen, Journ. pr. Ch. [2] 28, 172;
Bayrae, Bull. Soc. [31_1’, gg; Arm-
strong, Ber. 10, 297 ; Liebermann and
Ilinski, Ber. 18, 3194},+and this on
reduction gives thymoquinol (Carstan-
jen, Journ. pr. Ch. [2] 8, 54; Lalle-
mand, Comp. Rend. 37, 498; Ann.
101, 121). The dimethyl ether ghould
be obtainable by methylation, but the
identity of the natural product with
the synthetical ether remains to
established.
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[B.] Carvacrol [86] on oxidation also
gives thymoquinone (Carstanjen, loe.
eit. 16, 410; Claus, Journ. pr. Ch, [2]
39, 356 ; Reychler, Bull. Soc. [3] 7, 32)-
Subsequent steps as above.

84. Pyrogallol; Pyrogallic Acid;
1:2:3-Phenetriol.

HO
OH
L H
NATURAL SOURCES.

The pyrogallol complex exists in gallic
acid [Vol. IT], and in myricetin from
the bark of the box-myrtle, Myrica nagi
= M. sapida= M. integrifolia = M. rubra,
&c,, from India, China, Singapore, and
Japan (A. G. Perkin and Hummel,
Trans. Ch. Soc. 69, 1293; A.G.P.and
Clifford, Zbid. 81, 203).

Myricetin is contained also in Sicilian
sumach from Rius coriaria (A. G. P.
and Allen, I4id. 1502), in the colouring-
matter from the leaves of Pistacia
lenfiscns, in ‘ gambruzzo’ from the
stalk of Rhus coriaria, and in the galls
of Pistacia {ferebinthus (A. G. P. and
Wood, Proe. Ch. Soc. 14, 104 : Trans.
78, 374 et seg.). Mpyricetin is present
in Venetian sumach from the leaves of
Rhus cotinus (A. G. P. Trans. Ch. Soe.
78, 1017), in the leaves of Rihus
metopium, Myrica gale, and (probably)
of logwood, Hematoxylon campeachianum
(fid. Proc. 18, 45; Trans. 77, 426).
A rhamnoside of myricetin is contained
in the}bark of Myriea nagi ({tid. Proe.
18, 11).

The pyrogallol complex is probably
contained in hematoxylin fmm[;c-gwuml
(see under catechol [68]).

Mezealin, one of the cactus alkaloids
from Eehinocactus lewinii, probably con-
tains the pyrogallol complex (Heffter,
Ber. 84, 300q).

The dimethyl- (methyl) pyrocatechol
complex exists in iridin, a glucoside
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found in the orris-root from [lris floren-
fina from Macedonia, coasts of Black
Sea, and Asia Minor (G. de Laire and
Tiemann, Ber. 26, 2011).

Sinalbin, a glucoside which occurs in
the seed of white mustard [171], con-
tains the sinapic acid complex, and the
latter is a derivative of dimethylpyro-
gallol (Gadamer, Arch. Pharm. 235,
570; Ch. Centr. 1898, 1, 500; Ber.
30, 2330).

Syringin, a glucoside found in the
bark of Syringa vulgaris, Ligustrum vul-
gare, and Robinia pseudacacia, also con-
tains (through syringenin) the same
complex.

The alkaloid narcotine from opium
contains the methyl-methylene-pyro-
gallol complex. Anthragallol [148]
dimethyl ether contains the dimethyl-
pyrogallol mmglﬂz. The pyrogallol
complex is possibly contained in kinoin
from Malabar kino from Plerocarpus
Marsupinm.

SYNTHETICAL PROCESSES.

[A.] From phenol [80] through p-
chlorphenol by various chlorinating
processes (Dubois, Zeit. [ﬂ]} 2, 705;
3, 205 ; Schmitt and Cook, Ber. 1, 67 ;
Petersen and Bihr-Praderi, Ann. 157,
123), a- and B-p-chlorphenolsulphonie
acid by sulphonation (Petersen and
Bihr-Praderi, loc. cif. 128), and potash
fuséun of either sulphonic acid ([4id.
136).

3[:El,.] Salicylic acid [Vol. II] can by
various iodising processes be converted
into 3 : 5-diiodosalieylic acid (Laute-
mann, Ann. 120, 3c4 ; Liechti, Ann,
Suppl. 7, 141; Demole, Ber. 7, 1439 ;
Weselsky, Ann. 174, 103 ; Birnbaum
and Reinherz, Ber. 15, 459). Accord-
ing to Lautemann (loc. cif. 317), this
ditodosalieylic acid when heated with
aqueous potash gives pyrogallol (7 by
isomerie change). :

[C.] Gallic acid [Vol. II] gives pyro-
gallol when heated (Braconnot, Ann. 1,
26 ; Pelouze, Ann.10, 159; Liebig, Ann.
101, 47 ; De Luynes and Esperandien,
Zeit. [2] 1, 702 ; Thorpe, Pharm. Journ.
[3] 11, 990; Cazeneuve, Bull. Soc. [3]
7, 549)-
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85. Hydroxyquinol ;
Hydroxyhydroguinone ;
1:2:4-Phenetriol.

HO

vl

Wl

o

NATURAL SOURCE.

The eomplex is probably contained in
the colouring-matter of red grapes
(Sostegni, Gazz, 32, 17).

SYNTHETICAL PROCESSES.

[A.] From guinol [71] by fusion with
caustic soda (Barth and Schreder,
Monats. 4, 156 ; 5, 590).

[B.] Quinone [142‘] on treatment with
acetic anhydride and strong sulphurie
or phosphorie acid gives h{dmx_vquinnl-
triacetate, from which the phenol is
liberated by acid hydrolysis (Thiele,
Ber. 81, 1247; Bayer & Co., Germ,
Pat. 101607 of 1897 ; Ch. Centr. 189g,
1, 1094 ; and Suppl. Pat. 107508 of
1898 ; Ch. Centr. 1900, 1, 1087).

86. Phloroglucinol ;
1:3 : 5-Phenetriol.

HO
H 1 H
e
H OH 0
&

NATURAL SOURCES.

Phloroglucinol has been said to oceur
in the free state in many plants (Wein-
zierl, Lindt, and Waage, Ber. dentsch.
bot. Gesell. 8, 250), but according to
Méller (Ch, Centr, 1897, 8, 1151) this
observation is erroneous. Oecurs in
the colouring-matter of red grapes
(Sostegni, Journ. Ch. Soe. 70, II, 121{{+
Said to have been found in the bar
of Styraw benzoin and (as dibutyrate) in
the root of dspidium filix mas.
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The phloroglucinol complex is con-
tained in the glucosides :—

Hesperidin; widely distributed in
fruit of the genus Cifrus, such as €,
awrantium, C. limonwm, C. limetta, C.
medica, &e. In fruit of Dicsma alla
and other species. Hesperidin is de-
composed by certain moulds, such as
Aspergillus niger, &e. (Puriewitsch, Ber.
deutsch. bot. Gesell. 18, 368).

Glycyphyllin (through phloretin) ;
from leaves of Smilaw glycyphylla from
Australia.

Phloridzin (through phloretin) ; from
E:lotaba.rk of apple, cherry, plum, pear,

a;

Naringin or aurantiin ; from all parts,
and especially from the full-blown
flowers, of Cifrus decumana from Java.

Lokain ; the colouring-matter of
Chinese green from the berries of the
buckthorns Klamnus utilis and K. ehlore-
phorus.

The phloroglucinol complex exists
in quercetin, rhamnetin, isorhamnetin,
rhamnazin, /ufeolin [141]1, and con-
sequently in glucosides such as xantho-
rhamnin, quercitrin, rutin, osyritrin,
violaquercitrin, and robinin. (For
oceurrence see under catechol [69].)

Also in maclurin [89], morin (see
under resorcinol E'm ), and myricetin
(see under pyrogallol 54]} ; in ekrysin
[188], the yellow colouring-matter of
poplar buds from Populus wigra, P. bal-
santifera, and P. pyramidalis (Kosta-
necki, Ber. 28, 2go1) ; inapiin (through
apigenin [140]), a glucoside found in the
stem, seeds, and leaves of parsley, Apium
petroselium (A. G. Perkin, Trans. Ch.
Soe. 71, 817). Apigenin has been
found also (with luteolin) in weld
(A. G. Perkin and Horsfall, Proc. Ch.
Soc, 16, 182).

Cyanomaclurin, obtained from drfo-
Carpis r'ﬂfffﬂfﬂﬁﬂ LA, P. and Cope,
Trans. Ch. Soc. 87, 939), contains the
phloroglucinol group, and is related to
the cateching of Gambir and Aeacia
catechu, which also contain this com-
plex (A. G. P. and Yoshitake, Proc. Ch.
Soc. 18, 139 ; Trans, 81, 1172). )

Lotusin, a glucoside contained 1n
Lotus arabicus from Egypt and ?‘r
Africa, gives on hydrolysis lotoflavin,
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SYNTHETICAL PROCESSES.

[A.] From acefylene [1; A, acetylene
dibromide by bromination (Sabanejeff,
Ann. 178, 116), bromacetylene by the
action of alcoholic soda on the dibromide
(Zhid. Journ. Russ. Soe. 17, 175). Brom-
acetylene undergoes (partial) photo-
chemical polymerisation to 1:3: 5-tri-
brombenzene (lbid. 1%6), and this on
treatment with sodium methylate in
methyl aleohol gives 3 : 5-dibromphenol
methyl ether, which on treatment with
sulphurie acid yields 3 : 5-dibromphenol
(Blau, Monats. 7, 630). The latter
gives phloroglucinol on fusion with
potash ([bid. 632).

Bromacetylene can also be obtained
from ethylene through various bromine
derivatives (Sawitsch, Ann. 119, 183 ;
Reboul, Ann. 124, 267 ; 125, 81), s0
that generatorsof ethylene[1; A ; D, &e. |
become generators of phloroglucinol.

[B.] ¥rom plhenol [60], being among
the products of fusion with caustic
soda (Barth and Schreder, Ber. 12, 417).

Or from phenol through picric acid
(2 : 4 : 6-trinitrophenol) by mtration of
the phenol or (better) its sulphonie
acids (Laurent, Ann. 48, 219 ; Schmitt
and Glutz, Ber. 2, 52 ; Vidal, Fr. Pat.
315696 of 1901 ; Journ. Soc. Ch. Ind.
21, 544), 2:4 :6-chlortrinitrobenzene
(picryl chloride) by the action of phos-
phorus pentachloride (Pisani, Ann. 92,
326 ; Clemm, Journ. pr. Ch.[2]1, 145),
and 1:3: 5-triaminobenzene by reduc-
tion of picryl chloride by tin and hydro-
chloric acid. By the action of boiling
water on the hydrochloride of the
triamine in an atmosphere of hydrogen
phloroglucinel is produced (Flesch,
Monats. 18, 755; also Eng. Pat. 445
of 189% : see further Weidel and Pollak,
Monats. 21, 20).

Nore :—The following synthesised products
giva picric acid by the action of nitric acid and
thus become generators of phloroglucinol :(—
salicylic aldshyds [117] ; saligenin [B65] ; sali-
eylic acid, cowmarin, and indigs [Vol. 1T},

[C.] From resorcinol [70] by fusion
with caustic soda (Barth and Schreder,
Ber, 12, 503 ; Tiemann and Will, Ber,

14, 954 ; 18, 1323).
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[D.] From orcinal P’E] by fusion with
caustic soda (Barth and Schreder,
Monats. 8, 64g). _
[E.] From malonic acid [Vol. IT] and
afcokol [14]; the diethyl ester of the
acid on heating with sodium gives
phloroglucinoltricarboxylic ethyl ester
(Baeyer, Ber. 18, 3457; Bally, Ber.
21, 1767), and this by fusion with
potash yields phloroglueinol (Baeyer,
foc. eit, 3458 : see also Willstitter, Ber.
32, 1272). :
Note:—According to Moore (Trans. Ch. Soe,
86, 165) the ester formed as the first produnet

of condensation of ethyl malonate is othyl
phloroglucinoldicarboxylata,

The tricarboxylic ester ean also be
obtained by the action of zine methyl
or ethyl on malonic ester (Lang, Ber.
19, 2038). :

Or from malonic ester through
acetonetricarboxylic ester by the action
of sodium and the distillation of the
monosodium compound of the latter
under reduced pressure, which gives
acetonedicarboxylic ester (Willstiitter,
Ber. 82, 1274). The latter can be con-
verted into phloroglucinol as under F
below. Acetonetricarboxylic ester is
direetly convertible into phloroglucinol-
tricarboxylic ester by the action of
malonic ester and dry sodium ethylate
in ethereal solution (/4id. 1285).

[F.] From cifric acid [Vol. 1I] and
ethyl “aleohol [14] through acetonedi-
carboxylic diethyl ester (see under
orcinol {75 ; €]). The latter, on treat-
ment with sodium in benzene solution,
gives a ‘ lactone,” which on boiling with
baryta water splits up into ethyl aleohol,
malonicaecid, and phloroglucinol (Jerdan,
Trans. Ch. Soc. 71, 1106). The lactone
is also produced by the action of sodium
ethylate on acetonedicarboxylic ester in
aleoholic solution (f4id. Proe. Ch. Soc.
16, 151). 4

Acetonedicarboxylic ester and malonic
ester condense under the influence of
godium ethylate with the formation of
phloroglucinoldicarboxylic ester (Rimi-
ni, Gazz. 26, 374).

@.] From acetoacetic ester [Vol. I1]
throngh acetonedicarboxylic ester (see
under oreinol [76; D]), and then as
above under F.
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[H.] Benzene [8] can, by processes
other than those comprised under B, C,
and D, be converted into phloroglu-
cinol :— 2

1:3: 5-Benzenetrisulphonic acid (Sen-
hofer, Ann. 174, 243; Jackson and
Wing, Am. Ch. Journ. 9, 329) gives
phloroglucinol when fused with caustie
soda (Barth and Schreder, Ber. 13,
417).

Or benzene can be converted into
nitrobenzene and amiline, the latter
into 2 : 4 : 6-tribromaniline by bromina-
tion (Fritzsche, Ann. 44, 291; Hof-
mann, Aun. 58, 50; Silberstein, Journ.
pr- Ch. [2] 27, 101), the NH,-group
replaced by hydrogen by the diazo-
- method (Meyer and Stiiber, Ann. 165,
175; DBaessmann, Ann. 181, 206;
Jackson and Moore, Am. Ch. Journ.
13, 167; 14, 335). The 1:3: 5-tri-
brombenzene thus formed can be con-
verted into 3 : 5-dibromphencl and
phloroglucinol as under A.

Or from aniline throngh sulphanilic
acid and benzenediazosulphonic acid,
the latter giving picric acid by the
action of nitric acid (Wenghifer, Germ,
Pat. 125096 of 1goo; Ch. Centr. 1gor,
3, 1105).

Or benzene can be converted into
1: 3 : 5-trinitrobenzene by extrenie nitra-
tion (Hepp, Ann. 215, 345), the latter
reduced to the corresponding triamine,
and then converted into phloroglucinol
as under B.

Or foluene on nitration gives 2.: 4 :6-
trinitrotoluene (Wilbrand, Ann. 128,
178), and this on oxidation with nitrie
acid yields 2 : 4 : 6-trinitrobenzoic acid

ann and Judson, Ber. 8, 224).

he 2: 4 : 6-triaminobenzoic acid gives

phloroglucinel on heating with water

(Cassella & Co., Germ. Pat. 102358
of 1897 ; Ch. Centr. 18¢g, 1, 1263).

Kotk :—Generators of toluen
& (gee d
benzyl aleahol [B4; A &e.]) t-l::uﬁl b::u:::
generators of phloroglueinol,

P E] wagnmi [128] on oxidation with

ver oxide or alkaline permanganate
Or on treatment with aleoholic pw:;d:a.sl'lj
gives pyromucic acid (Schwanert, Ann,
114, 63 ; 118, 259 ; Ulrich, Jahresber.
1860, 26g; Beilstein and Schmelz,
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Ann. Suppl. 8, 275; Limpricht, Ann.
165, 279; DBieler and Tollens, Ann.
258, 120; Schiff, Ann. 238, 374 ;
281, 255). This acid, by the action of
Lromine in water, yields mucobromic
acid (Beilstein and Schmelz, foe. eif.
276 ; Jackson and Hill, Am. Ch. Journ.
8, 105), and this, by the action of
nitrites, gives nitromalonic aldehyde
(Hill and Sanger, Ber. 15, 1go6 ; Hill
and Torrey, Ber. 28, 2597; Am. Ch.
Journ. 22, 8g). The latter, on decom-
position by aqueous hydrochloric acid,
yields (with formie acid) 1: 3 : 5-trinitro-
benzene (fid.), which can be converted
into phloroglucinol as above under B.

[J.] fretol [88] is reduced to phloro-
glueinol by sodium amalgam (Tiemann
and G. de Laire, Ber. 28, 2c26).

87. Antiarol;
1.Hydroxy-3:4: 5-trimethoxybenzene:
1:3:4:5-Phenetetrol 3 : 4 : 5-Tri-
methyl Ether.

HO
LGIIl

ey
e,

H:D(J
NATURAL SoUuRCE.

The sap of the upas tree, Anfiaris
tozicaria (Kiliani, Arch. Pharm. 234,

438).
SYNTHETICAL PROCESSES.

[A.] From pyrogallol [84] through
the trimethyl ether hy[mgthylntinﬁl,
3 : 5-dimethoxyquinone by oxidation
with nitric acid, 3: 5-dimethoxyquinol
by reduction, and methylation of the
latter by the usnal method (Will, Ber.
21, 612 ; 2020).

[B.] From cafechol [HEI]I throngh
guaiacol. The latter, on su phonation
at a low temperature, gives a consecu-
tive monosulphonic acid which yields
pyrogallol methyl ether on fusion with
alkall (Hoffmann, La Roche & Co.,

M2
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Germ. Pat. 109789 of 1898; Ch.
Centr. 1900, 3, 460). The monomethyl
ether might be converted into.the tri-
methyl ether by further methylation,
and then treated as above. :

[C.] From plioraglucinol [ 86] through
the trimethyl ether by methylation
(Will, Ber~21, 603; Pollak, Monats.
18, 736), .3 : 5-dimethoxyquinone by
oxidation with chromie acid (Ciamician
and Silber, Ber. 28, 786), and then as
under A. .

[D.] From Jenzene [8] through 1:3:
5-trinitrobenzene (see under phloro-
glucinol [86; H]), which, on heatin
with sodium methoxide, gives 3: 5-di-
nitroanisole (Lobry de Bruyn, Ree. Tr.
Ch. 9, 2cg). The latter on reduction
yields diaminoanisole, and this,on heating
with water, gives phloroglucinol methyl
ether (Herzig and Aigner, Monats. 21,

433)-

88, Iretol; 1-Methoxy-2:4:6-
trihydroxybenzene; 2:4:6-
Trihydroxyanisole; 1:2:4:6-
Phenetetrol 1-Methyl Ether.

OCH, OCH,

H H 0: L
e P
II: IIQ
>{1 0

NATURAL SOURCE.

The complex is possibly contained in
orris root from Iris florentina, which
contains a glucoside, iridin, which is
decomposed, on heating with dilute sul-
phuric acid and aleohol, into glucose
and irigenin, The latter gives iretol
among other products (iridic and formie
acids) on heating with strong potash
golution (G. de Laire and Tiemann,
Ber. 28, 2015).

SyYNTHETICAL PROCESSES.

[A.] From phenol [60] and methyl
aleohol [lla through anisole (see under
anisic aldehyde [120; B]). The latter
is nitrated with nitric and sulphuric
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aeids'{'[-lahﬂurs, Ann. 89, 238),the2:4:6-
trinitroanisole reduced by tin and hy-
drochloric acid to diaminohydroxyani-

. soleand the latter (hydrochloride) heated

with dilute stannous chloride in an
atmosphere of carbon dioxide (Kohner,
Monats. 20, g33).

Or from phenol through pieric acid
(see under phloroglucinol [86; B]) and
the methyl ether of the latter by
methylation.  Subsequent steps as
above.

Nore :—Generators of pieric acid, viz, sali-
eyflic aldehyde [117], saligenin [55), salicylic acid,
cowmarin, and indigs [Vol. II], thus become
generators of iretol (see under phloroglueinol
(88 ; B]).

[B.] Auisic acid [Vol. 1] gives trini-
troanisole on mnitration as under A
(Cahours, foc. ¢it.). Subsequent steps

as above.
89. Asarone ;
1. Propenyl-2 : 4 : 5-trimethoxy-
bhenzene.
CH:CH. CH,
CH,
CH,0
OCH,

NATURAL SOURCES.

In the root of Asarum europeuin
(Petersen, Ber, 21, 1057). Also
certain matico oils from the leaves of
Piper angustifolium (Schimmel’s Ber.
Oct. 1898 ; Ch. Centr. 18¢8, 2, 985),
in sweet flag oil from the root of Aeorus
calamus (Thoms and Beckstroem, Ber.
34, 1021; Thoms, Zeit. angew. Ch.
14, 1019 ; T. and B. Ber. 385, :.Elgu},
and in the oil of dAsarum arfolium
(Miller, Arch. Pharm. 240, 371)-

SYNTHETICAL PROCESSES.

A.] From phenol [80], propionic acid
["l--"i:]l]']:[]_]JI metlyt aloofol {13], Ill'l_d
hydrogen “cyanide [172]. ‘henol 18
nitrated, the o-nitrophenol conve
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into its methyl ether, and then reduced
to o-anisidine (Miilhduser, Ann. 207,
239). The latter, on w::mg]at.mmmth
sulphuric acid and potassium dichro-
mate, gives methox}'quinﬂng (I6id. 251 ;
Will, Ber. 21, 605), and this by reduc-
tion methoxyquinol (Will, doe. eif. 606).
The latter, on further methylation with
methyl iodide and potassium hydroxide,
yields the 1 :2 : 4-trimethoxybenzene
(Will). By the action of hydrogen
cyanide on the latter in conjunction
with hydrogen chloride in presence of
aluminium chloride the 2 : 4 : 5-trimeth-
oxyhenzaldehyde= asaryl aldedyde [126]
is formed (Gattermanrand Eggers, Ber.
32, 28g), and this, on heating with
propionic anhydride and sodium J(pr_c.-
pionate at 150°, gives asarone ([did.
290).

[B.] Resoreinol [70] may replace
phenol in the above synthesis. Diazo-
tised aniline is combined with resor-
cinol, the azo-compound methylated by
heating with potassium hydroxide and
methyl iodide (Bechold, Ber. 23, 2375),
and the dimethyl ether reduced to 1: 3-
methﬂr:iy-ﬁ;-n.minﬂbenzenm The latter,
on oxidation with sulphurie acid and
sodium dichromate, gives methoxyqui-
none (Idid. 2381), which can be reduced,
methylated, and treated as under A.

[C.] Quinol [71] may replace phenol
in this synthesis since, on fusion with
sodium hydroxide, it gives 1:2 : 4-tri-
hydroxybenzene (fydromyquinol [85])
(Barth and Schreder, Monats. 4, 176 ;
6, 590), and this can be converted into
the trimethyl ether by methylation, and
then treated as above under A.

[D.] Quinoue [142] gives hydroxy-
quinol triacetate on treatment with
acetic anhydride and a little sulphuric
acid (Thiele, Ber. 81, 1247: see also
[85]). The triacetate hydrolyses to the
trihydroxy-compound, which can be
treated as above.

[E.] From asaryl aldelyde [125] and
propionie acid [Vol. 11] by heating the
aldehyde with propionic anhydride and

m  propionate (Gattermann and
Eggers, as under A a ove).
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90, o-Hydrojuglone ;
1:4:5-Trihydroxynaphthalene ;

1: 4 : 8-Naphthalenetriol.
i HO HO
i
1]

NATURAL SOURCE.

In all green parts of the walnut
tree, Juglans regia (Mylius, Ber. 17,
2411 ; 18, 475; 2567)-

SYNTHETICAL PROCESSES.

Syntheses of Naphthalene,

[A.] From /lenzene through {foluene
and fenzyl chloride (see under benzyl .
alcohol [54; A, &e.]). The latter, when
mixed with allyl iodide (see under iso-
butyl alcohol [18; D]) and treated in
ethereal solufion with sodium, gives
phenylbutylene (Aronheim, Ann. 171,
225), the dibromide (1%id. 229) of which
yields naphthalene on passing the vapour
over hot lime (Ibid. 233).

From lenzyl chloride and isopropyl
aleofol [16] by acting with sodium on
a mixture of isopropyl iodide and ben-
zyl chloride in ether so as to form
isobutylbenzene (Kohler and Aronheim,
Ber. 8, 509). The latter gives naph-
thalene on passing the vapour over
heated lead oxide (Wreden and Snato-
wicz, Ber. 9, 1606).

Benzene and isobutyl aleokol [18] also
give isobutylbenzene by the action of
sodium on brombenzene and isobutyl
bromide or iodide in ether or benzene,
(Riess, Ber. 8, 779 ; Wredin and Snato-
wicz, foe. eif.), or directly by heating
benzenewith the alcohol and zinechloride
at 300" (Goldschmidt, Ber. 15, 1066 ;
1425). Alsoby theaction of alominium
chloride on a mixture of benzene and
isobutyl chloride (Gossin, Bull. Soc. [2]
41, 446). e :

From foluene, malonic acid [Vol. I1],
and aleofol [14]. Malonic acid is con-
verted into its diethyl ester and the
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latter into chlormalonie ester by chlori-
nation (Conrad and Bischoff, Ann. 209,
219). By the action of chlormalonic
ester on sodiomalonie ester in aleoholic
golution the tetra-ethyl ester of s-
ethanetetracarboxylic (butanediacid-z2 :
3-dimethylic or acetylenetetracarboxylic)
acid is formed (Zdid. 214, 68; Ber. 13,
6o1; 21, 208%; Bischoff and Rach,
Ber. 17, 2785).

The same tetracarboxylic ester is also
formed by the action of iodine on ma-
lonic ester in presence of sodium eth-
oxide (Bischoff, Ber. 18, 1046 ; Bischoff
and Rach, Ber. 17, 2781), by the elec-
trolysis of an aleoholic solution of sodio-
malonic diethyl ester (Mulliken, Am.
Ch. Journ. 16, 523; Weems, [bid. 18,
569), by the interaction of acetylene
tetrabromide, malonic ester, and sodium
ethoxide (Crossley, Proe. Ch. Soe. 14,
248), and also from nitromalonic ester
(see under hydrogen cyanide [172 ; AA)
through ethanedinitro-tetracarboxylic
ester by electrolysis: the dinitro-ester
gives the tetracarboxylic ester by reduc-
ﬁﬂn] (Ulpiani and Gasparini, Gazz. 82,
235).

STuluene can be converted into o-
xylene (see under m-cresol [82; A]) by
methylation, and the latter into o-xylyl-
ene dibromide (1! : 2'-dibromxylene) by
bromination (Radziszewski imtif Wispel,
Ber. 18, 1281 ; Schramm, Mid. 12499;
W. H. Perkin, junr., Trans. Ch. Soe.
53, 5). The xylylene dibromide and
ethanetetracarboxylie ester react when
heated in aleoholic solution in the pre-
sence of sodium ethoxide with the for-
mation of 1 :2:3: 4-tetrahydronaph-
thalene-z : 2 : 3 : 3-tetracarboxylic tetra-
ethyl ester (Baeyer and W, H. Perkin,
junr., Ber. 17, 450; W. H. P,, junr,
Trans. Ch. Soc. 53, 12), and this on
hydrolysis yields the free acid which, on
heating at 185°, gives the anhydride of
tetrahydronaphthalene-dicarboxylic acid
(B. and P. foe. eit.). The latter, when
passed through a red-hot tube, or when
the silver salt of the free acid is heated,
yields naphthalene (74, 451).

Or sodio-chlormalonic ester and o-
xylylene dibromide may be heated in
alecoholie solution so as to form o-xylyl-
enedichlordimalonic  tetra-ethyl ester
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(fbid. 452), and this, by treatment with
zine dust and acetic acid, gives o-xylyl-
enedimalonic tetra-ethyl ester (Ihid. and
W. H. Perkin, junr., Trans. Ch. Soe,
63, 16). By the action of iodine (ethe-
real solution) on the sodium derivative
of the latter ester the tetrahydronaph-
thalene derivative is formed, and can be
treated as above (Baeyer and W. H.
Perkin, junr., Ber. 17, 452).

Note :—The ethanetetracarboxylic ester re-
quired for this synthesis of naphthalene can
also be obtained from the amyl alcohol of fusel
oil [22] by converting the latler into amylene
(see under acetone [106 ; EE} and its dibromida,
The latter on heating with sodiomalonic ester
gives (with trimethylethylene) ethanetetra-
earboxylic ester (Ipatieff, Journ, Russ. Soc. 30,
3g1). Alkylene dibromides of the general form
R,CEr. CH, . CH;Br give the tetracarboxylic
acid as a by-product by the action of sodio-
malonie ester (Ibid. 31; 349 ; also Ipatieff and
Swi_;iaraki, Thid, 83, 532 ; Ipatieff, Ikid. 34,
351

The conversion (partial) of benzene
into naphthalene may also be effected
through nitrobenzene, aniline, dimethyl-
aniline by methylation, and the action
of bromine on the latter at 110-120°
{B;l;nuer and Brandenburg, Ber. 11,
6gd).

gNa-phthﬂ.]EﬂE is among the aromatic
hydrocarbons formed when the ecopper
compound of acefylens [1; A] is dis-
tilled with zine dust (Erdmann and
Kothner, Zeit. anorg. Ch. 18, 48).
Naphthalene is formed with other pro-
ducts by pyrogenic synthesis from :—

Aleohol (Reichenbach, Berz. Jahres-
ber. 12, 307); methane; acetic acid;
toluene ; xylene ; psendocumene ; ethyl-
ene and benzene ; ethylene and styrene;
ethylene and anthracene (Berthelot,
Bull. Soc. [2] 6, 272; 279; Ferko,
Ber. 20, 660); ethylene (Norton and
Noyes, Am. Ch, Journ. 8, 362) ; acetyl-
ene or acetylene and benzene (Berthelot,
Comp. Rend. 82, go5; 98,613; Bull.
Soe. gz.] 8, 268; 7, 218; 274; 393;

9, 456) ; ethylene and diphenyl (Barbier,
Comp. Rend. 79, 121); heptane;
octane ; n-hexyl aleohol (Worstall and

Burwell, Am. Ch. Journ. 19, 815); iso0-

butylene (Noyes; Beilstein, I, 115).
Naphthalene is formed from certain

metallic carbides, e.g. of barium, by
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:og::: of Bayer & Co. ; Germ. Pats. 73281 and
73607 of Cassella & Co. See also Dressel and
Kothe, Ber, 27, 2139.

The conversion of naphthalene into
the a-quinone, and thence (as above)
into juglone, can also be effected through
a-naphthylamine, s-acetnaphthalide, 1 :
4-nitroacetnaphthalide, 1 : 4-nitronaph-
thylamine, 1 : 4-naphthylenediamine,
and oxidation of the latter by chromic
acid mixture (Liebermann, Ann, 183,
242 : all azo-derivatives of a-naphthyla-
mine give the 1:4-diamine on redue-
tion ; Perkin, Ann. 137, 359 ; Griess,
Ber. 185, 2183).

1 : 4-Nitronaphthylamine is also ob-
tained by the action of hydroxylamine
on a-nitronaphthalene in the presence
of sodium ethoxide (Angeliand Angelico,
Atti Real. Accad. [5] 8, II, 28; Ch.
Centr. 1899, 2, 371).

Or a-acetnaphthalide can be converted
into 1 : 4-nitronaphthol by beiling the
1 : 4-nitro-derivative with potash solu-
tion (Andreoni and Biedermann, Ber. 8,
342 ; Liebermann and Dittler, Ber, 7,
240 ; Hiubner and Ebell, Ber. 8, 562 ;
Ann. 208, 324). The nitronaphthol on
redunetion gives 1:4-aminonaphthol, and
this also oxidises to a-naphthaquinone
(Liebermann, Ann. 188, 242; Ber. 14,
1796 ; Zincke, Ann, 288, 70).

a-Naphthylamine can also be directly
oxidised to the a-quinone by chromic
acid mixture (Monnet, Reverdin, and
Noelting, Ber. 12, 2306).

[B.] From fenzoic aldehyde [114] and
succinic aeid [Vol. T1] by heating the
aldehyde with succinic anhydride and
sodium suceinate so as to form phenyl-
isocrotonie (3-benzalpropionic = phene-
1'-butenylic) acid (Perkin, Journ. Ch.
Soe. 81, 394 ; Jayne, Ann. 218, 100;
Erdmann, Ann. 227, 258 ; Leoni, Ann.
258, 614). The latter on boiling with
water gives a-naphthol (Fittig and Erd-
mann, Ann. 227, 242), from which a-
naphthaquinone, and thence juglone
ang hydrojuglone, can be obtained by
eonverting the naphthol into 1 : 4-nitro-
sonaphthol (a-naphthaquinoneoxime) by
the action of nitrous acid (2-mitroso-
1-naphthol is formed simultaneously)
(Fuchs, Ber. 8, 626 ; Ilﬂinu!-:y, Ber, 17,
2590 ; Henriques and Ilinsky, Ber. 18,
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706). The nitrosonaphthol reduces to
1 : 4-aminonaphthol (Grandmougin and
Michel, Ber. 25, 972),and this can be oxi-
dised to a-naphthaquinone as under A.

The azo-derivatives of a-naphthol also
give I :4-aminonaphthol on reduction
(Liebermann and Jacobson, Ann. 211,
36; Seidel, Ber. 25, 423; Grandmougin
and Michel, /oe. eit.). a-Naphthyl ace-
tate gives some a-quinone on oxidation
(Miller, Ber. 14, 1600).

[C.] From cinnamic and malonic acids
[Vol. IT], and methyt aécokof [18]. Cin-
namic acid is converted into its methyl
ester and brominated o as to form the di-
bromide. The latter, when heated with
sodio-malonic methyl ester in methyl
aleohol solution, gives Tai-phenyltri-
methylene-2 : 2 : 3-tricarboxylic tri-
methyl ester, from which the free acid
can be obtained by hydrolysis (Buchner
and Dessauer, Ber, 256, 1153). The acid
on heating (in CO,) at 180-200°, and

finally by distillation in a vacuum, yields

phenylisocrotonic acid (1bid. 1155), which
can be converted into a-naphthol, &e.,
as under B.

[D.] Furfural [128] and benzene [8]
aive a-naphthylamine by heating pyro-
mucic acid (see under erythritol |50 ;
N]|) with aniline, zine chloride, and
lime at 300° (Canzomeri and Oliveri,
Gazz, 18, 493). The naphthylamine
can be converted into e-naphthaquinone,
&c., as under A.

[B.] Manuitol [61] and lenzene [8]
can be made to give a small quantity
of a-naphthylamine by heating the al-
eohol with aniline hydrochloride at
200-240° (Effront, Jahresher. 1885,
1210 ; Ber. 18, Ref. 383).

F.] From cinnamic aldelyde [128]
and Aippuric acid [Vol. II], which con-
dense to form an anhydride which, by
the action of sodium hydroxide, gives
cinnamylidenehippurie acid LC,H .CH:
CH . CH : C(COOH)NH . CO.. 6,H,],
and this on heating with hydrochloric
acid to 110-120° yields(with a-naphthoic
acid) naphthalene (Erlenmeyer, junr.,
and Kunlin, Ber, 85, 384). .

[G.] Pyrogatiol [ 84] on oxidation gives
a product (purpurogallin) which yields
naphthalene on distillation with zinedust
(Nietzki and Steinmann, Ber. 20, 1278).
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Nore:—Methylal ean be obtained from mothyl
aleohol by eonverting the aleohol into methyl
chloride and the latter into methylene chloride
by chlorination (Regnault, Ann, Chim. [2] 70,
377 ;"Ann. 83, 328). Methylene chloride inter-
aots with sodium methylate to form methylal
(Arnhold, Ann. 240, 1g0).

Methyl aleohol gives formic aldehyde
among the products of the action of
chlorine or bromine (Lobry de Bruyn,
Ber. 28, 271; Brochet, Comp. Rend.
121, 130).

By the action of fuming sulphurie
acid on methyl alechol there is formed
an ¢ oxymethanesulphonic acid,” the
sodium salt of which gives formic alde-
hyde on decomposition by water (Miil-
ler, Ber. 8, 1032).

Or from methyl alcohol and acetic
acid [ Vol, TI] through methyl acetate,
chlormethyl acetate by chlorination
(Henry, Ber. 8, 740), and the action of
waler at 100" on the latter (Michael,
Am. Ch. Journ. 1, 41g).

[D.] From ethyl alcokol [14] by in- .

complete combustion (Mulliken, Brown,
and French, Am, Ch. Journ, 25, 111), or
by the incomplete combustion of ethyl
nitrate (Pratesi, Gazz. 14, 221).

Or from ethyl ether, the vapour
giving a trace of formic aldehyde when
passed through a hot tube (Tis-
tschenko, Journ. Russ. Soe. 81, 784;
Ch. Centr. 1900, 1, 586).

Or from ethyl aleohol through chloro-
form (see under methane [1; D]), methyl-
ene chloride by reduction (Perkin, Ch.
News, 18, 106 ; Greene, Comp. Rend.
89, 1077 ; Jahresber. 1879, 490; Ch.
News, 50, 75; Journ. Am. Ch. See. 1,
522), and methylal as above under C.

Nore :—The generators of chloroform refarred
to under methane[1; M ; P; R, &c.] thus be-
come, with methyl aleohol, generators of formie
aldehyde through methylal.

Or from ethyl aleohol through ethyl-
ene, the latter giving formic aldehyde
when heated to 400" with an insufficient
quantity of oxygen for complete com-
bustion (Schutzenberger, Bull. Soc. [ 2]
81, 482).

Wote :—All generntors of ethylene thus be-
come Eﬁngrntgn’ of formic nlllull}'[lr_'.

Or from ethyl aleohol through efly-
ene glycol [45] (see under isopropyl al-
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cohol [16; C]). The latter, on electro-
lysis in presence of dilute sulphurie
acid, gives ¢ trioxymethylene ’ gﬂenard,
Ann, Chim. [5] 17, 303), a polymeride
of formic aldehyde which is resolved by
heat, by hot water, or by combination
with acid sodium sulphite into the mono-
molecular aldehyde (Hofmann, Ber. 2,
152 ; Tollensand Mayer, Ber. 21,1571 ;
Kraut, Ann, 258, 105; Harries, Ber,
34, 635 : see also Kekulé, Ber. 25,
2435).- Or trioxymethylene gives formic
aldehyde when passed with air through
a hot tube fWﬂﬁmff and Menschutkin,
Ber. 31, 3067).

Or from glycol through glycollic alde-
hyde (see under fUrfur‘;f[lEﬂ ; GJ), and
then as below under 0.

Or from ethyl alcohol through iodo-
form (see under methane [1; D]), me-
thylene iodide by heating the latter
with hydriodic acid and phosphorus, &e.
(Butleroff, Ann. Chim. {3}1 53, 313;
Hofmann, Ann. 115, 264 ; Baeyer, Ber.
6,1095). Methylene iodide gives me-
thylene chloride by chlorination (But-
leroff, Ann. 107, 110; 111, 251), and
this, with methyl alechol, is a generator
of methylal and of formic aldehyde as
above under C.

Or iodoform and sodium ethylate give
acrylic acid (Butleroff, Ann. 114, 204).
From the latter through a-chlorlactic
and glyceric acid [64; I] or through
oxyacrylic (glycidic) acid [92; J]. The
latter gives glyceric acid in contact
with water (Melikoff, Ber. 13, 272).
Subsequent steps as below under M.

Or from iodoform through methylene
iodide and trioxymethylene by the action
of silver oxide (or oxalate) on the iodide
(Butleroff, Ann. 111, 242).

[E.] From acetic aldelyde[92] through
iodoform by the action of iodine and
alkali [1; I], and then as above under
D. Or from aldehyde through erofonic
aldelyde 102] and crotonic acid (see
under n-butyl aleohol [17; @] and
under benzyl aleohol [54 ; H]). From
erotonic acid through A-methylglyceric
acid to formic aldehyde as belowunder J.

[¥.] From acefone [108], formic alde-
hyde being among the products formed
by passing the vapour over a hea
platinum spiral (Trillat, Comp. Rend. :
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Or cerotonic acid combines with hypo-
bromous acid to form (with a-) some
B-brom-a-hydroxybutyric acid, which
on heating with water gives g-methyl-
glyceric acid (Melikoff, Ann, 2686, 425 ;
Journ. pr. Ch. [ﬂr} 81, 554).

Or crotonic acid combines with hypo-
chlorous acid to give a-chlor-8-hydroxy-
butyric acid (Erlenmeyer and Miiller,
Ber. 15, 49 ; Melikoff, Ann. 234, 198),

~which by the action of aleoholic potash
is converted into S-methylglyeidic acid
(Melikoff, loc, eif. 204). The latter on
heating with water at 1co” gives
B-methylglycerie acid (fbid. 208 ; and
Ber. 21, 2055), from which formie alde-
hyde can be obtained as above.

Or g-methylglycidic acid (potassium
salt) itself can be electrolysed (Pisar-
Jevsky, loe. eil.).

[K.] From gB-kydrozybutyric acid
[Vol. 1I] through a-crotonic acid [54 ;
L], and then as under J. Crofonic
aldefyde is among the products of
electrolysis of B-hydroxybutyric acid
(v. Miller and Hofer, Ber. 27, 469).

[L.] From acefoacetic ester [Vol. 11
through a-cerotonic acid [54; I], an
then as above.

[M.] From glycerol [48] and fydrogen
eyanide [172] through allyl cyanide
Lﬁ&; F|, af-dibrombutyronitrile by

romination, and the acid by hydro-
lysis (Palmer, Am. Ch. Journ. 11, g2).
Subsequent steps as above under J.

Or from glycerol through glyceric
acid and pyroracemic acid [64; F],
and then as under H and J. TFormie
aldehyde is among the products of
electrolysis of potassinm glycerate (v.
Miller and Hofer, Ber. 27, 46g). Silver

lycerate gives formic aldehyde on
decomposition by iodine (Herzog and
Leiger, Monats. 22, 35—}-I)+

Glycerol on electrolysis in dilute
sulphuric acid solution gives ¢ trioxy-
methylene’ among other produets (Re-
nard, Ann. Chim. [5] 17, 321: see
also Bartoli and Papasogli, Gazz. 18,
287), and then as under D.

Or from glycerol through trimethyl-
ene (see under n-pru[lng,rl aleohol [15; B]),
which gives formie aldehyde when passed
with air through a red-hot tube (Wolkoff
and Menschutkin, Ber. 81, 3067).
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Or from glycerol through all yl aleohol
(see under ethyl aleohol [14; @& ), the
latter giving acrofein [101] and then
formic aldehyde by ¢ contaet’ oxidation
over heated platinum (Trillat, Comp.
Rend. 123, 822),

[N.] From propionic acid [Vol. :‘H
through pyroracemic acid [54; 0],
then as under H, &e.

Or from propionyl chloride and zine
methyl through tertiary amyl alcohol
(see under aldehyde [982; E]). The
latter gives formic aldehyde among the
products formed by passing the vapour
mixed with air over a heated platinum
spiral (Trillat, Comp. Rend. 132, 1495).

[0.] From {fartaric or racemic acid

Vol. I1] through pyroracemic acid
54 ; N|, and then as above. Formic
aldehyde is among the products of
electrolysis of potassium tartrate (v.
Miller and Hofer, Ber. 27, 468).

Or from tartaric acid through di-
hydroxymaleic acid and glycollic alde-
hyde (see under furfunf [126; E]).
The oxime of the latter on treatment
with acetic anhydride and sodium
acetate gives the acetyl derivative of
the nitrile, and this, on treatment with
ammoniacal silver oxide and distillation
of the product with dilute sulphurie
acid, yields formic aldehyde (Fenton,
Proc. Ch. Soc., 18, 148).

[P.] From allyl isothiocyanate [lﬂﬂj
through allyl ecyanide [64; J], an
then through ag-dibrombutyric acid,
&c., as under M.

[Q.] From malonic acid Hﬂ]. IT] by
electrolysis of a solution of the potassium
salt (Petersen, Zeit. physik. Ch. 83,
714)- . .

Or from malonic and acetic acids
Vol. 11, and aldehyde [92: lde-

:,rde]hthrough a-crotonic acid [54; GJ,
and then as under J. :

[R.] From erythritol [60] and formic
acid [ Vol. I ﬁmugh erotonic aldelyde
102] (see under normal butyl aleohol
[1‘?; I]), and crotonic acid (see also
under benzyl alcohol [ 54 ; H]), and then
as under J.

[8.] From smaunitel [B1], ¢ trioxy-
methylene’ being among tlie products
of its electrolysis in dilute sulphuric
acid solution (Renard, Ann. Chim. [5]
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its incomplete combustion (Mulliken,
Brown, and French, Am. Ch. Journ.
26, 111).

Norte :—Generators of pentane as given under
n-amyl alcohol [20, B ; O; D, &c.] are: acfic
acid ; acelone [L08), acefic acid and ethyl alcokol
[14]; pyridine ; piperidine; methyl and n-bulyl
afci-hﬂls [18 ; 17] ; ethy! and n-propyl alcohols [14 ;
15).
Generators of hexane are alse penerators of
pentana (ses under n-amyl aleohol [20; G; H;
I;J]). For similar production from isopentana
see v, Stepski, Monats, 23, 773.

[GG.] From citric acid [Vol. 1I]
through acetonedicarboxylic, 3-oxyelu-
taric, vinylacetic, and crotonie acid (see
under n-propyl aleohol [15 ; W). From
erotonic a.cig as above under J.

[EH.] Methylamine [Vol. I1] gives
the oxime of formic aldehyde among
the products of its oxidation by mono-
persulphuric acid (Bamberger and Selig-
man, Ber. 86, 4299).

92. Acetic Aldehyde; Acetalde-
hyde ; Ethanal.

CH,
H.C:0

NAaTURAL SOURCES.

A product of the anaercbic fermenta-
tion of sugar (Schutzenberger and
Destrem, Jahresber. 1878, 1007 : see
also Roeser, Ann. Inst. Past. 7, 41).
The production of aldehyde from
sugar by Mucor racemosus was first
observed by Fitz (Ber. 8, 48: the
mould is erroneously named M. mucedo
in this paper) and by M. circellinoides
by Gayon (Ann. Chim. {51 14, 285 ;
Comp. Rend. 88, 52 ; Bull. Soc. [2] 31,
139).

3i}rnnng the products of the methane
fermentation of cellulose by bacteria
from intestine of oxen (see under
methane [1]). A product of the al-
coholic fermentation of dextrose and
lwevulose by Oidium albicans (Linossier
and Roux, Comp. Rend. 110, 355; 868 ;
Bull. Soe. [3]( 4, 704).

Aldehyde (trace) was found among
the products of fermentation of saccha-
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rose by an ellipsoidal yeast (Claudon
and Morin, Comp. Rend. 104, 1109;
Bull. Soc. [2] 49, 178).

Aldehyde 15 a product of fermentation
b];,:r) the mould-fungus, Furotiopsis gayoni
(Duclaux, Journ. Fed. Inst. 8, 412).
This mould can produce aldehyde from
lactic acid when grown in a nutrient
solution containing the acid (Mazé,
Comp. Rend. 184, 240: see also Ann,
Inst. Past. 18, 433) and probably from
dextrose through aleohol (Ihid. Ann.
Inst. Past. 186, 346).

According to Bittinger, aldehyde is
invariably present in fermentation acetic
acid (Ch. Zeit. 24, 793).

Aldehyde is among the products of
fermentation of dextrose by Dunbar’s
and other Fibrios (Gosio: guoted by
Emmerling, ¢ Die Zersetzung stickstoff-
freier organischer Substanzen durch
Bakterien,” pp. 47 and 56), and of starch
by Bacillus suaveolens (Sclavo and Gosio,
Bied. Centr. 20, 419 ; Journ. Ch. Soe,
60, abst, 1284).

Aldehyde occurs in certain brandies,
in the first runnings from the rectifica-
tion of erude spirit, and in certain fusel
oils (see, for instance, Pierre and Puchot,
Ann., 168, 253; Krimer and Pinner,
Ber. 2, 403; 4, 787 ; Kekulé, Ber. 4,
718 ; Rabuteau, Comp. Rend. 87, 501 ;
Ordonnean, Comp. Hend. 102, 217 ;
Allen, Journ. Fed. Inst. 3, 38 and 43).
It is doubtful whether the aldehyde in
these cases is of biochemical origin or
due to secondary oxidation.

Acetic aldehyde occurs in American
oil of peppermint (Power and Kleber,
Pharm. Rund. 12, 157 ; Arch. Pharm,
232, 639 ; Zeit. anal. Ch, 88, 762) and
in the first (aqueous) distillates from
oil of camphor from Laurus camphora
(Gildemeister and IIoffmann, p. 485),
and from oil of aniseed from Pimpinelia
anisum (1bid. 734).

SYNTHETICAL PROCESSES.

[A.] From acetylene (see under
methane [1; A]), by absorption of this
cas by 1.35 sp. gr. sulphuric acid,
and distillation of the product with
water (Lagermark and Eltekoff, Ber.
10, 637 : see also Zeisel, Aun, 191, 372 ;
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Erdmann and Kéthner, Zeit. anorg. Ch.
18, 48), or by the action of mercuric
bromide on acetylene and water (Kut-
scheroff, Ber. 14, 1540) ; also by com-
bining acetylene with mercurie chloride
and decomposing the compound with
dilute hydrochlovic acid (fbid. 17, 13;
Kriiger and Piickert, Ch. Ind. 1895,
- 454 : see also Travers and Plimpton,
Trans. Ch. Soc. 85, 265).

Acetylene also combines with mer-
curic nitrate to form a compound which
readily gives aldehyde on decomposition
(Kithner, Inaug. Diss. Halle, 1896 ;
Erdmann and Kéthner, Zoe. cif.; Ber
81, 2475; K. A. Hofmann, Ber. 31,
2212; 2783). Acetylene forms a
compound with mereuric acetate which
decomposes on heating with acids
with the formation of aldehyde (Bur-
kard and Travers, Trans. Ch. Soce. 81,
1251).

Aldehyde is formed when acetylene
is passed through boiling phosphorie
acid (1-15 sp. gr.) or sulphuric acid (30
per cent.) containing mercuric oxide in
suspension (Erdmann and Kithner,
loe. cit.).

Aldehyde is among the produets of
oxidation of acetylene by hydrogen
peroxide in presence of ferrous sulphate
(Cross, Bevan, and Heiberg, Ber. 33,
2015).

Acetylene combines with water to
form aldehyde above 300" (Desgrez,
Ann. Chim. [-;.r&] 3, 216).

Or from elkylene by heating with
carbon dioxide at 400° (Schiitzenberger,
Bull. Soc. [2] 81, 482) ; or from ethyl-
ene dibromide and water at 150-160°
Sﬂnrius, Ann. 131, 172), or from the

ibromide throngh vinyl bromide and
the action of mercuric acetate on the
latter (Saytzeff, Zeit. [2] 8,675 ; Linne-
mann, Ann. 143, 347).

Alsofromethylenethrough gZycol[ 45].
The latter gives aldehyde when heated
with water to 210° (Nevolé, Bull. Soc.
[%;lr 25, 28g), or with zinc chloride
{I urtz, Ann. 108, g15: see also Lie-

en, Monats. 23, 60).

Or ethylene can be combined with
h{l’“‘“m“m“ﬂ acid to form chlorethyl
aleohol = glyeol chlorhydrin (Carius,
Ann. 126, 197), which on treatment with
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potassium iodide gives glycol iodhydrir
(Butleroff and Ossokin, Ann. 144, 42).
The latter, on heating with lead hy-
droxide, gives aldehyde quantitative{y
(Charon and Paix-Séailles, Comp. Rend.
130, 1407).

Glyeol chlorhydrin gives aldehyde
among the products of decomposition
by heating in contact with lead or zine
oxide (Kaschirsky, Ber. 10, 1104), or
(in small quantity) by heating with
water (Krassusky, Journ. Russ. Soc. 34,
287). Or the chlorhydrin, on treatment
with potash, gives ethylene oxide
(Wurtz, Ann. Chim. [3] €9, 317 ; Ann.
110, 125; Demole, Ann. 173, 125).
The latter yields aldehyde more readily
than the glyeol when heated with zine
chloride (Krassusky, loc. cif. 537).

According to Berthelot, aldehyde is
formed by the oxidation of ethylene
with chromic acid (Comp. Rend. 88,

334)- s

The ¢ ethylenic nitrate * formed by the
combination of ethylene with nitric an-
llgdride gives aldehyde on reduction
(Demjanoff, Ch. Centr. 1899, 1, 1064)..

[B.] Methane [1] and carbon mon-
oxide give aldehyde under the influence
of the silent electric discharge (Lo-
sani;mch and Jovitschitsch, Ber. 30,
137).

Sﬂﬁeme and earbon monoxide also give
aldehyde by this method (De Hemp-
tignje, Bull. Acad. Roy. Belg. [3] 34,
269).

Or from ethane and air by passing
over hot copper or ashestos, &e. (Glock,
Germ. Pat. rogo15 of 18gg; Ch.
Centr. 1900, 2, 304).

ethyl aleohol [14; A ; D, &e.]) thus become

Nore:—All Emmrntors of ethane (see under
generatora of aldehyde,

[C.] From ethyl aleokol [14% by oxida-
tion (Dibereiner, Gmelin’s ¢ Handbuch
d. org. Ch’ IV, 556 ; 585; 611; Lichig,
Ann. 14, 133; W. and R. Rodgers,
Journ. pr. Ch. 40, 240 ; Stideler, Jbid.
78, 54 : for conditions determining the
electrolytic oxidation of aleohol to alde-
hyde see Dony-Hénault, Zeit. Elektroch.

8, 533)- .
Or from Eﬂl_‘,‘] alcohol through its
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ether, the latter giving acetaldehyde
among the products of its photochemical
oxidation (Berthelot, Comp. Rend. 129,
627), or by passing through a hot tube
(Liebig, Ann, 14, 134 ; Tistschenko,
Journ. Russ. Soe, 81, 784; Ch. Centr.
1900, 1, 586).

From aleohol by chemieal, aided by
electrolytic, oxidation (Darmstidter,
Germ. Pat. 1ogorz of 1897; Ch.
Centr. 1gco, 2, 151); or by electrolysis
in presence of sulphuric acid (Elbs and
Brunner, Zeit. Elektroch. 8, 6o4).
Among the produects of photo-oxidation
of aleohol by ferric chloride (De Coninek,
Comp. Rend. 181, 275), and among the
products of pyrogenic decomposition
(Ipatieff, Ber. 84, 5¢8): the yield is in-
creased by the pyrogenic fcontact’
influence of certain metals, such as iron
or zing, &e., or certain metallic oxides
(Ibid. 34, 3579"; 85, 1047).

Ethyl alechol is oxidised to aldehyde
by quinones, ketones, benzaldehyde, and
anisaldehyde in presence of light (Ciami-
cian and Silber, Ber. 34, 1530).

Magnesium ethylate gives aldehyde
when acted upon by dry chlorine (Meu-
nier, Comp. Rend. 134, 472).

Ethyl hypochlorite decomposes spon-
taneously into aldehyde and hydrogen
chloride (Schmitt and Goldberg, Journ.
pr- Ch. [2] 19, 393 ; 24, 106).

[D.] From formic and aeefic acids
[Vol. II] by distilling a mixture of the
dry caleium salts (Ritter, Ann. 97,
369)- ek .

Or from acetic acid through acetyl
cyanide and pyroracemic acid (see under
benzyl alcohol [54 ; I]), and then as
below under B.

Formylacetic ethyl ester (see under
cymene Pﬂ ; IX7), when boiled with di-
lute sulphurie "acid, gives aldehyde
among other products (Wislicenus and
Bindemann, Ann. 318, 18).

[E.] From propionic acid EV(}I- I]],
being among the products of electrolysis
of sodium propionate in presence of
sodium perchlorate (Hofer and Moest,
Ann. 823, 284).

Or from propionic acid through
ethane by phﬂlﬂﬂllumiuu] decomposition
in presence of uranium salts, or through
ethylene by electrolysis (see under
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ethyl aleohol [14; H]). Ethane yields
aldehyde as under B, and ethylene as
under A.

Or from propionic acid and methyl
aleokol [13} through tertiary amyl al-
cohol by the interaction of propionyl
chloride and zine methyl (Popoff, Ann.
145, 293 ; Jermolajeff, Zeit. [2] 7, 275 ;
Wischnegradsky, Ann. 190, 336), the
corresponding iodide, and amylene (tri-
methylethylene) by the action of aleo-
holie potash on the latter. According to
Wagner (Ber. 21, 1235), acetic aldehyde
is among the products of oxidation of
this amylene.

Or from propionie acid through the
a-bromo-acid by bromination (Friedel
and Machuea, Comp. Rend. 53, 408;
Ann. 120, 286; Bischoff, Ann. 208,
319; Zelinsky, Ber. 20, 2026 ; Michael
and Graves, Ber. 34, 4044), the a-eyano-
acid by the action of pofassium cyanide
[172], and hydrolysis of the latter to iso-
succinic (methylmalonic) acid (Wichel-
haus, Zeit. [Ej; 3, 247; Byk, Journ.
pr- Ch. [2] 1, 19; Cohn, Ann. 251,
335 ; Pusch, Arch. Pharm. 233, 188).
Acetic aldehyde (Itraaej is among the
products of electrolysis of the potassium
salt of this latter acid (Petersen, Ch.
Centr. 1897, 2, 519; Zeit. physik. Ch.
33, 7o2).

Or from propionie acid thmth yro-
racemic acid (see under benzyl aleohol
554 ; 0]). The latter, on heating with

ilute sulphuric acid at 150", %es
aldehyde (Beilstein and Wiegand, Ber.
17, 840). Pyroracemic acid also yields
aldehyde among the products of its
electrolytic oxidation (Rockwell, Journ.
Am. Ch. Soc. 24, 719).

Or ap-dibrompropionic acid can be
converted into acrylic acid by treatment
with zine and sulphuric acid (Caspary
and Tollens, Ann. 1687, 241 ; Melikoff,
Journ. Huss. Soc. 138, Ijﬁ}, and the
latter into A-chlorlactic acid by the
addition of hypochlorous acid (Melikoff
loe. cit. 157).  p-Chlorlactic acid gives
aldehyde on heating with water, or by
boiling a strong solution of the sodium
salt (Erlenmeyer, Ber. 13, 309 ; Reisse,

nn. 267, .
= F.] Frgtﬁ?imdaniﬂ acid Ffol. H],
methyl and ethyl aleokols [18; 14},

S
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isosuceinic  (methylmalonic)
iﬁuhgyhthe action of n;:et.h}rl iodide on
sodiomalonic ester (Ziiblin, Ber. 13,
1112), and then as above under E.

Or from malonic acid thmufh ethyl-
ene by electrolysis (see under ethyl
:?oldc:u::r]mfr [14; W{i and then as above
under A,

G.] From suecinic acid [Vol. 1I]
through ethylene by electrolysis [14;
X], and then as under A.

Or through dibromsuceinie acid by
bromination (Kekulé, Ann. 117, 123;
Suppl. 1, 131 : see also under methane
[1; T]), and the action of boiling water
on the dibromo-acid or its salts (Lossen
. and Riebensahm, Ann.292,2¢5; Lossen,
Ann. 800, 1; Lossen and Reisch,
Ibid. 5).

Aldehyde is among the products of
electrolysis of potassium succinate(Peter-
sen, Zeit. physik. Ch. 88, 711).

Or from succinie acid through acetyl-
enedicarboxylic acid (see under methane
[1; T]). The latter gives aldehyde (and
paraldehyde) on heating with water to
300" (Desgrez, Ann. Chim. [7] 8,
2I9).

E:‘E] From factie acid [Vol. I1] by
oxidation with various oxidising com-
pounds (Liebig; Stiideler, Ann. 89, 332),
or by heating with dilute sulphuric
acid at 130° {Er]enme}yer, Zeit. [2] 4,
343). Also by electrolysis of a strong
solution of the potassium salt (Kolbe,
Ann. 118, 244; Brester, Zeit. [2] 2,
68oc; v. Miller and Hofer, Ber. 27,
468), or by the action of iodine on the
silver salt (Herzog and Leiser, Monats.
22, 357). =

so from lactic acid through pyro-
racemic acid (see under benzyl alcohol
[64; P]), and then as under E.

Or lactic ester can be converted into
lactic hydrazide by the action of hydra-
zine, and the hydrazide into the azide
by nitrous acid. The azide hydrolyses
to acetic aldehyde, &e. (Curtius and
Aufhiuser, Ber. 34, 2796).

Sarcolactic acid [Vn{. 117 gives acetic
aldehyde under similar conditions to
those “’hi_':h give rise to this aldehvde
frafn ordinary lactic acid (for electro-
lysis see v. Miller and Hofer, Zoc. cit.).

[I.] From fartaric or racemic acid
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Vol. II] through pyroracemic acid
54; N|, and then as under E.
Aldehyde is among the products of the
distillation of tartaric acid (Vilckel,
Ann. 89, 57).

[7.] From glycerol [48] through
glycerie acid and pyroracemic acid
[64 ; ], and then as under E.

Or from glycerol and pofassium

nide [172] through allyl eyanide
54; F| and p-methylglyceric acid
see under formic aldehyde 91 ; M and
J]). Acetic aldehyde is among the
products of electrolysis of potassium
3-methylglycerate (Pisarjevsky, Journ.
Russ. Soc. 29, 289). _

Or glycerol may be converted into
acrolein t{.nl] by dehydration (Redten-
bacher, Ann. 47, 120; Geuther and
Cartmell, Ann. 112, 2; Hiibner, Ann.
114, 35; Van Romburgh, Bull. Soc. [2]
38, 549; Wagner, Journ. Russ. Soc.
16, 317 ; Griner, Ann. Chim. [6] 28,
367 ; Aronstein, Ann. Suppl. 3, 180;

lischer, Ber. 20, 3388; Wohl and
Neuberg, Ber. 82, 1352 ; Waohlk, Journ.
pr. Ch. [2] 61, 2co), aerylic acid by
oxidationof the latter (Redtenbacher, foe.
eit. 125; Claus, Ann. Suppl. 3, 123),
and p-chlorlactic acid by the addition
of hypochlorous acid to acrylic acid
(Mehkoff, Journ. Russ. Soc. 13, 157).
B-Chlorlactic acid gives aldehyde as
above under E.

Or acrolein and ethyl aleakol P-i com-
bine under the influence of hydrogen
chloride to form B-chlorpropionacetal
(Wohl, Ber.21,618; 81, 1796). Thelatter
is converted by the action of alkali into
the g-hydroxy-acetal, and this by oxida-
tion with potassium permanganate gives
B-diethoxypropionic acid. The latter,
on heating with dilute sulphuric acid at
50°, yields the semi-aldehyde of malonic
acid, which is resolved above 50°
into carbon dioxide and acetic alde-
hyde (Wohl and Emmerich, Ber. 38,
2760).

Or from glycerol throngh glycerie
acid, a-chlorlactic acid by the action of
hydrochloric acid on the latter (Werigo
and Melikoff, Ber. 12, 178), oxyacrylic
(glyeidic) acid by the action of aleoholic
potash (Melikoff, Ber. 18, 271 ; Journ.
Russ. Soec. 18, 211), B-chlorlactic acid
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by addition of hydrogen chloride (Ihid.
Journ. Russ. Soe. 18, 157), and then as
above.

Glycerol may also be converted into
a-chlorlactic acid through ag-dichlor-
propyl aleohol by the action of ehlorine
on allyl aleohol (Tollens, Ann. 158,
164 ; Hibner and Miiller, Ann, 159,
168), by the addition of hypochlorous
acid to allyl chloride (v. Gegerfeldt,
Ann. 164, 247 ; Ber. 8, 720; Henry,
Ber. 8, 352; 7, 414), or by the direct
action of dry hydrogen chloride (Faueon-
nier and Sanson, Bull. Soc. [2] 48, 236).
The ag-dichlorpropyl aleohol gives af3-
dichlorpropionic acid on oxidation
(Henry, Ber. 7, 414; Werigo and
Melikoff, Ber. 10, 1500), and the latter
yields a-chlorlactie acid by the action of
water (Melikoff, Ber. 12, 2227%).

Or glyceriec acid may be converted
into B-iodopropionic acid by the action

of phosphorns iodide (Beilstein, Ann.

120, 226 ; 122, 366 ; Erlenmeyer, Ann.
191, 284 ; Meyer, Ber. 18, 3294 ; 21,
24). The iodo-acid gives aerylic acid
by the action of aleoholic potash, or by
heating with lead oxide (Schneider and
Erlenmeyer, Ber. 8, 339; Wislicenus,
Ann. 188, 2?, and this can be converted
into B-chlorlactic acid and aldehyde as
above.

Or from glycerol through a-epichlor-
hydrin by the action of phosphorus
pentachloride, or by the action of hydro-
chloric acid or alkali on dichlorhydrin
(Berthelot, Ann. Chim. [3] 41, 299;
Reboul, Ann. Suppl. 1, 221; Prevost,
Journ. pr. Ch. [2] 12, 160 ; Fauconnier,
Bull. Soc. [2] 50, 213). Epichlorhydrin
on oxidation with nitric acid gives
B-chlorlactic acid (Richter, Journ. pr.
Ch. P] 20, 193), from which aldehyde
can be obtained as above.

Acetic aldehyde is among the pro-
ducts of the dry distillation of the
calcium derivative of glycerol (Destrem,
Ann. Chim. [5] 27, 20).

[K.] From normal butyric acid [V{r].]']l
through a-crotonic acid (see under benzy
alcohol [64 ; K]), and g-methylglycerie
= af-dihydroxybutyric acid (see under
formie aldehyde [81; JJ), and then as
above under J.

Or a-crotonic acid gives aldehyde
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dircetly by oxidation with chromie acid
mixture (Kekulé, Ann. 182, 315).

Or from dsobutyric acid [Vol. II]
through a-hydroxyisobutyric = 2-me-
thyl-2-propanolic acid by oxidation
with potassinm permanganate (Meyer,
Ann, 218, 240).
hyde among other products by the
action of heat or dehydrating agents
(Scholtz, ‘Der Einfluss der Raumerfiil-
lung der Atomgruppen auf den Verlanf
chemischer Reaktionen,” 1899, p. 363;
Bischoff and Walden, Ann. 279, 111).

Or isobutyrie acid can be brominated
(Markownikoff, Ann. 158, 229; Hell
and Waldbauer, Ber. 10, 448), the
a-bromo-acid converted into the hydroxy-
acid by treatment with barium hy-
droxide or sodium carbonate solution
(Markownikoff, Zoe. cit.; Fittig, Ann.
200, 7c), and then as above,

Or isobutyric acid (or chloride) on
chlorination gives, with other produets,
a-chlorisobutyric acid (Balbiano, Ber.
11, 1693 ; Michael and Garner, Ber, 34,
4054), and this yields the hydroxy-acid
on heating with water at 18¢” (Ostrop-
jatoff, Journ. Russ. Soc. 28, 51).

[L.] From acefoacetic ester [ Vol. 1T
through a-crotonic acid (see under
hcnz;ﬁ alcohol [64; I]), or through
B-methylglyceric acid (see under formic
aldeh ydei&l ; L and J]), and then as
above under J and K.

Or acetoacetic ester may be con-
verted into its methylpropyl-derivative
by the alternate introduction of methyl
and propyl by the action of the alkyl
iodides on mj’ia-acet{muet{c ester (Lie-
bermann and Kleemann, Ber. 17, g18 ;
Jones, Ann. 2286, 287). Methylpropyl-
acetoacetic ester on reduction with
sodium amalgam gives a-methylpropyl-
A-hydroxybutyrie [3]~rnethyl-ﬂ-lmxanol-
g-carboxylic) acid (Jones, foe. cif. 288),
and this on dry distillation breaks down
into acetic aldehyde and methylpropyl-
acetic acid.

Or instead of methyl and propyl two

other alkyls may be intro uced nto
acetoacetic ester, such as two ethyls,
giving rise to a-:]iel,hﬂ-ﬁ-h}'t]l‘ﬂx}“
butyric (3-ethyl-2-pentanol-3-carboxy-
lie) acid by reduetion with sodium amal-
gam as above (Schnapp, Ann, 201, 65)-

The acid gives alde-

1
{
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This acid on dry distillation also breaks
down into acetaldehyde and diethyl-
* acetic acid.

Wore :—This synthesis of aldehyde from dial-
kyl-g-hydroxybutyric acids is general what-
ever the alkyls may be (Reformatsky, Journ.
pr. Ch. [2] 54, 477)-

Or from acetoacetic ester through
¢oxymesitenedicarbonic ’ acid and its an-
hydride (lactone) which is formed by the
action of hydrochloric or sulphurie acid
on the ester (Duisberg, Ann. 218, 177 ;
Polonowska, Ber. 18, 2402 ; Anschiitz,
Bendix, and Kerp, Ann. 259, 153).
The lactone on distillation with lime
gives mesityl oxide (Hantzsch, Ann.
222, 21), and this can be converted
into hydroxyisobutyric acid as below
under 8, and aldehyde as above under K.

[M.] From B-Aydroaybutyric avid
[Vol. IT] through a-crotonic acid (see
under benzyl aleohol [54; L), or
through #-methylglyceric acid (see
under formic aldehyde [91; KJ), and
then as under J and K.

[W.] From erythritol [50] and formic
aciit [ Vol. IIP through a-crofonic alde-
Ayde[102 |and acid, or through g-methyl-
glyceric acid (see under formic aldehyde
[#1; R]), and then as under J and K.

[0.] ¥rom allyl isothiocyanate [1686]
throngh B-methylglyceric acid [91;
P], and then as under J.

[B.] From fumaric or maleic acids
[Vol. IT] through acetylene (see under
methane [1; U]), and then as above
under A.

Or from fumarie acid through di-
bromsuccinic acid by the addition of
bromine (Kekulé, Ann. 117, 123;
Suppl. 1, 131 ; Baeyer, Ber. 18, 676),
and then as under G.

Or from maleic acid through iso-
dibromsuceinic acid by the addition of
bromine (Kekulé, Ann, Suppl. 2, 89),
and decomposition of the isodibrom-
succinabes by boiling with water (Lossen
and Reisch, Ann, 300, 5.

[Q.] From malic acid [ Vol. IT], beinge
formed in small quantity by the electro-
]:!"SIS of a strong solution of the potas-
slum or sodium salt (Bourgoin, Bull.

Soc. [2] 9, 427 ; v. Mill : -
Bor, o) 4?:’}‘? tler and Hofer,
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Also by boiling the aqueous solution
of the acid with manganese dioxide
(Liebig, Ann. 113, 14), by heating with
dilute sulphuric acid at 135° (Weith,
Ber. 10, 1744), or by oxidation with
potassium  permanganate (Deniges,
Comp. Rend. 180, 32).

[R.] Tiglic acid [ Vol. I1] gives alde-
hyde on oxidation with potassium
permanganate (Beilstein and Wiegand,
Ber. 17, 2262}

[8.] From acefone [106] through the
dibromide or diiodo-derivative (see under
glycerol [48 ; E]), acrofein [101], acrylie
acid, S-chlorlactic acid, &ec., as above
under J.

Or from acetone and Aydrogen cyanide
[172], which condense in the presence
of hydrochlorie acid to form hydroxy-
isobutyric acid (Staedeler, Ann. 111,
220; Markownikoff, Ann. 148, 339).
The latter gives aldehyde as above
under K.

Or from acetone and c&iwgfbrmgl; D],
which condense in the presence of caus-
tic alkali to form ¢ acetone-chloroform’
(see under tertiary butyl aleohol [19 ;
D]). The latter gives hydroxyiso-
butyric acid on heating with water or
dilute alkali (Willgerodt, Ber. 15, 2307 ;
Willgerodt and Schiff, Journ. pr. Ch.
[2] 41, 519).

Acetone by the action of sulphurie
acid, of lime, or of hydrogen chloride
followed by caunstic alkali or water
gives mesityl oxide = 2-methyl-2-
pentenone-4 (Kane, Phil. Trans. 44,
475 ; Fittig, Ann. 110, 32 ; Kasanzeff,
Journ. Russ. Soc. 7, 173; Baeyer,
Ann. 140, 297 ; Claisen, Ann. 180, 4 ;
Freer and Lachman, Am. Ch. Journ.
19, 887, note). Or mesityl oxide results
from the action of zine methyl or ethyl
(Pawloff, Ber. ®, 131r1; Ann. 188,
130), or of acefyl chloride on acetone
(Beilstein and Wiegand, Bull. Soe. [2]
38, 167). Mesityl oxide gives hydroxy-
1sobutyrie acid on oxidation with potas-
ainn; permanganate (Pinner, Ber. 15,
591)-

Acetone and ammonia condense in
the presence of acids to form diaceton-
amine (Heintz, Ann. 174, 154; 189,
214). The latter (or its salts) gives
mesityl oxide on dry distillation (Soko-

N2
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loff and Latschinoff, Ber. 7, 1387;
1777 ; Hemtz, Ann. 174, 156; 176,
252 ; 181, 7¢).

Diacetonamine salts also give mesityl
oxide (with diacetone aleohol) on treat-
ment with potassium nitrite (Sokoloff
and Latschinoff, foc. eif. ; Heintz, Ann.
178, 342). Diacetone aleohol also gives
mesityl oxide on treatment with strong
sulphurie acid (Heintz, Ann. 178, 351).

Or diacetonamine on oxidation wit
chromic.acid mixture gives a-aminoiso-
butyric acid (Heintz, Ann. 198, 46),
and this yields hydroxyisobutyric acid by
the action of nitrous acid (Tiemann and
Friedlinder, Ber. 14, 1973), from which
aldehyde can be obtained as under K.

[T.] Dewtrose [154] gives acetic alde-
hyde among other products on oxidation
with sulphuric acid and manganese
dioxide (Liebig, Ann. 118, 16).

“Invert sugar’ (dextrose and levu-
lose) gives this aldehyde on electrolysis
of the agqueous solution in presence of
sulphurie acid (H. T. Brown, Journ, Ch.
Soe. 25, 578).

[U.] Ethylamine [Vol. I1] gives alde-
hyde among other products on oxidation
with chromie a{:il{j mixture (Wanklyn
and Chapman, Journ. Ch. Soc. 20,
328), and the oxime of the aldehyde
among the products of oxidation by
monopersulphuric acid (Bamberger, Ber,
351 4293}' .
 [v.] dlanine [Vol. IT] gives aldehyde
on boiling its aqueous solution with
lead peroxide, on heating per se, or on
heating with strong phosphoric acid
solution at 220° (Drechsel, Ber. 25,

503)-
? [W.] Choline [Vol. II] on boiling in
concentrated aqueous solution gives
glycol [45] and trimethylamine. From
the former aldehyde can be obtained as
under A.

[X.] Furfural [126] on oxidation
gives pyromucic acid (Schwanert, Ann.
114, 63; 118,257 ; Volhard, Ann. 261,
37g), which on heating with bromine
at 1co’ yields é-brompyromucie acid
(Hill and Sanger, Ann. 232, 46 ; Ber.
16, 1130). The latter on heating with
bromine and water gives isodibrom-
guccinie acid (H. and 8. Ann, 232, 53),
which yields aldehyde as under P.
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[¥.] Citral [104] on boiling with
dilute alkali gives (with methylhepte-
none) acetaldehyde (Verley, Bull. Soc,
[3] 17, 175).

From cifrie acid [Vol. II]
through acetonedicarboxylic acid (see
under orcinol [75; C]). The latter by
the action of strong sulphuric acid
E;ie]da citracoumalic acid (Nieme and v.

echmann, Ann. 261, 19g), and this
on heating at 200° gives the lactone
of mesitenecarbonic acid (Ihid. 202),
from which mesityl oxide can be
obtained as under L, hydroxyisobutyric
acid as under 8, and aldehyde as
under E.

Or from acetonedicarboxylic acid
through g-oxyglutarie, vinylacetic, and
erotonic acid (see under n-propyl aleo-
hol [156; W), and then as above
under E.

[AA.] From amyl alcokol from fusel
oil [22] through amylene = trimethyl-
ethylene (Balard, Ann. Chim. [3] 12,
220 ; Frankland, Journ. Ch. Soe. 3,
35; Wurtz, Bull. Soc. 5, gor1), tri-
methylethylene bromide, and glycol (see
under acetone [106; E]). The latter
gives hydroxyisobutyric aeid on oxida-
tion with nitric acid (Wurtz, Ann.
107, 197). Subsequent treatment as
under K.

Aldehyde is among the products of
oxidation of this amylene by potassium
permanganate, the glycol being formed
as an intermediate product (Wagner,
Ber. 21, 1235).

Or from isoamyl alcohol through the
iodide, which gives secondary pentane
(4-methylbutane) on heating with zine
and water (Frankland, Ann. 74, 53)-
The pentane gives hydroxyisobutyrie
acid among the products of the action
of mnitric aeid (Poni, Ch. Centr. 1902,
2, 16).

[B.'Eri] From oxalic acid [Vol. 1] and
methyl aleokol [18] through hydroxyiso-
butyric acid (see under acetone [108;
0]), and then as above under K.

[cC.] From wmethyl alcokol [18],
acetic aldehyde being among the pro-
ducts obtained by heating aluminmm
methylate (Tistschenko, Journ. Russ.
Soe. 81, 784; Ch. Centr. 1900, 1,
585).

i
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Or from methyl aleohol through
ethane (see under ethyl aleohol [14; D]),
and then as above under B.

[DD.] fsobutylene glycol [4‘?‘1 on treat-
ment with hydrochloric acid gives a
chlorhydrin which, on oxidation with
nitrie acid, yields a-chlorisobutyric acid
(Henry, Bull. Soc. [zill 28, 24). From
the latter through a-hydroxyisobutyric
acid as above under K. ‘

[EE.] Methylisoeugenol [80] gives
aldehyde among the products of oxida-
tion by potassium permanganate (Kolo-
koloff, Journ. Rus? Soc. 29, 23; Ch,
Centr. 1897, 1, g1 5).

[FF.] %‘i::r; ?ﬂ;ﬁiu{y&' alcokol [18], or
tertiary butyl alcohol [19], through iso-
butylene [18; A; 19; B] and acefic
acid [ Vol. IT]. Isobutylene and acetyl
chloride or acetic anhydride condense in
presence of zine chlorde to form mesityl
oxide (Kondakoff, Journ. Russ. Soc. 28,
12; 232). Subsequent treatment as
above under 8, &e.

Nore :—Generators of isobutylene are given
under isobutyl alechol [18 ; B ; €] and under
butyrie aldehyde balow [84].

93. Acetal ; Ethylidenediethyl Ether.
CH,.CH(O.C,H,),

NaTurAL SOURCES.

Oeceurs in raw spirit after filtration
through animal charcoal (Geuther, Ann.
128, 63); also in fusel oil of whisky
(Allen, Journ. Fed. Inst. 8, 38). Has
been found in forerunnings from spirit
rectification (Krimer and Pinner, Ber.
2, 402 ; 4, 788; Kekulé, Ber. 4, 519).

It 18 doubtful whether the acetal is
a biochemical product or due to secon-
dary reactions.

SYNTHETICAL PROCESSES.

[A.] From ethyl alcokol [14] by
oxidation (Dibereiner, Gmelin’s Handb.
d. org. Ch. IV, 8o5 ; Liebig, Ann. 5,25 ;
14, lﬁlﬁr; Stas, Ann. Chim. [3] 18,
146 ; Wurte, fhid., 48, 370 ; Ann. 108,

84). By electrolysis (Renard, Ber. 8,
132).
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[B.] From aldehyde [92] and ethyl
aleohol [14] by passing hydrogen
chloride into a mixture, and acting on
the monochlorethyl ether (CH, . CHCI.
OC,H,) thus formed with sodium ethyl-
ate (Wurtz and Frapolli, Comp. Rend.
47, 418; Ann. 108, 223). Or by
passing hydrogen chloride into a mixture
of alcohol and aldehyde, and allowing
to interact at ordinary temperatures
(Fischer and Giebe, Ber. 30, 3053).

Also by converting aldehyde into
ethylidene dibromide by the action of
phosphorus  pentabromide, and the
interaction of the dibromide with so-
dium ethylate (W, and F., Joc. cit.).

Or from aldehyde by heating with
aleohol and acetic acid at 100" (Geuther,
Ann. 126, 63), or by passing hydrogen

hosphide into a cold mixture of alde-
E;-,r-:l-:: and absolute alcohol (Engel and
Girard, Comp. Rend. 91, 692 ; Jahres-
ber. 1880, 694?.

Also from aldehyde through a-chlor-
ethyl acetate (Wurtz, Ann. 102, g4),
or by the action of acetyl chloride on
aldehyde (Simpson, Ann. 108, 156).
By the action of bromine at 1c0-103"
a-chlorethyl acetate gives bromethyl
bromacetate (Kessel, Ber. 10, 1994 ;
11, 1g16), and the latter (CH,Br. CO.
O.CHBr. CIHL,), when heated with
aleohol, yields acetal among other pro-
ducts (76id. 11, 1918).

Hydrogen chloride passed into a cooled
mixture of aleohol and Aydrogen eyanide
[172] gives formimino-ethyl ether (Pin-
ner, Ber. 18, 354, 1644). The hydro-
chloride of the latter interacts with
acetic aldehyde to form acetal (Claisen,
Ber. 81, 1014).

Acetal is best prepared by acting on
aldehyde with a 1 per cent. solution of
hydrogen chloride in aleohol (Fischer
and Giebe, foe. cit.).

94. Butyric Aldehyde ; Butanal.
C,H. .CHO
Naturarn Sounces.

A l}ut_yriu nidch:,':le 18 said to oceur
in the oil of Bucalyptus globulue and in
oil of cajeput from Melalenca lencaden-
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dron (Voiry, Bull. Soc. [2] 40, 106;
50, 108 ; Comp. Rend. 108, 1419;
1538). A butyric aldehyde occurs in
rancid fat, probably a bacterial product
(Nagel, Am. Ch. Journ. 28, 173).

SYNTHETICAL Procrsses.

The constitution of the natural pro-
duct has not been determined, so the
synthetical methods for both normal
and iso-aldehydes are given :—

[A.] Butyric and formic acids [l?ul.
IT] give the n-aldehyde on distilling
a mixture of the dry caleinm salts (Lie-
ben and Rossi, Ann. 158, 146 ; Linne-
mann, Ann. 161, 186 ; Lipp, Ann, 211,
355; Kahn, Ber. 18, 3364).

Or n-butyric acid can be conve
into the chloride, and the latter reduced
in moist ethereal solution with sodium
amalgam (W. H. Perkin, junr.,, and
Sudborough, Proe. Ch. Soe. 10, 216).

[B.] fsobutyric acid |Vol. II] gives
the iso-aldehyde by distilling the cal-
cium salt per se, or with caleium formate

Vol. II] (Popoft, Ber. 8, 1255 ; Bar-
lia and Gueei, Ber.13, 1572 ; Linne-
mann and Zotta, Ann. 162, 7).

[C.] Lsobutyl aicolol [lﬂf gives the
iso-aldehyde on oxidation with chromie
acid mixture (Pfeiffer, Ber. 5, 6gg;
Michaelson, Ann. 138, 182 ; Pierre and
Puchot, Comp. Rend. 70, 434 ; Lipp,
Ann. 205, 2 ; Fossek, Monats. 2, 614 ;
W. H. Perkin, junr.,, Trans. Ch. Soe.
43, g1). Also by pyrogenic decomposi-
tion (Ipatieff, Ber. 34, 598); especially
by the contact action of certain heated
metals (/lid. 86, 1052), or by passing
the vapour mixed with air over heated
platinum (v. Stepski, Monats. 23, 773).

Isobutyl hypochlorite i1s decomposed
by hydrochloric acid with the formation
ﬂg 1isobutyric aldehyde (Tiesenhold :
Krassusky, Journ. Russ. Soc. 34, 556).

[D.] Tertiary butyl aleokel [18] can
be converted into isobutylene by acting
on the iodide with aleoholie potash, or
on the aleohol with sulphurie acid or
zine chloride (Wurtz, Ann. 93, 107;
De Luynes, Comp. Rend. 58, 1175 ;
Butleroff, Ann. 144, 19 ; Zeil. H‘z] 8,
236 ; Konowaloff, Bull. Sce. [2] 84,
333 ; Nevolé, Bull. Soc. [2] 24, 122 ;
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Lermontoff, Ann. 108, 117; Puchot,
Ann. Chim. [5] 28, 508 ; Scheschukoff,
Bull. Soc. [2] 45, 181). Isobutylene
bromide, when heated with water at
160°, gives isobutyrie aldehyde (Linne-
mann and Zotta, Ann. 162, 36).

Or from isobutylene through the
chlorhydrin, which gives isobutyric
aldehyde on heating with water or by
passing over heated zine oxide (Kras-
susky, Journ. Russ. Soc. 84, 287). Tso-
butylene oxide (from the chlorhydrin)
gives the aldehyde when heated with
zine chloride (fhid, 537).

Or isobutylene by chlorination gives
(with an isomeride) isobutenylchloride =
2-methyl-3-chlorpropylene (Scheschu-
koff, Journ. Russ. Soc. 18, 495), which,
by potassium carbonate and water, is
converted into isopropenyl ecarbinol
= 1-hydroxy-2-methylpropylene ([4id.
499). The latter, on heating with water
acidified with sulphuric acid, gives iso-
butyric aldehyde ([did. 502).

[B.] Isovaleric acid [Vol. II] gives
isobutylene among the products of the
electrolysis of a strong solution of the
potassinm salt (Kolbe, Ann. 69, 259},
and this ean be converted into isobutyrie
aldehyde as above under D.

Or from isovaleric acid through j-
dimethylaerylic acid and isobutylene
(see under isobutyl alcohol [18 ; C]).

Or g-dimethylacrylic ester on mitra-
tion gives an e-nitro-derivative (Bou-
veault and Wahl, Comp. Rend. 131, 687),
which, on reduction by sodium in moist
ether, or by hmtin? with sodinm hy-
droxide solution, yields nitroisobutylene
(fbid. 1211). The latter, on reduction
with aluminium amalgam or zine dust
and acetic acid, gives the oxime of iso-
butyric aldehyde, from which the alde-
hyde can be obtained by hydrolysis
(fbid. 184, 1145).

Nore:—0thor genorators of 8-dimethylacrylic
acid given under isobutyl aleohol are acefons

[106] and glycorol [48), or acelone, malonic acid,
and acetic anhydride,

Or igovaleric acid can be brominated
or chlorinated (Cahours, Ann. Suppl
2, 78 ; Borodin, Ann, 119, 121 ; Fitti
and Clark, Ann. 189, 19g; Ley an
Popoff, Ann. 174, 63; Schmidt, Ann.
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which, on reduetion with zine and
sulphuric acid and finally with sodium
amalgam, yields an acid apparently
identical with sebacic acid (I5id. 2272).
Sebacie acid on heating with lime is
sald to give, among other products, va-
leric aldehyde (Gﬁvi, Ann. 91, 1I0;
Petersen, Ann. 108, 184; Dale and
Schorlemmer, Ann. 189, 149).

[C.] Fumaric acid [Vol. I1] gives
dibromsuccinic acid on heating with
bromine and water (Kekulé, Ann.
Suppl. 1, 131; Baeyer, Ber. 18, 676),
and this can be converted into sebacic
acid as above.

[D.] From adipic acid [ Vol. IT], which
gives sebacic acid (ester) on electrolysis
of a solution of the potassium salt of
the monoethyl ester (Crum Brown and
Walker, Ann. 261, 121).

[E.] Stearic acid [Vol. I1] gives se-
bacic acid when heated with nitric acid
(Arppe, Zeit. [zli, 2g6).

[F.] Normal
bromination and boiling with sodinm
carbonate solution, gives a-hydroxy-
hexoic = 2-hexanolic acid (Jelisafoff,

Journ. Russ. Soe. 13, 367), and this, on

oxidation with chromic acid mixture,
yields valeric aldehyde among other pro-
ducts (Ley, fbid. 8, 139).

II. Isovaleric Aldehyde ; 2-Methyl-
3 4-butanal.

CH,.CH(CH,).CH ,. CHO

[A] From isoamyl alcokol [22:1 by
oxidation (Dumas and Stas, Ann. Chim.
&(z] 78, 145 ; Parkinson, Ann. 90, 114 ;

olbe and Guthrie, Ann. 108, 296 ;
Bouveault and Rousset, Bull, Soe. [3]
11, 3co0).

An amylene from fusel oil (isopropyl-
ethylene : see above under butyrie alde-
hyde ‘[94 ; H]) gives isopropylethylene
glycol (Flawitzky, Ann. 179, 3571 ;
Wagner, Ber. 21, 1232), and this on
heating with phosphorus pentoxide or
zine chloride yields isovalerie aldehyde
(Flawitzky, Ber. 10, 2240: see also
Michailenko, Journ. Russ. Soc. 27, 57).

Isoamyl aleohol gives 3040 per cent.
isovaleric aldehyde by pyrogenic de-
composition (Ipatieff, Ber. 34, 598).

oic acid [ Vol. IT], on -

[B.] From isovaleric acid [Vol. 11]
by the dry distillation of its salls or by
distilling the caleium salt with caleium
Jormate [Vol. I1] (Chancel, Ann. 60,
318 ; Lbersbach, Ann. 108, 262 ;
Wurtz, Ann. 134, 302 ; Schmidf, Ber.
5, 60o; Limpricht, Ann. 87, 370;
Dilthey, Ber. 84, 2115). Or isovaleric
acid can be converted into isovaleryl
chloride, and the latter reduced in moist
ethereal solution with sodinum amalgam
(W. H. Perkin, junr., and Sudborough,
Proe. Ch. Soe. 10, 216).

[C.] Leucine [ Vol. I gives isovaleric
aldehyde when acted on by sulphur tri-
oxide (Schwanert, Ann. 102, 226).

[D.] Formie aldehyde [91] and iso-
butyrie aldehyde [941 combine under the
influence of aleoholic potash to form
¢ pentaglycol,’” (CH,), : C(CH, . OH),
(Just, Monats. 17, 76). The latter by
the action of 5-20 per cent. sulphurie
acid gives, among other products, iso-
valeric aldehyde (Fischer and Winter,
Monats, 21, 301 : see also Lieben, J4id.
23, 60).

ITT. Methylethylacetaldehyde ;
2-Methyllutanal,

CH,.CH,.CH(CH,).CHO

I:ﬁ.*] Tiglic aldelyde [108] gives this
valerie aldehyde on reduction with iron
and acetic acid (Herzig, Monats. 8, 123 ;
Lieben and Zeisel, Thid. 7, 56).

[B.] Iroamyl alcokol [22] gives an
amylene which, on conversion into
bromide and treatment with aleoholie
potash, yields a monobromamylene. The
latter on further heating with strong
aleoholic potash gives (with valerylene)
a valeryl ethyl ether, which, on heating
with dilute sulphuric acid at 150°, yields
a valeric aldehyde probably having the
above constitution (Eltekoff, Ber. 10,

06).
{ D".'r isoamyl aleohol can be converted
into isoamyl iodide and amylene, and
the latter by the action of chlorine into a-
ethylallyl chloride [CH, : C(C,H,) . CH,
Cl] (Kondakoff, Journ. Russ. Soc. 20,
149), This chloride on heating with
potassium carbomate solution gives the

corresponding a-ethylallyl alcohol, and

o e e
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droxide (Belohoubek, Ber. 12, 1872;
Morley and Green, Trans. Ch, Soc. 47,
132) and the action of acidified water
on the glycol at 215° (Linnemann, Ann,
182, 61 : see also Lieben, Monats. 23,
6c), or by heating with zine chloride
(Flawitzky, Ber. 11, 1256 ; Journ. Russ.
Soe. 10, 348), by which propanal is
formed.

Or from glyeerol through acrolein
[101], which,on treatment with pofassium
eyanude [172] and acetic acid, gives the
nitrile of vinylglycollic = 1 : 3-butenolic
acid and the acid itself on hydrolysis.
The latter combines with bromine to
form 4: 3 :2-dibrombutanolic acid, and
this is reduced by sodium amalgam to
a-hydroxybutyric acid (Van der Sleen,
Rec. Tr. Ch. 18, 302 ; 21, 20g). Subse-
quent steps as below under N.

[C.] From citric acid [ Vol.IT] throngh
citraconic acid (see under benzyl alcohol
Lﬁd.; M]).

romine to form citradibrompyrotartarie
acid (Kekulé, Ann, Suppl. 2, g6; Fittig
and Krusemark, Ann. 208, 2), and this
on heating with alkali gives propanal
(Friedrich, Ann. 208, 355 ; Fittiz and
Krusemark, loc. cif. 4 ; Ssemenoff, Journ.
Russ. Soc. 81, 296), which ean be con-
verted into methylethylaerolein, &c., as
under A.

Citraconic acid gives mesaconic acid
under the influence of acids, alkalis, or
water (Gottlieb, Ann, 77, 268 ; Kekulé,
Ann. Suppl. 2, g4; Fittig, Ann, 188,
77, 8o ; Delisle, Ann. 289, 82 ; Swarts,
Jahresber. 1873, 57g), and this com-
bines with bromine to form mesadi-
brompyrotartarie acid (Kekulé, foc. cif.
102), which also yields propanal among
the products of its decomposition by
alkalis (Fittig and Krusemark, loc. cit. 4).

Or citric acid by distillation, or by
heating with dilute sulphuric acid, gives
itaconic acid (Baup, Ann. 19, 29;
Markownikoff and Purgold, Zeit, [%]
3, 264), which combines with hydrogen
chloride to form itachlorpyrotartaric
acid (Swarts, Zeit. [2]2, 721; Michael,
Journ. pr. Ch, [z] 45, 60). The latter
on treatment with water or alkalis
yields itamalic (hydroxymethylsuccinic)
acid, which readily passes into its an-
hydride, paraconic acid (Swarts, Zeit,

The latter combines with
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Is gives citraconic anhydride on dis-
tillation,

Or from citric acid through acetone-
dicarboxylie, g-oxyglutaric, vinylacetic,
and crotonic acid (see under n-propyl
aleohol [15; W]). TFrom erotonic acid
as under N below.

[D.] From lactie acid [Vol. II]
through citraconic acid by distillation
(Engelhardt, Ann. 70, 243 ; 246), and
then asabove. Or through pyroracemic
acid and pyrotartaric acid (see under
benzyl aleohol [64; P and I]),and then
as below under I and above under C.
V[E.] From acetoacetic acid (ester)
[Vol. and Aydrogen cyanide [172]
through dydruxyp_vmtartarie and citra-
coniec acid (see under benzyl aleohol
[64; M, note]), and then as above
under €. Or from acetoacetic ester
and a-brompropionie ester through ga-
methylacetosuccinie ester and pyrotar-
taric acid (see under benzyl aleohol
[64; I]). Or from chloracetic ester
and acetoacetic ester through aceto-
succinic  ester, a-methylacetosuceinie
ester, and pyrotartaric acid (flid.). Or
from acetoacetic ester through isonitroso-
acetone, acetyl cyanide, pyroracemic and
pyrotartaric acid (Fhid.).

Or from acetoacetic ester through
methylacetoacetic ester by the action
of methyl iodidé on the sodium deriva-
tive of acetoacetic ester; methylaceto-
acetic ester on successive treatment
with bromine and alecholie potash gives
mesaconic (‘oxytetric’) acid (Demargay,
Ann, Chim. [% 20, 473; Gorboff,
Journ. Russ. Soe. 18, 605; Cloéz,
Bull. Soc. [3] 38, 5?3; 6oz : see also
under benzy? alcohol [54; IJ), and this
can be converted into propanal, &c., as
under C.

Or from acetoacetic ester through
the y-bromo-derivative, succinylsuccinie
ester, and ethylmalonic acid (see under
n-propyl alcohol [16; AA; ¥ ; O])
From the latter as below under G.

Or from ethylacetoacetic esterthrough
1: 1-dinitropropane and propanal as
under n-propyl alcohol [16; AA]

[¥.] ¥rom isovaleric acid [Vol. 11]
through hydroxypyrotartaric acid, citra-
conie acid, &c. [54,- M].

E] 3, 648 ; Beer, Ann. 218, 84), and
t
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@.] From malonic and prapionic acids
[Vol. I] through pmpﬁ“ﬂt‘_‘lmlﬁ_“’:}’hﬂ
ester, citraconic or mesaconic acid (see
under benzyl alcohol [54; M, mote]),
and then as before. ; :

Or from malonic and aceflic acid
through propanetricarboxylic ester by
the interaction of sodio-methylmalonic
ester and chloracetic ester, and pyro-
tartaric acid by hydrolysis of the tri-
carboxylic ester (Bischoff and v. Kuhl-
berg, Ber, 23, 635). Subsequent steps
as under I below and C above.

Or malonic acid can be converted
into ethylmalonic (a-isopyrotartaric)
ester by the action of efiyl iodide on
sodio-malonic ester (Conrad, Ann. 204,
134 : see also Daimler, Ann. 248, 174),
chlorethylmalonic ester by chlorination
(Conrad, Ber, 14, 618; Conrad and
Guthzeit, Ann, 209, 232), or iodethyl-
malonic ester by the action of iodine
on sodio-ethylmalonic ester.  The
chloro- or iodo-esters on hydrolysis
with baryta water give a-ethyltartronic
acid (Conrad and Guthzeit, loc. eit. 233 3
Bischoff and Hausdirfer, Ann. 289,
12%), and the latter on heating to 180°
yields a-hydroxybutyrie acid (Guthzeit,
Ann. 209, 234 ; Conrad, Ber. 14, 618),
from which propanal can be obtained
as under N, and the latter treated as
under A. Chlorethylmalonic ester also
gives a-hydroxybutyrie acid on heating
with hydrochlorie acid.

[H.] From acetic and propionic acids
[Vol IT], aleokol [14], and potassium
eyanide [172] through a-methyl-g-
eyanosuceinic ester and citraconie acid
(see under benzyl alcohol [54; M, note]).
Or from acetic acid through acetyl eyan-
ide, pyroracemic acid, and pyrotartaric
acid (see under benzyl iﬂﬂohﬂiﬂ 54; IJ).

[L.] From farfaric acid [Vol. II]
through pyrotartaric acid (see under
n-propyl alcohol [15; V), citradi-
brompyrotartarie acid by the action of
bromine and phosphorus on the latter
Auwers and Tmhduser, Ber. 24, 2237%),
nn%-l'tim% a8 above under C. ‘

-1 Yrom propionic and ozalic acids
[Vol. II] and aleohol [14] through
m?th}'lﬂxﬂ]ﬂc&tic ES‘E.EI‘, ﬁ‘mﬂt]]}rlmilﬁﬁ
acid, and citraconic or mesaconic acid
(see under benzyl alechol [64; M)
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Or from propionic acid through the
aa-dibromo-acid, the af-acid, glyceric
acid, and pyrotartaric acid ; or through
the ae-dibromo-acid, pyroracemic and
pyrotartaric acids ; or through propion-
amide, propionitrile, aa-dichlorpropionic
acid, pyroracemic and pyrotartaric acids
(see under benzyl alcohol [54 ; O]).

Or from propionic acid through
propionyl chloride and eyanide (Claisen
and Moritz, Trans. Ch. Soc. 87, ﬁng.
The latter on hydrolysis gives ethy

lyoxylic aeid =propionylformic or z-
gutanonic acid (Ibid. and Ber. 13,
2121), which is reduced by sodium
amalgam to a-hydroxybutyric acid,
from which propanal can be obtained
as under N, and 2-methylpentanal as
under A.

Propanal is obtainable directly from
propionie acid by distilling the calcium
salt with caleium jformate [Vol. II]
(Rossi, Comp. Rend. 70, 129).

[K.] From allyl isothiocyanate [166]
through allyl eyanide and pyrotartarie
acid (see under benzyl alcohol [54; F
and J]), and then as above under I
and C.

[L.] From ethyl aleokol Pd:] through
1odoform, acrylic acid, a-chlorlactic acid,

lyceric acid (see under benzyl aleohol
fﬁi ; I]), and then through pyrotar-
taric acid as above under B.

Or from ethyl aleohol through ethyl
ether, dichlorether, chloracetaldehyde,
B-chlorlactic acid, glyceric acid, and
pyrotartaric acid [54; I].

Or from ethyl aleohol through chlor-
acetal, chloracetaldehyde, 8-chlorlactie,
glycerie, and pyrotartaric acids [54; I].

Or through chloral, the eyanhydrin,
trichlorlactic acid, dichloracetaldehyde,
dichlorlactic acid, chloracetaldehyde,
B-chlorlactic acid, &e. 54;1}. Or from
ethyl alcohol through ethylene, vinyl
chloride, chloracetaldehyde, g-chlor-
lactic acid, &c., as before (see under
benzyl aleohol [54; A]).

-

Nore :—By this last method generators of
ethylenc thus become generators of 2-methyl-
pentanal.

Ethyl alcohol might be converted
more directly into propanal through
ethyl cyanide and propionic acid, and
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distillation of the calcium salt of the
latter with calcium formate,

Or from alcohol and formic acid
[Vol. 1I] through diethyl carbinol by
the action of zine on ethyl iodide and
formic ester, and decomposition of the

roduct with water (Saytzeff and
agner, Ann. 175, 35I). The car-
binyl iodide gives symmetrical methyl-
ethylethylene (= 3-pentene) on treat-
ment with aleoholic potash (8. and W,
loe. cif. 373 ; 179, 302), and the corre-
sponding 2 : 3-dibrompentane yields
symmetrical methylethylethylene glycol
(= 2 : 3-dihydroxypentane) on treat-
ment with silver acetate and hydrolysis
of the acetate (Zbid. 179, 308). The
glycol gives a-hydroxybutyric acid on
oxidation by dilute mitric acid. Sub-
sequent steps as below under N.

Nores:—The amylene from zine ethyland ehloro-
Sorm may be symmetrical methylethylethylene
gBeiIstnin and Rieth, Ann. 124, 245 ; Beilstein’s

Handbueh,' I, 116).

Diethyl exalate interacts with zinc ethyl to form
diethoxalic ester [21; G). The latter by the
action of phosphorus trichloride gives a-ethyl-
crotonie ester (Frankland and Duppa, Journ.
Ch. Sce. 18, 133 ; TFittig and Howe, Ann, 200,
22), and the free acid combines with hydrogen
bromide to form bromhydro-ethylerotonic =
bromhexoic acid (F. and H. loc.cit. 23). The latter
acid is decomposed by cold sodium carbonate
solution with the formation of symmetrical
methylethylethylene (Ikid. 30).

Ethyl alcohol and acetic acid give ethylaceto-
acetic ester and, by the action of nitrous acid,
the latter yields an isonitroso-derivative which
is decomposed on heating with dilate sul-
phuric acid with the formation of acetyl-pro-
pionyl =2 : 3-pentadione (v. Pechmann, ber.
21, 1412 ; 24, 3956). The diketone on reduction
with zine and dilute sulphurie acid gives
methylethylketol (v. P. and Dahl, Ber. 33,
242z) and, on further reduction with sedium
amalgam, symmetrical methylethylothylene
glyeaol {Ihid, 1415].

Methylpropyl ketone [21; A] and diethyl kefons
[21; G ; H] give acetyl-propionyl on heating
with nitric acid (Fileti and Ponzio, Gazz. 25,
239 ; Journ. pr. Ch. [2] B5; 194).

[M.] From aconilic acid [Vol. 1I]
through itaconic acid by heating with
water at 18c° (Pébal, Ann. 88, g4), and
then as above under C.

N.] From normal butyric acid [Vol,
117 through propanal by electrolysis of
the sodium salt (v. Miller and Hofer,
Ber. 27, 468 ; Hofer and Moest, Ann.
823, 284). Or through the a-chloro- or
a-bromo-acid and a-hydroxy-acid (Nau-

mann, Ann. 119, 115; Friedel and
Machuea, Ann. 120, 279 ; Markowni-
koff, Ann. 153, 242). The latter gives
propanal on oxidation (Ley, Journ.
Russ. Soe. 8, 131). Propanal can be
converted as under A above.

Nore :—8ince ecrotonic acid gives a- with
gome B-brombutyric acid on combination with
hydrogen bromide (Hemilian, Ann, 174, 325),
the generators of erotonic aldehyde and acid
referred to under normal butyl aleohol [17 ; G,
&c.] and benzyl aleohol [54 ; G ; H, &c.] thus
become generators of a-hydroxybutyric aecid
and propanal. These generators are :—malonic
acid and acefaldehyds ; aceloacefic ester ; glycerol ;
aliyl  isothifocyanale ; A-hydrozybufyric acld ; ery-
thritol and formic acid ; n-butyric acid ; acetylens and
ethylene,

Crotonic acid on combination with hypo-
bromous aeid gives also (with the a-) some
B-brom-a-hydroxybutyrie acid, which yields
propanal on heating the sodium salt with
water (Melikoff, Journ. pr. Ch. [2] 61, 5500,

Or erotonie acid combines with chlorine to
form ag-dichlorbutyrie acid, the sodium salt of
which, on heating with water, gives propanal
among other products (Wislicenus, Ann. 248,
283 ; Michael and Browne, Am. Ch. Journ. a,
iBz

D}; crotonic acid combines with hypochlorous
acid to form a-chlor-g-hydroxybutyric aeid
(Erlenmeyer and Miiller, Ber. 15, 49 ; Melikoff,
Ann. 234, 1¢8), which, by the action of alco-
holie potash, gives A-methylglycidic acid (Meli-
koff, loc. cit. 204). The latter combines with
hydrogen bromide to form B-brom-a-hydroxy-
butyrieacid, which is decomposed into propanal
as above (Melikoff, Journ. pr. Ch. [2] 61, 556).

Or from butyric acid through butyr-
one or methylpropyl or ethylpropyl
ketone, dinitropropane, and propanal
(see under n-propyl alcohol [16; P;
A4). o

[0.] Mannitel [51] on distillation
with lime gives, among other products,
¢ metacetone,” which is a mixture con-
taining propanal (Favre, Ann. Chim.
[3] 11, 71 ; Fischer and Laycock, Ber.
23, IOI}. From propanal to 2-methyl-
pentanal as above under A.

[P.] From acetic aldehyde [92], the
oxime of which combines with acid
sodium sulphite to form a salt, which,
on heating with hydrochloric acid, gives
methylglyoxal (v. Pechmann, Ber. 20,
2543). 'The dioxime of the latter yields
propylene glycol by electrolytic reduc-
tion (Tafel and Pfeffermann, Ber. 35,
1511:::]). From the glycol through pro=
panal as above under B, &e. .-
[Q] From acetol [43], which gl?!?"
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ler, Ber. 25, 1180; 28, 2711 ; Bertram
and Walbaum, Journ. pr. Ch. [2] 45

590).

105. Citronellal.

CH,:C.[CH,],. CH.CH,.CHO
CH, CH,

Naturarn Sources.

In citronella o1l from the Indian
Andropogon nardus (Dodge, Am. Ch.
Journ. 11, 460 12, 553; Flatau, Bull
Soc. [3%21, 158 : see also Gladstone,
Journ. Ch. Soc. 25, 7 ; Wright, flid.
27, 1; Pharm. Journ. 5, 233); in oils

of Eucalyptus maculata, B. citriodora, -

E. deallata, and E. planchoniana (Schim-
mel’s Ber. April, 1888; Oct. 18g0;
Avpril, 18g1 ; April, 18g3; Oct. 18g3;
Kremers, Am. Ch. Journ. 14, 203: see
also Gildemeister and Hoffmann, p. 702);
probably in oil of balm from the 8.
Euaropean Melissa officinalis (Semmler,
Ber. 24, 208 : see also Schimmel’s Ber.
Oct. 1895) and in ‘oleum citri’ (Doeb-
ner, Ber. 27, 2026).

The aldehyde oceurs to a small extent
in lemon-grass oil (Tiemann and Schmidt,
Ber. 29, 918 ; Labbé, Bull. Soe. [3]
21, 77), in oil of mandarin orange
(Schimmel’s Ber. April, 18g7; Ch.
Centr. 1897, 1, 9g2), and of sweet orange
(Flatau and Labbé, Bull. See. [3] 18,
361). Citronellal is present in o1l of
lemon (Schimmel’s Ber. Oct. 1902 ; Ch.
Centr. 1902, 2, 1207 : compare Burgess
and Child, ¢Chemist and Druggist,’
80, 812).

The natural product is d-citronellal.
For guantities present in citronella oils
from Java and Ceylon see Schimmel’s
Ber. April, 1gco; Journ. Soe. Ch. Ind.
19, 556. A l-vitronellal has recently
been found in a citronella oil from Java
(Schimmel’s Ber. April, 1903; Ch.
Centr. 1903, 1, 10806).

Nore :—The l-citronellol of oil of rose [38]
eorrosponis with an u]dr.rllyllu (rhodinal : Bou-
veault, Bull. Boe, P] 23, 458; 463), which is
fermeric with the abova citronellal and which
probably has the constitution :(—(CHy), : C ;
CH . CH, - CH; . CH(CH,) . CH,; . CHO. An
aldehyde of this constitution has been synthe-
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sised from menthone (Wallach, Ann. 278, 302 ;
208, 131 ; Harries and Schauwecker, Ber. ﬂi{

2g81)

SYNTHETICAL PROCESS.

[A.] From acetic acid [ Vol. 117, alcokol
[14], and methylheptenone [111] throngh
geranic acid (see under citral [104; A]).
The latter on reduction with sodium in
boiling amyl aleohol gives citronellic
acid (Tiemann, Ber. 81, 2901), the cal-
cium salt of which on distillation with
cateium formate [Vol, IT] yields citro-
nellal (Z4id. 2go2).

106. Acetone; Dimethyl Ketone;
2-Propanone.

CH,.CO.CH,

Naturarn Sounces,

Acetone has been found in the dis-
tillate from the leaves of Erythrozylon
eoca ; also in oil of tea (Schimmel’s Ber,
April, 1898 ; Ch. Centr. 1898, 1, gg1),
and (traces) in the ethereal oil (aqueons
distillate) from the wood of the Atlas
cedar, Cedrus atlantica, and of C. libani
(Grimal, Comp. Rend. 135, 582).

Phaseolunatin, a cyanogenetic gluco-
side found in Plaseolus lunatus, is the
dextrose ether of acetone-cyanhydrin
(Dunstan and Henry, Proc. Roy. Soc.
72, 2g1).

Acetone oceurs in small quantity in
the urine of cattle, dogs, and cats; in
human blood and urine, and in larger
quantity in cases of diabetes and aceto-
nuria. Traces oceur in expired air and
in emanations from the skin of man
(Johannes Miiller, Arch. exp. Path. 40,

51 ; Ch. Centr. 1898,1, 626: for pro-
duction and origin of acetone in the
animal organism see Cotton in Journ.
Pharm. [6] 10, 193 ; Ch. Centr. 1899,
2, 722 ; Neuberg and Blumenthal, Beit.
ch. Physiol. u. Path. 2, 238).

Acetone has been found in the liquid
from a hydatid eyst of the liver (Malmé-
jae, Journ. Pharm, [6] 18, 406). The
acetone in these cases probably results
from the decomposition of fat (Schu-
mann-Leelerq, Ch. Centr. 1901, 1,

1113).
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Oceurs among the products -of fer-
mentation (putrefaction) of fish (Morner,
Zeit. physiol. Ch. 22, 514), and among
the products of fermentation of milk
sugar by Baclerium laotis aérogencs of
Tscherich = Bact. aceticum of Baginsky
Zeit, physiol. Ch. 12, 461), and of

extrose by Dunbar’s and other Filrios
(Gosio : quoted by Emmerling in ¢ Die
Zersetzung, &c.,” pp. 47 and 56).

SyYNTHETICAL PROOCESSES,

[A.] From acetic acid [Vol. 1I] by
dry distillation of the calcium or barium
salt (Liebig, Ann, 1, 223 ; Dumas, Ann.
Chim. [2] 48, 208), or by passing the
vapour over heated pumice and barium
carbonate (Squibb, Jonrn. Soe, Ch. Ind.
14, 506; 16, 612 ; Conroy, Ihid. 21,

3::%;. )

r from acetic acid and methyl alcokol
[18] by the interaction of zine methyl

‘and acetyl chloride (Chiozza, Ann. 85,
232 ; Freund, Ann. 118, 1) ; or by the
action of nascent zinc methyl on acetic
anhydride, or of zine-sodium alloy on
methyliodide and acetic anhydride (Sayt-
zefl, Zeit. [2] 7, 104).

Or zine methyl and dichloracetyl
ehloride give dimethylisopropyl carbinol
(see under tertiary huty]; a{:::uhnl (19 ;
A]), which yields acetone on oxidation
as under K below.

[B.] From normal or isapropyl aleofiol
[15 ; lﬂ][ through propylene (see under
glycerol [48; A]), the chloride or brom-
ide, chlor- or brompropylene by the
action of aleoholic potash, and the action
of hypochlorous acid and mercuric oxide
on the halo-propylene. The chlor-
acetone thus formed gives acetone on
reduction,

Or from brompropylene by heating
with mercurie oxide and aeegirﬂ acid at
100° or with water at 190°., Also from
propylene bromide by heating with
water at 18¢° (Linnemann, Ann. 138,
125; 161, 58; Bull. Soc. [2] @, 216),
or with water and silver oxide (Michael,
Journ. pr. Ch. [2] 80, 418}+
. Also by dissolving z-chlorpropylene
n ﬂtrﬂ'ﬂf sulphuric acid and distilling
tile product with water (Oppenheim,

nn. Suppl. 8, 365). 2-(8)-Chlorpropyl-
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ene is formed (with 3-(a)-chlorpropylene)

by the action of alcoholic potash on
ropylene chloride (see under isopropyl

alcohol [18 ; B]), .

Or from pm{;ylene bromide or chloride
through propylene glycol (Wurtz, Ann,
Chim. [3] 85, 438 ; Eltekoff, Journ.
Russ. Soe, 10, 210; Niederist, Ann.
198, 359), and the action of water at
180-1g0° on the latter, acetone and
propanal being simultaneously formed
(Eltekoff, foc. cif. 11, 409: see also
Lieben, Monats, 28, 6c),

Propylene gives acetone also by direct
oxidation with chromiec acid (Berthelot,
Ann. 160, 373)-

Or from propylene through acrolein
[101] and pyroracemic or pyrotartarie
mid%see under benzyl alecohol [54; E|),
and then as under P below.,

Nore :—Generatora of propylene (see under
glycerol [48; B to I] and under isopropyl
aleohol [18]) thus become generators of acetone.

Isopropyl aleohol gives acetone di-
rectly by oxidation with chromie aeil
(Linnemann, Ann. 140, 178 ; Berthelot,
Comp. Rend. 88, 334). Also by electro-
lysis in sulphurie acid solution (Elbs
and Brunner, Zeit, Elektroch. 8, 60y),
by passing over a heated platinum spiral
(Trillat, Comp. Rend. 132, 1495), or by
pyrogenic contact decomposition by
heated brass (Ipatieff, Ber. 85, 1057).

Propylene bromide may also be con-
verted into allylene (see under benzyl
aleohol [64; E|), the latter giving ace-
tone on treatment with a solution of
mercuric bromide or chloride (Kut-
scheroff, Ber. 14, 1541; 17, 15). Or
allylene, when dissolved in strong sul-
phuric acid and the product distilled
with water, gives (with mesitylene)
acetone (Schrohe, Ber. 8, 367). At o’
sulphurie acid with allylene yields only
acetone (Michael and Leighton, Journ.
pr. Ch. [2] 80, 442).

Allylene is formed when the vapour
of propyl alecohol is passed over hot
magnesium and the produet decomposed
by water (Keiser and Breed, Ch. News,
71, 118; Am. Ch. Journ. 18, 328).

Note :—The genorators of allyleno referred
to under benzyl alechol [B4; F; G; H; I,
&eo.] thus besome generators of acetone :—
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ilycerol [48] ; malonic acid [Vol. II] and alde-
hyde [823) ; aceboacetic ester [Vol. I11: allyl iso-
thiseyanale [166] ; B-hydrooybutyric acid ; normal
bulyric acid ; cilric acid ; laclic acid ; isovaleric
acicd 3 _nalonic and propionic acids ; farfaric and
racemic acids ; isobulyl and amgyl alcohols [18; 28],

[C.] Lsobuiyl alcokol [18] gives ace-
tone among other products on oxidation
with chromie acid (Krimer, Ber. 7, 252;
Schmidt, fbid. 1361). Or from isobutyl
alcohol through isobutylene (see under
tertiary butyl aleohol [18; B]). The
latter gives acetone among other pro-
duets on oxidation with chromic acid or
potassium permanganate (F. and O,
Zeidler, Ann, 197, 251 ; Wagner, Ber.
21, 1232).

Or indirectly from isobutyl iodide
and pofassium cyanide [172] through
the nitrile of isobutylformic acid and
the acid by hydrolysis (Erlenmeyer
and Hell, Ann, 188, 266; Schmidt
and Sachtleben, Ann, 193, g2). The
acid on oxidation with dilute alkaline
permanganate gives 8-hydroxyisovaleric
(2-methyl-2-butanolic-3g)acid (v. Miller,
Ann. 200, 273), and this yields acetone
on oxidation with chromie acid mixture,

Isobutyl aleohol gives allylene when
the vapour is passed over hot magnesium
and the product decomposed by water
(Keiser and Breed, Ch. News. 71, 118 ;
Am. Ch. Journ. 18, 328). From allyl-
ene to acetone as unger B.

[D.] From terfiary butyl afcokol [18
through isobutylene (see under isobuty
aleohol l[llﬂ; Al). Acetone is among
the prodocts formed by passing the
vapour of this alcohol over a hea
platinum spiral (Trillat, Comp. Rend.
132, 1495).

Or from tertiary butyl aleohol and
kydrogen eyanide [172] through tertiary
amyl alcohol (see under formie aldehyde
[#1; X]), and then as under E below.

Acetone is among the products of
oxidation of tertiary butyl alcohol by
chromic acid mixture (Butleroff, Zeit.
[2] 7, 485).

E.] From amyl! alcolol from fusel
oil [22]. Isobutylene is among the
products of decomposition by passing
through a hot tube (Wurtz, Ann. 104,
249 ; Butleroff, Ann. 145, 277 ; Ipatieff,
Ber. 85, 1053).

Or the amyl alcohol can be converted
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into amylene by the usual methods
(Balard, Ann. Chim. [3] 12, 320;
Frankland, Ann. 74, 41 ; Wurtz, Ann.
128, 225; 316 ; Bauer, Journ. pr. Ch.
84, 257; Ltard, Comp. Rend. 86, 488 ;
Eltekoff, Ber. 10, 1go4; Wischne-
gradsky, Ann. 180, 332: fusel oil
umylene prepared by the action of zine
chloride contains, in addition to tri-
methylethylene, some isopropylethylene
and a trace of the symmetrical methyl-
ethylethylene, Kondakoff, Journ. Russ.
Soc. 24, 113). By the action of strong
sulphuric acid and subsequent hydro-
lysis this amylene is converted into
tertiary amyl aleohol = dimethylethyl
carbinol {%;silmﬂf, Ber. 8, 1240;
Wischnegradsky, foe. cif. 336 ; Konda-
koff, loc. cif. 26, 354), and the latter,
when chlorinated in the presence of
water, yields acetone among other pro-
dgcta (Brochet, Ann. Chim. [7] 10,

i).

: j‘fm],rl aleohol also gives acetone
among the products of its oxidation, or
by passing the vapour over a heated
platinum spiral (Trillat, Comp. Rend.
182, 1495).

Or fusel o1l amylene (trimethylethyl-
ene) may be converted into the bromide
and trimethylethylene glycol (Wurtz,
Ann. Chim. [3] 55, 458; Wagner,
Ber. 21, 1235). The latter gives
acetone among the products of its
oxidation by chromic acid mixture
{Flawitzky, Ber. 10, 2240).

Trimethylethylene yields acetone by
oxidation with potassium permanganate,
the glycol being formed as an inter-
mediate product (Wagner, loc. cil.).
Trimethylethylene chlorhydrin from the
hydrocarbon and hypochlorous acid

ives methylisopropyl ketone on heat-
ing with water, or by passing over
heated zine oxide (Krassusky, Journ.
Russ. Soc. 84, 287). Or the chlor-
hydrin, on treatment with potash, yields
trimethylethylene oxide (Eltekoff, Zuid.
14, 361). This oxide on heating with
lead chloride to 200" gives methyl-
isopropyl ketone (Krassusky, foc. eil.
537). The ketone yields acetone a8
below.

Or trimethylethylene bromide on
heating with aleoholic potash gives
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dimethylallylene ( 3-1‘1‘]&“‘[}’1-[ : 2-buta-
diéne), which also yields acetone among
the products of its oxidation (Faworsky,
Journ. pr. Ch. [2] 87, 392).

Trimethylethylene bromide on heaii—
ing with water and lead oxide at 150,
or with water alone, gives methyliso-
propyl ketone (Eitekoff, Journ. Russ.
Soe.10, 215; Niederist, Ann. 186, 3{:9 ;
Niigeli, Ber. 18, 2983), and this yields
acetone among the products of its oxida-
tion by chromie acid. _

Trimethylethylene glyeol also gives
a-hydroxyisobutyric = 2-methyl-2-pro-
panolic acid on oxidation with nitric
acid (Wurtz, Ann, 107, 197), and this
yields acetone as under O.

Or fusel oil amyl aleohol bi{ conver-
gion into the iodide, isopropylethylene
(Wischnegradsky, Ann. 190, 358),
isopropylethylene bromide, and the
action of alcoholic potash on the latter
gives isopropylacetylene, which also
yields acetone among the products of
its oxidation (Eltekoft, loc. cit. 8, 222 ;
224 ; Flawitzky and Kryloff, bid. 10,
342). Isopropylethylene gives acetone,
among other products, on oxidation by
potassium permanganate (Wagner, Ber.
21, 1233).

Amyl aleohol gives allylene on pass-
ing the vapour over hot magnesium and
decomposing the product with water
(see above under C). Subsequent steps
as under B.

[F.] From glycerol [48], acetone being
among the products formed by distilling
glycerol with lime (Tawilderoff, Ber. 12,
1487), or by oxidation with hydrogen
peroxide (Cotton, Journ. Pharm. 10,
194).

Or from glycerol through allyl iodide
(see under isobutyl aleohol [18; D),
propylene by the action of zine and sul-
phurie acid or mercury and hydrochlorie
acid (Berthelot and De Luca, Ann. 92,
306). or of acetic acid and zine (Linne-
mann, Ann. 161, 54; Gladstone and
Tribe, Ber. 8, 1550; Niederist, Ann.
196, 358), and then as above under B.
Allyl ‘iodide also gives propylene by
treatment with hydriodic acid (Butleroff,
Ann. 145, 271 ; "Malbot, Comp. Rend.
107, 114 ; Bull. Soc. [2] 50, 449).

Or glycerol can be converted into
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allyl aleohol (see under ethyl aleohol
14 ; G-i]}, and this gives propylene
Ewith ethylene) by heating with phos-
phorus pentoxide (Bébal, Ann, Chim.
[6] 18, 360). Or allyl chlor_ldi: from
allyl aleohol gives a chlorhydrin by the
action of sulphuric acid (Oppenheim,
Ann. Suppl. 8, 367), and this yields
acetone (with propaldehyde) on heating
with water (Krassusky, Journ. Russ.
Soc. 84, 287). A

Glyceral gives propylene (with allyl
iodide) by the action of iodine and
phosphorus (Berthelot and De Luca,
loe. cif. ; Oppenheim, Ann. Suppl. 8,
354)-

Or from glycerol through allylene as
under benzyl aleohol [54 ; ], and then
as above under B. :

Or glycerol can be converted into
allyl bromide (T'ollens, Ann, 166, 152 ;
Henry, Zeit. [2] 8, 575; Grosheintz,
Bull. Soc. [2] 30, g8), the latter inte
tribromhydrin=1 : 2 : 3-tribrompropane
(Tollens, Ann. 158, 168 : see also under
glycerol [48; A]), the latter into 1 : 2-
dibrompropylene by the action of solid
potash or sodium in ethereal solution
(Henry, Ann. 154, 371; Tollens, loc.
eit.), and the dibrompropylene into
‘allene’ (CH,:C:CH,) by reduction
in aleoholie solution with zine (Gustav-
son and Demjanoff, Journ. pr. Ch. 38,
201 : compare Béhal, Bull. Soc. [2] 48,
788). Allene dissolves in sulphuric aci |,
and the product gives acetone on dis-
tillation with water (G. and D., loe. cit.).

Allyl bromide also gives propylene
by the action of zine dust in aleoholic
solution (Wolkoff and Menschutkin,
Ber. 381, 3072), and this yields acetone
as above.

Glycerol gives propylene glycol
directly when the monosodium com-
pound 1s distilled (Belohoubek, Ber.
12, 1873; Morley and Green, Trans.
Ch. Soc. 47,132), and this yields acetone
as under B.

Propylene glycol may also be obtained
from glycerol by the action of sodium
amalgam on the monochlorhydrin (Lou-
ren¢o, Ann. 120, g1), or by the action
of acetyl bromide on glycerol, and
reduction of the product (gzlycerol-aceto-
bromhydrin) with coppered zine and

O 5
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hydrochloric acid (Hanriot, Ann. Chim.
[5] 17, 84).

Or from glycerol through crotonic
acid and terfiary heptyl aleohol (see
below under L).

Or from glycerol through glyceric
and pyroracemic acids (see under benzyl
aleohol [54; ¥]), and then as under
P below.

[G.] dcetic aldelyde [92] gives acetone
when the vapour is passed over red-hot
lime (Schloemilch, Zeit. [2] &, 336).
Or indirectly from aldehyde through
crotonic acid and tertiary heptyl aleohol
(see below under L). Or from aldehyde
through butyrochloral and allylene (see
under benzyl aleohol [54 ; H]), and then
as above under B.

[H.] Lsovaleric aldehyde [BE'{ on treat-
ment with phosphorus pentachloride and
decomposition of the product with alco-
holie potash gives isopropylacetylene =
g-methyl-1-butine, and this yields ace-
tone among the produets of its oxidation
by chromic acid mixture (Bruylants,
Ber. 8, 407 ; 413).

[I.] From propionic aeid [Vol. II]
through tertiary amyl aleohol by the
interaction of propionyl chloride and
zine methyl and decomposition of the
product with water (Popoff, Ann, 145,
292 ; Jermolajeff, Zeit. [2] 7, 275;
Wischnegradsky, Ann. 180, 336), and
then as above under E.

Or propionic acid may be brominated
(see under aldehyde [92; E]), and the
a-brompropionic acid converted into
a-brompropionyl bromide, which, by
interaction with zine methyl and de-
composition of the product with water,
gives dimethylisopropyl carbinol (Kas-
chirsky, Journ. Russ. Soc. 13, 82). The
latter yields acetone among other pro-
ducts on oxidation by potassium per-
manganate (see below under K).

Or from propionic acid through ]p:,rru-
racemic acid (see under benzyl aleohol
[64 ; ©]), and then as under P below.

Or from propionic and acefic acids,
aleokol [14] and pofassium cyanide [172]
through a-methyl-g-cyanosuccinic ester
and citraconic acid (see under benzyl
aleohol [64; M), and then as under

Q below. e
Or from propionic acid through pro-
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ﬂunamide and propionitrile (Dumas,
alaguti, and Leblanc, Ann, 64, 334),
and then as below under 8.

[3.] dcefoacetic acid [Vol. IT] splits
up readily info acetone and “earbon
dlﬂx;u;e on heating (Ceresole, Ber. 15,
1328).

Or indirectly from acetoacetic ester
through acetonedicarboxylic acid (see
under orcinol [75; D]), and then as
under @ below.

Or from acetoacetic ester and Aydrogen
eyanide [1':-'2-% through hydroxypyrotar-
taric acid and citraconic acid (see under
benzyl aleohol [54 ; M, note]), and then
as under @ below.

Or from acetoacetic ester through
methylacetoacetic ester and mesaconie
acid (see under benzyl alcohol [54 ; I]),
and then as under @ below.

Or from acetoacetic ester through
1sonitrosoacetone and pyroracemic acid
[64; I], and then as under P below.

Or from acetoacetic ester and a-brom-
propionie ester through S-methylaceto-
guccinic ester and pyrotartaric acid as
under benzyl alcohol [54 ; I], and from
the latter throngh allylene [ /6id. ¥; M ;
and N1, and as above under B.

Or from acetoacetic ester, chloracetic
ester, and methyl alcohol through aceto-
succinic ester, the a-methyl-derivative,
pyrotartaric acid, and allylene [54 ; I].

Or from acetoacetic ester through
the g-chlorerotonic acids, tetrolic acid
and allylene (1did.).

[K.] Isobutyric acid [Vol, TI] gives
acetone when heated with ehromic acid
solution at 140" (Popoff, Zeit. P] 7, 4).

Or on oxidation with alkaline per-
manganate isobutyric acid gives a-
hydroxyisobutyrie (2-methyl-2-propan-
olic) aeid, which yields acetone as below
under O.

Nore :—Ketones which yield isobutyric acid
on oxidation are thus likely to give acetone,
e.g. diisopropyl ketone from caleinm isobutyrate
or the corrcsponding diisopropyl earbinol
{Popoff, Ber. 8, 1255 ; Milnch, Ann. 180, 327;

333)-

Methylisa})rogyl ketone from iso-
butyryl chloride and zine methyl
(Béhal, Ann. Chim. [6] 16, 284) gives
B-dichlorisopentane on treatment with
phosphorus pentoxide, and this by aleo-

-
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holic potash yields isopropylacetylene
(Ttid. 286), which gives acetone on
oxidation (see under E).

Note :—Methylisopropyl ketone is obtained

also from acetoacetic ester and isobutyryl
chloride through isobutyrylacetoacetic ester,
and the action of hydrochloric acid on the latter
at 140-150° (Bouveault, Comp. Rend. 181, 45).

Ethylisopropyl ketone from isobutyryl
chloride and zine ethyl (Butleroff, Ann.
180, 44 ; Pawloff, Journ. Russ. Soc. 8,
242 ; Wagner, Jbid. 18, 697) gives
acetone among the products of its oxida-
tion by chromie acid. .

Dimethylisopropyl earbinol from iso-
butyryl chloridle and zine methyl
(Prianischnikoff, Zeit. [2] 7, 275) gives
acetone among the products of its
oxidation by potassium permanganate
(Wagner, Journ. pr. Ch. [2] 44, 310).
Or dimethylisopropyl carbinel yields
tetramethylethylene and pinacone (see
under tertiary butyl alcohol [19; E]).
The latter gives acetone on oxidation
with chromic acid mixture.

A mixture of calcium isobutyrate and
heptoate | Vol, 11] gives isopropylhexyl
ketone on dry distillation, and this
yields acetone among the products of
its oxidation by chromie acid (Fuchs,
Journ. Russ. Soc. 7, 334).

Isobutyric acid also gives the a-
bromo-acid on bromination (Markowni-
koff, Ann. 168, 229; Hell and Wal-
dauer, Ber. 10, 448; Michael and
Graves, Ber. 84, 4043), and the latter,
on heating with water or barium
hydroxide or sodium earbonate solution,
yields the a-hydroxy-acid (Markowni-
koff, loc. cit. ; Fittig, Ann. 200, 70),
from which acetone can be produced as
below under 0.

Or a-bromisobutyric ester and alde-
hyde [92] condense under the influence
of zine to form trimethylethylenelactic
= 2: 2-dimethyl - g - butanolie- 1 - acid
(ester) (Ephrussi and Reformatsky,
Journ. Russ. Soe. 28, 6oc). The acid
gives tertiary amyl alcohol (with tri-
methylacrylic acid) on distillation with
dilate sulphurie acid (Giljaroff, T4id.
508).  The amyl aleohol yields acetone
as above under E.

}L.] From normal bufyrie acid [‘,-'"]_
11| and metdy! aleohal [18] through the
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tertiary heptyl aleohol produced by the
interaction of a-brom-n-butyryl bromide
and zine methyl and decomposition of
the product with water (Kaschirsky,
Journ. Russ. Soc. 18, 8g). This heptyl
aleohol gives acetone among the pro-
ducts of its oxidation. Or n-butyrie
acid may be converted into crotonic
acid (see under benzyl alecohol [64; K])
and allylene [Zhid. G|, and then into
acetone as above under B.

Nore :—Crotonie acid gives a- (with some 8-)
brombutyrie acid on combination with hydro-
gen bromide (Hemilian, Ann, 174, 325). The
generators of erotonie acid referred to under
benzyl alecohol [54 ; G; H, &e.] thus become,
with methyl aleohol, generators of acetone.

[M.] From isovaleric acid [Vol, IT]
and ethyl alcokol [14] through ethyl-
isnbut:,r[yketcrne (2-methyl-4-hexanone),
which is obtained by passing carbon
monoxide over a mixture of sodium
isovalerate and ethylate at 160" (Loos,
Ann. 203, 327). The ketone gives
acetone among the products of its oxi-
dation by chromic acid mixture.

Ethylisobutyl ketone is also obtained
from the same materials by the inter-
action of isovaleryl chloride and zine
ethyl (Wagner, Journ, pr. Ch. [2] 44,
274).

{}]r isovaleric acid, by the action of
nitric acid, gives 2 : 2-(= 3) dinitropro-
pane, which on reduction by tin and
hydrochloric acid yields acetone (Bredt,
Ber.15, 2322; Meyer and Locher, Ann,
180, 147)-

Also from isovalerie acid and normal
propyt aleofiol [156] through propyliso-
butyl ketone (2-methyl-4-heptanone) by
the interaction of isovaleryl chloride and
zine propyl (Wagner, Journ. Russ. Soec.
16, 668). This ketone also gives ace-
tone among the products of its oxida-
tion by chromic aeid mixture,

Or from isovaleric acid through hy-
droxypyrotartaric acid and citraconic
acid (see under benzyl alcohol [54; M,
note|), and then as under @ below.

Or from isovaleric acid and ethyl
aleohol through a-bromisovaleric ester,
g-dimethylacrylic acid by heating the
latter with quinoline or diethylaniline
(:'-‘FI.".I} under isobutyl alcohaol [PIB; G]],
and oxidation of the acid with potassium
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permanganate followed by potassium
dichromate and sulphuric acid (Crossley
and Le Sueur, Trans. Ch. Soc. 75, 164).

[N.] From factic acid [Vol. I1] and
methyl aleokol [18] through a-brompro-
pionic acid by heating lactic acid with
saturated bromhydric acid ( Kekulé, Ann.
130, 16), and then dimethylisopropyl
carbinol by the interaction of a-brom-
propionyl bromide and zine methyl, d&e.,
as above under I and K,

Or from lactic acid through pyrora-
cemie acid (see under benzyl aleohol
[54; P]), and then as below under P.

Or from lactic acid through eitra-
conic acid (see under benzyl aleohol
|64; M, note]) and S-chlorcitramalic
acid as under @ below, :

[0.] From cwalic acid HV(}I. I1] and
methyl alcokol [18] through a-hydroxy=
isobutyric (2-methyl-2-propanoclic) acid
by the interaction of zine methyl and
dimethyl oxalate (Frankland axid Duppa,
Ann. 138, 80; 1385, 25). The acid gives
acetone on oxidation with chromie acid
mixture, or on fusion with caustic alkali ;
also on electrolysis of the potassium salt
(v. Miller and Hofer, Ber. 27, 468), on
decomposition of the silver salt by
iodine (Herzog and Leiser, Monats. 23,
357), or on heating with phosphorus
pentoxide (Bischoff and Walden, Ann.
279, 111).

Or from oxalic and propionic acids
and alcohol throlﬁh methyloxalacetie
ester, A-methylmalic acid, and ecitra-
conic acid (see under benzyl alechol |64 ;
M, nﬂie]%, and then as under Q below.

[P.] Tartaric acid [Vol. 1I] gives
acetone among the produets of dry dis-
tillation (Vélckel, Ann. 89, 57), or of
oxidation by hydrogen peroxide (Cotton,
Journ. Pharm. 10, 195).

Or from tartaric (or racemic) acid
through pyroracemic acid (see under
benzyl aleohol [64; N]), the caleium
salt of which gives acetone on distilla-
tion (Hanriot, Bull. Soc. [2] 48, 417 ;
45, 81). A mixture of potassium pyro-
racemate and acetate ywelds acetone on
electrolysis (Hofer, Ber. 88, 654).

Or from tartaric acid through pyro-
tartariec acid and allylene, as under
benzyl aleohol [Eel; N |, and then as
under B above.
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[Q.] Citric weid [Vol. 11] gives ace-
tone among other products when heated
with strong sulphuric acid (Wilde, Ann,
127, 170), on dry distillation with
glycerol (Clermont and Chautard, Comy,
Rend. 106, 520), or on heating the
sodium salt with lime (Freydl, Monats.
4, 151). Citric acid yields acetone
among the produects of dry distillation or
of oxidation by potassium permangan-
ate, by sulphuric acid and manganese
dioxide (Robiquet, Berz, Jahresber. 18,
502; Péan de St. Gilles, Ann, Chim.
[é] 55, 374), or by hydrogen peroxide
(Cotton, Journ. Pharm. 10, 1g3).

Acetoneisformed byadding potassiam
permanganate solution drop by drop to
a boiling solution of eitric acid, or by
exposure of citric acid to air in presence
of iron or ferric chloride; also from
Kimmerer’s iron citrate under similar
conditions (Sabbatani, Atti Accad. Sei,
Torino, 86, 678 ; Journ. Ch, Soe. 78,
Abst. 1, 536).

Or citric acid may be converted into
acetonedicarboxylie acid (see under or-
¢inol [76; C]), and this gives acetone
on heating at 135" per se or by boiling
with water, acid, or alkaline solutions,

Or from citrie acid through citraconie
acid (see under benzyl alcohol [64; M])
and 3-chlorcitramalic acid by the action
of hypochlorous acid or chlorine on the
latter (Gottlieb, Ann. 180, 101 ; Carius,
Ann. 128, 204 ; Melikoff and Feldmann,
Ann. 253, 87). The chloro-acid gives
acetone on heating with water at 110-
120°,

Mesaconic acid, the isomeride of
citraconie acid, also gives 3-chlorcitra-
malic acid when a solution of the sodium
salt is chlorinated (Morawski, Journ.
pr. Ch. [2] 18, 392).

Or from citraconie acid through allyl-
ene as under benzyl alecohol [54; M],
and then as above under B. B

[R.] From malonic and propionic acids
[Vol. 11] throngh prnlmnutﬂmlihoxﬂlﬂ
gster, citraconic, and mesaconic ac
(see under benzyl alcohol [64 ; M, note]),
and then as above under Q.

Or from malonic acid and acefic alde-
hyde [92)] through crotonie acid and
allylene (see under benzyl aleohol [64;
G ), and then as above under B.
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Or malonic ester, by the action of
sodium at 70-go°, gives acetonetricar-
boxylic ester, and this yields acetone on
heating with strong acids (Willstitter,
Ber. 82, 1274).

8.] From methyl and ethylaleokols[13;
145: and Jydrogen cyanide [172] through
propionitrile (Pelouze, Ann. 10, 249 ;
Williamson, Phil. Mag., [4] 8, 205;
Buekton and Hofmann, Journ. Ch. Soe.
9, 250; Rossi, Ann, 1569, 7g). The
latter, on treatment with sodium in
ethereal solution, gives a product which
by interaction with methyl iodide fol-
lowed by aqueous hydrogen chloride
;yie]ds “ trimethylpyrolone ' (C,H,;,NO).
The latter, on heating witil strong
aqueous hydrogen chloride at 140-150°,
gives ethylisopropyl ketone, from which
acetone is obtained by oxidation as under
K (E. v. Meyer, Journ. pr. Ch. [2] 388,
336 ; Hanriot and Bouveault, Comp.
Rend. 108, 1171 ; Bull. Soe. [3] 1, 549).

Or from ethyl and methyl aleohols
throungh chloral and dimethylisopropyl
earbinol (see under tertiary butyl aleohol
[12; &]), and then as above under K.

Or from methyl aleohol and hydrogen
cyanide through methyl cyanide (ace-
tonitrile). The latter interacts with
magnesium methobromide to form an
intermediate compound, which is de-
composed by acids with the formation
of acetone (general method of Blaise:
Comp. Rend. 132, 38).

Or from ethyl alcohol through iodo-
form, acrylic acid, a-chlorlactic acid, and

lyceric acid (see under benzyl aleohol
54; I]). From the latter through
pyrotartaric acid and allylene as under
benzyl aleohol [54; F and E], and above
under B; or through pyroracemic acid as
under benzyl alechol [54; E], and above
under ¥ and P. Allylene is formed
when the vapour of ethyl alechol is
passed over heated magnesium and the
product decomposed by water (Keiser
and Breed, Ch, News, 71, 118; Keiser,
Am. Ch. Journ, 18, 328).

_Or from ethyl alcohol through pro-
pionitrile as above, and from the latter
f-ht':mgh ﬂ:ﬂ-‘]-i_lﬂi]ﬂrpmpiﬂniﬂ acid and
FJ’ roracemie acid as under benzyl aleohol

54; I], and then as above under P.

Or from ethyl aleohol and hydrogen
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eyanide through ethylene, vinyl chloride,
chloracetaldehyde, 3-chlorlactic acid, and

lyceric acid (see under benzyl aleohol
fﬁ-‘i-j Al]). From the latter, as above,
through pyrotartaric acid and allylene,
or through pyroracemic acid.

Nore :—Other mothods of passing from ethyl
aleohol through chloracetaldehyde to glycerie
acid are given under benzyl alcohol [54 ; I.

Glenerators of ethylene thus become (with
hydrogen eyanide) generators of acetone
through glyeeric acid.

[T.] From g-Aydroxybulyric ac'd [ Vol.
I1] through erotonic acid and allylene
(benzyl aleohol [54; L]), and then as
above under B.

[U.] From erythritol [50] and formic
acid [ Vol. 11] through erofonic aldehyde
[102], erotonie acid and allylene (see
under n-butyl alecohol [17; I],and benzyl
aleohol [64; G]), and then as above
under B.

[V.] Methylheplenone [111] gives ace-
tone among the products of its oxida-
tion with chromic and sulphuric acids
(Tiemann and Semmler, Ber. 28, 2128).

[W.] Dimethylheptenol [85] gives ace-
tone among the products of its oxidation
by e¢hromic acid mixture ( Barbier, Comp.
Rend. 126, 1424).

[X.] FEthane [14; D] and carbon
monoxide give an acetone (C,H O) when
submitted to the action of the silent
electrie discharge in a cooled apparatus

De Hemptinne, Bull. Acad. Roy. Belg.

ig] 34, 255). The product has not

been identified specifically as 2-pro-
one.

[¥.] Citronellal [106] and ecifronellol
[Elﬁlti] oive acetone (with g-methyladipic
acid) on oxidation with potassiom per-
manganate, followed by potassinm di-
chromate and sulphurie acid (Tiemann
and Schmidt, Ber. 29, go8 ; Barbier and
Bouveault, Comp. Rend. 122, 673: see
also Harries and Schanwecker, Ber. 34,
2G381).

[2.] Pulegone [1281 gives acetone
among the products of 1ts decomposition
by heating with formic acid (Wallach,
Ann. 289, 338), or by oxidation with
potassium permanganate.

[AA.] Dewtrose [164] gives acetone
among Ll'u_,'- IH‘{]{I_I,'L[";:-] of [|1‘_1,-' diatillai-inn
('U'ollens, * Handbuch d. Kohlenhydrate,”
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I, 46), and among the products of oxida-
twon by hydrogen peroxide(Cotton, Journ.
Pharm. 10, 195), or of dry distillation
with lime (Pereire and Guignard, Fr.
Pat. 316060 of 1go1; Journ. Soc. Ch,
Ind. 21, 1096).

[BB.] From aconitic acid [Vol. 1]
throngh itaconie acid (Pébal, Ann. 88,
94), allylene (see under benzyl alcohol
[54; M]), and then as above under B.

[€C.] From wmauniol [51] through
m:*mfeé-'uﬂglﬂl] and acrylic acid (see under
benzyl aleohol [54; B and AA]J), and
then as above under 8.

Acetone is among the products of
fusion of mannitol with alkali (Gott-
lieb, Ann. 52, 122), and of oxidation by
hydrogen peroxide (Cotton, Journ.
Pharm. 10, 1g5).

[DD.] Isobutyric aldelyde [94], on
treatment with caustic potash, forms a
trimeric polymeride (Pfeiffer, Ber. 5,
700; Urech, Ber, 18, 191; W. H.

Perkin, junr., Trans. Ch. Soc. 48, g1),

which, on bromination (in CS,) and by
the action of heaton the polymeride, gives
a-bromisobutyric aldehyde = 2-methyl-
2-brompropanal. The oxime of the
latter, on heating with acetic anhydride,
yields a nitrile which is decomposed by
sodium carbonate solution with the for-
mation of adetone (Franke, Monats,
21, 205 ; 210). .

Or isobutyric and acetic aldehydes con-
dense to form an aldol (C,H,,0,), which,
on oxidation with potassinm permangans
ate, gives trimethylethylene lactic acid
(Lilienfeld and Tauss, Monats. 19, 81).
From the latter, through tertiary amyl
aleohol, &e., as above under K and E.

Or isobutyric and formie aldehydes
condense to form a glyeol, which gives
methylisopropyl ketone among the pro-
ducts of decomposition by heating with
water (Lieben, Monats. 28, 60). From
the ketone as under K above.

Or isobutyric aldehyde condenses in
contact with alkali with the formation
of dusopropylglycol=2:2:4-trimethyl-
pentanediol, and this gives diisopropyl
ketone on oxidation with potassium per-
manganate (Fossek, Monats. 4, 664 ;
Brauchbar, 1bid. 17, 641 ; Franke, f4id.
673). The ketone yields acetone on
further oxidation as under K above,

[EE.] Phloroglucinol [88] gives ace-
tone among other products on heating
with 25 per cent. caustic potash solu-
f.mg}at 160" (Combes, Bull, Soc. gl
716).

[FF.] Chelidonic acid [Vol, IT] gives
acetone (and oxalic acid) on heating
with aqueous alkali (Lieben and Haitin-
ger, Ber, 16, 1250).

[GG.] Menthone [129] gives an oxime
and the latter a nitrile, which can be
converted into an aldehyde isomerie
with citronellal. The aldehyde, on oxida-
tion, yields first menthonic acid and
finally (8-methyladipic acid and) ace-
tﬂni (Wallach, Ann. 278, 302; 208,
131).

[HH.] Acetyl carbinol [48] gives ace-
tone when reduced in acid solution in
the cold (Kling, Comp. Rend. 135,

970)-

107. Methyl-n-amyl Ketone ;
2-Heptanone.

CH,.CO. [CH,],. CH,

NATURAL SOURCES.

Occurs in small quantity in oil of
cloves (Schimmel’s Ber. April, 1897,
and April, 190o2; Ch. Centr. 1902, 1,
1058 : see also Erdmann, Journ. pr. Ch.
[2] 66, 155; Gerber, Mon. Sci. [4]
11, 880), and in Ceylon oil of cinnamon
(Schimmel’s Ber. April, 1902 ; Wal-
baum and Hithig, Journ, pr. Ch. [2]
68, 47).

SYNTHETICAL PROCESSES.

[A.] Normal heptane [2], on chlorina-
tion, gives (with n-heptyl chloride) 2-
chlorheptane (Pelouze and Cahours, Jah-
resber. 1883, 528; Schorlemmer, Ann.
188, 266 ; Morgan, Ann. 177, ?D?}.
from which the secondary aleohol (2-
heptanol) can be obtained by the usual
methods (Schorlemmer, Ann, 127, 315;
161, 278; Journ, Ch. Soc. 28, 319);
Morgan, loc. cit.). The alcohol gives
the ketone on oxidation (Schorlemmer,
Ann, 161, 279).

Or n-heptane may be nitrated and the
a-nitroheptane reduced to methylamyl
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ketone (Konowaloff, Journ. Russ. Soc.
25, 487 ; Ber. 26, Ref. 881).

[B.] Heptoic aldelyde or ananthol
[97] by the action of phosphorus penta-
chloride gives 1 : 1-dichlorheptane=
enanthylidene chloride (Limpricht, Ann.
108, 81), which by the extreme action
of alcoholic potash is converted into
6-(a)-heptine = cenanthine or @nanthyl-
idene {I];J'rf. 84 ; Rubien, Ann. 142, 294 ;
~ Welt, Ber. 80, 1496). The latter, on
dissolving in sulphuric acid and dis-
tillation with water, yields 2-heptanone
(Béhal, Ann. Chim. Eﬁ 15, i;ruﬂ.

The ketone is formed also by heating
the heptine with acetic acid to 280
and decomposing the product with water
(Béhal and Desgrez, Comp. Rend. 114,
1074 : see also Desgrez, Ann. Chim.
E}] 8, 228, and Moureu and Delange,

omp. Rend. 181, 710; 8o00).

Or the sodinm derivative of heptine
interacts with chlorocarbonic ester(from
carbon oxychloride and the aleohol) to
form amylpropiolic ester, the free acid
of which, on heating with alcoholic
potash, gives hexoylacetic acid. The
Jatter decomposes readily at 60° into
carbon dioxide and methyl-n-amyl ke-
tone (Moureu and Delange, foe. cit.
1382, 1121).

Or the free acid on esterification with

hydrogen chloride and an alcohol gives
amyl-g-chloracrylic ester, and this also
yields methyl-n-amyl ketone on treat-
ment with aleoholic potash (I#id.).
_ Or the sodium derivative of heptine
interacts with ethyl formate toform amyl-
propiolic aldehyde, CH,[CH,],.C :
C. CHO, and this gives methyl-n-amyl
ketone among the products of its de-
composifion by boiling agqueous alkali
(Ibid. 133, g6).

[C.] From n-keptyl aleokol [26] and
palmitic acid [Vol, 1I].  Heptyl palmi-
tate gives n-heptylene on heating to
359 1n an atmosphere of carbon dioxide,
and the heptylene combines with brom-
e to form a dibromide (1 : 2-dibrom-
]1'31}_'5'““'3}: which, by the action of alco-
holie potash, yields heptine = n-amyl-
acetylene (Welt, /oc, eif, 1493). From
heptine as above under B,

METHYL-N-AMYL EKETONE
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108. Methyl-n-heptyl Ketone ;
O.Nonanone.

CH,.CO. [CH,],.CH,

NATURAL SOURCES.

Occurs to the extent of about 5 per
cent. in oil of rue from HKufa graveolens
(Thoms, Ch. Centr. 1go1, 1, 524; Ber,
deut. pharm. Gesell. 11, 3; Houben,
Ber. 85, 3587). This ketone is the
chief constituent of Algerian oil of rue
(v. Soden and Henle, Pharm. Zeit.
46, 277; 1026; Pharm. Journ. a7,
1619; Ch. Drug. 60, 304; Power
and Lees, Trans. Ch. Soc. 81, 1588).
Has been found also in oil of cloves
(Schimmel’s Ber. April, 1gog; Ch.
Centr. 1903, 1, 1086).

SYNTHETICAL PROCESSES,

[A.] From acetie and n-octoic acids
Vol. I1] by distilling a mixture of the

rium salts (Thoms, doe. cil.).

[B.] From n-feptyl [26] and n-propyl
aleofuf [15],a mixture of which on heat-
ing with sodium to 230" gives a decanol
= 8-methyl-g-nonanol. The latter, on
fusion with alkali, yields a deeoic acid,
CH, . [CH,]; . CH(CH,) . COOH,
which on oxidation with chromic acid
gives the above ketone among other
products (Guerbet, Comp. Rend. 135,
172 ; Ann. Chim. [7] 27, 67).

109, Methyl-n-nonyl Ketone;
2-Undecanone.

CH,.CO. [CH,],. CH,

NATURAL Sounces.

Occurs as the principal constituent
of o1l of rue from Ruta graveolens (Gre-
ville Williams, Phil. Trans. 1858, 1, gg;
Hallwachs, Ann. 118, 109; Harbordt,
Ann, 128, 293; Giesecke, Zeit. [2] 8,
42g; Carette, Journ. Pharm, [6] 10,
255 ; Thoms, Ch. Centr. 19071, 1, 524 ;
Houben, Ber. 85, 3590); in Algerian
oil of rue (v. Soden and Henle, Ch.
Centr. 1go1, 1, 1006 ; Pharm. Zeit. 486,
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277; 1026; Ch. Drug. €0, 304;
Power and Lees, Trans. Ch. Soe. 8,
1588).

_ The ketone occurs also in the essen-
tial oil of lime leaves from Cifrus limetla
(Watts, Trans. Ch. Soc. 49, 316).

SYNTHETICAL PROCESSES.

[A.] From octyl aleokol ﬁﬂﬁ] and
acefoacetic acid (ester) [Vol. I1].” The
alcohol is converted into n-octyl iodide
(Zincke, Ann. 152, 3; Maslinger, Ann.
185, 55), and the latter by interaction
with sodio-acetoacetic ester gives octyl-
acetoacetic ester (Guthzeit, Ann. 204,
2), which, on decomposition with alco-
holic potash, yields the ketone (Iid. 4).

[B.] From acetic and decoic acids
[Vol. 11T by the dty distillation of
a mixture of the calcium salts (Gorup-
Besanez and Grimm, Ann. 157, 275;
Ber. 8, 518).

110. Methyl-n-decyl Ketone ;
2-Dodecanone.

CH,. CO. [CH,],. CH,

NATURAL SOURCE.

Possibly in oil of rue with the pre-
ceding  ketone (references as under
undecanone [108] above).

SYNTHETICAL PROCESSES.

[A] From acefic and laurie acids
F‘u"n]. IT] throngh methylundecyl ketone
2-tridecanone) by distilling a mixture
of the barium salts (Krafft, Ber. 12,
1667). This ketone on oxidation gives
(with acetic acid) undecanoie acid (/4id.),
the barium salt of which, on distillation
with barium acetate, yields 2-dodecanone
(Ibid. 15, 1768).

Note :—The identity of the natural with the
artificial product requires eonfirmation.

111. Methylheptenone ;
2-Methyl-2-heptene-6-one.

(CH,),: C:CH .CH,.CH,.CO.CH,
Note :—For consglitulion ses Tiemann anid

Semmler, Ber. 20, 2721 ; 28, 2128 ; Harries,
Ber. 86, 1170,

ALDEHYDES AND KETONES: FATTY GROUP [109-111 A,

NATURAL SoURCES,

In lemon-grass oil (Barbier and
Bouveault, Comp. Rend. 118, ¢83;
Bertram and Tiemann, Ber. 82, 8134),
in oil of Mexican ‘lignaloe’ (Schimmel’s
Ber. April, 18g2; Oct. 1894 ; Barbier
and Bouveault, loc. cit. 121, 168), and
in citronella oil (Schimmel's Ber. April,
1895). Inoilof lemon (Z#id. Oct. 1902
Ch. Centr. 1goz, 2, 1207).

The ketone is probably present in
other essential oils containing geraniol,
linalodl, and citral (see Tiemann, Ber.
81, 3286).

SYNTHETICAL PRocesses.

[A.] From methyl and ethyl alcokols
13 ; 14|, acefic and propionic acids
Vol. 11|, and acefone [1068]. Di-
methylethyl carbinol is prepared by
the interaction of =zine methyl and
propionyl chloride (Popoff, Ann 145,
292 ; Jermolajeff, Zeit. [2] 7, 275;
Wischnegradsky, Ann, 180, 336). On
bromination this aleohol gives as chief
product the amylene bromide, (CH,),:
CBr . CHBr . CH, = 2 : 3-dibrom-3-
methylbutane, which by the extreme
action of aleoholic potash is converted
into dimethylallylene = 3-methyl-1 : 2-
butadiéne (see under acetone [1086 ; E],
and Ipatieff, Ber. 28, Ref. g1). The
latter, on combination with hydrogen
bromide, gives the amylene bromide,
(CH,), : CBr . CH, . CH,Br = g-di-
methyltrimethylene bromide = 1 : 3-
dibrom-3-methylbutane (Ipatieff,/oc. cif.
g2). The latter reacts with sodio-
acetylacetone to form a diketone,
(Clr]‘.i.):.g :C:CH . CH,. CH(CO . CHy),,
which, on decomposition with strong
caustic soda solution, yields (with acetic
acid) a small quantity of methyl-
heptenone (Barbier and Bouveault,
Comp. Rend. 128, 1423).

Note :—Acetylacetone is obtained by the
action of sodium on a mixture of acetone and
othyl acetate (Claisen and Ehrhardt, Ber. 23,
to11 ; also Germ. Pat, 49542 of 1899 : soo also
undor n-primary amyl aleohol (20 ; B and G])-

The dimethylethyl carbinol may also
be prepared from the amyl alcohiof of
fusel oil [22] through the corresponds
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ing amylene (see under acetone [108;
E|). Or the fusel oil amylene (tri-
methylethylene) may be combined
divectly with bromine to form 2:3-
dibrom-3-methylbutane (Wurtz, Ann.
Chim. [3] 85, 458; Bauer, Bull. Soc.
2, 149), and the latter treated as above.
Or fusel oil amyl aleohol may be
converted into isopropylacetylene (as
under acetone [106 ; E), and the latter
into dimethylallylene by heating with
alcoholic potash to 150" (Faworsky,
Journ. pr. Ch, [2] 87, 392). Subsequent
steps as above.

Or from ethyl aleohol and acetie acid
through acefoacetic ester [Vol. 11] and
the above dimethyltrimethylene brom-
ide. The latter interacts with sodio-
acetoacetic ester and sodium ethoxide
to form dimethylallylacetoacetic ester,
which, on heating with barium hydrox-
ide solution or dilute alcoholic potash,
-gives methylheptenone (Ipatieff, DBer.
34, 504).

Or from ethyl aleohol, acetic acid,
and acetone through acetopropyl alco-
hol by the action of sodium ethylate
on acetoacetic ester and ethylene brom-
ide, and decomposition of the product
(bromethylacetoacetic ester) by boiling
with dilute hydrochlorie acid (W. H.
Perkin, junr., and Freer, Trans. Ch.
Soc. 51, 833; Lipp, Ber. 23, 1197).
Acetopropyl aleohol is converted by the
action of fuming hydriodic acid into
the corresponding iodide, CH,.CO.
[CH,],. CH,I; the latter, by the action
of zine and acetone and the decom-
position of the intermediate product
with water, into the tertiary aleohol,
CH,.CO.[CH,],.C(CH,),.OH ; the
tertiary alcohol into the oxide by dry
c[lll-i;;il]aéign, Cal;# thE,u {jinm the iodide,

H.. G0, . C(CH,),. I, by the
addition o& h;%mgfen iagfi.ide. YT].'IE
tertiary iodide gives methylheptenone
by the action of caustic alkali in dilute
solution (Verley, Bull. Soe. [3]17, 122).

[B.] lrovaleric aldelyie Eﬂﬁ] and
acetone []l'ﬂﬂ'l condense in the presence
of alkali to form methylheptenone
(Leser, Bull. Soe, {33] 17, 108 : accord-
ing to Tiemann, Ber. 81, 817, note s,
t'l',“* productis not a pure ketone: seealso
Tiemann and Kriiger, Ber. 28, 21 15)

METHYLHEPTENONE

<03

[C.] Cineole [40] on oxidation with
potassium permanganate gives cineolic
acid, C H, O, (Wallach and Gilde-
meister, Ann. 2486, 268), the anhydride
of which on dry distillation yields
methylheptenone (Wallach, Ann. 258,
325). The latter is identical with the
natural produet (Tiemann and Semmler,
Ber. 28, 2126, note ¥ ; also Schimmel’s
Ber. Oct. 18g4).

[D.} Dimethylheptenol 1[35] gives me-
thylheptenone among the products of
its oxidation by chromic acid mixture
(Barbier, Comp. Rend. 128, 1424 : see
also Schimmel’s Ber. Oct. 1898, and
Tiemann, Ber. 81, 2991).

[B.] Citral [104] gives methyl-
heptenone (with acetic aldehyde) on
boiling with sodinm earbonate solution
(Verley, Bull. Soe. [3] 17, 175)

[®.] Geraniol |88], on heating with
strong alecoholic potash at 150°, gives
methylheptenol, and this yields methyl-
heptenone on oxidation (Tiemann, Ber.
31, 298¢ ; 82, 111).

112. Phorone ;
2 : 6-Dimethyl-2 : 5-heptadiénone-4.

(CH,),:C:CH.CO.CH:C(CH,),

A phorone (C,;H,,0) is said to have
been obtained from glycerol by bacterial
fermentation (hay dacilli : Schulze, Ber.
15, 64). This has been regarded as
possibly identical with the phorone
obtained from acefone [108] by heating
with lime or with hydrochloric aeid
followed by aleoholic potash (Fittig,
Ann. 110, 32; Baeyer, Ann. 140, 301 :
also 81; B,p.126). L'he phorone obtained
by Fittig’s method is isophorone ( Bredt
and Ribel, Ann. 289, 10; 299, 160).

The identity of the biochemical with
the synthetical produet has nct been
fully established.

113. Diacetyl; Dimethyldiketone ;
Diketobutane ; Butadione.
G E0L 00, CH,
NATURAL SoUnrces.

This diketone has been found in
aqueouns distillates from oil of caraway
(Schimmel’s Ber, Oct. 18gg; Ch, Centr.
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18gg, 2, 880), from vetiver oil from
Andropagon muricatus, . and W. Indies,
Brazil, &e, (Ibid. April, 1goo; Ch.
Centr. 19co, 1, goy), and from oil of
bay (lbid. April, rgo1). Occurs also
in the lower boiling-point fraction of
oil of savin from Juniperus sabina (1hid.
Oct. 1goo; Ch. Centr. 1goo, 2, 970),
in the cohobation water of the same
oil, and in the distillation water of
W. Indian sandal-wood oil (fhid. April,
1903; Ch. Centr. 1903, 1, 1086).

Nore:=It has not yet been proved that
diacetyl pre-exists ready formed in these oils.

SYNTHETICAL PROCESSES.

[A.] From methyl aleokol [18] and
acetoacetic ester [Vol. II] through
isonitrosomethylethyl ketone, &e., or
throngh acetosuccinic ester, &ec., as
under quinol [71; 0]. Or through
y-brom-methylacetoacetic  ester
tetrinic acid, or through lavulic acid
(I4id.). Or through pyroracemic acid,
&e. (Ibid. DD). -

Or from methyl alechol and aceto-
acetic ester through methylethyl ketone
(methylacetyl carbinol [44; B]). The
ketone is converted into the isonitroso-
derivative by the action of amyl nitrite
in presence of sodium ethylate or
hydrogen chloride according to the
method of Claisen and Manasse (Ber.
20, 656; 2194; 22, 526 ; Kalischer,
Ber. 28, 1518 ; Diels and Jost, Ber.
35, 32g0), From the isonitroso-ketone
= diacetylmonoxime as under quinol
[71; O]

Note :—All generators of methylethyl ketone
given under methylacetyl earbinol [44] thus
become generators of diacetyl,

[B.] From oxalic and acelic acids
E‘Ju]. I1] and aleokol [14] through
etipic acid, &e. [‘?1; s].

[C.] From dextrose [154], ferulose
[_155]; Or maniose [156] through lwvulic
acid (see under erythritol [60; H; I; I
and quinol [71; O]). _

[D.] From glyeerol [48] and acelic or
matonie actd [Vol. T through levulic
acid (erythritol [50; F; @] Or

ALDEHYDES AND KETONES: FATTY GROUP
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from glycerol through glyeeric and
pyroracemic acids (quinol [71; X]); or
from glycerol and acefoacetic  esler
through allylacetone and levulic acid
{erythritol [50; GJ).

[E.] From lydrogen eyanide [172] and
acetic acid [Vol. I1] through pyro-
racemic acid (quinol [71; DDJ}. Or
from hydrogen eyanide and etdyl aleokol
[14] through pyroracemic acid (lhid.
CcC

[¥.] From isohexoic acid [Vol. 1I]
th]ruugh levulic acid (erythumtol [50;
E]).

[a.] From acelic aldehyde [92]
through levulie acid (erythritol |50 ;
N]). Or from aldehyde and zine ethy!
through secondary butyl alechol = 2-
butanol (secondary butyl mustard oil
[165; D]). The secondary aleohol gives
diacetyl when oxidised by nitrie acid
(Ponzio, Gazz. 81, 401).

Nore :—The generators of sceondary butyl
aleohol given under secondary butyl mustard
oil thus become gonerators of diacetyl. These
are :—methyl [18]; ethyl [14] ; normal and isobutyl
alcoholz [17 ; 18] ; erythrifol [50]; formic acid;
faovaleric acid ; acsloncelicester ; and all generators
of methylethyl ketone.

[H.] From n-propyl [15] or isopropyé
aleokol [18] through propylene and
pyroracemic acid (quinol [71; HH]).

Nore :—All generators of propylens thus
become, through pyroracemic acid, generators
of dincetyl.

[1.] From acetone [108] and efdyl
acetate through acetylacetone and leevu-
lic acid (erythritol [60 ; G]).

[7.] From methylheptenone [:111]
through lmvulic acid (erythritol [50;
t;.']%:I{.] From dimethylheptenol [35]
through levulic acid (Ibd. N).

[L.] From propiouic acid [Vol. II]
throngh pyroracemic acid (quinol [71;
FF|). :

M.] From /lactic acid [Vol. 11]
through pyroracemic acid (/6id. GG).

[N.] From fartaric or racemic acid
[Vol. II] through pyroracemic acid
([hid. BEB).

[0.] From citric acid [Vol 11]
through pyroracemic acid (I, EE).
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tion with manganese dioxide suspended
in water (Schmidt, Germ. Pat. 2090g
of 1882 ; Ber. 18, 448).

Benzal chloride gives benzoic alde-
hyde on heating with acetic acid in
presence of zine chloride, &e. (Jacobsen,
Ber. 18, 2013; 14, 1425; Germ. Pat.
11494 of 187g, and suppl. Pat. 13127
of 1880; Ch. Ind. 8, 3B4; 4, 2c2);
or with strong sulphuric acid and subse-
quent treatment with water (Oppen-
heim, Ber. 8, 213); or with anhydrouns
oxalie acid (Anschiitz, Ann. 2286, 18).

Or benzylamine (from benzyl chloride
and ammonia ; see under benzyl mustard
oil [tﬂﬂ ; H]) gives the oxime of benzoic
aldehyde among the products of oxida-
tion by monopersulphuric acid (Bam-
berger and Scheutz, Ber. 34, 2262).
Benzylamine gives the aldehyde by
oxidation with sulphurie acid and a di-
chromate (De Coninck and Combe,
Comp. Rend. 127, 1222).

Or benzylaniline (from benzyl chlor-

ide and aniline) gives benzaldehyde on
oxidation with dichromate and sulphurie
acil, &e. (Meister, Lucius, and Braning,
Eng. Pat. 10689 of 18g6); the sul-
phonie acid of benzylaniline also gives
benzaldehyde when oxidised in alkaline
or neutrﬂ.{ solution (féid. Ch Centr.
1897, 2, 1063). Benzylidene deriva-
tives are formed as the first products,
and the aldehyde results from their
hydrolysis in these processes. Di-
benzylaniline can be similarly eon-
verted into benzaldehyde by oxidation
(I4id. Ch. Centr. 19c0, 2, 460: for
further list of patents by this firm
relating to the production of aldehydes
from benzylidene compounds see under
p-hydroxybenzaldehyde [118; E]).
Benzylideneaniline gives benzoic alde-
hyde by the action of acil chlorides
(Garzarolli-Thurnlackh, Ber. 82, 2277).

Toluene on treatment with chromium
oxychloride and decomposition of the
product with water gives benzoic alde-
hyde (Etard, Ann. Chim. [5] 22, 225).
The aldehyde is also among the pro-
ducts of the electrolysis of a mixture
of toluene, aleohol, and dilute sulphurie
acid (Renard, Jahresber. 1881, 352;
also Merzbacher and Smith, Journ. Am,
Ch. Soc. 22, 723; Puls, Ch, Zeit, 25,

AROMATIC ALDEHYDES AND KETONES
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2_53}, and among the products of oxida-
tion of toluene by potassium persulphate
Moritz and Wolffenstein, Ber. 82, 433),
y manganese peroxide in presence of
sulphuric acid (Soc. Chim, d. Usines du
Rhone, Germ. Pat. 101221 of 18g7;
Ch. Centr. 1899, 1, 959; 107722 of
1ﬁg+3 ; Ch. ‘Centr. Tgoo, 1, 1113 ;
Weiler, Ber. 38, 464), or by nickel or
cobalt oxides (Bad. An. Sod. Fab.
Germ, Pat. 127388 of 19c00; Ch.
Centr. 1902, 1, 150).

Benzene gives benzoic aldehyde when
carbon monoxide and hydrogen chloride
are passed through the hydrocarbon in
the presence of aluminium chloride and
cuprous chloride (Farb. vorm. F. Bayer
& Co., Germ. Pat. 98706 of 18¢7;
Ch. Centr. 1898, 2, g51: see also
Reformatsky, Journ. Russ. Soc. 88,
154). According to Kiichler and Buff
(Germ. Pat. 126421 of 18g9; Ch.
Centr. 1go1, 2, 1372) this process does
not work with aluminium chloride, but
gives good results with the bromide or
1odide. _

Benzene and chloroform give a small
quantity of benzaldehyde among other
produets by the action of ferrie chloride
(Meissel, Ber. 82, 2422).

Or from benzene and fydrogen cyanide
Ll'fﬂ] by passing the latter gas with

ydrogen chloride through the hydro-
carbon in presenceof alumininmchloride,
and decomposing the produet with acid
(Farb. vorm. F. Bayer & Co., Eng. Pat.
19204, Aug. 18y7; Journ, Soc. Ch.
Ind. 17, 838).

From benzene, acetic acid, and Aydro-
gen cyanide [172] through iminobenzoyl-
methyl eyanile (benzacetodinitrile) by
the action of sodium on a mixture of
benzonitrile and acetonitrile in dry ether
(Holzwart, Journ, pr. Ch. FL] 30, 242),
12-cyanacetophenone by the action of
hydrochloric acid on the imino-cyanide
(Meyer, Itid. 243), benzoylacetimino-
ethyl ether by the action of alcoholic
hydrochloric acid on the cyanoketone
(Haller, Bull. Soc. [2] 48, 24), benzoyl-
acetic ester by the action of dilute
aleohol on benzoylacetiminoethyl ether
(I4id. 25), and then as below under C.

Nores :— Acetonitrile is obiained from -
maniwm acetate [ Vol, 11] through: acetamide and




114 A.]

o dohivdration of the Intter by hoat or phoa-
;lﬁaws iﬂnmidu, &e. (Dumas, Comp. Rend.
a5, 383; Buckton and Hofmanmn, Journ. Ch.
Soe. 9, 242 ; Henry, Ann. 152, 149 ; Wallach,
Ann. 184, 21 ; Demargay, Bull. Soe. [2] 33,
456).  Also from methyl aleokol (18] by distil-
ling methyl sulphates with polassium cyanide or
ﬁnmydnﬁa[l?ﬂﬁﬂumm,ﬁal ti,and Leblane,
Comp. Rend. 25, 474 ; Frankland and Kolbe,
Mem. Ch. Soc. 3, 386 ; Ann. 85, 388). Hydro-
gen cyanide [172] and diaszomethane combine to
form acetonitrile 5 . Pechmann, Ber. 28, 857).
Ethylamine [Vol. II] gives acetonitrile among
the products of oxidation by monoperaulphuric
acid (Bamberger, Ber. 35, 4293}

Bonzonitrile ean be obtained from benzeno
by the action of cyanogen chloride [172] in
presence of aluminium chloride (Friedel and
Crafts, Ann, Chim. [6] 1, 528) ; by the action
of alaminium chloride on a mixture of benzene
wapour and cyanogen [172] (Desgrez, Bull, Hoc.
[3]13, 735) ; by distilling benzenesulphonates
with potassium eyanide (Merz, Zeit. [2] 4, 33)
or (practieally) by the diazo-method through
nitrobenzena, aniline, &e, (Sandmeyer, Ber. 17,
a6z3).

Alga from benzene and fermie or oxalie aeid
[Wol. IT], aniline and oxalie acid giving benzo-
nitrile on distillation (Hofmann, Ann. 148, 125)
and formanilide giving the nitrile on distilla-
tion over zine dust (Gasiorowski and Merz,
Ber. 17, 73 ; 18, 1001).

Also from aniline and acelic acid [Vol. 1T by
the action of sodinm hydroxide om aniline
dichloracetate (Cech and Sehwebel, Ch. Centr.
18577, 134); from chlor- or brembenzene and
potassium ferrocyanide [172] at 400° (Merz and
Weith, Ber. 8, 915 ; 10, 749) ; from iodobenzene
and silver cyanida (Merz and Scheloberger, Ber,
B, 1630) ; from benzene and cyanogen [172] by
p¥rogenic synthesis (Ibid. ; Merz and Waith,
Bar, 10, 52) ; from aniline and methyl aleokol
[13] through dimethylaniline and the action
of heat on the latter (Nietzki, Ber. 10, 474);
or from aniline through phenyl izocyanide and
isomerie transformation at 220" (Weith, Be-
8, 213) and from sniline and carbon digulphids
[180] through phenyl thiocarbimide and the
action of copper on the latter (Ibid. and 7, 723) ;
from magnesium nitride and bensoic anbydride
{(Emmerling, Ber. 28, 1635) ; from benzoie acid
and efhylens eyanide (Mathews, Journ. Am. Ch.
Boe. 20, 6z0) ; from bensoyl chloride and methylamine
through benzenylmethylimido-chloride (v.
Pechmann, Ber. 33, 611).

From benzene and acetic acid through
acetophenone, by the action of acetyl
chloride on benzene in presence of
aluminium or ferric chloride (Friedel
and Crafts, Ann. Chim. [6] 1, 507 ;
14. 455; Nencki and Stoeber, Ber. 30,
1768 ; Boeseken, Rec. Tr. Ch. 20, 102),
and then as under G and ¢ below.

From benzene and elthyl aleokol [14].
Elhq; rl::.ter, unEtrea.tment with nitric acid

ence of mercury, gi e
fulminate (Howard, I:lf;]g’ '11-:':;5“;? T;-?ZSH
Liebig, Ann, 95, 284 ; Steiner, Ber. ﬂ':
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787 ; Lobry de Bruyn, Ber. 10, 1370).
The fulminate interacts with benzene
in presence of a mixture of aluminium
chloride and hydroxide, giving benzalde-
hyde (with its oxime, benzonitrile and
benzamide)(Scholl, Ber.82, 3492; 88,10).
Or from benzene and metdyl alcokol
18] through nitromethane by the
interaction of methyl iodide and silver
nitrite (see under glycerol [48; L)
Sodium-nitromethane on treatment with
mercurie chloride solution gives a com-
pound which yields mercury fulminateon
treatment with hydrochloric acid (Jones,
Am. Ch. Journ. 20, 33; also Nef, Ann.
280, 276). Subsequent steps as above,

Or from benzene and efhy! aleokol

El-';t] throngh ethylbenzene and styrene

romide (see under styrene [7 ; ..&j, and
under phlorol [64; A]). The latter
can be converted into styrene glycol
or into phenyl-g-lactic acid, and either
of these into benzaldehyde as below
under B. Or ethylbenzene can be con-
verted into acetophenone by oxidation
with chromic and acetic acids, or by
decomposing its chromexychloride with
water (Friedel and Balsohn, Bull. Soe.
[2] 32, 616 ; v. Miller and Rohde, Ber.
28, 1078), and the ketone treated as
under G. (See also Fournier, Comp.
Rend. 133, 634).

Or from benzene and rormal or isopro-
pyl aleohol [16 ; 18] through isopropyl-
benzene by the interaction of the alkyl
bromide and benzene in presence of
aluminium bromide, or of the alkyl
chloride and benzene in presence of
aluminium chloride (see under cymene
[6; A]), or of brombenzene and the
1so-alkyl iodide by sodium (Jacobsen,
Ber. 8, 1260). Isopropylbenzene gives
acefophenone (with hydratropic alde-
hyde) on oxidation with echromium
oxychloride (v, Miller and Rohde, Ber.
24, 1358).

Trimethylene bromide [15; E] from
gﬂym_:mf [43] and benzene condense under
the influence of aluminium chloride with
the formation of diphenylpropane and
propyl and isopropylbenzene. Propylene
bromide produces the same hydrocarbons
(Bodroux, Comp. Rend. 182, 155).

Note ;—Generatora of isopropylbonzene are
also given under eymoene [6 ; A, note].
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Or from benzene and omalic acid
[Vol. IT] by the action of ethyloxalyl
chloride = chlorethanalic ester, C1CO .
CO,.C,H;, on the hydrocarbon in the
presence of aluminium chloride. Phenyl-
glyoxylic ester is synthesised by this
method, and the acid gives benzalde-
hyde as below under € (Bouveault,
Bull. Soe. %] 15, 1017 ; 17, 363 : see
also Roser, Ber. 14, g40).

Or from benzene and acefic aldelyde
[#2] through aniline and phenylhydr-
azine and acetaldehydephenylhydrazone.
The latter gives acetophenone when
oxidised by air in aleoholic potash solu-
tion (Biltz and Wienands, Ann. 308,
16: see also v. Pechmann, Ber. 31,
2125)-

[B.] Styrene [7] on heating with
nitrie acid, or by the action of ¢ nitrous’
gas, gives phenylnitroethylene, C,H,.
CH : CH.NO, (Simon, Ann. 81, 269 ;
Blyth and Hofmann, Ann. 53, 297;

Priebs, Ann. 225, 328). The latter
yields benzoic aldehyde on heating with
water, agqueous :i,llualﬁII or dilute sulphuric

acid (Priebs, loc. cit.). Or phenylnitro-
ethylene, on heating with strong hydro-
chloric acid, gives phenylehloracetie acid
(Priebs, loe. cil. fi::;‘j'}, and this yields
mandelic acid on boiling with aqueous
alkali (Spiegel, Ber. 14, 239). The
latter acid gives benzoic aldehyde on dry
distillation, on oxidation (Liebig, Ann,
18, 321), or on electrolysis of a solutien
of the potassium salt (v. Miller and
Hofer, Ber. 27, 469).

Or styrene can be converted into the
bromide by bromination (Blyth and
Hofmann, Ann. 63, 306 ; Glaser, Ann,
154, 154; Zincke, Ann. 218, 288), the
corresponding phenylglyeol by boiling
with aqueous potassium carbonate
(Zincke, foe. cif. 2g93), and into benzoic
aldehyde by oxidising the glyeol with
chromic acid mixture. Or on oxidation
with nitric acid the glycol gives phenyl-
glyoxylic acid (Zincke and Huniius, Ber.
10, 1488), from which benzoic aldehyde
can be obtained as below under C.

Or styrene bromide on heating with
gtrong alecholic potash gives phenyl-
acetylene {Glaﬂer, Ann. 164, 155 ; Frie-
del and Balsohn, Bull. Soc. [2] 85, 55 ;
Holleman, Ber. 20, 3081), which can
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be converted into acetophenone as under
E, and the latter treated as under @.

Or styrene bromide on heating with
water, alcoholic potash, or potassinm
acetate gives 1'-bromstyrene (Radzis-
zewski, Ber, 8, 493; Glaser, Ann. 154,
168 ; Zincke, Ann. 218, 290 : according
to Nef, Ann. 803, 273, 1*(w)-bromsty-
rene is also formed by these methods),
and this, by the action of sodium and
carbon dioxide, yields phenylpropiolic
acid (Erlenmeyer, Ber. 18, 152), the
ester of which, when dissolved in stron
sulphuric acil and the solution pou
on to ice, gives benzoylacetic ester
(Baeyer, Ber.15, 2705). The latter can
be reduced to phenyl-3-lactie acid, and
the acid eonverted into benzaldehyde
as below under €. Or phenylpropiolic
ester ean be converted into benzoylacetic
ester by the action of dilute caustic
alkali (Baeyer and W. H. Perkin, junr.,
Ber.18,2128; W, H. P,, junr,, Trans,
Ch, Soe. 45, 174).

Or 1'-bromstyrene on heating with
water at 180° gives acetophenone (Frie-
del and Balsohn, Bull. Soc. [2] 82, 614),
which ean be treated as below under G.

Or phenylpropiolic acid ecan be con-
verted into phenylacetylene and aceto-
phenone as below under E.

[C.] From lenzoic and formic acids
[Vol. I1] by distilling a mixture of the
caleium salts (Piria, Ann. 100, 104);
by reduction of benzoie acid with sodium
amalgam in dilute acid solution (Kolbe,
Ann. 118, 122), or with stannous com-
pounds (Dusart, Comp. Rend. 55, 448) ;
or by electrolytic reduction (Nithack,
Germ. Pat. 123554 of 1899 ; Ch. Centr.
1901,2,715); orbyheating with zinedust
(Baeyer, Ann. 140, 296). Also through
benzoyl chloride and benzoyl cyanide
and the action of zine and hydrochlorie
acid on the latter (Kolbe, Ann. 98, 344).
Or from benzoyl chloride and copper
hydride (Chiozza, Ann. 85, 232).

Benzoyl eyanide by the action of
hydrochloric acid in the cold gives

henylglyoxylic = benzoylformic acid
Claigen, Ber. 10, 430; 845; Hiibner
and Buchka, Zbid. 479). The latter
yields benzoic aldehyde among other
products on distillation (Claisen, foc.
cit, 1666). Or phenylglyoxylic acid
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mav be heated with aniline, and the
anilide hydrolysed by heating with acid
(Fab. Prod. Chim. Thann & Mul-
house, Germ. Pat. 94018 of 18¢6 ; Ch.
Centr. 1897, 2, 1166: see also Bou-
veault, Bull. Soc. [3] 17, 363).

Or from benzoic acid and ethyl aleohol
and acetic acid through lenzoylacetic
ester [Vol. II] by the action of sodium
ethylate on a mixture of ethyl benzoate
and acetic ester (Claisen and Lowman,
Ber. 20, 6353), and reduction of the
benzoylacetic ester to phenyl-g-lactie
acid by sodium amalgam (W. H. Perkin,
junr., Trans. Ch. Soe. 47, 254). The
latter acid gives benzoic aldehyde on
electrolysis of a dilute solution of the

tassinm salt (v. Miller, Hofer, and

oogr, Ber. 27, 46g).

From benzoic acid and acefoacetic ester
[Vol. 117 through benzoylacetoacetic
ester (Bonné, Ann. 187, 1; Fischer and
Biilow, Ber. 18, 2131 ; Nef, Ann. 288,
9g), the sodium derivative of which 1s
decomposed by agueous ammonia with
the formation of benzoylacetic ester
(Claisen, Ann, 281, 71). From the ester
through phenyl-g-lactic acid as above,

Benzoie acid is converted into benzo-
nitrile by dehydrating the ammonium
salt by heat or dehydrating agents
(Fehling, Ann. 49, g1; Laurent and
Gerhardt, Jahresber. 1840, 327 ; Hof-
mann and Buckton, Ann. 100, 155;
Henke, Ann. 108, 276; Wihler, Ann.
192, 362 ; Anschiitz and Schultz, Ann.
108, 48 ; Henry, Ber. 2, 307). Benzo-
nitrile and acetonitrile givebenzaldehyde
through iminobenzoylmethyl eyanide,
1*-cyanacetophenone, benzoylacetimino-
ethyl ether, benzoylacetic ester (see
under A), and then through phenyl-3-
lactic acid as above.

Note :—For farther references to the pro-
duction of benzonitrile from benzoie acid see
under benzyl mustard oil [160; A]. For

syntheses of benzonitrile from benzene sce tho
note under A above,

_Or benzonitrile and efAyl aleokol com-
bine in presence of hydrogen chloride
to form benzimidoethyl ether (Pinner,
Ber. 16, 353 : general synthesis). The
ether on reduction with sodium amaleam
in acid solution gives benzoic aldu]?ydu
(Henle, Ber. 85, 3041).
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Or from benzoic acid and methyl
aleokol by the interaction of benzoyl
chloride and zine methyl (Popoff, Ber.
4, 720), and treatment of the aceto-
phenone so produced as under G.

Benzoic acid and hydrazine interact
with the formation of benzhydrazide,
and this in presence of alkali condenses
to benzalbenzoylhydrazine. The latter
is decomposed by dilute acids into ben-
zoic acid and aldehyde and hydrazine
(Curtins, Ber. 83, 2559). :

[D.] Phenylacetic acid '!'[Vﬂl, II] gives
a trace of benzoie aldehyde on electroly-
sis of an acidified solution of the potas-
sinm salt (Petersen, Bull. Acad. Roy,
Dane. 1897 ; Ch. Centr. 1897, 2, 520).
Benzoie aldehyde is also among the pro-
ducts of oxidation of phenylacetic acid
by dilute sulphuric m:ig and manganese
dioxide.

Phenylacetic acid gives dibenzyl ke-
tone on distillation of its caleium salt
(Popoff, Ber. 8, 560; Young, Trans,
Ch. Soe. 59, 623). Benzoic aldehyde is
among the productsof the photochemical
oxidation of the ketone (Emily Fortey,
Trans. Ch. Sce. 75, 871).

[E.] From ecinnamic acid [Vol. 11]
through phenyl-a-chlor-3-lactic acid by
combination with hypochlorous acid
(Glaser, Ann. 147, 7g), phenyl-g-lactic
acid by reducing the chloro-acid with
sodium amalgam (/4id. 86), and then as
above under C.

Or the chloro-acid, on treatment with
aleoholie potash, gives g-phenyloxyaery-
lic = phenyleglyeidic acid (Glaser, Ann.
147, g8), and this yields phenyl-3-lactic
acid on reduction with sodium amalgam
(Plochl, Ber. 18, 2823).

Or cinnamic acid can be combined
with hydrogen bromide to form 1?-brom-
hydrocinnamie = phenyl - 3 - brompro-
pionie acid (Fittig and Binder, Ann,
195, 132; Anschitz and Kinnieutt,
Ber.11, 1221). The latter gives phenyl-
A-lactic acid on boiling with water (F.
and B. foe. cit. 138).

Or einnamic ester can be brominated
so as to give phenyl-eg-dibrompropionie
= af3-dibromhydrocinnamic ester, and
this, by the action of aleoholie potash,
gives phenylpropiolic acid (W, H. Perkin,
junr., I'rans, Ch, Soec. 45,172 ; Lieber-
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mann and Sachse, Ber. 24, 4113, note).
The latter yields benzoylacetic acid,
phenyl-g-lactic acid, and benzaldehyde
as above under Band C. Or the phenyl
dibrompropionic ester by the limited
action of aleoholie potash gives a mixture
of two bromeinnamie esters, of which
the a-ester (1*-bromecinnamic ester
yields benzoylacetic ester when treat
successively with strong sulphuric acid
and water (Michael and Browne, Ber.
19, 1393).

Cinnamie aeid ean also be brominated
(Michael, Journ. pr. Ch. [2] 52, 292),
and the dibromo-acid debrominated in
two stages by suceessive treatment with
allali (fbid. Ber. 34, 3648). The final
produet is phenylpropiolic acid, which
can be treated as above.

Or the dibromo-acid on heating with
10 per cent.sodinm carbonate solution at
100° gives 1°-(w)-bromstyrene, and this
on heating with strong aleoholic potash
at 130-135" yields phenylacetylene (Nef,
Ann. 308, 267). The latter gives aceto-
phenone as below (Friedel and Balsohn,
Bull. Soe. [2] 85, 55), and benzaldehyde
as under G. Or the dibromo-ester by
the action of sodium ethylate gives
B-ethoxyeinnamic acid (Leighton, Am.
Ch. Journ. 20, 136), and this on heating
with aleoholic hydrochloric acid yields
benzoylacetic acid (14id. 137).

The B-iodo-cinnamic acid obtained
by iodising the acid in presence of
pyridine gives benzoylacetic aecid and
acetophenone on treatment with sodium
hydroxide solution (Ortoleva, Gazz. 29,
503)-

Or phenylpropiolic acid can be con-
verted into phenylacetylene by heating
with water or phEﬂﬂ{ (Glaser, Ann.
154, 155; Holleman, Ber. Bﬂj_toﬂla.
Phenylacetylene on treatment with su
phurie ar,-i(iy and water gives acetophe-
none (Friedel and Balsohn, as above),
which ean be treated as below under G.

Or from ecinnamic aecid through
phenylnitroethylene by distilling the
acid with sodium nitrite in steam (Erd-
mann, Ber. 24, 2973), and then as
above under B. Or by the direct oxi-
dation of cinnamie acid with potassinm
permanganate phenylglyceric acid is
obtained (Fittig and Rur, Ann. 268,
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27) ; benzaldehyde is among the

ducts of the electrolysis of the potassium
salt of this acid in strong aqueous
solution (v. Miller and Hofer, Ber. 27,

Notk :—Phenylglyceric acid is also obtained
from cinnamie acid through phenyl-z-chlor-8-
lactie acid (see abova), and the action of
aqueous alkali on the latter (Lipp, Ber. 18,
1286). ]

[F.] Pulpic acid [Vol. II] can be
converted into pulvic anhydride by
heating, and the latter into pulvie acid
by the action of caustic putae.ﬁ solution ;
or vulpic agid is directly convertible
into pulvie acid by boiling with milk of
lime (Spiegel, Ann. 219, 6). Pulvic
acid on oxidation with alkaline per-
manganate gives phenylglyoxylie acid
(Ibid. Ber. 14, 168g), and this yields
benzaldehyde as above under C.

[G.] From acefic and benzoic acids
E;fol. IT] through acetophenone ( Friedel,

nn. 108, 122), phenylglyoxylic acid
by oxidation with alkaline permanganate
(Gliscksmann, Monats, 11, 248), and
then as above under C.

Or acetophenone can be converted
into 1% : 12.dibromacetophenone by
bromination (Hunnius, Ber. 10, zo10),
and this on heating with dilute caustie
potash solution gives mandelic acid
(Engler and Wihrle, Ber. 20, 2202),
from which benzaldehyde can be ob-
tained as above under B.

Or acetophenone can be converted
into the 1°-nitroso-derivative by the
action of amyl nitrite and sodium
(Claisen, Ber. 20, 656). The sodium
bisulphite compound of the nitroso-ke-
tone gives benzoylformaldehyde (phen-
ethylal = phenylglyoxal)on heating with
dilute sulphuriz acid (v. Pechmann, Ber.
20, 2904 ; Miiller and v. Peel:mgﬂﬂ:
Ber, 28, 2557), and the aldehyde yields
mandelic acid on heating with agqueous
alkali (v. Pechmann, Ber. 20, 2905)-

Or the nitroso-ketone gives benzo
eyanide on heating with acetyl chloride
or acetie anhydride (Claisen and 1'*'!-3'
nasse, Ber. 20, 2196). The cyanide
yields benzaldehyde as-above under ﬂ*l |

I'rom acetophenone through helyzﬂf i
acetic acid by the naction of diethyl
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carbonate and sodium ethylate on the
ketone (Claisen, Ber. 20, *5,'315]; or by
the action of carbon dioxide on the
sodinum compound of acetophenone sus-
pended in dry ether (Beckmann :m_d
Paul, Ann. 2668, 17). Benzoylacetic
ester can be converted into phenyl-3-
lactic acid, and the latter into benzoie
aldehyde as above under C.

Acetophenone, formic acid [Vol. II],
and ethyl aleokol [14] give benzoyl-
acetaldehyde by the action of sodinm
ethylate on a mixture of the ketone and
formic ester (Claisen and Fischer, Ber.
20, 21g3; 21, 1135). The oxime of
this aldehyde gives 1%-cyanacetophenone
by dehydration (Claisen and Stock, Ber.
24, 133), and this yields benzoylacet-
iminoethyl ether (see above under A),
benzoylacetic ester, phenyl-3-lactic acid,
and benzoic aldehyde as under €. Or
benzoylacetaldoxime by the action of
acetyl chloride gives phenylisoxazole,
and this yields r*-eyanacetophenone by
the action of sodinm ethylate (Idid.
134).

3(]?1' acetophenone, ozalic acid [ Vol. 11],
and etfdyl alcolol [14] give benzoylpyro-
racemice acid by the action of sodium
ethﬂylate (Beyer and Claisen, Ber. 20,
2184 ; Claisen and Brimme, Ber. 21,
1132), the oxime of which, treated with
acetyl chloride, gives phenylisoxazole-
carboxylic acid (Salvatori, Gazz. 21,11,
286). The latter yields 12-eyanaceto-
phenone on heating (Zéid. 287).

[H.] From phenol [iﬂﬂ] through tri-
phenyl phosphate by the action of phos-
phorus pentachloride or oxychloride
(Williamson and Scrugham, Journ. Ch.
Soc. 7, 240; Heim, Ber. 18, 1765),
benzonitrile by distilling the phosphate
with pofassium cyanide [172] (Serugham,
Ann. 92, 318; Heim, loe. cit. 1771),
and then (with acetonitrile) through
iminobenzoylmethyl cyanide, &e., as
above under A and .

[1.] Mippurie acid [Vol. II] gives
benzonitrile on heating per se or with
zine chloride (Limpricht and Uslar, Ann.
B8, 133; Gissmann, Ann. 100 74).
Subsequent steps as above, j

[-F.]. From naphthalene [12:} {s{m under
hydrojuglone Bl‘.‘l_'l}, through phthalie

acid (benzyl aleoliol [54? R]), and

.
| L
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phthalimide by the action of ammonia
on phthalic anhydride (Laurent, Ann.
41, 110; Lansberg, Ann. 215, 181).
The imide gives benzonitrile on dis-
tillation with lime (Laurent, Jahresber.
1868, 549; Reese, Ann. 242, 5). Sub-
sequent steps as above.

[E.] From cymene [8] throngh cumic
aldelyde [118] and cumic acid by oxi-
dation (Gerhardt and Cahours, Ann.
38, 74; Beilstein and Kupfer, Ann,
170, 302 ; R. Meyer, Ann, 218, 244),
isopropylbenzene (cumene) by distilling
the acid with lime or baryta (G. and C.
foe. eit. 88 ; Ann. Chim. [3]1,87; 372;
14, 107), acetophenone, &e., as above
under A, G, and C.

[L.] Benzyl alcokol [54] gives ben-
zole aldeh:,rrﬁ; on oxidation with dilute
nitrie acid, &e. Or by pyrogenic con-
tact decomposition by heated copper
(Ipatieff, Ber. 85, 1055).

M.] From racemic or tartaric acid
[Vol. IT] and n-propyl aleokol PE]
through pyroracemic acid, ethyliso-
;}hth:ﬁic acid, and ethylbenzene (see
under phlorol [64; J]), and then as
above under A.

Or from pyroracemic acid and isodu-
lyric aldehyde 59-1] through isopropyl-
benzene (see under eymene [ 8; A, note]),
and then as above under A.

115. Hydrocinnamic Aldehyde;
Phenylpropionic Aldehyde;
Phenepropylal.

C,H,.CH,.CH,.CHO

NATURAL SoURCE.

May possibly occur in Ceylon oil of
cinnamon (Schimmel’s Ber. April, 1goz;
Walbaum and Hiithig, Journ. pr. Ch.
[2] @8, 52).

SYNTHETICAL PROCESSES.

[A.] From w-propyl aleokel [15] and
benzene [8; 1, &c, | through propylben-
zene by the condensation of propyl
bromide and brombenzene by the action
of sodiom (Fittig, Schiiffer, and Konig,
Ann. 149, 324), or of alumininm chloride
(Heise, Ber. 24, 768), Propylbenzene
)
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forms a compound with chrominm oxy-
chloride which gives the above aldehyde
on decomposition by water (Etard, Ann.
Chim. [5] 22, 254 : according to later
experiments by v. Miller and Rohde,
Ber. 28, 1070, this process gives benzoic
and not hydrocinnamie aldehyde).

Note :—Propyl chloride and benzene give
alzo isopropylbenzens = cumeno by the action
of alumininm chloride unless the temperature
is kopt below o (Konowaloff, Journ. Buss. Soe,

27, 4572

[B.] From lenzoic aldehyde [114] and
ethyl aleokol [14] through ethylphenyl
carbinol by the interaction of the alde-
hyde and magnesium ethiodide, the
chloride by the action of phosphorus
pentachloride on the alechol, and pro-
penylbenzene by heating the chloride
with pyridine. Propenylbenzene gives
propylbenzene on reduction with sodium
in alcoholie solution (Klages, Ber. 36,
621 : see alzo Wagner, Journ. Russ. Soc.

16, 324).

Nore :—Generators of propenylbenzene are :
bromhydroxyphenylerotonie  acid  (Perkin,
Journ, Ch. Soc. 32, 660) ; a-methyl-8-phenyl-
hiydroxypropionic acid (W. H. Perkin, junr.,
and Stenhouse, Trans. Ch. Soe. 59, 1019);
methylbenzyl ketone or ethylphenyl ketone or
the chlorides from the corresponding secon-
dary aleohols (Errera, Gazz. 14, 504 ; 18, 318} ;
phenopropyltrimethylammonium ~ hydroxide
{(Senfter and Tafel, Ber. 27, 2312; brompro-
piophenone from brompropionie acid and ben-
zene through a-chlor-g-brompropenylbenzene
(Kunkell and Dettmar, Ber. 38, 771 : compare
with respect to this process Klages, Ber. 36,

2572).

[C.] From glyeerol [48] through allyl
bromide (see under n-propyl aleohol
Llﬁ ; B]) and lenzene, a mixture of the

romide and hydrocarbon giving propyl-
benzene among other products when
heated with zine dust (Shukowski,
Journ. Russ, Soe. 27, 297).

[D.] From guinoline [ Vol. IT], propyl-
benzene being among the products of
reduction by hydriodic acid and phos-
phorus at 3co0-310° (Bamberger and
Williamson, Ber. 27, 1477).

[B.] From crnamic ut!'nfc'.-ftlg-fﬂ:'r: [123].
The hydrochloride of a formimino-ether
(prepared by the interaction of kydrogen
eyanide [172] and an alcohol in presence
of hydrogen chloride; Pinner, Die
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Imidoaether,” 18g2) condenses with the
aldehyde to form an acetal (Claisen,
Ber, 81, 1016). The latter, after reduc-
tion by sodinm in aleohol, is decomposed
into hydrocinnamie aldehyde on heating
with dilute sulphurie acid (Fischer and
Hoffa, Ber. 81, 19g91). The dimethyl
acetal 1z also formed from cinnamie
aldehyde and methyl aleohol by the
condensing action of hydrogen chloride
(F. and H. loe. eit, 1990).

[F.] From kydrocinnamic and formic
acids | Vol. IT] by distilling a mixture
of the ealeium salts (v. Miller, Rohde,
and Gerdeissen, Ber. 28, 1080 : see also
Dollfuss, Ber. 28, 1971).

116. Cumic Aldehyde; Cuminol;
Para-isopropylphenal ; Cuminal;
4-Methoethylphenemethylal.

CHO

a

CH(CH,),

NATURAL SOURCES.

Occurs (with cymene) in Roman oil
of cumin from Cuminum eyminum (Ger-
hardt and Cahours, Ann. 38, 70; Ann.
Chim. [3] 1, 60; Bertagnini, Ann. 85,
275; Kraut, Ann. 92, 66), and in oil
of water-hemlock from Cicula virosa
(Trapp, Journ. pr. Ch. 74, 428; Arch.
Pharm. 281, 212 ; Ann. 108, 386).

Said to occur also in oil of thyme
from Thymus vulgaris and T. serpyllum,
in oil of true bishop’s weed from
Ptychotis ajowan, in oil of pepperwort
from Safureia hortensis, and in oils of
FEucalyptus globulus, ginger, nutmeg,
sage, and citron (Sawer’s ‘Odoro-
graphia,’ Vol. II, p. 140: authorities
not given). _

Cuminal is contained in the oils of
Eucalyptus hemastoma (Schimmel’s Ber.
April, 1888), B. odorata (Ibid. April,
1880), % ‘oleosa (Gildemeister and
Hoffmann, p. 695), . populifera
(Schimmel’s Ber. “April, 1893), (7) &
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by nitration (Beilstein and Kuhlberg,
Ann. 188, 125; Morgan, Ch. News,
88, 269; DBaeyer, Ber. 18, 2258;
Muller, Ann. 212, 142:; Drewsen,
Ihid. 151; Fischer and Kiizel, Ann.
221, 265), o-nitrophenylpropiolic acid
by bromination of o-nitrocinnamie acid
and the action of excess of caustic soda
on the product (Baeyer, foc. cit.), and
o-nitrophenylacetylene by heating o-
nitrophenylpropiolic aecid with water
(Ibid. 2259). o-Nitrophenylacetylene
on reduction with zine dust and am-
monia gives o-aminophenylacetylene
(Baeyer and Landsberg, Ber. 15, 60;
Baeyer and Bloem, Ber. 17, 964). The
latter, on treatment with sulphurie
acid and water, yields o-aminoaceto-
phenone (B. and B. Ber. 15, 2154),
which ean be converted into o-hydroxy-
acetophenone, ketocoumaran, and sali-
eylie aldehyde as above under D.

Or from ecinnamic acid through
phenylpropiolic acid, phenylacetylene,
and acetophenone (see under benzoic
aldehyde [214 ; E]), and then as above
under D.

Or from cinnamic acid through
coumarone (see under phlorol [84 ; F1),
and then as under A above.

[F.] From denzoic acid and aceto-
acelic ester [Vol. II]. Benzoic acid on
nitration gives (with m- and p-nitro-)
gome o-nitro-acid (Griess, Ann. 1686,
12g ; Ber. 10, 1871 ; Ernst, Jahresber.
1860, 299; Holleman, Zeit. physik.
Ch. 81, 7g9). o-Nitrobenzoyl chloride
and sodio-acetoacetic ester give o-
nitrobenzoylacetoacetic ester (Gevekoht,
Ann. 221, 323), which on hydrolysis
with dilute sulphurie acid yields o-nitro-
acetophenone (/hid. 325). Subsequent
steps as above under D,

Or from benzoic and acelic acids
throngh acetophenone (see under benzoic
aldehyde [114; G]), and then as above
under D.

Or from benzoie acid (benzoyl chlor-
ide) and zine methy! through aceto-
phenone [114; ¢}, and then as under D.

[G.] From salicylic acid [Vol. 11
through the ethyl ester of the methy
ether (Cahours, Ann, 92, 315; (Graebe,
Ann. 139, 137), and condensation of the
latter with acetic ester [Vol. I1] to form
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2-methoxybenzoylacetic ester (Tahara,
Ber. 25, 1306). The latter on hydro-
lysis with dilute sulphuric acid gives
o-methoxyacetophenone, which can be
demethylated by heating with hydro-
chloric acid at 130° (Ibid. 130g). The
o-hydroxyacetophenone can be treated
as above under D (see also Besthorn,
Banzhaf, and Jaeglé, Ber. 27, 303 5)- '

[H.] Coumarin [Vol. 1I] on combina-
tion with bromine forms a dibromide,
which on treatment with aleoholie
potash gives o-coumarilie acid (Perkin,
Journ. Ch. Soe. 24, 45; Fittig and
Ebert, Ann. 216, 163). The ethyl
ether of the coumarilic acid on heating
with dilute hydrochloric acid yields,
among other products, o-ethoxyaceto-
phenone (Fittie and Claus, Ann. 269,
10), which might be de-alkylated and
treated as above under G. Or from
coumarin through eoumarone (see under
phlorol [64; D]), and then as above
under A. 3

[L] Orthocoumarie acid [Vol. IT] on
ethylation gives the B-ethyl ether of
the acid (Fittig and Ebert, Ann. 218,
146), and this on combination with
bromine yields the ethyl ether of di-
brom-melilotic acid (f4id. 158). The
latter, by the action of aleoholic potash,
gives the ethyl ether of o-coumarilic
acid (Fittiz and Clans, Ann. 289, 6),
which can be treated as above under H.

[3.] From foluenc [64; A and D to
end] through o-nitrotoluene (see under
o-cresol [61; A]) and o-nitrobenzoic
acid by oxidation of the latter (Wid-
mann, Ann. 198, 225 ; Noyes, Ber. 16,
533 Monnet, Reverdin, and Noelting,
Ber. 12,443). Subsequent steps through
o-nitrobenzoylacetoacetic ester as above
under F. :

Or from o-nitrotoluene through o-
nitrobenzaldehyde (see under saligenin
[85; c]), Whiﬂ{l condenses with malonic
acid [Vol. II] in presence of aniline to
form o-nitrocinnamic acid (Knoevenagel
and Baebenroth, Ber. 81, mag?. From
the latter throngh o-nitrophenylpropiolic
acid, &c., as above under E.

Or from benzene rlﬂ i 1, &e] t-lu'angh
nitrobenzene,  aniline, o-nitraniline
Nietzki and Benckiser, Ber. 18, 205

ellmann, Ann. 221, 6; Turner, Ber.
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and oxalic acid [Vol, IT] through the
following stages:—Pieric acid (from
ghennl) 15 conyerted into pierylphenol
¥ the ‘action of pieryl chloride on
potassium phenate, Oxalic acid is con-
verted into ethyl oxalate, and the latter
into ethyloxalyl chloride [120; B,
which combines with pierylphenol in
the presence of aluminium chloride to
form piceryl-p-hydroxyphenylglyoxylic
ester :—

(NO,),C¢H,.0.C,H, . CO. CO,CH,.
The l]atter on hydrolysis with aleoholie
potash gives p-hydroxyphenylglyoxylic
acid, and this on distillatiog_r %ﬂyﬁagnﬂ,
or on heating with dimethylaniline,
yields (with p-hydroxybenzoic acid) p-
hydroxybenzoic aldehyde (Bouveault,
Bull. Soc. [3] 17, 947).

Nore :—For technieal production from
phenol by condensation with formic aldehyds [91]
and p-toluylhydroxylamine-m-sulphonie acid
(from p-nitrotoluene-m-sulphonic acid), and
decomposition of the condensation product b
heating with dilute acids or alkalis, sce Geigy
Germ. Pats, 103578 of 1898 ; Ch. Centr. 18gg,
1, 9ab; 105103 of 1898 ; Ch. Centr. 1g00, 1,
239 ; 1a5708 of 1808 ; Ihid, 523.

[B.] Cinnamic acid [Vol. II] or its
ester on nitration gives (with ortho-)
paranitrocinnamic acid or ester (Mit-
scherlich, Journ. pr. Ch. 22, 1g2; Ann.
Chim. [3] 4, 73; Kopp, Comp. Rend,
53, 634 ; Beilstein and Kuhlberg, Ann,
163, 126 ; Tiemann and Opermann,
Ber. 13, 2059 ; Miiller, Ann, 212, 124;
Drewsen, Iid. 150). The p-nitro-acid
(or ester) on oxidation gives p-nitro-
benzoic aldehyde (Baeyer, Ber. 14, 2317 :
see also Basler, Ber. 18, 2714), which
combines with hydroxylamine to form
an oxime (Gabriel and Herzbergz, Ber.
16, 2coo), and this reduces to the oxime
of p-aminobenzoic aldehyde (14id. 2001),
which, by the action of acids, yields the
p-amino-aldehyde (f4id. 2002). The
latter gives the hydroxy-aldehyde by
the diazo-method (Walther and Bret-
schneider, Journ. pr. Ch. [2] 57, 538).

Or cinnamic acid can be combined
with bromine or with hypobromous acid,
and the produet converted into w-brom-
styrene by heating with water (Glaser,
Ann. 1564, 168). The bromstyrene on
nitration gives (with another isomeride
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and p-nitrobenzoicacid) a-p-nitrophenyl-
A-bromnmitroethylene, NO,. C,H,. CH :
CBrNO,, and this, on buiiing with
water, yields p-nitrobenzoic aldehyde
among other products (Fliirscheim,
Journ. pr. Ch. [2] es, 16).

[c.] Styrene [7] by the action of
nitric or nitrous acid gives r*mnitrosty-
rene = phenylnitroethylene (Simon,
Ann. 81, 26g; Blyth and Hofmann,
Amn. 53, 297 ; Priebs, Ann. 225, 328),
which, by further nitration, yields 4 : 1%
dinitrostyrene (Priebs, loc. eif. 34‘&?
The latter, on heating with strong sn
phuric acid at 110°, gives p-nitrobenzoic
aldehyde (Friedlinder and Mihly, Ann.
229, 213). Subsequent steps as above,

[D.] From benzoic aldekyde [114] and
methyl aleokol [IEE by the action of
nitromethane on the aldehyde at 160
i presence of zine chlorde (Priebs,
Ann. 225, 321), which gives 1Znitro-
styrene.  Subsequent steps through
dinitrostyrene, p-nitrobenzoic aldehyde,
&e., as above,

Kot :—Nitromethane is prepared from

methyl iodide and silver nitrite { Bewad, Journ.

Russ. Soc. 24, 126; Meyer, Ann. 171, 32).
Formed also from potassium chloracetate and
potassinm nitrite (Kolbe, Journ. pr. Ch. [2] 5

427 ; Proibisch, Ibid. B, 3to: see also unider
lycerol [48; K; L), and hydrogen cyanide
172; J ; X)),

Or from benzoic aldehyde and suecinie
actd | Vol. II_] through phenylisocrotonie
acid by heating the aldehyde with sue-
cinic anhydride and sodinm succinate
(Perkin, Journ. Ch. Sce. 81, 394), or
with sodium succinate and acetic anhy-
dride (Jayne, Ann. 216, 100; Leoni,
Ann. 258, 64). Phenylisocrotonic acid
by the action of fuming nitric acid
gives 1*-nitrostyrene (Erdmann, Ber. 17,
412), which can be treated as above. -

[E.] From lenzene [8; I, &c.] or
toluene [64] by various processes : —

From benzene and jformic aldehyde
[01] through phenylhydroxylamine
(Bamberger, Ber. 27, 1347; 1548;
Wohl, 74id. 1432), which condenses
with the aldehyde to form a polymerie
anbydro-derivative of p-hydroxylamine-
benzyl aleohol. The diazo-derivative
of the latter, on heating with water,
gives p-hydroxybenzoic aldehyde (Kalle
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aldehyde on reduction with alkaline
sulphide in dilute aleohol, or with sul-
phur in hot fuming sulphuric acid.
p-Nitrotoluene and ozalic ester com-
bine in the presence of sodium ethoxide
to form p-nitrophenylpyroracemic acid,
which gives p-nitrobenzoie aldehyde on
oxidation with chromic acid mixture
(Reissert, Ber. 80, 104g). p-Nitro-
toluene by the action of amyl nitrite in
presence of sodium ethoxide gives p-
nitrobenzaldoxime (Angeli and Angelico,
Atti Real. Accad. [5] 8, II, 28; Ch.
Centr. 18gg, 2, 371; Meister, Lucius,
and Briining, Germ. Pat. 107095 of
1898; Ch. Centr. 1gco, 1, 886; Lap-
worth, Trans. Ch. Soc. 79, 1274).

[F.] Paracresol }ﬂaﬂ, on oxidation
with sulphuric and chromic acids in
presence of acetic anhydride, gives p-
hydroxybenzaldehyde triacetate (Thiele
and Winter, Ann, 3811, 357). The
triacetate is decomposed with the forma-
tion of the aldehyde on heating with
dilute acid (fiid.).

120. Anisio Aldehyde;
Paramethoxybenzoic Aldehyde.

CHO

0OCH,

NATURAL SOURCES.

Russian oil of aniseed (from J[Pim-
pinella anigum) contains a small quantity
of this aldehyde (Bouchardat and Tardy,
Bull. Soc. [3] 15, 612). French oil of
bitter fennel contains amisic aldehyde
(Tardy, Itdd. [3] 17, 580). In Chinese
star-anise oil ([bid. [3] 27, ggo). The
existence of the aldehyde in these oils
may be due to the oxidation of ane-
thole.

SYNTHETIOAL PROCESSES.

[A.] From p-hydrozybenzaldelyde [119]
by methylation with potassium hydr-
oxide and methyl iodide [18] in methyl
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aleoholic solution (Tiemann and Herz-
feld, Ber. 10, 63).

[B.] From phenol [60] throngh ani-
sole by methylation (Cahours, Ann. 78,
226 ; Vincent, Bull. Scc. [2] 40, 106;
Kolbe, Journ, pr. Ch. [2] 27, 425;
Auer, Ber. 17, 672 ; Krafft and Roos,
Germ. Pat. 76574 of 18g3; Ber. 17,
Ref. g55; Ullmann and Wenner, Ber.
83, 2476). The latter combines with
hydrogen eyanide [172] in presence of
lllaydmgen chloride and aluminium chlor-
ide to form a compound which gives
anisic aldehyde on gmumposition with
dilui’:ﬁ acids (Gattermann, Ber. 31,
1151).

Or from anisole and carbon mon-
oxile, the latter being converted into
carbonyl chloride, and then into chlor-
carbamide by the action of ammonium
chloride (Gattermann and Schmidt,
Ber. 20, 118; 858; Ann. 244, 30).
Chlorcarbamide and anisole combine in
the presence of aluminium chloride to
form anisamide (Gattermann, Ann. 244,
62), and this on reduction with sodium
amalgam in acid solution gives anisyl
alcohol (Hutchinson, Ber. 24, 175),
from which the aldehyde can be obtained
as under E. Or anisamide can be
hydrolysed to anisic acid and treated as
under F.

Or from anisole and etfyl alcoliol [14]
through mercury fulminate (see under
benzoic aldehyde [114; A]). The latter
condenses with anisole 1n nce of
aluminium chloride and hydrate to form
o- and p-anisic aldehyde and oxime and
p-anisic nitrile (Scholl and Hilgers,
Ber. 38, 648). _

Anisole also combines with ethyl-
oxalyl chloride = chlorethanalic ester
(from owalic acid [Vol. 11] and efhyl
aleokol [14]; Henry, Ber. 4, 599;
Anschiitz, Ber. 19, 2159; Peratoner
and Strazzeri, Gazz, 21, 301) In presence
of aluminium chloride to form anisole-
glyoxylic ester. The acid (p-methoxy-
p]mny]glyaxylici obtained from the -
latter by hydrolysis gives anisic alde-
hyde on heating per se, or (better) with
aniline (Bouveault, Bull. Soe. [3] 17
94?3:.] From aucthole [88] by oxidation |
(Cahours, Ann, Chim, [3] 14, 484; 28
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243 Rossel, Ann. 151, 25; Labbé,
ull. Soe. [3] 21, 1076; Otto and
Verley, Germ. Pat. g7620 of 1895;
Ch. Centr. 18g8, 2, 6g3), or by the
action of boron fluoride (Landolph, Ber.
12, 286).

[D.] From salicylic acid [Vol. II]
through anisole by distilling the methy
ether with baryta (Cahours, Ann, 48,
65), and then as above under B.

[B.] From p-dydroxybenzyl alcolol
[56] through p-methoxybenzyl=anisyl
alcohol by methylation (Biedermann,
Ber. 19, 2376) and the aldehyde by
oxidation (Cannizzaro and Bertagnini,
Ann. 98, 18g).

[F.] Anisic acid [Vol. IT] gives the
aldehyde on distilling the calcium salt
with calcivm formate [Vol. 11] (Piria,
Ann. 100, 105).

[G.] From benzene [8; 1, &u.i] through
nitrobenzene and aniline. The latter,
on conversion into a diazonium salt and
treatment with methyl aleohol, gives
anisole (Beeson, Am. Ch. Journ. 18,
234 ; Cameron, Ilid. 20, 250: see also
Hantzsch and Spear, Ber. 83, 2538 ;
Hantzsch and Jochem, Ber. 34, 3337).
Subsequent steps as above under B.

Or benzenesulphonic acid gives ani-
sole directly on distilling its sodium
salt with sodium methylate (Moureu,
Bull. Soe. [3] 19, 403).

121. Vanillin; Methylproto-
catechuic Aldehyde;
3-Methoxy-4-hydroxybenzoic
Aldehyde.

CHO

()
‘\-//DGH,
HO

Narvrar Sources.

In pods of the vanilla bean, from
Fanilla planifolia and its varieties, F.,
sativa, V. sylvestris, and V. pompona, all
from Mexico. In 7, guyanensia from
Guiana and Surinam ; in 7. paliarum
fr.'::rrn+ Bahia; in V. arematica from
Brazil and Peru; in F, planifolia var.
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from Réunion, and in 7. ensifolia from
New Granada. The isolation of vanillin
from the pods of V. arematica is due to
Gobley (Jahresber. 1858, 534 : see also
Stokkebye, [4id. 1864, 611).

Vanillin occurs in Siam benzoin
(Jannasch and Rump, Ber. 11, 1635 ;
Liidy, Arch. Pharm. 231, 461), in assa-
fwetida (Schmidt, Arch. Pharm. [3] 24,
534; Tschirch and Policék, Ifud. 235,
126), in small quantities in certain beet
sugars (Weger, Ding. poly. Journ. 237,
146; Scheibler, Ber.13, 335; v.Lippmann,
Ibid. 662), in asparagus (v. Lippmann,
Ber. 18, 3335), in the seeds of Lupinus
albus (Campani and Grimaldi, Gazz. 17,
545), in flowers of the orchid, Nigritelia
suaveolens (v. Lippmann, Ber. 27, 3409),
and in resins from pine and larch (Max
Bamberger and Landsied], Monats. 18,
481 ; 502). Vanillin is possibly present
in yellow acaroid or Botany Bay resin
from Xanthorrhwa hastilis (Tschirch and
Hildebrand, Arch. Pharm. 284 ; Ch.
Centr. 1897, 1, 422),

Vanillin occurs in cinnamein from
Peru balsam, San Salvador (Thoms,
Ber. dentsch. pharm. Gesell. 8, 264;
Ch. Centr. 1898, 8, 1030; Tschirch
and Knitl, Arch. Pharm. 287,271 ; Ch.
Centr. 18gg, 2, 315), and in opoponax
from Opoponaa chironivm (Tschirch and
Knitl, /foe. eit. 256; Ch. Centr. 18gg,
2, 315).

Vanillin has been found in oriental
storax from Liguidambar erienfalis and
American storax from L. styraciflua
(Tschirch and Van Itallie, Arch. Pharm.
239, 506; 532).

A vanillin glucoside occurs in the
husk of oats (Rawton, Comp. Rend.
125,797). According to Singer(Monats.
8, 40g), vanillin is widely distributed
in traces in all woody portions of plants
(see also Czapek, Zeit. physiol. Ch. 27,
148). Vanillin occurs in eork (Kiigler,
Journ. Pharm. [5] 10, 123 ; Briutigam,
Ch. Centr. 189%, 2, 858; 88g; Thoms,
lhid. 1102), and in the volatile oil of
Spirea (Schneegans and Gerock, as
quoted by Gildemeister and Hoffmann,
P 551). Aeccording to Briatigam, po-
tato peel eontains a compound which
gives vanillin under the influence of
heat and atmospheriec oxygen (Pharm.
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Zeit. 45, 164 ; Ch. Centr. 19co, 1, ?ZH{.
Vanillin has been extracted in small
quantity from the new bark of the lime
tree, filia sp.? (Briiutigam, Arch.
Pharm. 238, 556).

According to Busse (see Ch. Centr.
1goo, 1, 557), vanillin is produced in
Fawilla species in the first place as a
glucoside. The same view is expressed
by Behrens ([hid. 2, 76g9: see also
Molisch, Ber. deutsch. bot. Gesell, 19,
350). Lecomte attributes the forma-
tion to the hydrolysis of coniferin and
oxidation of econiferyl aleohol by an
oxidase (Comp. Rend. 133, 745).

SYNTHETICAL PROCESSES.

[A.] From eafechol [68] throngh
guaiacol by methylation with potassium
methyl sulphate (Gorup-Besanez, Ann.
147, 248), and the action of ekloroform
[1: D] and caunstic alkali on guaiacol
(Reimer and Tiemann, Ber. 9, 424;
Tiemann and Koppe, Ber. 14, 2023;
Traub, Germ. Pat. Zoigs of 1894;
Ber. 28, Ref. 524; Soe. Chim. d.
Usines du Rhine, Eng. Pat. 21106 of
18¢6; Journ. Soc. Ch. Ind. 18, 758).

Or guaiacol can be converted into its
earboxylic acid by heating its salts in
an atmosphere of carbon dioxide (F. v.
Heyden, Nachf. Germ. Pat. 51381 of
188g; Ber. 28, Ref. 418). Guaiacol-
carboxylic acid on heating with ehloro-
form and alkali gives aldehydoguaiacol-
carboxylic acid, and the latter is de-
composed into vanillin on heating (/hid.
Germ. Pat. 71162 of 18¢2; Ber. 286,
Ref. gg5; Germ. Pat. 72600 of 1893 ;
Ber. 27, Ref. 218).

The aldehyde group can also be
introduced into guaiacol by means of
nitrobenzenesulphonie acid and formie
aldehyde [91], and hydrolysis of the
product (Geigy & Co., Eng. Pat. 27236
of 18¢8; Journ. Soc. Ch. Ind. 18,
41). Or by the action of Aydrogen
cyanide [172] and hydrogen chloride, in

resence or absence of aluminiom
chloride, and hydrolysis of the product
(Bayer & Co., Germ. Pat. 106508 of
1898 and previous Patents ; Ch. Centr.
1900, 1, 742)- :

Or aniline and formic aldehyde may
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be condensed with guaiacol to form
hydroxymethoxybenzylaniline, which
can be oxidised to a benzylidene de-
rivative, and finally to vanillin (Meister,
Lucius, and Briining, Germ. Pat. 109498
of 1898 ; Ch. Centr. 1900, 2, 457 : see
also the Pats. of this Firm under
hydroxybenzaldehyde [118 ; E]).

Nore :—Catechol ean be converted into
protocatechuiec aldehyde by chloroform and
alkali (Tiemann and Reimer, Ber. 8, 1269 ; T.
and Koppe, Ber. 14, 2015), or by the action of
formic aldehyde and aromatie hydroxylamine
sulpho-acids, &e., as in the process applied to
guaiacol above (Geigy & Co., le el and
Germ. Pab 105798 of 1898 ; Ch. Centr. 1900, 1,
523). From protocatechuic aldehyde as below
under E.

[B.] From plhenol [80] through o-
nitrophenol and its methyl ether (o-
nitroanisole), o-anisidine, and guaiacol
(for references see under catechol [88 ;
Al), and then as above.

Or from anisidine throngh its com-
pound with afforan [Vol. 11], which is
decomposed on heating with sulphurie
acid with the formation of p-amino-
m-methoxybenzoic aldehyde (Pellizari,
Gazz, 17, 412; Bohringer & Sihne,
Germ, Pat. 108026 of 1898 ; Ch. Centr.
1900,1,1115). The latter can be con-
verted into vanillin as below under C.

Or phencl on bromination at 150-
180° gives o-bromphenol (see under
catechol [69; A]). The latter can be
converted into 3-brom-4-hydroxybenzoic
aldehyde (Geigy & Co., Germ, Paf.
105798 of 1898; Ch. Centr. 1900, 1,
523), and this yields protocatechuic
aldehyde on heating with caustic soda-
lye to 150-200° giaum, Germ. Pat.
82078 of 18g4; Ber. 28, Ref. 8o3).
From the aldehyde as below under E.

Note :—o-Bromphenol is obtained also from
o-nitrophenol through c-aminophencl by the
dinzo-method (Meldola and F. H, Streatfeild,
Trans. Ch. Soe. T8, 685).

[Cc.] From densoie aldehyde [-114]
throngh the m-nitro-aldehyde by nitra-
tion (Widmann, Ber. 18, 678; Fried-
linder and Henriques, Ber. 14, 2802;
Ehrlich, Ber. 16, 2010; Camps, Arch.
Pharm.240,1),the m-amino-aldehyde by -
reduction, and the m-hydroxy-aldehyde
[118] by the diazo-method (Meister,
Luecius, and Briining, Germ. Pat. 18016
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of 1881 ; Ber. 15, 1098 ; Tiemann and
Ludwig, Ifid. 2044). The hydroxy-
aldehyde by methylation gives the
methoxy-aldehyde, and this, on heating
with acetic anhydride and sodium ace-
tate, yields m-methoxycinnamic acid,
The latter (]J::lef.hjl ester) on nitration
gives m-methoxy-p-nitrocinnamie ester,
and this, on hydrolysis and oxidation
with potassium permanganate, yields
m-methoxy-p-nitrobenzoic aldehyde. The
latter, onreductionand application of the
diazo-method, gives vanillin (M. L. & B.
loe, cif. ; Ulrich, Ber. 18,2571; Germ.
Pat. 32914 of 1884 ; Ber. 18, Ref. 682).

[D.] From p-Aydroxybenzoic aldedyde
[118] through the m-nitro-aldehyde by
nitration (Mazzara, Jahresber. 1877,
617 ; Paal, Ber. 28,241 3),the m-amino-
aldehyde by reduction, and replacement
of the amino- by the methoxy-group by
the diazo-method followed by methyla-
tion (Bergmann, Am. Pat. 571917 of
1896 ; Ber. 20, Ref. 1192). Or p-hy-
droxybenzoic aldehyde on bromination
erives the &hmmu-i;riva.tive (Paal, Ber.
28, 2409). From the latter through
protocatechuic aldehyde (Baum: see
above under B), and then as helow
under E.

Nore :—m-Hydroxybenzoic  aldehyde [118] on
bromination gives 4-brom-g-hydroxybenzoic
aldehyde, and this alse yields protoeatechuic
aldehyde on heating with soda-lye (Baum,
Toc. cil.).

[B.] Piperonal [122] on heating with

dilute hydrochlorie acid at 2cc®, or on

boiling  the dichloro-derivative with
water, gives protocatechuic aldehyde
(Fittiz and Remsen, Ann. 169, 148;
168, g7 : see also Wegscheider, Monats.
14, 382). The disodium salt of the
aldehyde, or the sodium salt of the
monoacetyl derivative, on methylation
by methyl chloride or by methyl alkali
sulphate, yields vanillin or its acetyl-
derivative; the latter can be hydrolysed
(Bertram, Germ. Pat. 63007 of 18g0;
Ber. 25, Ref. 823 the 'yield is hetter
with dimethyl sulphate and alkali,
Sommer, Germ. Pat. 122851 of 1900 ;
Ch. Centr. 1901, 2, 517).

Or the potassium sa.l)i; of the alde-
hyde on treatment with chloroformic-
methyl ester gives two carboxylic esters
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of protocatechuic aldehyde,of which the
-modification yields vanillin on heating
with dimethyl sulphate in alecholie
alkaline solution and subsequent acidifi-
cation (Soe. Chim. d. Usines du Rhone,
Germ. Pat. 93187 of 18g6; Ch. Centr.
1897, 2, 1016; Eng. Pat 16239 of
18¢6; Journ, Soe. Ch. Ind. 18, 633).

Nores :—The chloroformie ester (= mothyl-
chlorocarbonate) is obtained by the action of
phosgene on methyl alcohol (Dumas, Ann. 10,
277 ; Ann. Chim, 58, 52 ; Meyer and Wurster,
Ber. 8, 965 ; Klepl, Journ. pr. Ch. [2] 26, 447 ;
Hentsehel, Ber. 18, 1177).

Proeesses depending on the combination of
protocatechuic aldehyde with benzene- or
toluenesulphonic acid, methylation of the ester,
and subsequent decomposition into vanillin
will be found in tho following Germ. FPats. of
the Ch. Fab. vorm. E. Schering :—8o0498 of 1893 ;
Ber. 28, Hef. 581 ; 82747 of 18g4 ; Ber. 38, Hel.
878, The aldehyde may also be convarted first
into a benzyl ether, and the latier methylatod
and then decomposed by heating with acid
(Ibid. 82816 of 18y3 ; Ber. 28, Ref. 878).

[F.] From m-cresol [82], which gives
on nitration a mixture of G-nitro- and
4-nitro-m-cresol (Stidel, Ann. 217,
51; 269, 208 ; Ber. 22, 215; Reissert
and Scherk, Ber. 81, 393). The methyl
ether of the latter condenses with sralic
ester in the presence of sodium ethylate
or methylate, with the formation of the
nitromethoxyphenylpyroracemie  acid
(see under p-hydroxybenzoic aldehyde
[119; B, p. 218]; Reissert, Ber. 81,
397). The latter can be converted into
vanillin by replacement of the nitro-
aroup by hydroxyl, and the pyroracemie
acid residue by the aldehyde-group,
CHO (Reissert, Germ. Pat. 94630 of
1897 ; Ch. Centr. 18g8, 1, 296).

[G.] From ranillic acid [Vol. II] by
distilling the caleium salt with caleinm
Sormate (Tiemann, Ber. 8, 1124), or by
heating with cAloroform P : D] and caus-
tie alkali in aqueous solution (Tiemann
and Mendelsohn, Ber. 9, 1280).

[H.] Ferulaic acid [Vol. 1I] gives
vanillin on oxidation (Ulrich, Germ.
Pat. 32914 of 1884 ; Ber. 18, Ref. 682).

[I.] From wveratrie acid [Vol. II}
through veratrole (see under catecho
[88; F]). The latter combines with
ethyloxalyl chloride or amyloxalyl
chloride in presence of alominium chlor-
ide to form veratroylglyoxylic esters
(Bouveault : see under anizic aldehyde
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[120; B]), which hydrolyse to vera-
troylearbonie acid. The latter, on heat-
ing with aqueous potash at 16c-17¢",
gives, among the products of its de-
methylation, vanilloylearbonie acid, and
this yields vanillin as below under K.

[7.] fsvengenol [79] gives vanillin on
oxidation by ozone or on electrolysis of
a solution of ome of its salts (I. w.
Heyden, Nachf. Germ. Pat. g2007 of
18g95; Ch. Centr, 1897, 2, 454 ; Otto
and Verley, Germ. Pat. g7620 of 1895 ;
Ch. Centr, 1898, 2, 693; Verley, Am,
Pats. 553593 and 563039 of 18g6).
Also by oxidation with metallic per-
oxides m alkaline solution (Haarmann
and Reimer, Germ. Pat. 93938 of 1896;
Ch. Centr. 18g7, 2, 1166). Isoeugenol
gives vanillin by ‘contact’ oxidation
on passing the vapour mixed with air
over heated platinum (Trillat, Comp.
Rend. 133, 822).

Isoengenylsulphuric acid (potassinm
galt) on oxidation with ozone gives po-
tassium vanillyl sulphate, and this yields
vanillin on decomposition by dilute
acids (Verley, Bull. Soe. [3] 25, 48).
Or isoeugenol can be benzylated by
means of benzyl chloride (see under
benzyl aleohol [54; A]), and the
benzyl ether oxidised to the methyl
benzyl ether of protocatechuic aldehyde,
which splits off benzyl and gives
vanillin on heating with hydrochlorie
acid (Bhringer & Sohne, Germ. Pat.
65937 of 1891 ; Ber. 28, Ref. 211).

Or isoeugenyl acetate, on oxidation
with potassium permanganate, gives
vanilloylearbonie = p-hydroxy-m-meth-
oxybenzoylcarbonic acid, and this yields
vanillin on heating above its melting
point (Tiemann, Ber. 24, 2878), on
heating with aniline and decomposing
the anilide by heating with dilute sul-
phuric acid (Gassmann, Comp. Rend.
124, 38), or by heating with dimethyl-
aniline (Bouveault, Bull. Soc.[ 3] 18, 76).

Nore:—For production of wanillin by the
axidation of Isceugenyl acetate or benzoate see
also Haarmann and Reimer, Germ. Pat. 57568
of 18go; Ber. 25, Ref. 93 ; also Germ. Pat,
63027 of 1891 ; Ber, 26, Kef. 824.

Isoeugenol ecan be combined with
phenylhalogenacetic acids or  their

AROMATIC ALDEHYDES AND KETONES [1211-122 A,

amides, nitriles, or ethers, or with w-
halogen-toluic acids g0 as to form the
corresponding isoengenol-ether acids,
These are oxidised by acid and a di-
chromate with the formation of the cor-
responding vanillin-ether acids, and the
latter give vanillin (and the ether-acid)
on decomposition by mineral acid
(Majert, Germ. Pat. 82924 of 18g4;
Ber. 28, Ref. 878).

[K.] From foluene [54] through m-
chlor-p-nitrotoluene, the corresponding
chlornitrobenzyl chloride or bromide, and
the corresponding aldehyde by oxidation
with lead or copper nitrate. The chlor-
nitrobenzoic aldehyde on heating with
sodium methoxide exchanges chlorine
for the methoxy-group, and the p-nitro-
m-methoxybenzoic aldehyde can be con-
verted into vanillin as above under €
(Landsberg, Germ. Pat. 37075 of 1886 ;
Ber. 19, Ref. 861).

Or from toluene through ortho- or
paratoluidine, m-(3)-nitro-p-toluidine,
and m-nitrotoluene (Beilstein and Kuhl-
berg, Ann. 158, 346). The latter gives
m-nitrobenzoic aldehyde by electrolytic
oxidation (Pierron, Bull. Soe. [3] 25,
852). Subsequent steps as above
under C.

122. Piperonal; Protocatechuic
Aldehyde Methylene Ether;
Heliotropin.

CHO

0
u f}cu,

NATURATL SOURCES.

Said to occur in oil of Spirea (Schnee-
gans and Gerock, as quoted by Gilde-
meister and Hoffmann, p. 551). Ac-
companies vanillin from certamm species
of Vanilla (Busse, Ch, Centr, 1900, 1,

558)
SYNTHETICAL P[U:IE LSS ES.

[A.] Trom cafechol [60] tlil:ﬂ“gh__
protocatechuic aldehyde by the action 0%
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125. Asaryl Aldehyde;
2:4;5-Trimethoxybenzoic Aldehyde;
2 :4: 5-Phenetriolmethylal
Trimethyl Ether.

CHO

/\0 . CH,

e

CH,. c}\ 7

0.CH,

NATURAL SoURCE.

The complex, if not the free aldehyde,
occurs with asarone [89] in oil of deorus
calamus (Thoms and Beckstroem, Ber.
34, 1021; 85, 3188).

SYNTHETICAL PROCESSES.

[A.] From asaroune [88] by oxidation
with chromic acid or potassium per-
manganate and sulphuric acid ( Butleroft
and Rizza, Journ. Russ. Soc. 19, 3).

[B.] From Aydrozyquinol [85], methyl
alcofol [18], and Aydrogen cyanide [172].
The trimethyl ether of hydroxyquinol
is treated in benzene solution wil;L hy-
drogen cyanide and hydrogen chloride
in the presence of dry aluminium
chloride, and the product decomposed
by cold water (Gattermann and Eggers,
Ber. 32, 289).

126. Furfuaral; Furfurol;
Pyromucic Aldehyde ;
Furancarboxylic Aldehyde,

HE CH
|

e ¢.CHO
B ﬂ/

NATUuRAL SOURCES.

Furfural has been found in oil of
cloves (Schimmel’s Ber. Oect, 1896 ;
Ch. Centr. 1896, 2, 977 ; E. Erdmann,
Journ. pr. Ch. [2] 66, 154 ; Schimmel’s
Ber. April, 1897 ; Gerber, Mon. Sei.
[4] 11, 880), in the distillation water
{rom oil of caraway and oil of ambrette
spods from Hibiseuns atelmosefins (Schim-

mel’s Ber. Oct. 1899 ; Ch. Centr. 1899,

AROMATIC ALDEHYDES AND KETONES
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2, 880). Also in the distillation water
from vetiver oil from dndropogon muri-
catus, E. and W. Indies, Brazil, &e.
(fbid. April, 1900; Ch. Centr. 1900,
1; gog}, and from oil of bay (fbid, April,
1go1).

QUE}'IDH oil of cinnamon contains fur-
fural (Schimmel’s Ber. April, 1902;
Walbaum and Hiithig, Journ, pr, Ch.
[2'-] E'B: 4?}'

The aldehyde is contained also in
petit-grain oil from Paraguay (Schim-
mel’s Ber. Oct. 190z ; Ch. Centr. 190z,
2, 1208), in the cohobation water of
savin oil from Juniperus sabina, and in
the distillation water of W. Indian
sandal-wood oil ([4id. April, 1903 ; Ch.
Centr. 1903, 1, 1086).

Furfural has been found in brandy,
in certain fusel oils, in malt wort, and
heer (Morin, Comp. Rend. 105, 1014 ;
Udranszky, Zeit. physiol. Ch, 18, 248;
Forster, Ber. 16, 230; 322; Brand,
Journ. Fed. Inst. 4, 562; Windisch,
Ibid. 561 ; Heim, Ihid. 563).

According to Van Laer the furfural
found in the secondary products of
aleoholic fermentation 1s not of bio-
chemieal origin, but due to subsequent
decomposition of furfural-yielding com-
pounds (Journ. Fed. Inst. 4, 2). This
may be true also of the furfural found
in the above plant oils,

SYNTHETICAL PROCESSES.

[A.] From dextrose [154] by heating
with dilute acids (Berthelot and André,
Comp. Rend. 123, 567). It has long
been known that sugars and other
carbohydrates yield furfural on dry
distillation or on heating with dilute
acids (Dibereiner, Ann. 8, 141 ; Vilekel,
Ann. 85, 65; Firster, Ber. 156, 230;
922 ; Stenhouse, Phil. Mag. [ﬁl;l 18,
122; 87, 226; Fownes, Phil. Trans.
1845, 253; Cahours, Ann. Chim. [3]
24, 277; Emmet, Am. Journ. Sci. 83,
140; Gudkoff, Zeit. [2] @, 3062;
Guyard, Bull. Soc. [2] 41, 289 ; Schiff,
Ber. 20, 540; Ann. 239, 382 ; iStone
and Tollens, Ann. 249, 237).

[B.] Mannose [166] gives furfural on
heating with water at 140" (Flischer
and Hirschberger, Ber. 22, 369).
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[c.] From jformic aldekyde [01]
through a-acrose and a-acrosone (see
under mannitol [51; A]). The latter
gives furfural on heating with acids or
per se (Loew, Ber. 20, 141; 3039;
Fischer and Tafel, Ber. 23, gg).

[D.] From glycerol [48] through
a-acrose (see under manntol [51; BJ),
and then as above.

[E.] Tartaric acid [Vol.11] on oxida-
tion with hydrogen peroxide in presence
of ferrous salts gives dihydroxymaleic
acid, the aqueous solution of which
decomposes on heating with the forma-
tion of glycollie aldegyde. The latter
on heating at 100" in a vacuum poly-
merises to a ‘sugar,” which yields fur-
fural on heating with water at 140°
(Fenton, Trans. Ch. Soc, 85, 8gg; 67,

485 774; 89, 546 ; T1, 375).

Nore:—The ‘sugar® is a mixfure of a- and
B-nerose (Jackson, Trans. Ch. Soe. 77, 129).
The polymerisation of glycollic aldehyde takes
place in presence of dilute caustic soda at o®
(Ibid.).

[F.] From acefal [93] through brom-
acetal (Pinner, Ber. 5, 149; Fischer
and Landsteiner, Ber. 35, 2551), brom-
acetaldehyde by distilling bromacetal
with dry oxalic acid (F. and L. foe. cit.),
glycollic aldehyde by the action of
barium hydroxide solution (Z4id. 2552),
and then as above under E.

Or brom- or chloracetal on heating
with aleoholic potash gives the acetal
of glycollic aldehyde (Pinner, loe. cit.
150 ; Marckwald and Ellinger, Ber.
25, 2984), from which the aldehyde
can be obtained by heating with very
d}lﬁte hydrochloric acid (M. & E. foe.
eal. ).

[G-] From ethyl aleokol [14] through
ethylene, ethylene iodide, and 2-iodo-
ethyl ether by heating the latter with
water (Baumstark, Ber. 7, 1172). The
m&o-ether,‘ by the action of sodium
%h_-,rlate, gives vinyl ethyl ether (Henry,

ull. Soc. [2] 44, 458), which combines
with bl“{ll:ﬂlpﬂ to form 1 : 2-dibromethyl
ether (Wislicenus, Ann, 182, 111), from
which bromacetal is obtained by the
action of sodium ethylate ([f4id, 112).

Subsequent  steps
as
1 B P above under F

Or from ethyl aleahol through chlor-
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acetal by the action of chlorine (Lieben,
Ann. 104, 1 14)1, glycollic aldehyde
acetal, and the aldehyde, &e., as above
under F.

Or from ethyl alcohol through ethyl
ether, 1 : 2-dichlorethyl ether by chlorina-
tion (Malaguti, Ann. 82, 15), chloracetal
by the action of sodium ethylate or
aleohol on the dichlorether (Lieben,
Ann. 148, 193 ; Paternd and Mazzara,
Ber. 8, 1202; Natterer, Monats. 8, 444),
and then as above.

Nore :—Generators of ethylene thus become
gonerators of furfural through glyeollie alde-
hyde and the ‘sugar’ obtainable from it.

[H.] From ekofize [ Vol. IT] through
ethylene glycol [46] (see under isopropyl
aleohol [16;; NN |), and then as below
under K and above under G.

[I.] Glyeuronic acid [Vol. I1] gives
furfural on distillation with acids
(Mann, Inaug. Diss. Gittingen, 18g4 ;
Udrénszky, Zeit. physiol. Ch. 12, 389 ;
Giinther and Tollens, Ber. 238, 1751 ;
De Chalmot, Inaug. Diss. Gottingen,
18g1).

[7.] d-Arabinose BIEE] gives furfural
on distillation with dilute sulphurie acid
(Wohl, Ber. 28, 735).

[K.] From ethylene glyeol [45], the
glycol ethyl ether by the interaction
of ethyl iodide and sodium glycol
(Wurtz, Ann. Ch. [3] 55, 429), 2-iodo-
ethyl ether by the acfion of phosphorus
triodide on the glycol ether (Demole,
Ber. 8, 746), and then vinyl ethyl ether,
1: 2-dibromethyl ether, and bromacetal,
&c., as above.

Or ethylene glyeol gives glycollic
aldehyde directly by ﬂjg::i||i:afl:ir::?-:f!rr with
hydrogen peroxide and ferrous sulphate
(Fenton and Jackson, Trans. Ch. Soc.
5, Z).

Nore :—The aleo

sponding to the alﬁiﬁf&&ﬁn&%iﬁﬂghfg?ﬁ
the oil (steam distilled) from roasted coffea
berries (E. Erdmann, Ber. 85, 1846). Ttisnot
strictly a biochemical product. The aleohol
MBS o au e ot ] e boklon of
1860, 269 ; Sohiff, Ann 835, 3;2?#%2313:?-3
Tellens, Ann. 272, 293 : K. Erdmann, Bor. 35

1855), or by reduction with sodium nnm!gm:;

(Beilstein and Schmelz, Ann, Suppl. 3, 375
Baoyer, Bor. 10, 357). i s VA



226

127. Carvone.

CH/CH,),
CH

HO = om,
B b
N

CH,
Naturar Sounces.

d-Carvone occurs in oil of caraway
from Carum carui (Volekel, Ann. 85,
308; 85, 246; Wallach, Ann. 277,
107), and in oil of dill from Peucedanum
graveolens (Gladstone, Journ, Ch. Soe.
25, 1; Beyer, Arch. Pharm. 2321,
2813).

I-Carvone oceurs in oil of spearmint
from Mentha aguatica, var. erispa (Ger-
many), and from M. viridiz, N. America
(Gladstone, foc. cif. ; Fliickiger, Ber. 9,
473 ; Beyer, loe. cif.; Kremers and
Schreiner, Pharm. Rev. 14, 244 ; Wal-
lach, Ann, 805, 223 ; in Russian oil,
see Schimmel’s Ber. April, 18¢g8; Ch.
Centr, 1898, 1, gg1), and in oil of
kuromoji from the Japanese Lindera
sericea (Kwasnik, Ber. 24, 81; Arch,
Pharm. 230, 265).

SYNTHETICAL PROCESSES.

[A.] From dipentene (limonene) [9]
by combination with nitrosyl chloride
and decomposition with aleoholie potash,
whereby the oxime of carvone is pro-
duced (Goldschmidt and Zirrer, Ber.
18, 1432; Wallach, Ann. 246, 268).
The same nitrosochloride is obtained
by mixing d- and l-limonene nitroso-
chlorides (Wallach, Ann. 252, 124;
270, 175).

Or limonene tetrabromide (Wallach,
Ann. 227, 280), on heating with methyl
alcoholic sodinm methoxide, gives brom-
carveol methyl ether ([bid. Ann. 281,
129), and this, by the further action of
sodium ethoxide in absolute alcohol,
yields carveol methyl ether (Zbid. 132).
The latter on oxidation with chrome
acid in acetic acid solution gives 1-
carvone.

AROMATIC ALDEHYDES AND KETONES [127-128 A. |

FE:] Terpineal I:aﬂ] gives a nitroso-
chloride (Wallach, Ann. 277, 121),
which on heating with sodium ethoxide
gives ‘uxyhishyﬁrﬂmwxime '= HO.
CoHy: N.OH. The latter yields i-
carvone on heating with dilute sulphuric
acid ([bid. Ber. 28,1773 ; Wallach and
Arny, Ann. 201, 342).

128. Pulegone,
CH,
CH
- o8,
HC C:0
™ 0 #
G(CH,),

NATURAL SOURCES.

In oil of European pennyroyal from
Mentha pulegivm (Beckmann and Pleiss-
ner, Ann. 262, 1; Bull. Sce. [3] 25,
110; Tétry, Ibid. 27, 186), of N.
American wild mint from Mentha cana-
densis (Gage, Pharm. Rev. 18, 412).

Has been found also in oil of Ameri-
can pennyroyal from Hedeoma pule-
givides (Habhegger, Am. Journ. Pharm.
85, 417), in oil from the mountain
mint, Pyenanthemum  lanceolatum =
Thymus virginicus (Alden, Pharm. Rev.
18, 414), in the oil of Bystropogon
origanifolium from Teneriffe (Schimmel’s
Ber. Oct. 1902 ; Ch. Centr. 1902, 2,
1208), and in oil of sweet marjoram
from Origanum majorana (Genvresse
and Chablay, Pharm. Centr. 43,
419 ; Pharm. Journ, 89, 335; Journ.
Soc. Ch. Ind. 21, 1347).

The natural product is d-pulegone.

SYNTHETICAL PROCESSES.

[A.] Citronellal [105] on heating
with acetic anhydride gives isopulegol
[42;]]*aud this on oxidation with chromie
acid in acetic acid yields isopulegone.
The latter is transformed into pulegone
by contact with barium hydroxide solu-
tion at ordinary temperatures (Tiemann
and Schmidt, Ber. 28, go3; 80, 293







228

fusion with potash gives m-(y)-cresotic
acid (Weber, Ber. 25, 1743). Subse-
quent steps as above under C.

Note : —Toluene [64] gives 3-sulpho-p-toluie
acid through p-nitrotoluene, p-toluidine, p-
tolnidinesulphonic acid, eyanotoluenesulphonie
acid by the dinzo-method, the sulphonamide
and sulphaminctoluie acid, which on heating
gives the imide (methylsaccharin}. The latter
on evaporating with hydrochorie acid yields
the ammonium salt of z-sulpho-p-toluic acid
(Bad. An. Sod. Fah, Germ. Pat. 48583 of 1889 ;
Ber, 22, Ref. 719 ; Weber, Jhid. 25, 1741).

Or p-toluidine can bo acetylated, nitrated,
and the o-nitro-p-toluidine converted into the
nitrile by the diazo-method. The nitrile on
reduction gives j-amino-p-cyanctoluene, and
this by hydrolysis s-amino-p-toluie = homo-
anthranilic acid (Niemantowski, Journ. pr.
Ch. [2] 40, 6; 15 ; Glock, Ber. 21, 2662).

Or the nitrocyano-derivative can be hydro-
lysed to 3-nitro-p-toluic acid and then reduced
to 3-amino-p-teluie acid (Niementowski and
Rozdnski, Ber. 21, 1995 ; Noyes, Am. Ch.
Journ. 10, 45g9). The latter gives m-(vy'-cresotic
acid by the diazo-method (N. and R. o eit
1998 : see also under m-cresol [62, pp. 128,
12g] for further details).

[B.] From pulegoie []125] and iso-
propyl aleokol [18]. Pulegone on boil-
ing with formie acid gives methyleyclo-
hexanone = 3-keto-1-methylhexahydro-
benzene (see under phcnnlgm[lﬁﬂ; 8)),
and this on treatment with sodium and
ethyl acetate gives acetylmethyleyelo-
hexanone (Leser, Bull. Soc. [3] 28,
370). The potassium derivative of the
latter condenses with isopropyl iodide
to form acetylmenthone, and this yields
menthone on hydrolysis with methyl
alcoholic potassium hydroxide (/.

Comp. Rend. 134, 1115).

130. Orthohydroxyacetophenone;
Ortho-Acetylphenol ;
2-Ethanoylphenol.

|0H
¢

NATURAL SOURCE.

In the volatile oil from the wood and
bark of Chione glabra, W. Indies (Dun-
gtan and Henry, Trans. Ch. Soc. 78,
66). The methyl ether probably eccurs
also in the oil (fbid. 71).

AROMATIC ALDEHYDES AND KETONES [129 D-130 E.

SYNTHETICAL Processes.

[A.] From cinnamic acid [Vol. I1]

through the o-nitro-acid (see under
uinol i:l ; E] and salieylic aldehyde
117; E|), the dibromide by bromination,
o-nitrophenylpropiolic acid by the action
of alkali, and o-nitrophenylacetylene Ly
heating the latter acid with water
(Baeyer, Ber. 18, 2259). o-Amino-
phenylacetylene obtained by reduction
of the mitro-compound (Baeyer and
Landsberg, Ber. 15, 60; Baeyer and
Bloem, Ber. 17, g64) gives o-amino-
acetophenone on treatment with sul-
phuric acid and water (Baeyer and
Bloem, Zoe. eif.; Kippenberg, Ber. 30,
1130), from which o-hydroxyacetophe-
none can be obtained by the diazo-
method (Friedlinder anc{ Neudarfer,
Ber. 830, 1080; Dunstan and Henry,
loe, cil. 71).

Or o-nitrophenylpropiolic acid can be
reduced to the amino-acid (Baeyer and
Bloem, Ber. 15, 2147 ; Richter, /4.
18, 679), and this on heating with water
wives o-aminoacetophenvne (B. and B.
loe. cif. 2153).

Or from cinnamic acid through
phenylpropiolic acid, phenylacetylene,
and acetophenone (see under benzoie
aldehyde []]114 ; B]), and then through
the o-nitro- and o-amino-ketone (see
under salicylic aldehyde [117; D]), and
o-hydroxyacetophenone as above.

[B.] From éenzoic and acefic acids
[Vol. IT] through acetophenone [114;
A and @], and then as under salicylie
aldehyde [117; D] and A above.

Or from benzoic acid and zine melhyl
[13d] through acetophenone [114; CJ,
nd then as above. ‘

Or from benzoic acid and acefoacetic
ester [Vol. IT] through o-nitro- and o-
aminoacetophenone [117; F and D],
and then as above under A.

©.] From salicylic acid [Vol. 11]
and acetic ester through 2-methoxyben-
zoylacetic ester, &c., as under salicylic
aldehyde [117; @]

[D.] From coumarin [ Vol I1] ﬂ'll".l]'l.l%‘h
o-coumarilic acid as under salicylic
aldehyde [117; H].

Eﬁ IFI'll:,IIl‘l ortd m]uﬂmﬂfic a-::ifi [Vn]. II]
through dibrom-melilotic acid and o=







230

ester of the latter acid by the action of
alcoholic potash gives p-methoxyphenyl-
propiolic acid (Reychler, Bull. Soc.

17, 512), and this on heating with
water to 130° yields p-methoxyaceto-
phenone (l4id. 514), which ecan be
demethylated as above.

[D.Ldp:};rmiﬂ [140] gives p-hydroxy-
acetophenone among the products of
decomposition by heating with caustic
alkali (Vongerichten, Ann. 318, 131;
A. G. Perkin, Trans. Ch. Soe. 71, 810).

[B.] From ciunamic acid [Vol. 1I]
through the p-nitro-acid by nitration
(see under p-hydroxybenzoic aldehyde
[.119; B]). The nitro-acid (ester) on

romination gives p-nitrophenyldibrom-
propionic acid (ester), and this by the
action of alcoholic potash yields p-nitro-
phenylpropiolic acid (Miiller, Ann. 212,
138; Drewsen, lbid. 154 ; W, H. Perkin,
junr., and Bellenot, Trans. Ch. Soc. 48,
441). The latter on heating with dilute
sulphuric acid gives p-nitroacetophenone
(Drewsen, loc. cit. 160; Engler and
Zielke, Ber. 22, 203), which reduces to
p-aminoacetophenone (Drewsen, loc. eif.
162). The latter yields p-hydroxyaceto-
phenone by the diazo-method (Klingel,
Ber. 18, 26g71).

[F.] From lenzene [6; I, &c.] and
acefic acid [Vol. 1I] through aniline,
which, on heating with acetic anhydride
and zine chloride, gives p-aminoaceto-
phenone (Klingel, Ber. 18, 2688 ; Rous-
set, Bull. Soc. [3] 11, 320: see also
Kéhler, Germ. Pat. 56971 of 188¢g;
Ber. 24, Ref. 685). From the latter
as above under E.

From #enzene or foluene throngh JJ-
nitrobenzoic aldehyde (see under p-hydr-
oxybenzoic aldehyde [110; EZJF The
latter by interaction with malonic acid
P’ﬂl. IT] in presence of aniline or aleo-
wolic ammonia gives p-nitrocinnamic
acid (Knoevenagel, Baebenroth, and
Wollweber, Ber. 81, 2612). Subsequent
steps throngh p-nitrophenylpropiolic
acid, &e., as above under E.

Nortk :—Styrens [7] and all other genorators
of p-nitrobenzoic aldehyde roeferred to under

p-hydroxybenzoie aldehyde [118 ; O, &e.] thus
hecomas gﬁlmrntnrﬂ af |1-Il}'ﬂ]“ﬂxj‘nunlup}mum:n.

Also from benzene through aniline,
p-nitraniline, p-nitrobenzomtrile and

AROMATIC ALDEHYDES AND KETONES [181 C-132 B,

acid, and p-nitrobenzoyl chloride. The
latter with sodio-acetoacetic ester [Vol.
Il] gives p-nitrobenzoylacetoacetic
ester, and this, on boiling with dilate
sulphuric acid, yields p-nitroacetophe-
none (Gevekoht, Ann. 221, 335). From
the latter as above under E,
p-Nitrotoluene can also be oxidised
to p-nitro-benzoie acid (Glenard and
Boudault, Ann. 48, 344 ; Beilstein and
Wilbrand, Ann. 128, 255; 128, 254;
G. Fischer, Ann. 127, 137; 130, 128;
Beilstein and Geitner, Ann. 189, 335;
Kérner, Zeit. [2] 5, 636; Rosenstiehl,
Ibid. 701). From the latter p-nitro-
benzoyl chloride can be obtained by the
usual method (Gevekoht, e, cit.).

132. EKetocoumaran; Coumaranone.

A e

7 o
8-

NATURAL SoURCE.

The compound itself has not been
found among natural products, but the
complex appears to be present in genis-
tein, a colouring-matter obtained from
dyer's broom, Gemista finctoria (A. G.
Perkin and Newbury, Trans. Ch. Soe.

75, 837).

SYNTHETICAL PROCESSES.

[A.] Fromo-4 ﬁrmyaceﬁap&mm&&l;au]
by acetylation, bromination, and the
action of boiling water in presence of
chalk on the acetyl-o-hydroxy-w-aceto-

phenone bromide (Friedlinder and
Neudirfer ; see under salicylic aldehyde
[117; D])-

B.] I'rom ealicylic aldelyde [117]
and acetic acid [Vol. II]. Chloracetic
acid acts on sodium salicylic aldehyde
with the formation of o-aldehydophen-
oxyacetic acid, CHO . C,H,. OCH,.
COOH (Rissing, Ber. 17, 2ggo). The
latter, on oxidation with potassium per-
manganate, gives salicyloxyacetic acid,
COOH . C,H,.OCH, . COOH (fbid.
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135. Methylhydrocotoin ;
2:4:6-Trimethoxybenzophenone ;
Benzoylphloroglucinol Trimethyl

Ether.

CO. CH,

CH, OCH,

CH,
NATURAL SOURCE.

Occurs in paracoto bark (see above
under hydrocotoin) (Jobst and Hesse,
Ann, 189, 53; Ciamician and Silber,
Ber. 28, 799).

SYNTHETICAL PROCESS.

[A.] From Aydrocotvin [1834] and
methyl aleokol [18] by further methyla-
tion with methyl iodide and potassium
hydroxide in methyl aleohol (Ciamician
and Silber, Ber. 24, 300; 25, 1120).

Or divectly from phloroglucinol [86]
through the trimethyl ether (Will, Ber.
21, 603), and the action of benzoyl
chloride on the latter in benzene solu-
tion in presence of zine chloride (Ciami-
cian and Silber, Ber, 27, 1497).

136, Enxzanthone.
Hi)

AN By

L/‘\{,/\/‘

NATURAL SOURCE.

The complex exists in euxanthie acid,
the glycuronic congugate acid of eux-
anthone which occurs in “purrée’ or
Indian Yellow, prepared from the urine
of cows fed upon mango leaves. Eux-
anthone is sometimes found in the free
state in the colouring-matter, resulting
from the decomposition (7 bacterial) of
euxanthic acid.

Note i—Forthe constitution of euxanthicacid
sea Grache, Ber, 33, 3300 ; Giraobe, Adors, and
Heyer, Ann. 318, 345.

AROMATIC ALDEHYDES AND KETONES [135-136 D,

SYNTHETICAT, PROCESSES,

[j&.] From resorcinol [70] and quinol
[71]. Resorcinol is converted into 8-
resoreylic acid by heating with aqueous
ammonium carbonate or acid potassium
carbonate (Brunner and Senhofer, Ber.
13, 2356; Bistrzycki and Kostanecki,
Ber. 18, 1%35}. Quinol is converted
mto 1its carboxylic acid, gentisic=2 : 5-
phenediolcarboxylic = 2 : 5-dihydroxy-
benzoic = 5-hydroxysalicylic acid, by a
similar process (Senhofer and Sarlaz,
Monats, 2, 448). Gentisic and f-re-
soreylic acids or resorcinol when heated
together with acetic anhydride give
euxanthone (Gracbe, Ber. 22, 1405;
Kostanecki and Nessler, Ber, 24, 3083).
[B.] From resorcinol [70] and salicy-
lic a ;AV::I. IT]. The latter can be
conve into gentisic acid by the
following processes :—

By iodising with iodine in presence
of alkali, or by the action of iodine on
silver salicylate 5-iodosalieylic acid is
formed (Lautemann, Ann., 120, 302;
Demole, Ber. 7, 1437; Birnbaum and
Reinherz, Ber. 16, 458). Or 5-brom-
salicylic acid is obtained by the brom-
ination of the acid (Henry, Ber. 2, 275 ;
Hiibner and Heinzerling, Zeit. [2] 7,
70g9; Hand, Ann, 234, 133). The 5-iodo-
or bromo-acid gives gentisic acid on
fusion with alkali (Lautemann, fve. cif.
311 ; Liechti, Ann. Suppl. 7, 144;
Demole, loc. eif. 1438 ; Gn](ﬂaerg, Journ,
pr. Ch. [2] 18, 371 ; Miller, Ann. 220,
124; Rakowski and Leppert, Ber. 8,

89).

! L%r salicylic acid on nitration yields
5-nitro-, and the latter on reduction 5-
aminosalicylic acid (see under quinol
[71; €]). The amino-acid gives gen-
tisic acid by the diazo-method (Gold-
berg, loc. cit.).

[C.] From resoreinol [70] and phenol
[60]. The latter on nitration gives
(with o-) p-nitrophenol, and this on
heating with carbon tetrachloride [1; L]
and aleoholic potash yields 5-nitrosalicy-
lic acid (Hasse, Ber. 10, 2188), which
can be transformed into gentisic acid as
above under B,

[DF{' From resorcinel [70] and benzoie
acid [ Vol, IT].  The latter can be con-
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139. Tectochrysin;
1-Hydroxy-3-Methoxyflavone.

e NN
H

/Nco”
L4

Naturan Sounce.

In poplar buds with chrysin (Piccard
Ber. 8, 8go). Lo 3

SYNTHETICAL Process.

. [A.] From chrysin [138] by methyla-
tion with methyl iodide and potassium
hydroxide (Piccard, Ber. 10, 176;
Emilewicz and Kostanecki, Ber. 32,
2449)-

140. Apigenin;
1:3 =*l'mﬂmﬂna,

i /\[/ 3=
e A

Ho co

NATURAL SoURCE.

Oceurs as glucoside (apiin) in stem,
leaves, and seeds of vparsley, dpium
petroselinum (Braconnot, Ann. 48, 349 ;
Planta and Wallace, Ann. 74, 262;
Lindenborn, Ber. 8, 1123 ; Vongerich-
ten, Ibhid. 1124 ; 88,2334 ; 2904 ; Ann.
EIB,] 121 : see also under phloroglucinol

86]).

A methyl ether of apigenin (acacetin)
18 present in the leaves of Rolinia peeud-
acacia (A. G. Perkin, Trans. Ch. Soe.

77, 430).
SYNTHETICAL PROCESSES.

[A.] From awizic acid [Vol. IT],
phioroglucinol | 88], acetic acid | Vol. 111,
and methyl and ethyl alcodols |13 ; 14
as accessories. Anisic ethyl ester is
condensed with phloracetophenonetri-
methyl ether (see under chrysin [138 ;

AROMATIC ALDEHYDES AND KETONES [130-141 A,

A]) by heating with sodium in
miutinm ’l‘hE product = 2 4?1?:‘]?
tetramethoxybenzoylacetophenone, on
heating with strong hydriodic acid,
gives apigenin (Czajkowski, Kostanecki,
and Tambor, Ber. 33, 1988).

141, Imfaalin ¥
1:3; 31 H il-Tm-ﬂIanﬂﬁrm.

0 oH
m;./ \/ \ o
U EH_QBH
S

HO

NATURAL SouRCES.

In weld from Reseda luteola (Chev-
reul, Journ. Chim, Méd. 6, 157 ; Berz.
Jahresber. 11, 28¢c ; Moldenhauer, Ann,
100, 180; Schiitzenberger and Paraf,
Bull. Soc. [1] 1861, 18 ; Journ. pr. Ch.
51 88, 368; Ann. Suppl. 1, 256;

resher. 1861, 707 ; Rochleder and
Breuer, Zeit. [2] 2, 6o2; Hlasiwetz
and Pfaundler, Journ. pr. Ch. [1] 94,
g4 ; A. G. Perkin, Trans. Ch. Soc. 89,
206; 799; A. G. P. and Horsfall,
1tid. 77, 1314).

Luteolin occurs in the colouring-
matter from the flowers of dyer’s
broom, Genista finctoria (A. G. P, and
Newbury, Proc. Ch. Soe. 15, 179).

A glucoside contained in parsley with
apiin is a derivative of luteolin methyl
ether (Vongerichten, Ber. 83, 2334;
2904). .

Scoparin from broom, Sparfium sco-
parium, may be a glucoside of methyl-
luteolin (A. G. Perkin, Proc. Ch. Soc.
18, 45 ; Trans. 77, 423). _ b

Digitoflavone from Digifalis leaves is
identical with luteclin (Kiliani and

Mayer, Ber. 34, 3577)-

SynruETIcAL PROCESS.

[A.] From phloroglucinol [86], acefic
and veratric acids [ Vol. I1], meihiyl and
ethyl aleohols [18; 14]. = Phloraceto-
phenonetrimethyl ether (see under
chrysin [188; A]) and ethyl veratrate
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144, Metahydroxyanthragquinone ;
2-Hydroxyanthraquinone.

0

NN

NATURAL SoURce.

In Chay root (Oldenlandia umbeliata)
from N. Burma, Ceylon, Madras
Presidency, Malabar and Coromandel
coasts (A. G. Perkin and Hummel,
Trans. Ch. Soc. 83, 1177).

SYNTHETICAL PROCESSES.

[A.] From phenol [80] and phthalic
anhydride (see under benzyl alecohol
[64; R]). A mixture of these gives
(with 1-hydroxy-) 2-hydroxyanthra-
gquinone on heating with strong sul-
phurie acid (Caro and Baeyer, Ber. 7,
6g).
? ?B] From benzoic acid [Vol. II]
through m-nitro-, m-amino-, and m-hy-
druxﬁ)enznic acid (see under phenol [ 80 ;
E|). The latter, when heated with
benzoic acid and strong sulphuric acid
at 200°, gives m-hydroxyanthraquinone
(Liebermann and Kostanecki, Ann. 240,
263).

E%] Anthracene and awthraquinone can
be synthesised by various processes :—

Syntheses of Anllracene.

I'rom foluene through benzyl chloride
(see under benzyl aleohol [54; A]).
The latter gives anthracene on heating
with water at 180" (Limpricht, Ann.
130, 308 ; Zincke, Ber. 7, 278), or by
the action of aluminium chloride (W.
H. Perkin, junr.,and Hodgkinson, Trans.
Ch. Soc. 87, 726 ; Schramm, Ber. 28,
1706).

Or benzyl chloride and ethyl aleohol
give benzyl ethyl ether (Cannizzaro,
Jahresber. 1858, 581), which on heating
with phosphorus pentoxide gives (with
ethylene) anthracene (Henzold, Journ.
pr. Ch. Eﬂ.] 27, 518).

Benzyl trichloracetate (from benzyl

AROMATIC ALDEHYDES AND KETONES

[144-C,

chloride and frichloracefic acid) interacts
with lenzene, in presence of aluminium
chloride, to form a compound which
gives anthracene on distillation (Delacre,
Bull. Soe. [3] 18, 302).

Dihydroanthracene (furnishing an-
thracene by oxidation) is probably
among the products of the oxidation of
toluene by manganese dioxide and sul-
phuric acid (Weiler, Ber. 83, 464).

Or from toluene through the o-bromo-
derivative and o-brombenzyl bromide
(Jackson, Ber. 8, 932), and the action of
sodium on the latter in ethereal solution
(Jackson and White, Am. Ch. Journ. 2,
391 ; Ber. 12, 1965).

rom benzene and acelylene dibromide
(or tetrabromide) by treating a mixture
with aluminium chloride or bromide
(Anschiitz, Aon. 285, 156; 165; An-
schiitz and Eltzbacher, Ber. 18, 623).

Or from benzene and metdylene chlovide
[66; E, p. 117] by the action of
aluminium chloride (Friedel, Cratts, and
Vincent, Ann. Chim. [6] 11, 264 ; Bull.
Soc.[2] 40, 97; 41, 325). Hexa- and
pentachlorethane and perchlorethylene,
trichlorethane, and dichlorethyl ether all
give anthracene when condensed with
benzene by means of aluminium chloride
(Mouneyrat, Bull. Soc. £3:!R:E, 554;
557 3 Gardeur, Bull. Acad. Roy. Belg.
[3{ 34, g20).

Naphthalene [12] can be converted
into o-toluic acid (benzyl alcohol [54;
R]), and this, when heated in brom-
ine vapour at 140°, gives phthalide,

GuHic_g?{BD. Thelatter, on distillation

with lime, yields anthracene (Krezmat,
Monats. 18, 456).

Note :-Tuhmnetlmuu.laﬁ'lmpﬂmqsag&narntuf
of anthracene through o-toluic acid (see under
m-cresol [82; AJ).

Phenot &GD] and benzyl chloride (or
benzyl aleohol [54]) condense to form
p-benzylphenol under the influence of
zine chloride or other condensing agents
(Paternd, Gazz. 3, 2; 3, 121; Paternd
and Fileti, 74id. 6, 382; Liebmann,
Ber. 14, 1844; W. H. Perkin, junr,
and Hodgkinson, Trans, Ch. Soe. 87,
723). p-Benzylphenol gives anthracene
among other products on distillationt
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of the product with water (Thorner and
Zincke, Ber. 10, 1479).

Anthracene is converted into anthra-
quinone by oxidation (Laurent, Berz.
Jahresber. 18, 366; Ann. Chim. [2]
60, 220; 72, 415; Ann. 34, 287;
Anderson, Journ, Ch. Soc. 15, 44 ; Ann.
122, jor; Graebe and Liebermann,
Ann. Suppl. 7, 285; Kopp, Jahresber,
1878, 1188 ; Darmstidter, Germ. Pat,
10go12 of 18g7; Ch. Centr. 1900, 2,

151).

Anthracene and anthraquinone give
m-hydroxyanthraquinone as follows :—
Anthracene by the action of bromine

ives dibromanthracene bromide (An-

erson, /oe. eif,; Graebe and Liebermann,
foc. eif. 275), and this on heating at
200° yields tribromanthracene. The
latter on oxidation (with chromic acid in
acetic acid) gives 2-bromanthraguinone
(G- and L. loc. cif. 290), and this yields

2-hydroxyanthraguinone on fusion with-

potash (l4id. Ann. 1680, 141 ; Suppl. 7,
290 ; 212, 25).

Anthraquinone on sulphonation gives
(with disulpho-acid) z-sulpho-acid (f4id.
Ann. 1680, 131), and this yields the 2-
hydroxyquinone by potash fusion (/bid.
141; Simon, Ber. 14, 464; Lieber-
mann, Anp. 212, 25: see also A. G,
and W. H. Perkin, junr., Trans. Ch. Soc.
47,680). Or the solutionof the sulphonie
acid (salt) may be heated with lime and
water under pressure at 160° (Meister,
Lucius, and Briining, Germ. Pat. 106505
of 1898 ; Ch. Centr. 1900, 1, 741).

Or the 2-sulphonie acid heated with
excess of aqueous ammonia at 1o gives
2-aminoanthraquinone (Perger, Ber, 12,
1567 : see also Bourcart, Iiid, 1418), and
this yields the 2-hydroxyquinone by the
diazo-method (Perger, loe. cit. 156g).

By the action of nitrie acid on di-
bromanthracene (Claus and Hertel, Ber.
14, g78), or on anthraquinone (Bottger
and Petersen, Ann. 188, 147), the a-
nitro-quinone i1s formed, and this on
reduction with potassium sulphydrate
gives the e-amino-quinone (M. 149 :
see also Claus and Hertel, loc. eif. g79).
The latter yields the m-hydroxyquinone
by the diazo-method (B. and P. loe. cit.

151).

AROMATIC ALDEHYDES AND KETONES [144 c-145 B.

[D.] From alizarin [145] by treat-
ment with alkaline stannite (Lieber-
mann and Fischer, Ber. 8, 975). Or
through a-alizarinamide by heating
alizarin with aqueous ammonia at 200°
(Liebermann, Ann. 188, 207), and
elimination of the NH,group by the
diazo-method (bid. 208).

145. Alizarin;
1: 2-Dihydroxyanthraguinone,

" NATURAL SOURCES.

Occurs as the glucoside ruberythric

acid (CyH,.0,,) in madder from the
root of Rubia finctoria (Robiquet and

‘Colin, Ann. Chim. [2] 34, 225 ; Runge,

Journ. pr. Ch.-5, 362 ; Schunck, Ann,
88, 174; 201; 81, 330; BT, 344;
Phil. Mag. [4] 5, 4m‘;3 igﬁ ; 13, gm;
270; Journ. pr. Ch. 58, 465; Debus,
Ann, 66, 351; Wolff and Strecker,
Amn. 75, 1; Rochleder, Ber. 3, 295;
Ann, 80, 321; 82, 205; Wartha, Ber.
3, 545; 673; Willigk, Ann. 82, 339;
Rosenstiehl, Ann. Chim. [5] 18, 235;
Comp. Rend. 88, 1194; Wurtz, Comp.
Rend. 98, 465; Liebermann, Ber. 20,
2241 ; Bergami, lhid. 2247).

Alizarin occurs also in Chay root
from Oldenlandia wmbeliata (see under
m-hydroxyanthraquinone [144]; A. G.
Perkin and Hummel, Trans. Ch. Soe.
63, 1167).

SYNTHETICAL PROCESSES.

[A.] From cafechol [@9] and phthalic
andiydride (see under benzyl alcohol
[E-i;. R]], a mixture of these com-
pounds giving alizarin when heat
with strong sulphuric acid (Baeyer and
Caro, Ber. 7, 972). :

[B.] Autiracene o[aldri; c] is chlon-
nated or brominated, and the product
oxidised to dichlor- or dibromanthra-
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CARBOHYDRATES

151. Dihydroxyacetone ;
Propanediolone.

HO.CH,.CO.CH,.OH

NATURAL SoURCES.

A product of fermentation of glycerol
by the sorbose bacterium (Bertrand,
Comp. Rend. 128, 842; g84; Bull
Soc. Eﬂ 19, 502 ; Bertrand and Sazerae,
Comp. Rend. 183, 1504). According
to Emmerling (Ber. 82, 541) the sor-
bose bacterium is Baclerium aylinum of
A. J. Brown (Trans. Ch. Soc. 49, 432).
Other micro-organisms are capable of
acting upon glyecerol in a similar wa
(Bertrand, Comp. Rend. 133, 887).

Glucose appears to give dihydroxy-
acetone among the products of its fer-
mentationby Bacillus roseus vini (Bordas,
Joulin, and Raczkowski, Comp. Rend.
128, 1051::3, and the same Bacillus pro-
duces the dihydroxyketone from glycerol

(fbid. 1443).
SYNTHETICAL PROCESSES.

[A.] From formic aldekyde [91] and
methyl aleokol [18] through nitroiso-
butylglycerol and dihydroxyacetone-
oxime (see under glyc:em{ 48; L]).

[B.] From cifric acid [ Vol. 1I] through
acetonedicarboxylic acid and diamino-
acetone (48 ; M|.

[c.] Yrom hippurie acid [Vol. 1I]
through diaminoacetone [48; N

[D.] Glycerol [48] gives ¢ glycerose’
on oxidation with nitric acid or by
electrolysis (Van Deen, Jahresber, 1883,
5o1 ; Stone, Am. Ch. Journ. 15, 656 ;
Fischer and Tafel, Ber. 20, 1088), by
oxidation with platinum black (Gn-
manx, Comp. Rend. 104, 1276 ; Bull,
Soe. |']§] 45, 481; 49, 251 ; Emmer-
ling, Ber. 82, 542), with sodium hypo-
bromite or bromine and lead glycerate
(Fischer and Tafel, foc. cit. 3384 ;
21, 2634 ; 22, 106), or with hydrogen
pemxifc in presence of ferrous sulphate

CARBOHYDRATES AND GLUCOSIDES [151-152 A, ‘

AND GLUCOSIDES.

(Fenton and Jackson, Trans. Ch. Soe.
76, 5). Glycerol gives glycerose on
oxidation by quinone in the presence of
light (Ciamician and Silber, Ber. 34,
1532) : :

Glycerose is a mixture of dihydroxy-
acetone with glyceric aldehyde, the
former predommating (Fischer and
Tafel, Ber. 20, 3384 ; see also Piloty,
Ber. 80, 3162; Wohl and Neuberg, Ber.

33, 3009).

152. d-Erythrulose ;
Butanetriolone.

HICI
HO. H,C. i.lj.ﬂﬂ.ﬂH,.DH
H

NaTuraL SoURCE.

A Fmduct of fermentation of ery-
thritol by the sorbose bacterium (Ber-
trand, Comp. Rend. 128, 762; 130,

1330; 1472 ; Bull. Soc. [3] 19, 347;
23, 681).

SYNTHETICAL PrOCESSES.

[A.] From erythritol [50] by oxida-
tion with nitric acid (Fischer and Tafel,
Ber. 20, 1088), with platinum black
Grimaux, Comp. Rend. 104, 1276;

ull. Soc. [2] 45, 481; 48, 251), or
with hydrogen peroxide and ferrous
sulphate (Fenton and Jackson, Trans.
Ch. Soc. 75, 7; Neuberg, Ber. 35,
2617).

Note :—The synthetical product is i-erythru-
loss. The ketose character of the synthetieal
sugar, and therefore its identity with tho bip-=
chemical sugar, has only been proved (apark
from optieal properties) in the case of the pro-
duct obtained by the last method, viz hydrogen
peroxide and ferrous sulphate (Neuberg, foc. oif.).
Other synthetical tetroses (probably aldoses):
have been obtained, but not from Liochomieal
sources, In order fo eomplete the history of
these compounds the synthetical processes are
given below.



F

152 B-153 B.]

Other Syntheses of Tetroses,

] From tartarie acid [Vol. 11]
throngh glycollic aldehyde (see under
furfural [126; E]). The latter in con-
tact with dilute alkali at o undergoes
aldol condensation with the formation
of erythrose (Fischer and Landsteiner,
Ber. 25, 2553; Jackson, Trans. Ch.
Soc. 77, 131 : see also Fischer, Ber. 27,
3200; Neuberg, Ber. 85, 2630).

Note :—The gonerators of glyeollie aldehyde
referred to under furfural [126; F; G, &e.]

thus become generators of erythrose. These
are :—acetal [93] ; ethyl aleohol [14] ; athylena.

[C.] From d-gluconic acid [Vol. IT]
through d-aralinose [168] by oxidising
thecaleium salt with bromine in presence
of lead carbonate or with hydrogen
peroxide and ferric acetate (see under
153; B). d-Arabinose on further
.oxidation with bromine and water gives
d-arabonic acid, and this on oxidation
as above yields d-erythrose (Ruff, Ber,

82, 3672). The erythrose has the
constitution :—
HO HO
CHO "E.‘ é CH,;.0H
Hon

[D.] Dextrose [154] gives an oxime
which on treatment with acetic anhy-
dride yields the nitrile of pentacetyl-
gluconic acid (see under 153; A).
The nitrile gives d-arabinose on hydro-
lysis with acids (Z5id.). Subsequent
steps as above under C.

[E.] From glycerol [48] through
acrolein [lDli], which, on treatment with
hydrogen chloride in aleoholic solution,
gives the diethylacetal of S-chlorpro-
pionic aldehyde (Alsberg, Jahresber.
1864, 495 ; Wohl, Ber. 31, 1797). The
latter yields acrolein-acetal on treat-
ment with potassium hydroxide (I5id.
1798), and the acetal, on heating with
dilute sulphuric acid, gives (racemic)
glyceric aldehyde (7éid. 2 394), of which
the oxime on heating with agueous
caustic a]knllNyields glycollic aldehyde

Wohl and ﬂUbETg, Ber, 83, qlgﬁ}_

ubsequent steps as above under B.

Note :—A  conversj

on of 1 i £
a totrose is possible -arabinose into

through 1lie following

d-ERYTHRULOSE
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steps :—l-arabinoseoxime ; tetra-acetylarabonie
nitrile ; tetroge (Wohl, Ber. 28, 743).

l-A rabinosa has been converted thronghl-ara-
bomie acid into l-erythrose by oxidising the
caleium arabonate with hydrogen peroxide in
pressnce of a ferrous salt.  An isomeric tetrose
(1-threose) is obtained by similar processes from
l-xylose through l-xylonie acid (Ruff, Bor. 34,
1362). The l-arabinose and l-xyleose employed
in these processes are not synthetical products.

153. d-Arabinose ; Pentanetetrolal.

I HO HO
CHO C C C CH,. 0l
HY H H

NATURAL SOURCE.

A pentose has been found in the
urine in a case of morphinism (Sal-
kowski and Jastrowitz, Centr. med.
Wiss. 1892, Nos. 19 and 32) which,
according to Neuberg (Ber. 88, 2243),
is racemic arabinose, and may therefore
be considered to contain the d-arabinose
complex. (For behaviour of the stereo-
isomeric arabinoses in the animal body
see Neuberg and Wohlgemuth, Ber.
84, 1745.) This urine pentose is
synthesised in the organism (Neuberg,
Ber. 85, 1472 : for the separation
of d-arabinose from the racemic com-

und by l-menthylphenylhydrazine see

Neuberg, Ber. 38, 1192).

SYNTHETICAL PROCESSES.

[A.] From dewfrose [164], the oxime
of which on freatment with sodinm
acetate and acetic anhydride gives the
cyanacetate = pentacetylgluconitrile,
The latter on hydrolysis yields d-ara-
binose. Or the nitrile, on treatment
with ammoniacal silver oxide solution,
gives the pentose in combination with
acetamide (Wohl, Ber. 26, 730: see
also Neuberg and Wohlgemuth, Zeit.
physiol. Ch. 385, 31).

[B.] From d-gluconie acid [ Vol IT] by
oxidation with bromine in presence of
lead carbonate, or with hydrogen per-
oxide in presence of basic ferric acetate
(Ruff, Ber. 81, 1573; 82, 553; 83,
1799 ; 35, 2360, note).

R 2
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154. Dextrose; d-Glucose:
Grape Sugar; Starch Sugar;
Hexanepentolal.

HO H HO HO
cHO—¢—&—¢¢

] FrBi| |
H HO H H

CH,.O0H

NATURAL SOURCES,

Widely distributed throughout the
vegetable kingdom, being found in the
gap of plants and in most fruits and
flowers. It is generally accompanied
by l®vulose and sometimes by certain
C,,;-sugars, especially saccharose.

Honey contains from 32 to 42 per
cent. of dextrose (Dubrunfaut and Sou-
beiran, Jahresber, 1849, 464 ; Roeders,
1tid. 1868, 574 ; Brown, Analyst,’ 1878,
257 : see also Kinig and Karsch, Zeit,
anal. Ch. 84, 1; Beckmann, I%id. 35,
263 ; v. Raumer, flid. 41, 333).

Manna, an exudation from the manna
ash (Ornus exropeea and O. rotundifolia),
contains from 2-3 per cent. of dextrose
(Tanret, Bull. Soec. [3] 27, 947).

A honey-like exudation from Fuony-
mus japonice, produced by insect punc-
tures, contains dextrose (Maquenne,
Bull. Soc. [3] 21, 1082).

The sugar from mahwa-flowers from
Bassia latifolia consists of “ invert sugar”
(v. Lippmann, Ber. 85, 1448).

Croem and picrocrocin from the saf-
fron plant, Crocus safiva, contain the
dextrose complex (Kastner, Ch. Centr.
1902, 2, 383).

The natural products known as gluco-
sides, which are found in such large
numbers of plants, are esters, in which
generally some sugar, and most fre-
quently glucose, plays the part of
a polyhydric aleohol (see Beilstein’s
¢ Handbuch,’ IT1, 565, and ¢ Die Glyko-
side’ by Van Rijn, Berlin, 1900).

Saccharose (cane-sugar) is resolved
by the majority of yeasts into dextrose
and lievulose. Moulds such as Asper-
gillus niger and Penicillinm  glancum
exert the same action (Gayon, Comp.
Rend. 86, 52; Duclaux, ¢ Chimie bio-
logique,” 1883 ; Fernbach, These, 18go:
for two last see J. R. Green’s ¢ IFer-
mentation,” p. 115).

CARBOHYDRATES AND GLUCOSIDES
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Penicillium duclauzi as well as P,
glaucum can invert eane-sugar (Bour-
quelot ; J. R. Green, loe. eit.). Monilia
candida can also hydrolyse saccharose
(Fischer and Lindner, Ber. 28, 3::3??_
Mucor racemosus is said to be capable
of inverting saccharcse (Fitz, Ber. 17,
1196 ; Brefeld, Landw. Jahrb. 5, 308,
as quoted by Fitz). Saccharose is not
hydrolysed by Saccharomyces apiculatus
(Fischer and Lindner, foe. cif. 3039).

Monilia javanica, one of the fungi
¥I‘ESEI]t in the ferment °raggi’ used
or preparing arrack in J avﬁsee under
ethyl R}J{‘.ﬂhﬂ] [14]), can invert saccharose
(Went and Prinsen Geerligs, Bot. Zeit.
1895, p- 143). The ferment ¢ koji’ used
in Japan for preparing ‘saké’ is also
capable of inverting saccharose (Kellner,
Mori, and Nagaoka, Zeit. physiol. Ch,
1%, 297 ; Kozai, Centr. Bakter, 1I, 8,

3)-
¢ The enzymes of various yeasts, &e.,
Ehjﬂhl are capable hnrﬂinc:‘:pabhih:f

ydrolysing polysaccharides have heen
investigated by ﬁulauthar (Zeit. physiol.
Ch. 28, 88).

Certain bacteria (Clostridinm, Clado-
thriz, and Sarcina) are capable of invert-
ing saccharose (Laxa, Centr. Bakter. 11,
8, 286; Ch. Centr. 1900, 1, 12g8).
This sugar is inverted in bouillon by
Bacillus  megatherium, B. jfluorescens
liguefaciens, and Proteus vulgariz (Fermi
and Montesano, Centr. Bakter. II, 1,
482 ; 542; Ch. Centr. 1895, 8, 712).
The sugar Bacteria of Marshall Ward
and J. R. Green can invert saccharose
(Proc. Roy. Soc. 85, 7g). So also can
the m-producing Bacillus levani-
Sformans (Greig-Smith and Steel, Journ.
Soc. Ch. Ind. 21, 1381) and the sugar-
gelatinising  Clostridium  gelatinosum
(Laxa, Zeit. Zuckerind. 26, 122 ; Journ.
Fed. Inst. 8, 639). Streptococeus kornen=
sis probably inverts saccharose (Boek-
hout, Centr. Bakter. 11, 8, 161).

Maltose is fermentable only by those
yeasts which contain the enzyme malt-
ase (Sacch. cerevisie and oelosporus), and
not by those containing invertin (Saceh.
maraianus). It is thus probable that
the hydrolysis of maltose to dextrose
precedes fermentation (Fischer, Ber. 28,

1433 : see also Maquenne’s work for

1
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ammary ; ¢ Les Sucres,’ Paris,
f;ﬁﬂif 646). IS:::M#. apiculatus does
not directly ferment maltose {Amtht_)_.'r‘;
Zeit, physiol. Ch. 12, 558). The ‘koji
ferment (see above) produces dextrose
from maltose (Kozai, Centr. Bakter. 11,
8, 385).
ﬁagtme or milk-sugar is hydrolysed
into dextrose and galactose (Bouchardat,
Ann. Chim. [4] 27, 68; Kent and
Tollens, Ann. 227, 221). The lactic
bacteria can effect this hydrolysis (Von
Frendenreich, Centr. Bakter. 11, 6,
332). :

Frohberg yeast is capable of hydro-
lysing the biose trehalose (Fischer, Ber.
28, 1432; Kalanthar, Zeit. physiol.
Ch. 28, 88). Trehalose is slowly fer-
mented by certain yeasts, such as Saatz
(surface and sedimentary), Frohberg
(surface), Logos, Sacch. ellipsoidens and
pastorianus, and by Monilia candida with
the formation of dextrose; other species
(Sacch. apiculatus and pombé) are with-
out action (Bau, Ch. Centr. 1899, 2,
130).

Certain mould-fungi such as Adsper-
gillus niger, Penicillium glavcum, and
Folvaria speciosa contain an enzyme, by
virtue of which they hydrolyse trehalose
with theformation of dextrose (Bourque-
lot, Comp. Rend. 118, 826 ; Bull. See.
Myecol. 8, 18g). Bacillus fluorescens
liguefaciens slowly hydrolyses trehalose
(Emmerling and Reiser, Ber, 85, 702).

Strophanthin from the seeds of Stro-
phanthus kombe yields on hydrolysis
(with strophantidin) a ecarbohydrate,
¢ strophantobiose methyl ether,” which
on further hydrolysis gives mannose,
rhamnose, and dextrose (Feist, Ber. 33,
2095)- .

Raffinose (melitriose) is hydrolysed
by Aspergillus niger with the formation
of melibiose and finally dextrose and
galactose (Gillot, Bull. Acad. Roy.
Belg. 1899, 211; Ch. Centr. 1899, 2,
12).

Melibiose is not affected by surface
yeast, but is resolved into dextrose and
d-galactose, and finally fermented by
sedimentary yeast (Bau, Woch. Brau.
18, 397 ; Fischer and Lindner, Ber. 28,
35_{3} 11]ﬂ resﬂ]“tiﬂ-ll of ]ﬂmng@e b:f
feeble ferments was observed by Ber-
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thelot (Comp. Rend. 109, 548), and
the product identified as melibiose by
Scheibler and Mittelmeier (Ber. 23,
3118). ' _
Gentianose (?a triose), contained in
gentian roof, 1s hydrolysed by dilute
sulphuric acid or the enzyme of Asper-
gillus niger into dextrose (2 mols.) and
leevulose (1 mul.}. The gentiobiose
obtained (with levulose) by partial
hydrolysis gives dextrose (2 mols.) on
complete hydrolysis (Bourquelot and
Hérissey, Comp. Rend. 182, 571 ; 135,

ngielezituse, a triose found in the
mannas from Pinus lariz, &ec., 1s re-
golved by hydrolysing agents (dilute
acids or the enzyme of dspergillns niger)
into destrose and the biose turanose,
the latter giving dextrose as a final
product of hydrolysis (/4id. Journ.
Pharm. [6] 4, 385; Alekhine, Ann.
Chim. ﬁlj 18, 532).

Starch is saccharified with the pro-
duction of dextrin, maltose, and dextrose
by the mould-fungi nsed in making the
Javanese “raggi’ (see under ethyl alco-
hol [14] for full references). The
species chiefly concerned are Chlamydo-
mucor oryze and Rhizopus oryze. The
ferment (* koji’) used in the above pro-
cess can produce dextrose from raffinose
(Kozai, Zeit. Bakter. 11, 6, 385). The
mould-fungi concerned in the produc-
tion of the Japanese ‘saké’ can also
saccharify starch (see under ethyl alco-
hol E.-i] for references).

The ferments concerned in the pro-
duction of the Japanese €awamori’
comprise, among others, the starch-
saccharifying Adspergillus luchuensis of
Inui (Journ. Imp. Coll. Seci. Tokio,
1901, 16; Journ. Fed. Inst. 8, Abst.
529).

The mould-fungus Mucor erectus can
resolve starch into dextrose among other
carbohydrates (see under ethyl aleohol
Eld:]}. Mucor {Ja‘#jfﬂmj’m’&f rouzii of

“almette, which is contained in Chinese
yeast, is capable of hydrolysing starch
(see under ethyl alecohol [14] for refer-
ences : for industrial formation of
dextrose by Mucor or Aspergillus see
Calmette’s Fr. Pat., Journ. Fed. Inst,
7, 392). Mucor g- and y-Amylomyees,
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found on Japanese and Tonquin rice
respectively, are starch saccharifying
moulds (Sitnikoff and Rommal, Journ.
Fed. Inst. 7, 112). Chinese yeast from
Cambodia contains Mucor cambodia,
which also can saccharify starch
(Chrzascz, Zeit. Bakter, 11, 7, 326).

A Monilia (? M, sitophila, Saccardo)
found on earth-nuts in Java can
saccharify starch (Went, Centr. Bakter.
11, 7, 544; 591 ; also Journ. Ch. Soc.
80, 11, Abst. 412).

Bacillus anthracis can produce sugar
(? dextrose) from starch (Maumus,
Comp. Rend. Sce. Biol. 1893, 107).
Starch is slowly hydrolysed by Bacillus
fluoreseens liguefaciens (Emmerling and
Reiser, Ber. 85, 702). Dextrose is
among the products of hydrolysis of
starch by Bacillus suaveolens (Sclavo
and Gosio, Bied. Centr. 20, 419 ; Journ.
Ch. Soc. 80, Abst. 1284).

Dextrose 1s present as a normal con-
stituent of the blood of man and
animals, and of the lymph, chyle, and
urine (Miura, Zeit. Buwol. 82, 279;
Seegen, Ber. 21, Ref. 849; Abeles,
Ihid. 850 ; Pickardt, Zeit. physiol. Ch.
17, 217 ; Bence Jones, Journ. Ch. Soe.
14, 22 ; Baisch, Zeit. physiol. Ch. 18,
238; 20, 249; Quinguaud, Comp.
Rend. Sec. Biol. 41, 285: for occur-
rence in normal blood of hen see Saito
and Katsuyama, Zeit. physiol. Ch. 82,
231). It has been found also in the
aqueous humour of the eye (Pautz,
Zeit. Biol. 81, 212), in aqueous extract
of liver (Seegen and Kratschmer,
Pfliger’s Arch. 22, 206; 24, 52), in
muscle (Panormoff, Zeit. physiol. Ch.
17, 596), and in the cerebrospinal
fluid (Nawratzki, Du Bois-Reymond’s
Arch. 1897, p. 136 ; Ch. Centr. 18g7,
1, 1237).

The source of dextrose in the animal
body is probably glycogen, the latter
giving dextrose on hydrolysis (Berthe-
lot and De Luca, Comp. Rend. 48,
213 ; Ann. Chim. [3] 68, 448 ; Kiilz
ani Vogel, Zeit. Biol. 28, 100; 108).

Sugar is present in considerable
quantity in the blood and urine in
cases of diabetes. The sugar is nr{linar]v
dextrose (Thénard, 1806; Chevreul,
Ann. Chim. [1] 85, 319 ; Bouchardat,

AND GLUCOSIDES [154-E.
Comp. Rend. 6, 337 ; Peligot, 1id. 7
Inﬁ;P Ann. Chin%.q?[z] B'J’gf 114 ; Le
Goff, Comp. Rend. 127, 817; Patein
and Dufau, Ibid. 128, 375).

Dextrose oceurs in the urine in cases
of diaceturia (Kobert, Ch, Centr. 1900,
2, g20), and is formed by muscular
fibre and in the liver after death
(Cadéac and Maignon, Comp. Rend.
134: 14'43)

SYNTHETICAL PROCESSES.

[A.] From formic aldekyde [91] or
glycerol [48] through a-acrose, a-acrosa-
zone, a-acrosone, i-fructose, i-mannitol,
l-mannose, i-mannonic acid, and d-
mannonic acid (see under mannitol
[61; A]). The latter acid on heating
with quinoline at 140-150° is converted
(partially) into d-gluconie acid [Vol. 1T,
which can be separated from unaltered
mannonie acid by removing the latter
as brucine salt. d-Gluconic acid gives
dextrose = d-glucose on reduction with
sodium amalgam in acid solution
(Fischer, Ber. 28, 799; 2611).

[B.] From acefone [108] through
acrolein [101] and a-acrose (see under
mannitol [51; G]).

[C.] From farfaric acid [Vol. II]
through glycollic aldehyde and a-acrose
[51; &].

Nore :—0ther generators of glycollie alde-
hyde, viz. acetal [93], ethyl alcohol [14], and
chotine [Vol. IT], are referred to under furfural
[126; F; G; H].

[D.] Sorbitol [52] gives dextrose on
oxidation with dilute potassium per-
manganate solution ((lVineent- and Dela-
chanal, Comp. Rend. 108, 354), with
bromine and water (Zbid. 111, 51 : see
also TFischer, Ber. 28, 3686), or with
hydrogen peroxide and ferrous sulphate
(Fenton, Trans, Ch. Soc. 75, 10).

[E.] Levulose [155], under the in-
fluence of dilute caustic alkali, gives

with mannose and * glutose ’) dextrose
éLubry de Bruyn and Van Eckenstein,

tee. Tr. Ch. 14, 156 ; zcji; 18, 274 ;
282; Ber. 28, 3078). The salts of
weak organic acids at 100" and (to
a less extent) those of mineral acids
in aqueous solution are also capable
of transforming levulose into dext
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gngfi Proc. Ch. Soc. 18, 72; Trans. 77,
g6).

Graminin, a reserve ecarbohydrate
obtained from Arrkenatherum bulbosum,
appears to be a polysaccharide of levu-
lose (Harlay, Comp. Rend. 132, I,
423).

Manneotetrose (C,,H,,0,,), a sugar
contained in ‘manna,’ 15 resolved by
Aspergillus, by enzymes, and by hydro-
lysing agents generally into lmevulose
and manninotriose, C, H, O, The
latter contains the dextrose ;mzl galact-
ose complexes (Tanret, Comp. Rend.
134, 1586 ; Bull. Soc. [fg] 27, 947).

A l-sugar has been found in urine,
and this is probably levulose (Kiilz,
Zeit. Biol. 27, 228 ; Cotton, Bull. Sce.
[2] 88, 546). According to Bretet
(Ch. Centr. 1898, 1, 67), this sugar
occurs in diabetic urine. In certain
pathological cases lmvulose oceurs in
the wurine, serum, ascitic and pleural
fluids (Neuberg and Strauss, Zeit:
physiol. Ch. 38, 227).

SYNTHETICAL PROCESSES.

[A.] Dextrose [154] is converted into
the osazone by phenylhydrazine, the
osazone reduced by zine dust and acetic
acid to isoglucosamine, and the latter
decomposed by nitrous acid. Or the
osazone is (more conveniently) heated
with fuming hydrochloric acid and con-
verted into the glucosone. The latter
gives leevulose on reduction (see under
sorbitol [52; C]; also Fischer and
colleagues, Ber, 19, 1920; 20, 2564;
21, 2631 ; 23, 94; 28, 370; 2I2I).

Dextrose gives levulose among other
gugars under the influence of caustic
alkaline solutions (Lobry de Bruoyn and
Van Eckenstein ; see under dextrose
[154; E]).

Dextrose gives glucosone when oxi-
dised by hydrogen peroxide and ferrous
sulphate (Morrell and Crofts, Trans.
Ch. Soe. 756, 786; 81, 666), and this
can he reduced to levulose as above.

[B.] From d-mannose [IEEI] through
the osazone and osone, and then as
above (see under sorbitol [62; C]).

Laevulose is formed with other sugars
by the action of alkali on mannose

CARBOHYDRATES AND GLUCOSIDES
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(Lobry de Bruyn and Van Eckenstein,
Ree. Tr. Ch. 14, ¢8; 156; 203; 18,
2575 274 ; Ber. 28, 3078).

[C.] Mannifol [51], on oxidation by
air in presence of platinum black, or b
potassium permanganate or nitrie acid,
gives a mixture of mannose and levu-
lose (Gorup-Besanez, Ann. Chim. [3]
82, 489; Iwig and Hecht, Ber. 14,
1760; Dafert, Ber. 17, 224 ; [lid. Ref.
479 ; Fischer, Ber. 20, 831; Fischer
and Hirschberger, Ber. 21, 1805) ; also
by oxidation with nitroso-camphor
(Cazeneuve, Comp. Rend. 109, 185).

The oxidation of mannitol by bromine
water and sodium earbonate solution
also yields levulose (Fischer, Ber. 28,
3686).

156. d-Mannose; Seminose;:
Hexanepentolal.

H 1% I:[r) mlu
cuo—ijf——r.l:——c——c_—cn, . OH

Ll
HO HO H H

NATURAL SOURCES.

An anhydride of mannose oceurs in
the leaves of dmorphophalius konjac =
riviers, and mannose itself has been
extracted from the stalk (Tsukamoto,
Bull. Imp. Coll. Agrie. Tokio, 2, 408 ;
Journ. Ch. Soe. 72, Abst. 275: see
also Tsuji, lbid. 70, 44 ; Kinoshita,
1bid. 60).

Mannose occurs in ordinary cane-
sugar molasses, but it appears to result
from the heating of the ‘invert sugar’
with lime (Lobry de Bruyn, Ree. Tr.
Ch. 14, 125 ; 18, 257 ; 274)- :

The sugar contained in orange-peel 15

ossibly mannose (Flatau and Labbé,
jull. Soe. [g] 19, 408).

The mannans or mannosides found
in many plants contain the mannose
complex. Among such sources are
galep mucilage from the tubercles of
the root of Orchis morio (Gans and
Tollens, Ber. 21, 2150 ; Ann. 249, 2453
Fischer and Hirschberger, Ber. 23,
36 ; Hérissey, Comp. Rend. 184, 721),
and the reserve material contained in
many nuts, seeds, and berries, of which -
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(Winterstein, Zeit. physiol. Ch. 21,
152) ; and in gum extracted from yeast
by lime or alkali (Hessenland, Zeit. d.
Ver. f. Riibenzuckerindustrie, 1892,
p.671; Salkowski, Ber. 27, 497 ; Zeit.
physiol. Ch. 13, 506).

The woody tissue of eycads and coni-
fers and (to a small extent) that of
Ephedra distackya contains mannose-
yielding compounds (Bertrand, Comp.
Rend. 128, 1025).

Kotk :—For general distribution of mannan
in the wood of the sugar maple and throughout

the vegetable kingdom see Storer in the Bulletin
of Bussey Institution, ITI, No. 2, 1goa.

SYNTHETICAL PROCESSES.

[A.] From formic aldelyde [91]
through a-acrose, &ec., as under manni-
tol [51; A]. d-Mannonic acid gives
d-mannose on reduction with sodium
amalgam in acid solution (fe. cit.; also
Fischer, Ber. 22, 2204).

[B.] From glycerol [48] through a--

acrose, &c., as under mannitol [51; B].
[€.] From mannifol [51] with levu-
lose by oxidation (see under lmvulose
LIEE ; €]). Also by oxidation with
vdrogen peroxide and ferrous sulphate
(Fenton and Jackson, Trans. Ch. Soc.
75, 8).

[DJ::] From {fartaric acid gﬂfnl. IT]
through glycollic aldehyde and a-acrose
(see under mannitol [61; GJ).

[E.] Dertrose [164] gives mannose
(with levulose, glutose, and ¢-fructose
under the influence of alkali or 1
hydroxide (Lobry de Bruyn and Van
Eckenstein, Rec. Tr. Ch. 18, 257 ; 274)-

[F.] Levulose [166] gives mannose
with other sugars under the same con-
ditions as above (/bid. 14, 156 ; 203 ;
18, 274 ; 282; Ber. 28, 3078).

15%. Balicin ; Saligenin Glucoside.
HO.CH,. CﬂHi - D(DEI-IHDE,)

NATUEAL SOURCES.

In bark and leaves of Salix felix,
8. fpracor,) 8. pentandra, and other
species. Occurs also in bark and leaves
of Populus tremula, P. tremuloides, &c.
(Tischhavser, Ann. 7, 280), and in

CARBOHYDRATES AND GLUCOSIDES
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flower buds of Spireea ulmaria (Buchner,
Ann. 88, 324).

Oeccurs also in castoreum (Wohler,
Ann. 87, 360).

Nore :—For full references and list of species
see under saligenin [66].

SYNTHETICAL Process.

[A.] From salicylic aldehyde [117]
and dextrose [154}1. The latter is con-
verted into acetchlorglucose [C,H.,OCI
(C,H,0,),] (Colley, Comp. Rend. 70,
401; Ann, Chim. [4] 21, 363: see
also Konigs, Ber. 21, 2207; Fischer
and E. F. Armstrong, Sitz. Pr. Akad.
1901, 18, 316; F. v. Arlt, Monats. 22,
144 ; Skraup and Kremamn, Jd.
3%5; F. and E. F. A, Ber 34,
2885).  Salicylic aldehyde and acet-
chlorglucose in presence of potassium
ethoxide give the glucoside helicin
(Michael, Am. Ch. Journ. 1, 30g;
Comp. Rend. 89, 355; Ber. 12, 2260;
14, 21c0; 15, 1922 : see also Schiff, Ber.
14, 2559). e

Helicin on reduction with sodium
amalgam or zine and sulphuric aecid
gives salicin (Lisenko, Zeit. [1] 1864,
577 ; Michael, Am. Ch. Journ. 5, 172).

158. Populin; Benzoylsalicin.
(C,H,0,)CH,. C;H,. O(C,H,,0;)

NATURAL SOURCES.

In bark, leaves, and buds of Populus
tremula, P. nigra, P. pyramidalis, and
P, balsamifera (Braconnot, Ann. Chim.
%2‘] 44, 296 ; Berz. Jahresber. 11, 286 ;

iot and Pasteur, Comp. Rend. 34,
606 ; Piria, Ann, Chim. ]Eg,] 34, 278;
44, 366; Aonn. 81, 245; 96, 375;
Piccard, Ber. 8, 8go; Hallwachs, Ann.
101, 372; v. Lippmann, Ber. 12, 1648;
Herberger, Arch. Pharm. 46, 104 ; 47,

250).
SYNTHETICAL PROCESS.

A.] From salicin [167) and denzoic
acid [Vol. 11] by heating the glucoside
with benzoic anhydride (Schiff, Ann.
154, 5). .
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[B.] From frimethylamine [Vol. IT]
through methyl chloride by heating
the hydrochloride to 326" (Vincent,
Journ. Pharm. 54 30, 132 ; Jahresber.
1878, 1135), and then as above under G.

[1.] From formic acid [Vol. 11] and
methyl aleokol [18] through methyl
formate (Volhard, Ann. 178, 133).
The latter on extreme chlorination gives
perchlormethyl formate (Hentschel,
Journ. pr. Ch. [2] 86, 100; 214 ; 305),
and this decomposes in contact with
aluminium chloride with the formation
of carbon tetrachloride ([did. 308).

[3.] Allyl isothiocyanate PEE] gives
carbon disulphide among the products
obtained by heating with water at 1co-
105° (Gadamer, Arch. Pharm. 235, 53).

[K.] From gallic acid [Vol. 131]
through trichlor-aa-glyceric acid by
the action of hydrochloric acid and
potassium chlorate (Schreder, Ann, 177,
282). The trichloro-acid gives chloro-
form by the aetion of alkali in the cold.

[L.] From salicylic acid [Vol. 11]
through trichlor-aa-glyceric acid as
above.

[M.] From phenol [BD% through
trichlor-aa-glyceric acid as above.

[N.] Benzene [8; 1, &e.] by the action
of potassium chlorate and sulphurie acid
gives trichlorphenomalic acid, CCI,.
CO.CH:CH.COH (Carius, Ann.
142, 129 ; Kekulé and Strecker, Ann.
223, 170; Anschitz, Ann. 254, 152),
and this yields chloroform (with maleie
acid) on ]fea.ting with barium hydroxide
solution. Subsequent steps as under B.

161. Methyl Mercaptan ;
Methanethiol ; Methyl Sulphydrate.

CH,.SH

NATURAL SOURCES.

Among the products of anaecrobic
putrefaction of albumin (Nencki and
Sieber, Monats. 10, 526). The Bacilli
known to produce this compound from
serum albumin are Bacillus magnus, B.
spinosus, B. liguefaciens, and the anthrax
Clostridium.

Oceurs among the products of putre-

SULPHUR COMPOUNDS

[160 H-161 C.

faction of fish (Morer, Zeit. physiol.
Ch. 22, 514) and of elastin by anaerobic
micro-organisms (Zoja, Ihid. 23, 236).
Also among the products of in-
testinal decomposition of albumin (Ham-
marsten, ¢ Lehrbuch,” 3rd ed. 277) and,
possibly, in urine after taking as

({4id. 480; Nencki, Arch, exp. Path.
17).

A bacterium found in the urine of
a patient suffering from pneumeonia and
albuminaria cansed production of methyl
mercaptan (Karplus, Virch. Arch, 181,
210 ; Journ. Ch, Soe. 84, II, 335).

Lacilius  esterificans isolated from
putrefying litmus solution and Bae.
prapollens from the intestinal contents
decompose peptone infusions with the
production of mercaptan (? methyl)
among other products (Maassen, Ch.
Centr. 1899, 2, 1058).

A mercaptan (? methyl) is among the
products of the anaerobie putrefaction
of milk by Bacillus pﬂﬁrg'fE-M and by
the Bacilli of malignant edema and
of symptomatic anthrax (Bienstock,
Ch. Centr. 1go1, 1, 120g).

SYNTHETICAL PROCESSES.

[A.] From methyl a.-?m&aﬁl{lﬂ]. Sodium
methyl sulphate 1s distilled with potas-
sium hydrosulphide (Gregory, Ann. 15,
239; Obermeyer, Ber. 20,2918; Klason,
Ihid. 3407).

[B.] From fhiocyanic acid [174] and
methyl alcokol [18]. Potassium thio-
cyanate on distillation with ecaleium
methyl sulphate gives methyl thio-
cyanate (Cahours, Ann, Chim. [3] 18,
261; Ann. 6l, The latter on
heating to 180° yields (with the 1so-
thiocyanate) methyl thioeyanurate (Hof-
mann, Ber. 18, 1349),and this on heat-
ing with ammonia gives (with mel-
amine) methyl mercaptan (Hofmann,
Ber. 18, 2758; Obermeyer, Ber. 20,
2919). ) ;

[C.] Methyl sulphide [168] gives
methyl thiocyanate on heating with
eyanogen bromide (Cahours, Jahresber.
1875, 257). 'The latter is obtained by
the action of bromine on Aydrogen
cyanide 0}1?2 or its salts (Serullas,
Berz. Jahresber. 8, g4; Ann, Chim.
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165. SBecondary Butyl Isothiocyanate
or Thiocarbimide ;
0il of Bpoonwort.

CH,.CH,.CH(CH,). NC3

Natunraln Sourcr.

In oil of spoonwort or scurvy-grass,
Cocllearia officinalis (Hofmann, Ber. 2,
102; 7, 508 ; Gadamer, Arch. Pharm.
237, 92). According to Gadamar (foe.
eit.) it probably exists as glucoside in
the plant.

SYNTHETICAL PROCESSES.

[A.] From n-bulyl aleokol [17] and
carbon disulphide [160]. The aleohol
is converted into n-butylene through
n-butyl iodide (Linnemann, Ann. 161,
196) and the action of alcoholic potash
on the latter (Lieben and Rossi, Ann.
158, 164 ; Saytzeff, Journ. pr. Ch. [2]
3, 88; Grabowsky and Saytzeff, Ann.
179, 330). n-Butylene combines with
hydrogen iodide to form 2-iodobutane
=secondary butyl iodide (Wurtz, Ann,
152, 23 ; Saytzeff, Ber. 8, 870). The
latter, by the action of ammonia, gives
the amine = z-aminobutane (Hofmann,
Ber. 7, 513), and this on combination
with carbon disulphide in aleoholic or
ethereal solution, precipitation of the
product [di-(see.)-butyldithiocarbamate]
with mercuric chloride, and decomposi-
tion of the mercury compound by boiling
with water yields the isothiocyanate
Hofmann, Ber. 7, 512).

[B.] Tsobutyl aleokol [18] by the action
of hot zine chloride gives a mixture of
two butylenes, of which one is psendo-
butylene = symmetrical dimethylethyl-
ene (Nevolé, Bull. Soe. Fz 24, 122; Le
Bel and Greene, Am. Ch. Journ. 8, 23;
Bull. Soe. [2] 20, 306 ; Faworsky and
Desbout, Journ. pr. Ch. 51] 432, 152;
J. Wislicenus and Schmidt, Ann. 313,
210: see also Nef, Ann. 318, 28).
The latter combines with hydrogen
iodide to form secondary I.ml:yf' iodide,
which ean be converted into the amine
and treated with carbon disulplhide {13{}],
&ec., as above under A,

Isobutyl aleohol also gives pseudo-
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butylene' (with isobutylene) by the
action of sulphuric acid (Konowaloff,
Bull. Soc. [2] 84, 333; Puchot, Ann,
Chim, [53 28, 508), or by pyrogenie
contact decomposition by plom
crucible material (Ipatieff, Ber. 85,
1061).

Isobutyl chloride gives all three
butylenes on pyrogenic decomposition
by passing over heated lime (Nef, Ann.
818, 22).

Note :—For conversion of pseudobutylone
into methylethyl ketone see under methylacetyl
carbinol [44 ; D?;ut’.'l‘hﬂ ketone is convertible

into secondary ¥l aloohol and amine as
below under E.,

[C.] From metlyl aleoliol [18], glycerol
kma], and carbon disulphide [180].
lethyl aleohol is converted into methyl
iodide, and glyeerol into allyl iodi
(see under imgut;,rl aleohol [18; D).
A mixture of the two iodides on
treatment with sodium gives (by 1s0-
meric transformation ?) psendobutylene
(Wurtz, Bull, Soc. [2] 8, 265; Ann.
144, 235; Grosheintz, Bull. Soe. [2]
29, 201), which can be converted into
2-iodobutane, &c., as above.

[D.] From acetic aldehyde [92] and
carbon disulphide [1860]. Aldehyde is
convertible by the action of sulphuretted
hydrogen into a solid trithicaldehyde,
C,H,,S; (Weidenbusch, Ann. 86, 158 ;
Pinner, Ber. 4, 258 ; Klinger, Ber. 8,
1893; 11, 1024; Béttinger, Ber. 11,
2205; Friedel and Crafts, Ann. 124,
114; Baumann and Fromm, Ber. 23,
2602; 24, 1464; Fromm, Ber. 33,
2650), and this gives pseudobutylene
on heating with copper (Eltekoff, Ber.
]:GJ 1904}*

Or from aldehyde, ethyl aleokol P&],
and carbon disulphide. Zine ethyl and
aldehyde combine to form a compound,
which is decomposed by water with the
formation of 2-butanol (Wagner, Ann.
181, 261). Subsequent steps as below
under G.

Or aldehyde combines with hydrogen
chloride to form ethylidene oxychloride
= 1: 1'-dichlorether (Lieben, Comp.
Rend. 48, 662 ; Ann.108,336; Kessel,
Ann. 175, 44 ; Geuther, Ann. 218, 16),
which by the action of zine ethyl gives
secondary butyl ether, The latter on
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heating with hydriodie acid at 130°
yields 2-iodobutane (Kessel, /oc. cit.).

[B.] From angelic or {ligle acid
[Vol. II] and carbon disulphide [180]
through brom-methylethylacetic acid=
3-brombutane-z-carboxylic acid by com-
bination of either of the isomeric acids
with hydrogen bromide (Pagenstecher,
Ann. 195, 10g). Psendobutylene is
among the products of decomposition
of the bromo-acid by alkali (Idid. 113).

Or the acids can be combined with
hydrogen iodide (Schmidt, Ann. 208,
254 ; J. Wislicenus, Talbot, and Henze,
Ann. 813, 207) ; the products give the
stereo-isomeric pseudobutylenes on treat-
ment with alkali (W. T. and H. fec. cit. :
see also Ch. Centr. 1897, 2, 261).

.] Trom ethyl aleokol [14] and
earbon disulphide [180]. The aleohol
is converted into ether, and the latter
into 1 :2-dichlorether (Malaguti, Ann.
82, 15; Ann. Chim. [2] 70, 338; [3]
16, 5; I1g; lLieben, Ann. 111, 121;
123, 130; 188, 287; 141, 236; 148,
180; 160, 87). By the interaction of
dichlorether and zine efhyl ethylchlor-
ether = 2-ethyl-1-chlorbutyl ether is
obtained, and this on heating with
hydriodic acid at 140° gives 2-iodo-
butane (Lieben, Ann. 150, 96). Subse-
quent steps as above under A.

Or from ethyl alcohol through ethylene
glyeol [45]. The latter can be con-
verted into the iodhydrin = iodethyl
alecohol (Simpson, Proe. Roy. Soc. 10,
119 ; Butleroff and Ossokin, Ann, 144,
42 ; 145, 257), which by the action of
zine ethyl gives 2-butanol (B. and O.

Ann. 145, 263). Subsequent steps as
below under G. . s

Nore :—Generators of sthylene thus bacome,
with earbon disulphide, generators of secondary
butyl isothiocyanate,

[&.] From methyl and ethyl alcokols
[18; 14), formic acid [Vol. I1], and
carbon disulphide 160]. A mixfure of
methyl and ethyl iodides with formic
ethyl ester is treated with zine, and
the product decomposed by water so as
to give z2-butanol = secondary butyl
alcohol (Saytzeff, Ann. 176,374). The
aleohol can be converted into the corre-
eponding iodide (= 2-1odobutane) by the
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usual methods, and the latter into the
amine and isothioeyanate as before.

[H.] From ergthritol [60] and carlon
disulphide [180]. Erythritol on heat-
ing with hydriodic acid gives 2-iodo-
butane (De Luynes, Bull. Sce. [2] 2, 3;
Ann. 125, 252). Subsequent steps as
above under A.

[1.] Zhiveyanic acid [174] can be
converted into secondary butyl thio-
eyanate by interaction of the potassium
salt and secondary butyl dodide (see
above under G). The alkyl thiocyanate
is probably convertible into the isothio-
cyanate by the action of heat (general
method : see Hofmann, Ber. 18, 15350).

[3.] Isovaleric acid [Vol. 11 gives
a small quantity of pseudobutylene
among the produets of the dry distilla-
tion of the ealcium salt (Dilthey, Ber.
84, 211g). Subsequent steps as above
under B, &c.

[K.] From acetoacetic acid (ester)
[Vol. II] and methyl aleokol [183]
throungh methylethyl ketone (see under
methylacetyl carbinol [44 ; Bl] v lhe
ketone gives secondary butyl aleohol
on reduction (Norris and Green, Am.
Ch. Journ. 28, 293: for electrolytic
reduction see Elbs and Brand, Zeit.
Elektroch. 8, 783). The aleohol with
earbon disulphide gives the mustard oil
as above under G.

Nore :—The generators of methylethyl ke-
tone referrcd to under methylacety]l earbinol
[44, p. g5] thus become, with carbon disulphide,
generators of secondary butyl mustard oil :—
aeetic and propionic acids ; acefic and bwlyric aoids ;
cing methyl and propionyl chioride ; zine efhyl and
weetyl chioride; ethyl indide and acelic anhydride, &o,

[L.] From isoamyl alcokol [22] and
carbon disulphide [180]. The aleohol
Ewe:; pseudobutylene among the pro-

luets of pyrogenic contact decomposi-

tion by passing the vapour through
a hot iron tube (Wurtz, Ann. 104, 249 ;
Butleroff, Ann. 145, 277 ; Ipatieff, Ber.
85, 1053). From pseudobutylene as
ahnl::nvn ]un:ler B.

M.] From s-propyl alcokol [15
through n—hexuneﬂsé? under n-'lu[:x:_v]
aleohol [28; A]) and carfon disulphide.
Hexane gives, among other products,
n- and pseudobutylenes when mixed
with air and passed over heated platinum
(v. Stepski, Monats. 28, 773).
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[N.] From mannitol [51] through
hexane (see under n-hexyl aleohol [23;
B|) and carbon disulphide, and then as
above.

Note :—All generators of n-hexane referred
to under n-hexyl aleohol [23] thus become,
with earbon disulphide, generators of this mus-
tard oil. n-Hexyl aleohol itself is a generator
of hexane through n-hexyl iodide and reduction
of the latter.

166. Allyl Isothiocyanate or
Thiocarbimide ; Mustard 0il.

CH,:CH.CH,. NCS

NATURAL SOURCES.

Oceurs as glucoside, potassium myro-
nate or sinigrin, in black mustard from
the seeds of Sinapis nigra and 8. juncea.
(For references see Gildemeister and
Hoffmann’s ¢Die aetherischen Oele,’
p. 533; Gadamer, Arch. Pharm. 235,
44 ; Ber. 80, 2322.)

A glucoside (probably sinigrin) is
contained in horse-radish root, Cochicaria
armoracia (Hubatka, Ann. 47, 153;
Sani, Schimmel’s Ber. April 1894 ;
Gadamer, Arch. Pharm. 235, 577).

The root of garlic-mustard (Sisymn-
brium afliaria) gives an oil on distilla-
tion which apparently contains allyl
mustard oil (Wertheim, Ann. 52, 52 ;
Pless, Ann. 58, 38).

The plant and seeds of penny-cress,
Thiaspi arvense, give an oil which, ac-
cording to Pless (foc. cif. 36), contains
allyl mustard oil. The recent work of
Semmler (Arch. Pharm. 230, 4%4]
throws doubt on the existence of allyl
mustard oil in these two last plants.
According to Ritthausen (Journ. pr.
Ch. [2] 24, 273) sinigrin (potassium
myronate) ocenrs in the seeds of turnip,
Brassica rapa.

According to Bokorny (Ch. Zeit. 24,
miags B173 S%}} Tberis amara, I. wim-
bellata, and Sempervirens, BCUrvVy-
grass (Cochlearia gfficinalis), winter cab-
bage (Braasica oleracea), and radish (Ra-
phanus sativus), contain gome glucoside
which yields mustard oil (7 allyl) under
the influence of myrosin. (For occur-
rence of mustard o1l in seeds of Cruei-
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fere see also Jirgensen, Ch. Centr.
18g8, 2, g27; 1899, 2, 781).

Nore :—Many mustard oils which were at
one time thought to contain allyl have by
later investigation been proved to be isothio-
cyanates of other radicles,

SYNTHETICAL PROCESS.

[A.] From glyeerol [48] through
allyl iodide (see under isobutyl alcohol
[18; DJ) and thiocyanic acid [174], by
the distillation of potassium or silver
thiocyanate with allyl iodide (Zinin,
Ann. 85, 128 ; Berthelot and De Luea,
Ann, Chim. [3] 44, 495 ; Comp. Rend.
41, 21). The normal ester produced
at first is transformed into the mustard
oil by the action of the heat (Oeser,
Ann. 134, 7; Billeter, Ber. 8, 464;
Gerlich, Ann. 178, 8g).

Nore:—Sinigrin when hydrolysed at o® by
myrosin (the mustard seed enzyme) gives, with
allyl mustard oil, a trace of allyl thiccyanate
(E. Schmidt, Ber. 10, 187). The latter can ba
synthesised from ammoniom thicecyanate and
allyl bromide in aleoholic solution at o (Ger-
lich, loc. cit. 85), or from allyl iodide and potas-
sium hydrosulphide throughallyl mereaptan,
the lead compound of the latter giving allyl
thioeyanate on treatment with eyanogen chlor-
ide in ethereal solution (Billeter, loe. git.).

167. Crotonyl Isothiocyanate
or Thiocarbimide ;

Crotonyl Mustard 0il.

C,H,.NCS =
CH,:CH.CH,.CH,.N:C:S§ (?)

NATURAL SOURCES.

This mustard oil is apparently con-
tained in the oil-eake from rape seed
(Jiorgensen, Ch. Centr. 18gg, 2, 781;
Landw. Versuchs-Sta. 62, 269, &c.);
also in the seeds of Brassica glauca, B.
dichotoma, &e. (Ibid. Ch. Centr. 1898, 2,
g28), and . napus (Sjollema, Ree, Tr.
Ch. 20, 237).

SYNTHETICAL PROCESSES.

[A.] From isobutyl aleokol [18]
through isobutylene bromide (see under
isobutyl alcohol [18; A] and tertiary
butyl “alecohol [19; B]), and carfom:
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give the mustard oil by the general
method (Hofmann, Ber. 1, 201).

Benzamide, from ammonium benzoate
or from benzoyl chloride and ammonia,
gives benzylamine among the products
of its electrolytic reduction in sulphuric
acid (Baillie and Tafel, Ber. 32, 71).

Ethyl benzoate yields benzonitrile by
interaction with sodamide (Titherley,
Trans. Ch. Soc. 81, 1527).

Benzoie acid also gives benzonitrile
through benzoyl chloride, and the inter-
action of the latter with benzamide
(Sokoloff, Gerhardt’s ¢ Traité, &e.,” I,
383), or with potassium thiocyanate [174]
or cyanate (Limpricht, Ann. 99, 117;
Schiff, Ann. 101, g3). Also by the
interaction of cyanogen bromide and
potassium benzoate (Cahours, Ann, 108,
319; Ann, Chim. [3] 58, 200), of ben-
zoic acid and potassinm thiocyanate
(Letts, Ber. 5, 673) or lead thiocyanate
(Kriss, Ber. 17, 1767).

Also from benzoic and acefic acids
via acetophenone and mandelic acid (see
under benzoic aldehyde [114; @]), and
then through phenylbrom- and phenyl-
amino-acetic acid and benzylamine, &e.,
as below under B.

Benzoylchloride and mefdylamine| Vol.
II] give methylbenzamide (Van Rom-
burgh, Ree. Tr. Ch. 4, 388), which, by
the action of phosphorus pentachloride,
yields an imidochloride (v. Pechmann,
Ber. 28, 236?}1. Benzenylmethylimido-
chloride on heating decomposes into
methyl chloride and benzonitrile (I,
83, 611). The latter can be reduced to
benzylamine as above.

[B.] From benzoic aldehyde [114] and
earbon disulphide [160]. Benzaldoxime
by the action of acetic anhydride gives
benzonifrile (Lach, Ber. 17, 1571). Also
bg the action of monopersulphurie acid
(Caro’s reagent: Bamberger and Scheutz,
Ber. 84, 2023).
above.

Or benzaldoxime gives benzylamine
directly on reduction with sodium
amalgam and acetic acid (Goldschmidt,
Ber. 19, 3232). 4

Or the oxime (* syn-’ or ‘anti-’) by the
action of chlorine in chloroform solution
gives benzhydroximic chloride (Werner
and Buss, Ber. 27, 2197), which, by

Subsequent steps as
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interaction with hydroxylamine, yiclds
benzenyloxyamidoxime, C,H, . lg{:l"l' :
OH).NH.OH, and this gives benzo-
nitrile when treated with acetic anhy-
dride (Ley, Ber. 81, 2127).

Or benzaldehyde eyanhydrin (from
the aldehyde and Aydrogen cyanide {1’:2‘[[}
with alcoholic ammonia gives the nitrile
of phenylaminoacetic acid, from which
the acid can be obtained by hydrolysis
(Tiemann, Ber. 18, 383). The acid
yields benzylamine on gr_].r distillation
(Tiemann and Friedlinder, Ber. 14,
1969). Or the eyanhydrin hydrolyses
to mandelic acid (Winckler, Ann. 18,

10; Miller, Ber. 4, g80; Wallach,

nn. 193, 38), and this combines with
hydrogen bromide to form phenylbrom-
acetic acid (Glaser and Radziszewski,
Zeit. E'.-] 4, 142). The latter gives
phenylaminoacetic acid on heating with
aqueous ammonia (Stickenius, Ber. 11,
2002).

Benzoic aldehyde with aqueous ammo-
nia yields ¢ hydrobenzamide’ (Laurent,
Ann, 21, 130; Rochleder, Ann. 41, 8g),
and the latter gives benzylamine (with
toluene) by reduction in aleoholic solu-
tion with sodium (O, Fischer, Ber. 18,

48).

i B}enzoic aldehyde phenylhydrazone
reduces to benzylamine (and aniline
with sodium amalgam and acetic aci

(Tafel, Ber. 19, 1928), or by electroly-
sis (Tafel and Pfeffermann, Ber. 35,
1510).

EBe::lzuie aldehyde and y{wﬂ?nl. 111
erive benzylamine when heated to 130
(Curtius and Lederer, Ber. 18, 2463 ;
Erlenmeyer, junr., Ber. 80, 1528).

Benzylamine is among the products
formed E}f heating benzoic aldehyde with
ammonium formate [Vol. I1] (Leuckart
and Bach, Ber. 19, 2128). :

[C.] Hippuric acid [Vol. II] gives
benzonitrile on heating per se or with
zing chloride (Limpricht and Uslar, Ann.
88, 133; Gossmann, Ann. 100, 74)
Subsequent steps throngh benzylamine
and with cardon disulphide as before.

[D.] From phenylacetic acid [Vol. 11]
through the bromo-acid (Radziszewskl,
Ber. 2, 208), the phenylamino-acid as
above under B, and benzylamine with
carbon disulphide as before.
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170. Phenylethyl Isothiocyanate,
Thiocarbimide, or Mustard Oil.

C,H,.CH,.CH,.NCS

NATURAL SouRrces.

Occurs in the ethereal oil of the
water-cress, Nasturtium officinale, and
the winter-cress, Barbarea preecox. The
glucoside (gluconasturtiin) exists as
potassium salt in the seeds of these
plants (Gadamer, Ber. 82,2339 ; Arch,
Pharm. 237, 507). According to Ber-
tram and Walbaum (Journ. pr. Ch, [ﬂ
50, 557), this mustard oil is contain
in the ethereal oil from the roots of
Reseda,

SYNTHETICAL PROCESSES.

[A.] From foluene [54; A, &ec.] and
potassium cyanide [172] through benzyl

cyanide (]Hee under benzyl mustard oil

169 ; H|) and carbon disulphide [180].

enzyl cyanide on reduction gives -
phenylethylamine (Spica and Colombo,
Gazz. 5,124; Bernthsen, Ann. 184, 704 ;
Spica, Jahresber. 1879, 440; Laden-
burg, Ber. 19, 783). The amine gives
the mustard oil by the general method
(Neubert, Ber. 19, 1825).

The nitrile of symmetrical triphenyl-
glutaric acid, obtained by the condensa-
tion of benzyl cyanide with denzvic
aldelyde %14 by means of sodium
ethylate (Meyer, Ann. 250, 156), gives
w-phenylethylamine on reduction with
sodium in alcoholic solution (Henze,
Ber. 31, 3065).

Or benzyl chloride can be combined
with the sodium compound of clfor-
malonic ester [Vol, Illj0 (Conrad and
Bischoff, Ann. 209, 21g) so as to give
benzyl chlormalonate (Conrad, foe. cif.
243). The latter, on treatment with
potassium or barium hydroxide, gives
benzyltartronic acid (Ibid. 245), and
this yields phenyl-a-lactic acid on heat-
ing at 160-180" (bid. 247). Subsequent
steps as below under D.

Also from benzene [@ ; 1,&e.] through
ethylbenzene (see under phlorol [64 ;
Al). The compound of the latter with
chromium oxychloride is decomposed
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br water with the formation of a-toluie
aldehyde (Etard, Ann. Chim. ]!')5] 22,
248), the oxime of which (Dollfus,
Ber. 25, 1917) gives phenylethylamine
on reduction (Bischler and Napieralski,
Ber. 26, 1905). ILthylbenzene also
yields a-toluic aldehyde among the pro-
ducts of its oxidation by potassium
persulphate (Moritz and Wolffenstein,
Ber. 82, 434).

Or from ethylbenzene through styr-
ene bromide (see under styrene [7; A]),
and then as below under B.

[B.] Styrene [7] gives ethylbenzene
(see under phlorol [64 ; B]), which, with
carbon disulphide [1680], yields the mus-
tard oil as above under A.

Or styrene can be combined with
bromine, and the bromide converted
into the glycol (see under benzoic alde-
hyde [114; B]). The latter on heating
with 20 per cent. sulphuric acid gives
a-toluic aldehyde (Zincke, Ber. 11, 1402 ;
Ann. 216, 301; also Tiffencau, Comp.
Rend. 134, 1505), which can be con-
verted into phenylethylamine as above
under A.

Or styrene, by the action of iodine in
presence of mercurie oxide, gives an
iodo-derivative, which yields a-toluie
aldehyde on treatment with silver nitrate
(Bougault, Comp. Rend. 131, 529).

[C.] From {farfaric or racemic acid
[Vol. II], and n-propyt aleokol [16],
and carbon disulphide [180], throug
pyroracemic acid and propionic alde-
hyde, ethylisophthalic acid, ethylben-
zene, &e. (see under phlorol T_E-i 3 J])

Note :—Generators of pyroracemic acid are
given under benzyl aleohol [54 ; F; I; M, &c.].

[D.] From fdenzoic aldehyde 114%'
aleokol [14], acetic acid [Vol. II], an
carbon  disulphide [160]. Chloracetic
ester and benzoie aldehyde on treatment
with sodium in alecholic solution give
the ester of A-phenyloxyacrylic =
phenylglyeidie acid (Erlenmeyer, Ann.
271, 153). The latter yields a-toluie
aldehyde on distillation with dilute
sulphuric acid (Baeyer, Ber. 18, 304:
see also Glaser, Ann, 147, 100). Phenyl-
glyeidic acid decomposes at ordinary
temperatures into a-toluic aldehyde and
carbon dioxide (Erlenmeyer, Ber. 183,

308).
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deval, Comp. Rend. 60, 1100 ; Hempel,
Ber. 23, 3390; De Lambilly, Journ,
Soe. Ch. Ind. 11, 604; 1006 ; Young,
Eng. Pat. 24856 of 1893 : for technical
production of eyanides from atmospherie
nitrogen or ammonia and carbon in
presence of fused alkali see also Plleger’s
Germ. Pats. 88115 of 18g4 and
89594 of 18g5; Ber. 29, Ref. 748 and
1197 ; Stassfurter Ch. Fab., Eng. Pats.
9350, 9351, and 9352 of 1goo; Journ,
Soe. Ch. Ind. 20, 77: for production
of cyanides from atmospheric nitrogen
and fused alkali in presence of carbon
and iron see Victor Alder’s Germ. Pats.

12351 of 1880; Ber. 14, 1126; 18945

of 1881 ; Ber. 15, 1776; also Tauber,
Ber. 82, 3152: for production of
barium eyanide from barium earbide
and atmospheric nitrogen in the electric
furnace see Bradleyand Jacobs, Eng. Pat.
7558 of 1goo; for manufactureof caleinm
cyanide and cyanamide by means of
the electric furnace from caleium carbide
and nitrogen see Erlwein and Frank,
Amer. Pat. 708333 of 1902 ; Journ, Soc.
Ch. Ind. 21, 1232; Erlwein, Zeit.
angew. Ch. 18, 533 : for production of
hydrogen cyanide from metallie cyan-
ides see Feld’s Eng. Pat. 24904 of
1got ; Journ. Soe. Ch. Ind. 21, 1553).

Potassium eyanide is formed by pass-
ing carbon monoxide and nitrogen over
a fused mixture of potassium carbonate
and carbon (Possoz and Boissiére, Wag-
ner’s Jahresher. 1855, 83, from the
 London Journ. of Arts,’ 1845, 380),
or by passing carbon monoxide and
ammonia through a fused mixture of
potassium hydroxide and carbon (Young
and Macfarlane, Eng. Pat. 309z of
18g2).

Sodamide gives sodium cyanide when
heated in an atmosphere of carbon
monoxide (Beilstein and Geuther, Ann.
108, g1 ; Conroy, Journ. Soe. Ch. Ind.
15, §)-

Fused sodium in contact with earbon
gives sodium cyanide when heated in
an atmosphere of ammonia, sodamide
and cyanamide being formed as inter-
mediate products (Castner, Eng. Pats.
12218 and 12219 of 18g4: see also
Deutsch.Gold- u.Silber-Scheide-Anstalt,
&e., Germ. Pat. 126241 of 1900; Ch,

COMPOUNDS [172 A.
Centr. 1901, 2, 1184; Eng. Pats
21820 of 1900 and 3329 of 1go1; Joumn.
Soe, Ch. Ind. 20, 1113 and 21, 345;
also Darling, Journ. Franklin Inst. Jan,
1902). Barium cyanide is formed by
passing carbon monoxide over heated
barium nitride (Maquenne, Comp. Rend.
114, 221). :
Ammonium cyanide is formed when
ammonia is passed over heated carbon
(Kuhlmann, Ann. 88, 62; Journ. pr.
Ch. 18, 482 ; Lance, Comp. Rend. 124,
819; Lance and De Bourgade, Germ.
Pat. 100775 of 1897; Ch. Centr. 18gg,
1, 766 ; Eng. Pat. 26326 of 1897 : for
production of ammonium eyanide by
passing ammoniacal gases over heated
‘contact *  eurfaces see Besenfelder's
Germ. Pat. 120264 of 19oo; Ch. Centr,
1901, 1, 1125; 122144 of 1goo;
Ihid. 2, 379: for ecarlier work on
the production of eyanides from ammo-
nia and carbon see also Clouet, Ann,
Chim. 11, 30 ; Bonjour, Scherer’s Journ.
2, 621; Schrider, fhid, 626 ; 628 ;
Langloig, Journ. pr. Ch. 28, 232 ; Berz,
Jahresher. 23, 84; Ann. 88, 64: for
historical summary to 1842 see Erdmann
and Marchand, Journ. pr. Ch. 28, 411.
Scheele obtained potassinm cyanide from
a fused mixture of ‘tartar’ and coal
or graphite and ammonium chloride,
¢ Simmtliche phys. u. chem. Werke,’
Hermbstadt, Vol. 11, p. 345).
Potassinm cyanide is formed when
ammonia is passed into a heated mix-
ture of carbon and potassinm carbonate
or hydroxide (Desfosses, foe, cif, ; Kuhl-
mann, foc. ¢if, ; Grineberg, Flemming,
and Siepermann, Eng. Pat. 13697 of
1889 ; Beilby, Eng. Pat. 4820 of 1891;
Siepermann, Eng. Pat. 13754 of Iﬁgi;
Riepe, Germ. Pat. 105051 of 18g8; Ch.
Centr. 1899, 2, 1080). :
Sodium cyanide is formed by pnsmngf'
ammonia over a heated mixture o
sodium carbonate and zine with or with-
out carbon (Hood and Salamon, Eng.
Pat. 21239 of 1893). Alkaline cyanides
are formed by passing ammonia over
a mixture of alkaline sulphide and
charcoal at a red heat (Grossmann, Eng.
Pat. 24011 of 18gg; also Germ. Pat.
121555 of 19cc; Ch. Centr. 1901, 2,
68). Ammonium chloride and borax
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nitro-derivatives of which give hy-
drogen cyanide among the products
of the action of alkali (Hiibner and
Post, Ber. 5, 408). From benzene via
nitrobenzene, phenylhydroxylamine, and
nitrosobenzene. The latter gives hy-
drogen cyanide among the produects of
the action of alkali (Bamberger, Ber.
33, 1939). y

Or from hbenzene through trichlor-
phenomalic acid (see under carbon di-
sulphide [160; N]) and chloroform,
and then as under E below.

Or from foluene [54 ; A, &c.] through
o-nitrotolnene and o-toluidine, the latter
giving hydrogen cyanide by the action
of sodium hypochlorite (Meigen and
Normann, Ber. 33, 2714).

[D.] From phenol [80], hydrogen
c{ani{le being among the products of
the action of alkali on the nitro-deriva-
tives (Hiibner and Post, as above: see
also Wedekind and Hiussermann, Ber.
85, 1133). :

From phenol and ethyl alcokol
[14] through coumarone (see under
phlorol [64; ﬂ:!} and nitrocoumarone
(see under salicylic aldehyde [117; A]).
The latter gives hydrogen cyanide
among the produets of its decomposition
by sodium ethylate (Stoermer and Kah-
lert, Ber. 85, 1640).

[B.] From ethyl aleokol [14] through
chloroform (see under methane [1; DJ).
Hydrogen cyanide is formed by passing
ammonia and chloroform vapour through
a hot tube, or by heating chloroform and
aleoholic ammonia to 18c-1g0” (Heintz,
Ann. 100, 369 ; Cloéz, Jahresber. 1858,
345). Also by the action of caustic
potash on chloroform in presence of
aqueous ammonia (Hofmann, Ann, 144,
116).

;ﬂ?lcuhnl also gives hydrogen cyanide
among the products of its oxidation by
nitric acid, possibly through the forma-
tion of an oximido-compound (Gill and
Meusel, Zeit. [2] 5, 66; Hantzsch,
Ann, 222, 65).

Or from aleohol through glyoxal by
oxidation with nitrie acid (Debus, Ann.
102, 20; 107, 199; 110, 316; 118,
253). The oxime (glyoxime) gives
eyanogen on heating with acetic anhy-
dride (Lach, Ber. 17, 1573), and this

COMPOUNDS [172 C-7.
can be converted into hydrogen cyanide
as above under A.

Nore ;:—The following compounds thus be-
eome, through chloroform, generators of hydro-
gon eyanide (see under carbon disulphide [180 ;
D; B; F; K; Li; M]):—

Acolone [108] ; aldehyde [02] ; acefic, gallic, or
salfeylic acid [Vol. II}; phenol [80]. The last
three through trichlor-sa-glyeerie acid and
chloroform.

FE'.] From jformie aldelyde |91], the
polymeric oxime of which gives hydro-
gen cyanide on sudden heating (Scholl,
Ber. 24, 577). Or formoxime yields
hydrogen cyanide on dehydration by
phosphorus  pentoxide (Dunstan and
Bossi, Trans, Ch. Soc. 73, 360).

[6G.] From idsobutyric aldehyds [94]
through the a-brom-paraldehyde by
bromination (Franke, Monats. 21, 205).
The latter gives an oxime which, by
the action of acetic anhydride, yields a
resinous nitrile which i1s decomposed by
sodium carbonate into hydrogen cyanide
and acetone (1. 210 see also under
acetone [108 ; DD]).

[H.] Dextrose, levulose [154; 165],
and many sugars give hydrogen eyanide
among the products of their oxidation
by nitric acid (Hantzsch, Ann, 223,
65 : for production from saccharose see
Burls, Evans, and Desch, Ch. News. 88,

5)
! [X.] From formie acid [Vol. IIF by
heating the dry ammonium salt (Pelonze
and Dibereiner, Ann. 2, go), or by dis-
tilling this salt or formamide with phos-
phorus pentoxide (Lorin, Ann. 133,
255 ; Hofmann, Journ. pr. Ch. 81, 61 ;
Journ. Ch. Sce. 16, 74). By distilling
ammonium formate (or fumm:dgg into
heated potash potassium cyamde 15
formed (Gloek, Germ. Pat. 108152 of
189g; Ch. Centr. 1900, 1, 1115).

Or phospham, when heated with for-
mie acid, gives at 150-200° hydrogen
eyanide (Vidal, Germ, Pat. 101391 of
1898 ; Ch. Centr. 1899, 1, g6o; also
Eng. Pat. 4227 of 18¢8; Journ. Soc.
Ch. Ind. 18, 398).

[3.] From aectic acid [Vol. 1I], dry
godinm acetate giving the cyanide (15
p.c.) on heating with a nitrite (Warren,
Ch. News, 72, 40; Kerp, Ber. 80, 610:
sop also Roussin, Comp. Rend. 47, 875)-
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tube, gives hyd and ammonium
cyanides (Willm, Bull. Soc. [2] 41,

9)-

[V.] From metlane [1] and nitrogen,
which give ammonium cyanide under
the influence of the silent electric dis-
charge (Figuier, Bull. Soc. [2] 48, 61).

[W.] From succinic acid [Vol. II]
through acetylenedicarboxylic acid (see
under methane [1; T]). The silver
salt of the latter on treatment with
strong nitric acid is decomposed with
the formation of silver eyanide.

[X.] From jfumaric acid [Vol. II]
through dibromsuceinic acid and acety-
lenedicarboxylic acid (see under me-
thane [1; U]), and then as above,

[¥.] From metiyl alcokol [13] through
methyliodide and nitromethane (Bewad,
Journ. Russ. Soc. 24, 126 ; V. Meyer,
Ann. 171, 32). From the latter through
methazonie acid as above under J. Ni-
tromethane is also among the products
of interaction of dimethyl sulphate and
a nitrite(Kaufler and Pomeranz, Monats.
22, 492).

[2.] From ethylamine [Vol. IIJ,
hydrogen cyanide being among the
products of pyrogenic decomposition
(Muller, Bull. Eﬂc,g] 45, 438).

[AA.] From malonic acid [Vol, II]
and ethyl alcokol [14]. Ethyl malonate
on nitration gives a nitromalonic ester,
and this on heating with water at 160°
yields hydrogen eyanide among other
products (Wahl, Comp. Rend. 132,
1050).

[BB.] From glycerol [48] through
allyl aleohol (see under ethyl alcohol
(14 ; G]). The latter gives glyoxal by
‘ contact’ oxidation over heated plati-
num (Trillat, Comp. Rend. 133, 822).
From glyoxal as above under E.

[cC.] From coumarin [Vol. I]:I
through coumarone (see under phloro
[64; D]), and then throngh nitrocou-
marone as above under D,

[DD.] From salicylic aldehyde [117]
and acefie acid [Vol. ]19 through
eoumarone (see under phlorol [64 ; EJ),
and then as above under D.

[EE.] From cinnamic acid [Vol. II}
through coumarone (see under phloro
[64 ; ¥]), and then as above.

[FF.] From lysine [ Vol 11],hydrogen

COMPOUNDS [172 U-174,
eyanide being among the products of
oxidation by barium permanganate
(Zickgraf, Ber. 35, 3401).

[¢G.] Urea [Vol. 1I] gives zine
eyanide on heating with zine dust
(Aufschliger, Monats. 13, 268).

Organic Cyanides.

Nore:—The eyanides of allyl, benzyl, and
phenylethyl which, chiefly on the authority of
Hofmann (Ber. 7, 518 ; 520 ; 1203), are included
among the products unntaineg in the oils of
black and white mustard seed and of various
eresses, are now known not to cecur as suech in
the plants, but to result as secondary products
of decomposition of the corresponding mustard
oils (Gadamer, Arch. Pharm. 237, 111 ; Ber.
32, 2336 ; Ter Meulen, Rec. Tr. Ch. 19, 37).

173. Isocyanacetic Acid.
CN.CH,.COOH

NATURAL SOURCE.

This acid, on the authority of Calmels
(Bull, Soc. [2] 42, 266), is said to have
been found in toads.

SYNTHETICAL PROCESSES.

[A.] From acefic acid [Vol. II]
the interaction of the bromo-acid a
silver cyanide [172] (Calmels, loc. cit.).

[B.] From glycocoll [Vol. II] by the
action of edloraform [1; D] in presence
of caustic potash ([lud.).

174. Thiocyanic Acid;
NC.SH

NATURAL SOURCES.

Allyl thioeyanate is possibly present
in traces with the isothiocyanate m
allyl mustard oil (see latter [166 for
natural sources: also Schmidt, ber
10, 187 ; Gildemeister and Hoffmann,
¢ Die aetherischen Oele,’ p. 538)-

Potassium thiocyanate occurs 1n the
urine of man, dogs, horses, and cattle,
and also in saliva and gastric juice. (For
oceurrence in urine see Munk, Virchow s
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SYNTHETICAL PRrocrsszs.

[A.] From wmalonic and owalic acids
[Vol. IT], acetone [108], and methyl and
ethyl aleofols [18; 14]. Acetone is
converted into mesityl oxide (see under
acetone 9Elll:lﬂ; 8, p. 179]), the latter
condensed with sodio-malonie ester in
alcoholie solution by means of sodium
ethoxide so as to form dimethylhydro-
resorcylic ester, and the ester decom-
posed :i)y heating with barium hydroxide
solution in order to obtain dimethyl-
hydroresorcinol (Komppa, Ber. 32,
1422 : see also Vorlinder, Ann. 204,
314). The latter, on oxidation by
sodium hypobromite, yields pg-di-
methylglutaric acid (K. foe. eit. 1423).
The dimethyl ester of this last acid and
oxalic ester condense under the influence
of sodium ethylate to form diketoapo-
camphorie ester (fhid. 1424 ; 34, 2472).
By the action of sodium and methyl
iodide the latter is converted into di-
ketocamphorie ester, and this, on reduc-
tion in sodium carbonate solution by
means of sodium amalgam, gives the
corresponding dihydroxycamphoric acid,
which, on heating with a strong solu-
tion of hydriodie acid in presence of red
phosphorus, yields a racemic dehydro-
camphoric acid. The latter combines
with hydrogen bromide, when heated
with an acetic acid solution of the
hydracid, to form a saturated S3-brom-
camphoric acid. The bromo-acid on
reduction with zine dust and acetic acid
gives a syrupy mixture of acids, from
which, by the action of acetyl chloride,
eamphoriec anhydride is obtained, and
this, on solution in alkali and precipita-
tion by acid, yields racemic camphorie
acid ([bid. 38, 4332-4335).

Camphoric anhydride on reduction
in alcoholie solution with sodium amal-
gam is converted into ¢campholide’
= CtH“{%%*}D (Haller, Comp. Rend.
122, 293), and this on heating with
a solution of potassium ecyanide is
converted into ¢ eyancampholic acid’
(= homocamphoric nitrile), from which
homocamphoric acid can be obtained
by hydrolysis. The lead or calcium
galt of this acid on dry distillation
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3] 15, 324 ; Haller and Blanc, Comp.
end. 180, 376 ; Bredt and Rosenberg,
Ann. 289, 1).

Nore : —88-Dimethylglutarie acid has been
obtained also by the condensation of dimethyl-
acrylic ester (obtained from a-bromisovalerie
ester) and sodio-malonic ester and decomposi-
tion and hydrolysis of the dimethylpropane-
tricarboxylic ester thus obtained (Auwers, Ber,
28, 1130; W. H. Perkin, junr,, and Goodwin,
Trans. Ch. Soc. 88, 1472).

[B.] Borneol [178] gives camphor on
oxidation by nitric acid (Pelouze, Ann,
40, 328 ; iiuntgnlﬁer, Comp. Rend.
88, 915; Ann. Chim. [5] 14, 20.
l-Borneol gives ordinary (d-) camphor
(Montgolfier, Ann. Chim. [El;l 14, 29:
compare Pope and Harvey, Trans. Ch.
Soe. 79, 76).

[C.] Camphene [177] gives camphor
on contact oxidation by heated spongy
platinum (Berthelot, Ann. 110, 367),
or by chromic acid mixture (Riban,
Bull. Soc. [2] 24, 19; Armstrong and
Tilden, Trans. Ch. Soc. 85, 756; Ber.
12, 1750).

Eliehls camphor (lhid. 446 : Bull. Soe.

176. Borneol.
H,C CH CH,
l H,C. & CH, ‘ (%)
: {*I; CH.O0H
CH,

NATURAL SOURCES.

d-Borneol occurs in the pith cavities
of the trunk of Dryobalanops camphora
(= aromatica) from Borneo, Sumatra,
Labuan and Jahore in the Straits
Settlements (Martius, Ann. 27, 63;
Pelouze, Comp. Rend. 11, 365; Ann.
40, 326; Gerhardt, Ann. 45, 38), in
oil of spike from JZavandula spica
(Bruylants, Journ. Pharm. [4] 30, 139;
Ch. Centr. 1879, 616; Bouchardat,
Comp. Rend. 108, 551 ; 117, 53 ; 1094),
in ol of rosemary from Hosmarinus
officinalis (Bruylants, Jomrn. Pharm.
[4] 28, 508; Pharm. Journ. R%J 10,
327 ; Jahresber. 1879, g44; Weber,
Ann, 288, H%; Gildemeister and S_tE-
phan, Arch. Pharm. 235, 585; Schim-
mel’s Ber. Oct. 18¢7; Ch. Centr. 1898,
1, 258), in Siam cardamom oil from

e

o
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from the Japanese Faleriana officinalis
var, angustifolia (IB. and W, Joc. cif. 18),
and in French oil of valerian (Oliviero,
Comp. Rend. 117, 1096 ; Bull. Soe. [3]
11, 150; 13, g17). d-Camphene is con-
tained in o1l of ginger (Schimmel’s
Ber, Oct. 18¢g3; B. and W. e, cit),
in o1l of sweet orange (néroli oil from
flowers) (Theulier, Bull. Soc. [3] a7,
278 : see also Hesse and Zeitschel,
Journ. pr. Ch. [2] @8, 481), in oil of
spike from Lavandula spica (Bouchardat,
Comp. Rend. 117, mgq.},and in American
oil of turpentine (Schimmel’s Ber. Oct.
18g7 : see also Armstrong and Tilden
as below).

1-Camphene oceurs in oil of rosemary

(Gildemeister and Stephan, Arch.
Pharm, 235, 586; Schimmel’s Ber.
Oct. 18g97).

A camphene is contained in Russian
oil of turpentine, probably from Afdies
(Pinus) sibirica (Golubeff, Journ. Russ.
Soc. 20, 585; Ch. Centr. 1888, 2,
1622), in French turpentine oil, and
probably in other pinene-containing
oils from Conifere (Armstrong and
Tilden, Ber. 12, 1753 ; Trans. Ch. Soc.
35, 742; Power and Kleber, Pharm.
Rund. 12, 16 ; Bouchardat and Lafont,
Comp. Rend. 118, 551 ; 125, 111).

SYNTHETICAL PROCESSES.

[A.] From lorneol [176] by heating
with hydrogen potassium sulphate fo
200” (Wallach, Ann. 230, 23g), or with
dilute sulphuric acid to 60-100" (Kono-
waloff, Journ. Russ. Soc. 83, 76). Or
borneol can be converted into bornyl
chloride by heating with hydrochlorie
acid (Berthelot, Ann. 113, 366), or with
phosphorus pentachloride &’V allach, foe.
eit. 231; Kachler, Ber. 11, 460 ; Ann.
187, g3). The chloride gives camphene
on heating with alcoholie potash (Riban,
Ann. Chim. [5] 8, 3&3}, with water and
magnesium oxide (Kachler, Ann. 197,
g6), or with aniline (Wallach, loe. eit.
233; Ber. 25, g16). Water alone
decomposes the chloride with the forma-
tion of camphene (Kachler and Spitzer,
Ann. 200, 342 ; Riban, foe. cif, 382).

[B.] Camphor [1'?5] on heating with
ammonium formate gives formylbornyl-
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amine ( Leuckart and Bach, Ber. 20,104 ;
Wallach and Griepenkerl, Ann. 269,
]?]»4?]; and this yields bornylamine on
ydrolysis with hydrochloric acid. The
amine or its formyl derivative gives
camphene on heating to 200-210° with
acetic anhydride (W. and G. loc. cif.
349). Or camphor by the action of
phosphorus pentachloride at ordinary
temperatures gives camphor chloride,
C,H,Cl, (Spitzer, Ann. 198, 262),
and this on treatment with sodium in
ethereal solution yields a camphene
(Kachler, Ann. 187, 127; K. and
Spitzer, Ann. 200, 341; Montgolfier,
Ann., Chim. [5] 14, 104).

Camphor the action of sodium
gives (with d-bornecl) isoborneol (Ber-
tram and Walbaum, Journ. pr. Ch. [ 2]
49, 15), and this yields camphene on
heating in benzene solution with zine
chloride or on boiling with dilute sul-
phuric acid (Zid. 8). Isoborneol also
gives camphene by heating to 220°
with zine dost (Semmler, Ber. 383,

735)-

Nore:—Bornylamine is among the products
formed by the reduction of camphoroxime with
sodium in aleoholic solution (Leuckart and
Bach, Ber. 20, 104 : for electrolytic reduction
of the oxime to bornylamine, see Bohringer
and Sothne, Germ. Pat. 141346 ; Journ.
Soc. 84, I, 551).

Camphor may also be converted into
borneol [as under 176, A], and the
latter treated as above under A.

178. Menthene ;

Tetrahydro-p-Cymene ;
1-Methyl-4-methoethyl-
3-cyclohexene.

o,

OH
H,ff/\‘cm
i

H,C C

CH,. CH. CH,

NATURAL SOURCE.

to Labbé menthene is

Accordin
4 oil of thyme (Bull. Soc.

contained in
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180. Quercetin ;
1:3:3':4.Tetrahydroxyflavonol.

NATURAL SOURCES.

The sources of quercetin are given
under catechol [89, pp. 138, 139]. To
these must be added Prunus spinosa,
Fiola odorata, and Trifolium repens,
white clover, in which the colouring-
matter has been found (A. G. Perkin
and Phipps, Trans. Ch. Soc. 85, 56).
Globulariacitrin, a glucoso-rhamnoside
of quercetin, is contained in Globularia
alypum (Tiemann, Arch. Pharm. 241,

28g).

SYNTHETICAT. PROCESS,

[A.] From phioroglucinol [ B8], vanillin
[121], acetic acid [Vol. IT], and methy!
alcokol [18]. Phloroglucinol dimethyl
ether (see under hydmmta'in&lﬂi; A,
p- 231]) is condensed with acetyl
chloride so as to form phloroaceto-
phenone dimethyl ether (see under
chrysin [188; A, p. 233]), and the
latter by condensation with vanillin
methyl ether (veratric aldehyde) con-
verted into 2'-hydroxy-4!:6': 3: 4-
tetramethoxychalkone :—

\{}H

H,0.0

LﬂﬂH :CH[1].C,H,(OCH;),[3: 4]
0.CH,

The latter on heating with aleoholic
hydrochlorie acid is converted into 1:
3 : 31 : 4'-tetramethoxyflavanone, from
which the isonitroso-derivative is ob-
tained by the action of amyl nitrite.
On heating with dilute sulphuric acid
in acetic acid the isonitroso-derivative
forms 1 : 3 : 3': 4'-tetramethoxyflavonol,
which is demethylated and converted
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into quercetin by heating with stro
hydriodic acid (Kostanecki, Lampe, an
Tambor, Ber. 87, 1402).

181. Eampherol;
1:3:4'-Trihydroxyfavonol.

Ho/\/O\L_ e
4 om
8 Uﬂ/

NATURAL SOURCES.

Natural sources of kampherol are

given under phloroglucinol [86, p. 161,
and this appendix, p. 287].

SyNTHETICAL PROCESS.
[A.] From phloroglucinol [88], anisic
aldehyde [120], acefic acid [Vol. IIJ,
and methy! aleoko! [18]. Phloraceto-
phenone dimethyl ether (see under
chrysin [188; A, p. 233]) and anisic
aldehyde condense in aleoholic solution
in presence of sodium hydroxide to form
2! -hydroxy-4': 6! : 4-trimethoxychalk-
one :—

H,C.0 O

0.CH : CH[1]. C,H,(0CH,)[4]
. CH,

(Kostanecki and Tambor, Ber. 87, 792).
The latter, on boiling its aleoholic solu-
tion with dilute sulphuric acid, is con-
verted into 1: 3:4'-trimethoxyflavanone,
which by the action of nitrous acid
(amy] nitrite) yields isonitroso-1:3: 4'-
trimethoxyflavanone. On heating with
dilute mineral acids the isomitroso-
derivative gives 1:3:4'-trimethoxy-
flavonol, and this, on demethylation by
heating with stm% hydriodie acid,
yields kampherol (Kostanecki, Lampe,
and Tambor, Ber. 87, 2096).

Note :—Fisetin, quercetin, and kampherol
belong to the same group as chrysin [188,
p. 333, tectochrysin [139, p. 234], apigenin
(140, p. 334], and luteolin [141, p. 234).
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The following modes of occurrence and methods of production are supple-
mentary to those recorded in the preceding pages :—

1, Methane (p. 21).

Methane is among the products of
decomposition of egg-meat mixture by
Bacillus coli communiz (Rettger, Am.
Journ. Physiol. 8, 284). A ferment
( pseudosarcine *) which produces meth-
ane has been obtained by Mazé from
dead leaves. According to this author
the ferment produces methane from the
products formed by the butyric ferments
(Comp. Rend. 187, 887).

To be added to synthetical pro-

CERBER (—

[D, p. 22.] From ethyl afeaﬁﬂﬂc.&li],
methane being among the products
formed by passing the vapour over
heated carbon,aluminium, or magnesium
Ehrenfeld, Journ. pr. Ch. [2] 87, 49,

).  With aluminium ethylene (see
note, p. 23) is also produced. Methane
is likewise formed by ¢ contact’ decom-
anitiun of the vapour by finely divided

eated copper, nickel, cobalt, and
platinum  (Sabatier and Senderens,
Comp. Rend. 138, 738).

Ethylene and methane are also formed
by the catalytic action of heated alumina
or fire-clay on aleohol vapour (Ipatieff,
Ber. 86, 1990; 2003).

[B, p. 24.] Isopropyé aleokol [13%
gives methane among the products o
decomposition by finely divided heated
copper (210°) (Sabatier and Senderens,
foe. cif. g83).

[T, p. 24.] Acefone [106] in agqueous
solution yields methane (and acetic
acid) by photochemical decomposition
(Ciamician and Silber, Ber, 86, 1575).

For the electrolytic preparation of
iedoform from acetone see Howe Abbott,
Journ. Physical Ch. 1903, pp. 84-g1.

[8, p. 25.] Malonic acid [Vol. I1] in
glycerol or ethylene glycol gives meth-
ane among the products of decomposi-
tion on heating in a sealed tube (5. de
Coninck and Raynaud, Comp. Rend.
136, 1351).

([BB, p. 26.] Malic acid [Vol. II]
gives methane among other products
under the above conditions (Zbid.).

[CC, p. 26.] Cilric acid [Vol. 11]

when heated in glycerol solution gives
methane among other products (16id.).

[1I, p. 26.] Tartaric acid [Vol. 1I]
when heated in glyeol solution with sul-
phuric acid gives methane among other
products ([id.).

[37, p. 26.] Camplor [176] gives
methane among the products of decom-
position by heating with zine chloride
(Montgolfier, Ann. Chim. [ 5] 14, 87). Or
on heating with strong hydriodic acid
at 200" methyl iodide 1s formed among
other products (Markownikoff and Gor-
benko, Ber. 80, 1216), and this can be
converted into methane by reduction,
as under C, p. 22. Or on heating at
200’ with iodine chloride, chlorinated
camphor yields among other products
carbon tetrachloride (Ruoff, Ber. 8,
1048 ; 1483 ; 1499),and this can be con-
verted into methane as under L, p. 25.

5. Hentriacontane (p. 28).

A hydrocarbon of the above composi-
tion (? normal) has been obtained from
the Bast Indian ké-sam seeds from
Brucea sumatrana (Power and Lees,
Pharm. Journ. [4] 17, 183).

6. Cymene (p. 28).

To be added to synthetical processes
(P 33):— , :

[W.] ‘ Terpinene is readily converted
into cymene by the oxidising influence
of sulphurie acid * (Heusler’s ¢ Chemistry
of the Terpenes,” Pond, p. 113).

[0.] From campihior [176] by heating
with zine chloride (¥), phosphoius pent-
oxide, pentachloride or }mnta.sulp];lide,
or strong hydrochlorie acid (Gerhardt,
Ann. 48, 234 ; Dumas and Delalande,
Ann. 38, 342; Pott, Ber. 3, 121;
Fittig, Kobrich, and Jilke, Ann, 145,
129 ; Wright, Journ. Ch. Scc. 26,
686 ; Beckett and Wright, Iéid. 29, 1;
Reuter, Ber. 18, 694 ; Armstrong and
Miller, Ber. 18,2259 ; Alexejeff, Journ.
Russ. Soc. 12, 187 : according to Bredt,
Rochussen, and Monheim, Ann, 814,
369, carvenone is an intermediate
pmduct].
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[P.] Camphene [177] when heated
with phosphorus pentoxide gives an
oily product, which may contain cymene
(Heusler's ¢ Chemistry of the Terpenes,’
Pond, p. 59).

[Q.] From menthene [l'rsl];::y heating
with anhydrous cupric sulphate at 250°
(Briihl, Ber. 25, 151).

7. Styrene (p. 33).
To be added to synthetical pro-

CesBes [ —

[A, p- 33.] The formation of styrene
from nascent acetylene and benzene in
presence of aluminium chloride is eon-
firmed by Parone (Journ. Ch. Soc. 88,
I, 26 ; from L’Orosi, 25, 148).

9. Dipentene and Limonene (p. 36).
The presence of this hydrocarbon in

néroli oil 1s confirmed by Hesse and
Zeitschel (Journ. pr. Ch.jz] 68, 481)
and by Walbaum and Huthig ([bid.

87, 315). The last-named aunthors (Zoc.
eit.) confirm also the presence of di-
pentene in petit-grain oil from Para-
guay. For further reference to the
ocenrrence of 1-limonene in verhena oil
from Ferbena triphy!la see Theulier, Bull.
Soc. [3] 27, 1113

13. Methyl Alcohol (p. 40).

The cohobation water of oil of savin
from Juniperus sabina and the distilla-
tion water from the oil of W. Indian
sandal-wood contain methyl alcohol
(Schimmel’s Ber. April, 1903; Ch.
Centr. 1903, 1, 1086). The presence
of methyl salicylate and benzoate in
ylang-ylang oil is confirmed (Zbid.),
and the oceurrence of methyl anthrani-
late in this same oil recorded (l4id.).
Methyl salicylate is a constituent of
the o1l of cassia flowers from decacia
cavenia and A. farnesiana (Walbaum,
Journ. pr. Ch. [2] @8, 235), and methy]
anthranilate a constituent of the essen-
tial oil of tuberose blossoms. This last
oil, when obtained by ¢enfleurage’
instead of by extraction with petro-
leum, contains also methyl salicylate
{Hesse, Ber. 88, 145g). Methyl an-
thranilate bas been found in petit-grain
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oil from Pa a albaum and
Hithig, Jﬂumm.tgur,FChﬁz] a7, 315:
for estimates of the quantities of
methyl anthranilate and other con-
stituents of average oil of néroli see
further Hesse and Zeitschel, liid. a8,

433').
o be added to synthetical pro-
Cesses (—

[D, p. 44.] Formic aldehyde gives
methyl alcohol by ecatalytic reduction
by hydrogen in presence of finely
divided heated nickel at go® (Sabatier
and Senderens, Comp. Rend. 187, go1).

[®, p. 44.] For the industrial pro-
duction of methyl alcohol (and formie
aldehyde) by the electrolysis of sodium
acetate in presence of sodium chlorate
see Moest’s Germ. Pat. 138442 ; Journ.
Ch. Soc. 84, I, 546.

[L, p. 44.] Camplor [178] gives
methyl iodide among other products
when heated with strong hydriodie
acid at 200” (Markownikoff and Gor-
benko, Ber. 30, 1216{. From methyl
iodide through methyl acetate followed
by hydrolysis, or by any of the usunal
methods.

14. Ethyl Alcohol (p. 44).

Further researches on anaerobic, intra-
molecular aleoholic fermentation in
sugar-beet have been published by
Stoklasa, Jelinek, and Vitek (Beit. ch.
Physiol. u. Path. 8, 460; Zeit. Zucker-
Ind. Béhm. 27, 633), and in peas in
potassium nifrate solution with dextrose
or peptone by Nabokich (Ber. deutsch.
bot. ge&eli., 21, 398 ; Ch. Centr. 1903,
2, 1012). Further studies of the en-
zymes from the cells of the higher
animals and plants which produce this
fermentation have been undertaken by
Stoklasa and Czerny (Ber. 88, 4058).
According to Cohnheim (Centr. Physiol.
17, No. 17) and to Batelli (Comp. Rend.
137, 1079) this alcoholic fermentation
by supposed animal enzymes is due to
micro-organisms.

With reference to selective fermenta-
tive action in connexion with stereo-
chemical configuration (pp. 46-47),
Schizo-Saccharomyees octosporus of Deye-
rinck and Mucor alternans ferment mal-
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tose and methyl-d-glucoside, but not
ﬂnne.sugﬂ_t* or E-Iﬂﬁf-]]}'l-d-fruﬁtﬂﬁidﬂ*
The enzymes extracted from cultivated
Aspergillus niger resolve amy dalin and
the g-d-glucosides, but not lactose or
methyl-d-galactosides. Duclaux, Kay-
ser, and Adametz’s milk-sugar ferment-
ing yeasts ferment milk-sugar and
B-methyl-d-galactoside, and give an
enzyme which acts on the two galaeto-
sides (Pottevin, Comp. Rend. 188, 169).

With respect to ‘ zymase’ (p. 48) the
velocity of decomposition of dextrose
and levulose by the commercial product
has been determined by Herzog, and
found to agree with ordinary  eatalytic’
actions (Zeit. physiol. Ch. 87, 149).
The velocity of the fermentative de-
composition of dextrose by yeast has
been determined by Aberson (Rec. Tr.
Ch. 22, 78). Further experiments on
the fermentative properties of yeast-
extract bave been made by Meisen-
heimer (Zeit. physiol. Ch. 87, 518).

The © acclimatisation” of yeasts (p. 50)
to solutions containing sodinm fluoride
and the fermentation of the must of
Indian figs by such yeasts have been
investigated by Ulpiani and Sarcoli
(Atti Real. Accad. [5] 11, I, 173).
The species investigated were 8. pasto-
rianus 11 and 8. cerevisiee,

The mould, Oidium lactis (p. 50),
when grown upon media containing
levulose causes alcoholic fermentation
of this sugar (Teichert, Milch-Zeit. 81,
801 ; Journ. Ch. Soc. 84, II, 229).
The butyrie ferment, Clostridium pasto-
rianwm, from the soil of St. Peters-
burg, forms alcohol (small quantity)
among the products of fermentation of
dextrose in presence of appropriate
nitrogenous nourishment (Winograd-
sky, Centr. Bakter. II, 9, 4354, 107
112). Anorganism isolated from milk,
FEuterococeus, decomposes sugars with
the production of aleohol (traces) among
other products (Tissier and Gasching,
Ann. Inst. Past. 17, 540).  Aleohol
has been found in milk which has
undergone natural curdling (Kozai,
Bied. Centr. 83, 273). The bacteria
which are capable of decomposing bone
produce aleohol when sugar is added
to the nutrient solution (Stoklasa,
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Duchéddek, and Pitra, Beit. ch. Physiol.
u. Path. 8, 322). The bacteria capable
of fermenting sugar belong to the type
of Bacillus coli communis of Escherich,
and produce aleohol from dextrose to
the extent of 1.2 to 2.0 per cent. by
weight (Kinig, Spieckermann, and
Olig, Abst. in Journ. Ch. Soc. 84, 11,
386). Alecohol is a product of glyco-
lysis by the minced pancreas, liver, &e.,
or the juices expressed from these
organs (Feinschmidt, Beit. ch. Physiol.
u. Path. 4, 511).

To be added to synthetical pro-
cesses :—

[D, p. 54.] Aleohol is among the
products of oxidation of ethane by
ozone (Bone and Drugman, Proe. Ch.
Soe. 20, 127).

[8, p. 55.] deetic aldehyde [p2],
when the vapour mixed with hydrogen
is passed over finely divided nickel
heated to 140° gives an almost quanti-
tative yield of aleohol (Sabatier and
Senderens, Comp. Rend. 187, 301).

[8, p. 56.] The amyl ester of acetic
acid gives ethyl aleohol when reduced
with sodinm in amyl aleohol seclution
(Bouveault and Blane, Comp. Rend.
137, 6o).

[MM, p. 58.] Tsopropyl aleokol [16]
gives ethane among other products by
the catalytic action of finely divided,
reduced copper at 210° (Sabatier and
Senderens, Comp. Rend. 136, ¢83).
From ethane as under D, p. 54.

[N, p. 58.] Giyeol [45] gives ethyl
iodide on heating with strong aqueous
hydriodie acid. From ethyl iodide the
aleohol can be obtained by any of the
ordinary processes. Or from glycol
through glycol chlorhydrin = chlorethyl
alcohol (see under n-propyl aleohol [15 ;
A, p. 59] and under isopropyl alcohol
[18; C, p. 66]), the latter giving ethyl
aleohol on reduction with sodium amal-
gam (Lourengo, Ann, 120, g2).

Note :—Ethylene is also a direct generator
of glycol chlorhydrin [156; A, p. 50, and 16;
O, p. 66].

[00, p. 58.] Camphor [175] gives
methyl iodide (see under methane [1;
Appendix, JT, p. 277]). From the latter
through ethane, as under D, p. 54-
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15. Normal Propyl Alcohol (p. 58).

Prﬂpg'} alcohol is among the products
of the butyric fermentation of dextrose
by Clostridium pastorianum (Winograd-
sky,} Centr. Bakter. 11, 0, 4354 ; 107-
112).

To be added to synthetical pro-
cesses :—

[B, p. 59.] Or allyl bromide in
ethereal solution is acted upon by
carbon dioxide in presence of ne-
sinm with the formation of vinylacetic
acid (Houben, Ber. 38, 289%). From
the latter through crotonic acid, as
under W, p. 63, and I, p. 6o, &e.

Nore:—This synthesis of vinylacetic acid
from glyeorol via allyl bromide relates also
to formic aldehyde [B1 ; G@Q, p. 174], acelic aldelyde
[p2 éﬁ?' p- 180], and to hexoic aldehyde [98 ; C,
p- 186].

N, p. 61.] Propionic aldehyde is
uced to the aleohol by hydrogen
under the contact influence of finely
divided nickel at 102-145" (Sabatier
and Senderens, Comp. Rend. 137, 301).

16. Isopropyl Alcohol (p. 64).
To be added to synthetical pro-

cesses (—

[A, p. 65.] Acetone vapour mixed
with hydrogen and passed over finely
divided nickel heated to 115-125" gives
isopropyl aleohol (Sabatier and Sen-
derens, foe, cit.).

[B, p. 65.] The vapour of n-propyl
alcohol is decomposed at 560° by the
‘contaet ’ action of alumina into propyl-
ene and water almost quantitatively
(Ipatieff, Ber. 38, 19g0).

[O, p. 64.] Acetyl ecarbinol (acetol)
rives isopropyl aleohol among other pro-
ducts by direct reduction with sodium
amalgam in alkaline solution (Kling,
Comp. Rend. 135, g70; Bull. Soc. [3]
29, g2 : see also under A, p. 65).

[QQ, p. 69.] From camphor [175],
which gives isopropyl iodide among
other products on heating with strong
aqueons hydriodic acid at 200° (Mar-
kownikoff and Gorbenko, Ber. 80,
1216). From the iodide as under B,

p. 65.
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17. Normal Butyl Alcohol (p. fig).

[A, p. v0.] From ethyl aleohol
through ethylene oxide (see under
acetic aldehyde [92; A, p. 175]). The
latter interacts with magnesium ethyl
bromide in ethereal solution at — 15° to
form a product which yields n-butyl
aleohol on distillation in steam (Gri-
gnard, Comp. Rend. 138, 1260).

[L, p- 71.] Methyl butyrate on reduc-
tion with sodium in aleoholic solution
gives n-butyl aleohol (Bouveault and
Blane, Comp. Rend. 137, 60).

18. Isobutyl Alcohol (p. 72).

For oceurrence of butyl (7 isobutyl)
aleohol in Roman oil of chamomile see
further Blaise, Bull. Soc. [3] 28, 324.
Isobutyl aleohol is among the products
of butyric fermentation of dextrose by
Clostridiuvm pastorianum (Winogradsky,
Centr. Bakter. 11, 9, 4354 ; 107-112).

To be added to synthetical pro-
Cesses i—

[A, p. #2.] Tertiary butyl alcohol
also gives isobutylene by catalytic de-
composition on passing the vapour over
finely divided copper heated to 280-
400" (Sabatier and Senderens, Comp.
Rend. 138, g83).

[D, p- 73.] Or from acetone through
diacetonamine or mesityl oxide (see
under acetic aldehyde [92; 8, p. 179]).
Diacetonamine by the action of nitrous
acid is transformed into diacetone alco-
hol =dimethylacetonyl carbinol (Heintz,
Ann. 178, 342 : see also Ann. 168, 114).
The latter is oxidised by bromine in
presence of aqueous alkali to 8-hydroxy-
isovalerie acid (Kohn, Monats. 24, ?!55E.
From the latter through A-dimethyl-
acrylic acid and isobutylene as under
C, p. 73.  Or mesityl oxide, on oxida-
tion with bromine in Hz}*&ﬂenf:e of alkali,
gives B-dimethylacrylic acid directly
(Kohn, Zoc. eit.).

Notk :—This synthesis affects also tortiary
butyl alechol [190; D, p. 75] and iscbutyric
aldohyde [B4 ; B, p. 18a].

[E, p. 73] The vapour of isobutyric
aldehyde mixed wit}h hydrogen and
passed over finely divided nickel at
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28. Normal Primary Octyl
Alcohol (p. 84).

To be added to synthetical pro-
CEBSER 1—

C, p. 84.] From a-ocloic acid [Vol.
IT], the methyl ester of which gives
n-octyl aleohol on reduction with
sodium in aleoholie solution (Bouveaunlt
and Blane, Comp. Hend. 188, 1676).

29, Secondary Nonyl Alcohol
= Methyl-n-heptyl Carbinol (p. 85).

For further details concerning the
production of this aleohol by the redue-
tion of the ketone see Thoms and
" Mannich, Ber. 38, 2544.

30. Secondary Hendecatyl Alcohol
= Methyl-n-nonyl Carbinol (p. 85).

See further Thoms and Mannich as
above for the production of this aleohol
from the ketone.

35. Dimethylheptenol (p. 86).

[B, p. 86.] Barbier’s synthesis of this
aleohol from methylheptenone and
magnesium methiodide has been re-
peated by Harries and Weil (Ber. 37,

845)-

36. Geraniol (p. 87).

Further observations on the occur-
rence of geraniol and geranyl acetate in
néroli oil are given by Hesse and Zeit-
schel (Journ. pr. Ch. [}:'.]] 86, 481 :
compare Walbaum and Hithig, lid.
87, 315), in lavender oil by Schimmel
& Co. (Sch. Ber. April, 1903; Ch.
Centr. 1go3, 1, 1086). Geranyl capro-
ate is also present in this last oil (fhdd.).
The presence of geraniol and geranyl
acetate in petit-grain oil from Para-
guay 18 confirmed h;' Walbaum and
Hiithig (loc. cit.). 'The influence of
season, temperature, &e., upon the com-
position of petit-grain oil has been
studied by Jeancard and Satie (Bull.
Soc. [3] 28, 1088).
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37. Linalodl (p. 58).

The quantity of linalyl acetate in
néroli has been estimated E_v Hesse and
Zeitschel (Journ. pr. Ch. [2] @8, 481),
The presence of l-linaloil and its ester
in this oil and in petit-grain oil from
Paraguay is recorded also by Walbaum
and Hithig (fid. 87, 315). Linalodl
has been found in the oil from the
bark of Ciunamomum pedatinervium from
Fiji (Goulding, Trans. Ch. Soce. 83,

10gg).

38. Citronellol (p. 8g).

d-Citronellol is the aleohol corre-
sponding to d-citronellal (p. 192), and
its formula is accordingly :—

CH,: C(CH,) [CH,],. CH(CH,).
; i A

2 : 6-Dimethyl-1-octenol-8.

For oceurrence in Réunion geranium
oil see further Tiemann and Schmidt,
Ber. 30, 36.

The formula given on p. 8g is that
of the l-aleohol contained in the plant
oils there referred to, and is the ‘rho-
dinol * of Barbier and Bouveault. Since
l-citronellol and d-citronellol are now
proved to be structurally isomeric the
former name is inappropriate.

Nore :—The synthetical process A on p. 8g
gives d-citronellol and not rhodinol. d-Rhe-
dinol may be contained in pelargonium oil
{ Monnet and Barbier, Comp. Rend. 117, 1093 ;
Barbier and Bouveault, Ikd. 123, 530; 673;
Bouveault, Bull. Soc. [3] 28, 458 ; 405).

39. Terpineol = 1-Methyl-4-metho-
ethylol-4'-cyclohexene-1 (p. o).

d-Terpineol is contained in néroli oil
and in the oil mixed with the aqueous
distillate from orange flowers (Hesse
and Zeitschel, Journ. pr. Ch. FA] 66,
497 : for occurrence in néroli oil and in
petit-grain oil from Paraguay see also
Walbaum and Hiithig, /4id. 67, 315).
I-Terpineol is present in distilled oil of
limes (Burgess and Page, Trans. Ch.
Soc. 86, 414).
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48. Glycerol (p. g6).

Glyecerol is formed during the an-
aerobic (intramolecular) respiration of
the sugar beet (Stoklasa, Jelinek, and
Vitek, Zeit. Zucker-Ind. Bshm. 27,
633)- : X

According to Nieloux, glyecerol
(traces) is normally present in the
blood of dogs and rabbits (Cr?mp. Rend.
186, 764 ; 1576 : com louneyrat,
Cc-mp?i Rend. ?Soc. Biﬂll.}?;, 120% ;}TNEi-
cloux, fbid. 1229).

51. Mannitol (p. 104).

The ferment of sour wine forms
mannitol in presence of levulose. Re-
ducing bacteria which liberate hydro-
gen and the amylo-bacteria cultivated
in invert sugar solution in presence
of chalk are incapable of producing
mannitol from lmvolose (Mazé and
Perrier, Ann, Inst. Past. 17, 597).

54. Benzyl Alcohol (p. 107).

Benzyl alcohol and ester are present
in the oil obtained from tuberose
blossoms by distillation or by enfleur-

e (Hesse, Ber. 88, 1459). Benzyl
alecohol (with its acetic and benzoic
esters) is contained in ylang-ylang oil
(Schimmel’s Ber. April, 1go3; Ch.
Centr. 1go3, 1, 1086).

To be added to synthetical pro-
cesses :—

[A, p. 108.] Benzene can be con-
verted into toluene by the interaction
of phenyl magnesinm bromide and
dimethyl sulphate in ethereal solution
(Werner and Zilkens, Ber. 86, 2116 ;
Houben, Itid. 3083; Werner, Ifid.
3618).

[R, p. 115.] Phthalic acid can be
obtained from the naphthols, nitro-
naphthalene, the naphthylamines, nitro-
naphthols, naphthalene sulphonic acids,
&c., by oxidising with metallic oxides
in presence of heated alkaline hydr-
oxides (Basler, Ch. Fab. Germ. Pats.
138790; 139956 ; 140699 ; Journ. Ch.
Soc. 84, 1, 487; 561).

[DD, p. 116.] Sodium ethyl succinate
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on electrolysis gives, among other pro-
duets, a emall quantity of ethyl acryl-
ate (Bouveault, Bull. Soc. [3] 29,
1043). From acrylic acid as under I
p. 111, &e.

[EK, p. 116.] Camplor [175] gives
toluene among the products of its
decomposition by heating with zine
chloride (Fittig, Kobrich, and Jilke,
Ann. 145, 129 ; Reuter, Ber. 18, 6g4),
or with zinc dust (Schritter, Ber. 13,
1621).

!

55, Saligenin (p. 116).

The quantity of salicin in buds,
leaves, and bark of Saliz purpurea at
various periods of growth has been
determined by Weevers (Proc. k. Akad.
Wetensch. Amsterdam, 6, 2g5).

57. Phenylethyl Alcohol (p. 118).

For oceurrence of this aleohol in
néroli o1l see further Walbaum and
Hiithig, Journ. pr. Ch. [2] 67, 315:
also Schimmel’s Ber. April, 1903 ; Ch.
Centr. 1903, 1, 1086.

To be added to synthetical pro-
CeE5es 1—

[A, p. 118.] Phenylacetic ethyl ester
is reduced to phenylethyl alcohol by
sodinum in alecholie solution (Bouveault
and Blanc, Comp. Rend. 187, 60).

Note :—The alechol obtained by Grignard
and Tissier (Comp. Rend. 134, 107) by the
condensation of trioxymethylene and magne-
gium benzyl ehloride is not, as at first supposed,
benzyl earbinol, but the isomerie o-toluyl car-
binol (Tiffencau and Delange, Comp. Rend.

187, 573)-

58. Methylphenyl Carbinol (p. 118).

The alecohol has been found in the
steam-distilled oil of orange blossoms
(Hesse and Zeitschel, Journ. pr. Ch. [2]
68, 481).

59. Phenylpropyl Alcohol (p. 119).

To be added to synthetical pro-
COEEES :— )
[B, p. 119.] From cinnamic acid
[Vol. 11], the ethyl ester of which
gives the above alcohol on reduction
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with sodium in aleoholic solution (Bou-
veault and Blane, Comp. Rend. 137,

328).
60. Phenol (p. 119).

Phenol is among the produects of the
decomposition of fodder by miero-
organisms (K&nig, Spieckermann, and
Olig, Journ. Ch. Soc. 84, II, f‘eﬁ)l

To be added to synthetical pro-
cesses 1—

[A, p. 120.] Haloid derivatives of
benzene, e.g. brombenzene, interact
with magnesium in ethereal sclution
to form a phenyl-magnesium halide,
which is oxidised by air with the
formation of a product which yields
phenol (18 per cent.) on treatment with
aqueous alkali (Bodroux, Bull. See. [3]

a1, 33)-

[T, p. 124, note.] For preparation of gluta-
conic ester from aceatonediearboxylie acid wia
B-hydroxyglutaric acid see further Blaise, Bull,
Soo. [3] 29, 1012,

61. Orthocresol (p. 124).

To be added to synthetical pro-
cesges :—

[A, p. 124.] Also from toluene
through o-bromtoluene, o-bromtoluyl
magnesium bromide, and oxidation, &e.,
of latter as under phenol (80 ; A, above;
Bodroux, doe. cit.).

[J, p. 127.] Dihydrocarveol by oxida-
tion is converted into trihydroxyhexa-
hydrocymene, which by further oxida-
tion with sulphuric and chromic acids
gives 1-methyl-4-ethylonecyclohexanol-
2, and this by the action of sodium
hypobromite yields 1-methyleyclohexa-
nol-2-carboxylic-4-acid. By the action
of bromine at 1gc” the latter is con-
verted into 2-hydroxy-p-toluic acid
(Tiemann and Semmler, Ber. 28, 2144 :
see alzo Einhorn and Willstatter, Ann.
280, 88), which gives o-cresol as under
A, p. 125.

(L, p. 128.] From campior [175]
through cymene and then as under C,
p- 127. According to Reuter (Ber. 18,
694), o-cresol is among the products
obtained by heating camphor with zine
chloride. Pseudocumene is also among
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the products of decomposition of cam-
phor by this last process ([bid.) and
possibly among the products obtained
by heating camphor with zine dust
(Schritter, Ber. 18, 1621). From

udocumene through m-xylene, &e,,
as under B, p. 126.

62. Metacresol (p. 128).
To be added to synthetical pro-

cesses 1—

[A, p. 129.] p-Xylene can be obtained
also from toluene or benzene by the
interaction of p-toluyl magnesinm brom-
ide and dimethyl sulphate (Werner and
Zilkens, Ber. 38, 2116), or of p-brom-
phenyl magnesium bromide and di-
methyl sulphate in ethereal solution
(Hou{en, Ihid. 3083).

C, p. 129.] Or the ethyl ester of
m-hydroxyuvitic (= a-coccinic) acid is
decomposed on haatin% with the forma-
tion of 5-hydroxy-o-toluic acid (Claisen,
Ann, 297, 46). From the latter as
under A, p. 128.

Note :—m-Hydroxyuvitic ester has been ob-
tained also from ethoxymethylene-acetoacetic
ester (from acetoacetic and orthoformic ethyl
esters condensed by means of acetic anhydride,
Claisen, Ber. 26, 2731) and acetonedicarboxylic
eater (see under orcinol [75; O, p. 154])- @
two esters condense in presence of sodinm
athylate to form methylhydroxytrimesic tri-
ethyl ester, the sodium derivative of which is
converted into the diethyl ester on bailing with
water. The diethyl estor on distillation at
220-230" under 6o mm. pressure gives me-
hydroxyuvitic acid {Errera, Ber, 33, 2585 ; for
production of the ethyl ester of m-hydroxy-
uvitic acid from methenylbisacetoacetic estor
see further Claisen; Ann. 207, 43).

[E, p- 130.] From camphor [175],
p-xylene being among the products
formed by heating this compound with
zine dust (Schrijtter, Ber. 18, 1621).
From p-xylene as under A, p. 129.

63. Paracresol (p. 130).

To he added to synthetical pro-
Cesges I —

[A, p. 131.] Or from toluene through
p-bromtoluene, p-bromtoluyl magne-
sium bromide, and oxidation, &e., of
the latter as under phenol (60; A,
above in this appendix ; Bodroux, Bull.

Soe. [3] 81, 33).
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[G; p. 133.] From phenylacetic acid
[Vol. I1] through the 2 : 4-dinitro-acid
and 2 :4-dinitrotoluene (see under o-
cresol [61; H, p. 127]). From the latter
as under A, p. 131.

64. Phlorol (p. 133).

To be added to synthetical pro-
cesses i—

[A, p. 133.] Ethylbenzene can be
obtained from fofuene by the interaction
of benzyl magnesium chloride and di-
methyl sulphate in ethereal solution
(ch{en, Ber. 88, 3083). Also by
the action of nascent acefy/ene on benz-

ene in presence of aluminium chloride
(Parone, Journ. Ch. Soc. 88, I, 26).

66. Carvacrol (p. 135).

To be added to synthetical pro-
cesses i—

[C, p. 136.] Camphor [175] gives
carvacrol when heated with iodine
(Kekulé and Fleischer, Ber. 8, 1088 :
see also Claus, Journ, pr. Ch. 25, 264 ;
Schweizer, flid. 268, 118; Ann. 40,
329 ; Armstrong and Miller, Ber. 18,
225¢). Carvacrol is among the pro-
ducts formed by heating camphor or
bromecamphor with zine chloride (Arm-
strong and Miller, loc. cit. 2255 ;
R. Schiff, Ber. 13, 1408).

69. Catechol (p- 137)-

The catechol (protocatechuic acid)
complex is apparently contained in the
colouring-matter of the Japanese ‘fu-
kugi’ (A. G. Perkin and Phipps, Trans.
Ch. Soec. 85, 60). The catechol com-
plex may be contained in epinephrine
= adrenalin = suprarenin, the active
principle of the suprarenal glands
(Jowett, Proc. Ch. Soc. 20, 18). The
cerebrospinal fluid from a case of h‘{drﬂw
cephalus examined by Coriat did not
contain eatechol (Am. Journ. Physiol.
10, 111: compare Halliburton as quoted,
P- 140). _

To be added to synthetical pro-
cesses i—

[A, p. 140.] Phenﬂ]-P-sulphunin acid
on chlorination at 50° givea 2-chlor-
phenol-p-sulphonic acid.  The latter,
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on heating the sodium salt with aeid
or water at 180-200°, yields o-chlor-
phenol, which ean be converted into
catechol as on p. 140 (Hazard-Flamand,

Germ. Pat. 141751; Journ. Ch. Soe,
84, I, 622).

70. Resorcinol (p. 142).

The resorcinol complex is apparently
contained in ononin, a glucoside obtained
from the root of rest-harrow, Ononis
spinosa (v. Hemmelmayr, Monats. 24,

132).

71. Quinol (p. 146).

Quinol and arbutin are contained in
the leaves and quinol in the flowers of
cranberry (Kanger, Arch. exp. Path.
50, 46 ; Ch. Centr. 1903, 2, 893).

75. Orcinol (p. 152).

Protocetraric acid, which is contained
in the lichens Ramalina ceruchis, Dendro-
grapha levcophea, Cetraria islandica and
vars. vulgaris, platyna, erispa, subtubu-
losa, &e., C. complicata = C. laureri =
Platysma complicatum, Sticta palmonaria,
Cladonia rangiferina var, vulgaris, C. sil-
vatica, C, fimbriata var. chordalis, Par-
melia sawatiliz vars. suleata, panniformis,
and refiruga (Hesse, Journ. pr. Ch. [2]
57, 255; 272; 295; 441; 58, 407 ;
469; 62, 321; 430; 68, 1; Zopf,
Ann. 324, 3g), gives rise fo cetrane
acid by hydrolysis (Ihid. [2] 67, 300):
the latter, and therefore its generator,
contains the orcinol complex (Simon,
Arch. Pharm. 240, 521). Cetraric acid
itself may exist ready formed in the
lichens Pertusaria amara, Cladowia rangi-
ferina, C. silvatica, and Cifraria Sak-
luensis (Hesse, Journ. pr. Ch. [2] 58,
502 ; 62, 477 ; Zopf, Ann. 300, 323;
328; 352: compare Hesse, loc. cit. 63,
477), and also in Cefraria islandica
(Simon, foe. cit.).

77. B-Orcinol (p. 156).
To be added to synthetical pro-

CESHes (—
[B, p. 156.] From eamphor [1’?5]
through p-xylene as under m-creso
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[63, in this appendix, p. 285]. From
p-xylene as under A, p. 156.

79. Isoceugenol (p. 157).

For oceurrence of isoeugenol in ylang-
ylang oil see further Schimmel’s Ber.
.e’q;nri"iérJI 1903 ; Ch. Centr. 1903, 1, 1086.

81, Methyleugenol = Eugenol
Methyl Ether (p. 157).

This ether has also been found in
ylang-ylang oil aﬁchimme] & Co. as
above) and probably in the volatile oil
of the bark of Cinnamomum pedati-
nervinm from Fiji (Goulding, Trans.
Ch. Soc. 88, 1097). Has been found
also in the essential oil of Californian
laurel from Umbellularia californica
(Power and Lees, Proc. Ch. Soc. 20,
88).

84. Pyrogallol (p. 159).

The pyrogallol (gallic acid) complex
is cuntained%z glucogallin and tetrarin,
two glucotannoids from Chinese rhu-
barb (Gilson, Comp. Rend. 138, 383).

86. Phloroglucinol (p. 16c).

The phloroglucinol complex appears
to be contained in catechin (Clauser,
Ber. 38, 1c1) and in the Japanese dye-
stuff, ‘fukugi’ (A. G. Perkin and
Phipps, Trans. Ch. Soc. 85, 60). Kam-
pherol, which contains the phloro-
glucinol complex (p. 161, anfe), has
been obtained from the flowers of the
blackthorn, Prunus spinosa (Ibid. 57).

87. Antiarol (p. 163).

To be added to synthetical pro-
cesses :—
* [A, p. 163.] Pyrogallol can be con-
verted into its trimethyl ether by
agitating with dimethyl sulphate in
pms;nce of alkali (Ullmann, Ann. 827,
104).

90. a-Hydrojuglone (p. 165).

Syntheses of Naphthalene.

[A, p. 166.] Naphthalene is amon
the products of decomposition of th%
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vapour of ethyl aleohol at 500" (Ber-
thelot, * Traité de Chimie Organique,’
18492, p. 164).

91. Formic Aldehyde (p. 169).

To be added to synthetical pro-
cesses i—

[C, p. 169.] Methyl alcohol gives
formic aldehyde on oxidation by ozone
(Harries, Ber. 88, 1933). The vapour
of methyl a]cohlt;I mixed W‘iﬁi’l air ami
passed over a platinum spiral gives a
200" chiefly mI;th}rIa.'l; allz a d%,rl: red
heat formic aldehyde is also produced
(Trillat, Bull. Soc. [3] 29, 35: for
technical process depending on the
oxidation of the aleohol by air in
a heated coppered tube see also this
author’s Germ. Pat. 55176 of 188g;
Ber. 24, Ref. 4%?[}.

[D, p. 170.] Methylene iodide from
ethyl alechol via iodoform gives methyl-
ene bromide by the action of bromine
(Butleroff, Ann. 111, 251). The brom-
ide, on heating with water or with lead
oxide and water at 150°, gives in the
latter case a quantitative yield of
fcém;ic aldehyde (Kltss, Monats. 24,
; %‘he conversion of trioxymethylene
into the monomolecular aldehyde can
be effected by the action of a methyl
aleoholic solution of hydrogen chloride
on the polymeride in presence of con-
densing agents so as to form chlor-
methyl methyl ether, CICH,. O, CH,.
The latter is decomposed by water with
the formation of the monomolecular
aldehyde (Wedekind, Germ. Pat. 135310
of 1go1; Ch. Centr. 1goz, 3, 1164;
Pharm. Zeit. 47, 836; Ch. Centr. 1goz,

2, 1301).
A&, p. x71.] For electm]gftic prepara-
tion of formic aldehyde from sodium

acetate in presence of sodium chlorate
see also Moest’s Germ. Pat. 138442 of
1goz ; Journ. Ch. Soc. 84, 1, 546).

92. Acetic Aldehyde (p. 174).

The bacteria which cause the decom-
position of vegetable foods, and which
belong to the type of PBacilius coli
communis, produce aldehyde among
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other compounds in a solution of dex-
trose (Kénig, Spieckermann, and Olig,
Jowrn, Ch. Soc. 84, II, 386). The
presence of acetic aldehyde in oil of
peppermint has been confirmed by
Charabot and Hébert (Ann. Agronom.
28, 595)- _

To be added to synthetical pro-
cesses :—

[A, p. 175.] Ethylene oxide is com-
pletely converted into acetic aldehyde
by the ¢ contact’ action of alomina on
the vapour at 200° (Ipatieff and Leonto-
witsch, Ber. 88, 2016).

[B, p. 175.] Acetic aldehyde is among
the products of oxidation of ethane by
ozone (Bone and Drugman, Proe. Ch.
Soe. 20, 127).

[C, p. 175.] For further study of the
oxidation of aleohol to aldehyde from
the electrochemical point of view see
paper by Slaboszewicz, Zeit. physik.
Ch. 43, 343. The production of alde-
hyde from aleohol vapour by pyrogenic
decomposition at 500 is referred to by
Berthelot, ¢ Traité de Ch. Org. 1872,
p- 164. For further researches on the
pyrogenic ¢ contact * conversion of aleo-
hol into aldehyde, &c., by heated metals
and metallic oxides see paper by Ipatieff,
Ber. a8, 1990.

94. Butyric Aldehyde (p. 181).

To be added to synthetical pro-
CEgses i—

[D, p. 182.] For production of iso-
butyric aldehyde from isobutylene oxide
by the ‘contact” action of alumina on
the vapour at 200° see paper by Ipatieft
and Leontowitsch, Ber. 38, 2016.

95. Valeric Aldehyde (p. 183).

A valerie aldehyde occurs in pepper-
mint oil from Mentha piperita (Charabot
and Hébert, Ann. Agronom. 28, 595).
A valeric aldehyde is possibly present
in lavender oil (Schimmel’s Ber. April,
1903 ; Ch. Centr. 1903, 1, 1086).

96. Hexoic Aldehyde (p. 1855).
Methylpropylacetaldehyde.
To be added to synthetical pro-

cesses ;—
[A, p. 185.] Propylene oxide, when

APPENDIX

the vapour is passed through a tube
containing aluminium oxide heated to
200", is resolved chiefly into propionie
aldehyde (Ipatieff and Leontowitsch,
Ber. 38, 2016).

100. Decoic Aldehyde (p. 18g).

The occurrence of this aldehyde in
néroli oil is recorded by Walbaum and
Hiithig (Journ. pr. Ch. [}::. 87, 315:
see also Hesse and Zeitschel, I%id. ee,
481). The aldehyde has been found in
the oil of cassia flowers from Acacia
cavenia (Walbaum, Ibid. 68, 235).

101. Acrolein (p. 190),

To be added to synthetical pro-
CesSes I—

[A, p. 1go.] Glycerol gives acrolein
when heated with succinic acid, with
d-tartarie acid, or with malic acid ((E.
de Coninck and Raynaud, Comp. Rend.
185, 1351).

102. Crotonic Aldehyde (p. 1g0).

Solanin, a gluco-alkaloid found in
the berries of Solanum nigrum, S. dulea-
mara, 8. verbascifolium, in stalks and
leaves of 8. lycopersicum, and in shoots
of the potato, apparently contains the
erotonic aldeh}rdlvja complex (Hilger and
Merkens, Ber. 38, 3204).

To be added to synthetical pro-
Cesses i—

[T, p. 190.] From glyeol [45], ero-
tonic aldehyde being among the pro-
ducts of decomposition of this com-
pound by zine chloride at 250° (Bauer,
¢ Répertoire de Chimie Pure,” 2 [1860],

244 ).

104. Citral (p. 1g1).

For occurrence of citral in verbena
oil from Verbena triphylla see paper by
Theulier, Bull. Soc. [3] 27, 1113

Nork :—Sinee the rhodinal of Bouveault (see
under citronellal (106, p. 192]) is the aldehyde
derived from l-citronellol = rhodinol [38, p. 89 ;
A, noto, and this appendix, p. 282] and is nok
identical with ecitral, the synonyms rhodinal
and lieareal given for tho latter (p, 191) must
be delated. Rhodinal has not yet been shown
to boe a natural produet.

!
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tion of sodium phenylacetate in pre-
sence of sodium chlorate see Moest’s
Germ. Pat. 138442 of 1goz2; Journ.
Ch. Soc. 84, I, 546.

[E, p. 209.] Cinnamic acid yields
benzoic aldehyde (with glyoxylic acid)
when oxidised by ozone (Harries, Ber.
38, 1933). 4 §n .

The phenyl-ag-dibrompropionie acid
or ester obtained by the combination of
cinnamic acid or ester with hromine
(see p. 209), on treatment with hot
aleoholic potash, gives two isomerie
a-bromeinnamic acids or esters (Glaser,
Ann. 148, 325; Sudborough and
Thompson, Trans. Ch. Soc. 83, 666).
Both these, which are stereo-isomerides,
yield benzoic aldehyde on oxidation by
potassium permanganate (Erlenmeyer,
Ber. 23, 2130).

[L, p. 211.] Benzyl aleohol gives

benzoic aldehyde and hydrogen when-

the wvapour is passed over reduced
copper heated to goc® (Sabatier and
Senderens, Comp. Rend. 138, 9352

[N, p. 211.] From formic and ciu-
aamic aldebydes [91; 1231: a mixture
of these aldehydes giving benzoie alde-
hyde when allowed to stand in contact
with lime or baryta and water at 30-50°
for 1-2 days (Van Marle and Tollens,
Ber. 38, 1347).

119. Parahydroxybenzoic
Aldehyde (p. 215).

To be added to synthetical pro-
CESEes j—

[A, p. 215] The condensation of
phenol with hydrogen ecyanide by
means of hydrogen chloride may take
place without the use of alumininm or
zine chloride (Farb. vorm. F. Bayer
& Co., Germ. Pat. 106508 of 18¢g8 ;
Ch. Centr. 1900, 1, 742).

[B and E, p. 216.] p-Nitrobenzoic
aldehyde is best reduced to the amino-
aldehyde by acid sodium sulphite (Cohn
and Sprincer, Monats. 24, 87)

[&, p. 219.] Parakydrosybenzoic acid
[Vol. 1] when heated with chloroform
in presence of alkali gives parahydroxy-
benzoie aldehyde (Reimer and Tiemann,
Ber. 9, 1268).
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120. Anisic Aldehyde (p. 218).

To be added to synthetical pro-
cesses 1—

[B, p. 218.] Or from anisole and
Jormic ester [Vol. 1] through p-brom-
anisole and p-methoxyphenyl magne-
sium bromide, the latter mteracting
with formic ester in ethereal solution
to form anisic aldehyde (Gattermann
and Maffezzoli, Ber. 38, 4153).

127. Carvone (p. 226).

The formula given in the text is
erroneons. The relationship of this
compound to limonene (see under 9 ;
E, p. 38) indicates for carvone the
formula : — -

H,C.C :CH,

For literature relating to constitution
see Wagner, Ber. 27, 1653; 2270;
Wallach, Ber. 28, 1773 ; Tiemann and
Semmler, fhid. 1778.

128. Pulegone (p. 226).

The ethereal oil, ‘marjolaine,” of
Calamintha nepeta contains pulegone
(Genvresse and Chablay, Comp. Rend.
138, 387). The botanical source is
erroneously given as Origanum maforana
on p. 220,

129. Menthone (p. 227).

The variation in the composition of
peppermint oil from Mentha piperita
containing menthone, according to con-
ditions ::E climate, mode of cultiva-
tion, &ec., has been studied by Charabot
and Hébert (Ann. Agronom. 28, 595)-

To be added to synthetical pro-
cesses :—

[A, p. 227.] For details of method
of oxidising menthol to menthone by
potassium dichromate and suil][‘»hunﬂ.
acid see further Flatau and Labbé,
Bull. Soc. [3] 18, 788.
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151. Dihydroxyacetone (p. 242).

An oxidising Bacferium obtained
from wine vinegar produces dihydroxy-
acetone from glycerol (Sazerac, Comp.
Rend. 137, go),

154. Dextrose (p. 244).

In place of the constitutional formula
given in the text a ‘lactone’ (alkylene
oxide) formula was proposed by Tollens
in 1883 (Ber. 18, g23) :—

HO HO HO H HO
e S e
l H H ‘ H
0

Further evidence in support of this
formula has recently been advanced, so
the literature is now given:—Sorokin,
Journ. pr. Ch, [2] 37, 312; Erwig and
Koenigs, Ber. 22, 2207; 28, 672;
Skraup, Monats. 10, 401 ; Wohl, Ber.
28, 2098; E. F. Armstrong, Trans,
Ch. Soe. 88, 1305; Lowry, fbid. 1314.

Dextrose is present in small quantity
in all the organs and tissues of the dog
and horse in the normal state (Cadéac
and Maignon, Comp. Rend. 138, 1682),
Human cerebrospinal fluid- drawn by
lumbar puncture contains dextrose
(Rossi, Zeit. physiol. Ch. 39, 183:
see also Donath, flid. 526). The
globulins of blood on decomposition by
hydrobromic acid yield dextrose among
other carbohydrates, and may therefore
contain the dextrose complex (Lang-
stein, Ch. Centr. 1903, 1, 239). Gly-
collic aldehyde adminstered to rabbits
appears as dextrose in the urine (Paul
Mayer, Zeit. physiol. Ch. 88, 135).
Dextrose is present in human cephalo-
rachid liquid (Grimbert and Coulaud,
Comp. Rend. 138, 391).

155, Leevulose (p. 247).

Further researches on the relationship
between the soluble ferments and the
polysaccharides which they hydrolyse
(gentianose, &c.) have been published
by Bourquelot (Comp. Rend. 138, 762).

Stachyose, a sugar obtained from the
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tabercles of Stachys tuberifera, contains
the galactose, dextrose, and levalose
complexes (v. Planta and Schulze, Ber,
23, 1692 ; 24, 2705 ; Landw. Versuchs.
Sta. 85, 473). According to Tanret
this tetrose is identical with the manneo-
tetrose (p. 248) of manna (Comp. Rend.
138, 1569).

Lieevulose is among the carbohydrates
resulting from the decomposition of the
globulins from horse blood serum by
hydrobromic acid (Langstein, Monats.

24, 445).

156. Mannose (p. 248).

Salep mucilage (p. 248) has been
shown by analysis to be a tetrasacchar-
ide of d-mannose, and it is converted
quantitatively into the latter sugar on
hydrolysis (Hilger, Ber. 88, 3199).
A manno-galactan has been obtained
from Melilotus [leucantha (Hérissey,
Comp. Rend. Soc. Biol. 54, 1174).

161, Methyl Mercaptan (p. 252).

Egg-meat mixture is rapidly decom-
posed by Bacillus coli communis with
the formation of mercaptan (7 methyl)
among other products (Rettger, Am,
Journ. Physiol. 8, 284).

165. Secondary Butyl Isothio-
cyanate (p. 254).

To be added to synthetical pro-
ces[ses — e,

A, p. 254.] The vapour of n-buty.
aleohol passed over alumina heated to
500-520° gives 25-30 per cenb. n-
butylene (Ipatieff, Ber. 38, 1999).

169. Benzyl Iauthium:;aba (p. 257)-

To be added to synthetical pro-
Cesses t—

[A, p. 258.] Benzamide in pyridine
solution is converted into benzonitrile
by the action of carbonyl chloride (Ein-
horn and Mettler, Ber. 35, 3647).

[B, p. 258.] For electrolytic reduc-
tion of benzaldoxime to benzylamine
see Gierm. Pat. 141346, Bohringer and
Sohne ; Journ. Ch. Soc. 84, 1, 550
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