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means for the characterization of the terpenes. The results were,
however, so misleading, due to the isomerization which this acid often
induces, that in 1884, when Wallach began his researches, the liter-
ature of the terpenes was in a chaotie condition. The pioneer re-
searches of this investigator, together with the work of his co-
luborers and followers, has brought order out of chaos.

The derivatives which, more than any others, have made the
characterization and identification of the terpenes possible, have been
the addition compounds with nitrogyl chloride and the oxides of
nitrogen : the nitrosochlorides, nitrosates, nitrosites and nitroso-nitro
compounds.  With one exception, these nitroso compounds are very
reactive, especially with organic bases, giving rise to nitrolamines
which are well crystallized compounds of sharp melting points. By
the preparation of these derivatives most of the terpenes can now
be readily identified.

While the terpenes have been so well characterized that the de-
termination of their different modifications offers no partienlar dithi-
eulty, and the investization of these hydrocarbons is being continued
along sure amwd well beaten paths, the sesquiterpenes until a very
recent date have resisted investigation along parallel lines. The con-
ditions for the study of the hydroearbons of the formula (35Hgy are
exceedingly unfavorable. The sesquiterpenes are thick, easily resini-
iving liquids with a boiling point between 250° and 280°; in short,
their properties are such that they do not invite investigation.

In 1887 Wallach? declared his intention to study the sesquiter-
penes along lines parallel to those which had proven so sucecessful in
the investigation of the terpenes. He reports at the time on the di-
hydroehloride of cadinene and on the pure regenerated cadinene. In
1892 he made a second report,? in which he characterizes the ses-
quiterpene of clove and copaiba balsam oils, giving it the name of
caryvophyllene.  Among the characteristic derivatives prepared was a
nitrosochloride.  Several other sesquiterpenes are considered but not
characterized, Two years later Wallach* published some further notes
on the sesquiterpen: s, among them a method for the preparation of
earyophyllene nitrosate. This is his last contribution to the subject,
as the methods which he had nsed with so mueh sueeess in the study
of the terpenes seemed to all but fail in the study of the l"\:"f'r'nul:{_\\ris;r

7 Ann., 288, p. ’3,
4 Ann., 271, p. 285,
+ Ann,, 279, p, 391,
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The characterization of several of the large number of known ses-
quiterpenes has been accomplished. Like investigation of those not
vet characterized will, no doubt, reduce materially the still consider-
able number of supposedly different hydrocarbons. A system for their
classifiention is also suggested in the body of this report. This
system of classification does not only include the sesquiterpenes at
present known and characterized, but being based broadly on the
best principles of classification of hydrocarbons in general, it will in-
clnde all the numerous possible compounds of the formula CigHay.
Only after the characterization of the numerous isomers is ac-
complished will it be possible to study sucecessfully the relation of
one sesquiterpene to another, the relation of these hydroecarbons to
their oxygenated derivatives, and the problem of their constitution.

GENERAL PART.
I. The Position of the Sesguiterpenes in the Yarious Systems of Classification
of Terpenes at large (CzHs)x.

Until quite recently the hydrocarbons of the formula (UCsHg)x were
identified and classified on the basis of their physical characteristics
alone. Suoch a system inevitably had to lead to endless confusion.
The hydroearbon was usually named according to the plant from the
volatile oil of which it had been isolated, or simply after the volatile
oil itself. Thus, for instance, limonene was differently named, and
also considered as a different compound, according to the source
from which it was obtained. The limonene in lemon oil was considered
as an isomer of that in orange oil, that in the oil of Citrus bigaradia
as an isomer of that in the oil of Citrus lumia, and isomeric with
all these was the limonene in caraway.oil, the carvene. Thus we find
in literature as many as ten synonyms for limonene, and as many as
twenty synonyms for dipentene, the optically inactive modification
of limonene. Pinene, as it occurs in the various turpentine oils;
camphene; dipentene, obtained from dipentene dibhydrochloride, the
“eamphre de citron;” caontchene, ete., were also considered as iso-
meric with these.  This historical kind of guasi-isomerism, based on
the source of the isolated hydrocarbons, might be termed genetic
isomerism.

This large group of supposedly different hydrocarbons was due
to the fact that they are very often accompanied in the volatile oils
by oxygenatled constituents, which are not readil V separated from the
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hydroearbons by fractional distillation. In other cases, two or more
hydrocarbons are simultaneously present in the oil, and the resulting
hydrocarbon fraction was often considered a distinet hydrocarbon.
Thus it happened that fractions were obtained which differed in odor
and physical characteristies from the hydroearbons then known, and
were at once given specific names and considered as isomers of the
others.

For a long time no distinetion was drawn between these two
kinds of isomerism, the genetic, as we have called it, and the chemi-
cal: not even when the study of the hydrocarbons revealed that the
turpentine oils behaved quite differently from the oils of the citros
species toward hydrochlorie acid and other chemical agents. Glad-
stone (1864) was the first to question this so-called genetic isomerism
and to express the idea that the hydroecarbons of the different citrus
species were not isomeric but identical. Although his conelusions
were not always correct, he nevertheless produced some order in this
chaotic field by his classification based on physical properties. It
was, however, not until the work of Tilden and especially that of
Wallach supplied characteristic chemieal compounds that the different
terpene groups could be identified.

The chemical characterization and classification of the terpenes
proper, based on the work of Wallach and others, has cleared up the
needless complexity of names caused by a style of nomenclature based
largely on the botanieal or other source of the hydrocarbon.

In the field of the sesquiterpenes much more remains to be done.
If the names given to hydrocarbons CizHay from different oils are
to be regarded as standing for as many sesquiterpenes, there are at
present more than sixty of these compounds. The confusion accom-
panying this genetic style of nomenclature will, no doubt, be removed
with inereasing knowledge of these substances,

The sesquiterpene of pepper oil has already shown itself to be
identical with caryophyllene. Further work will doubtless show many
of these “genetic” isomers to be identical with known sesquiterpenes,
and the total number be thus materially reduced.

A elassification of the hydrocarbons of the formula (CzHg)x on

a physico-chemical basis seems first to have been attempted by
Schadler. 1 Aecording to this rather popular writer, the “volatile
oils”" were divided into three orders of camphenes.

10 Bep Fr. Groenling, Dissert., p. 11, Strassburg, 1879,
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Camphenes of the 1. order. These were the natural hydrocarbons.
They differed from the members of the following orders in pos-
sessing optical activity.

Camphenes of the 11. order, designated as campherenes. These were
the isomeric modifications resulting by simple chemical reactions
from the hydrocarbons of the I. order. They and their com-
pounds were aptically inactive.

Camphenes of the 111, order, designated as camphilenes, These were
the isomeric eompounds which resulted by more complex re-
actions from the foregoing. They were also inactive.

Concerning the term camphene it may be of interest to add that
Soubeiran and Capitaine!! in 1840 made the following statement in
regard to the nomenclature nsed by them: “Camphine est pour nous
le nom générique qui réunit toutes les espéces CsHs, Nous appliquons
la terminaison eéne o toutes celles de ces huiles hydrocarbonées qui
forment une combinaison solide avee I'acide hydrochlorique. Nous
employons la terminaison ilfne pour celles qui donnent un camphre
liquide,”

Gerhardt12 in 1846, following the system of Gmelin, divided all
organic compounds into families according to the number of earbon
atoms in the compound. The hydrocarbons of the general formula
(CsHs)x were classified according to their boiling points and vapor
density as follows:

Camphenes, belonging to the tenth family, CioHie = 2 volumes of
vapor and boiling at about 160°.

Paracamphenes, belonging to the fifteenth family, CisHay = 2 volumes
of vapor and boiling at about 260°,

Metacamphenes, belonging to the twentieth family, CanHse =2 volnmes
of vapor and boiling at about 310°.

Berthelot '3 in 1860 showed these systems of classification to be
entirely inadequate. Having more particnlarly studied the optieal
relations of the terpenes, he distinguished between those oceurring in
nature and those obtained from the latter by a number of reactions.
His classification was as follows:

I. Natural hvdrocarbons: terebenthenes, 14
II.  Artificial hydrocarbons obtained from the natural hydroearbons,

11 Journ. de Pharm., 24, p. 1.

12 Grundr. d, org. Chem., 2, pp. 242, 418, 502,
13 ("him. org. fond. 8. 1. Synthése, 2, p. T81.
1 Camphenes of the 1. order (Schidler),
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1. (a) Sp. gr.=0.846; boiling point about 173° formula C10H 1.
(b) Sp.gr.=0.85+; boiling point about 160°%; formula CioHis.

IL. Sp. gr. = 0.904 to 0.92+4: boiling point 250—260°;
formula UisHzq.
I11. (olophene; boiling point about 315%; formula CeyHas.

To group la belong the hydrocarbons of the citrus species, which
he considers identieal rather than isomeric. Group I'b consists of the

hydrocarbons of the turpentine oils, ete.

About this time the word terpene was introduced, evidently by
Kekulé, In his Lehrbuch der organischen Chemie (1866), 11, p. 437,
he says, “—das Terpentinil und die zahlreichen mit ihm isomeren
Kohlenwasserstoffe, welche im  Allgemeinen als Terpene bezeichnet
werden mogen.” The use of the word terpene in a larger sense is of
a later date,

In a second communication made by Gladstone2! in 1871, he
makes a more detailed comparison of the physical properties of the
respective groups. The table given to show these group differences
is of interest in this connection, and is herewith reproduced.

10k="mrhon

Girong.,
a0 | L et S b e olinle) CioHis
Yapor density...... ............... 1.7 |
Character of liguid ..............| Limpir

(.54 6—10 380
1.457—1.467
About 0.027 |

Bp. gr. ab 20°
Refractive index for A, at 20°
Dispersion
Sensitiveness®....................... Abont 48
Boiling point 160—=176°
Action of sulphuric acid...... L Polymerizes i

----------------------

1a=Carhon

{ olophene,

Girounge.

CiaHea CapHge
7.1

Viseid Very viseid

09040927
1.488—1.497
About 11,0529
About 43
24H—260°
Donbtinl

Sparingly soluble)

() 939
1.56054
01k
41
315°
None
Insoluble

solubility inagueons aleohol, Freely soluble
CioHie 2HCI

|
II and i

| CroHig HCU

[ CisHey 2HI
L and in small
] proportions

‘I l X
i Bry B
o 1 H ma II

Combination with HCI........ :
” quantity

Gladstone remarks on the table as follows: “It will be evident
that the middle or fifteen-carbon group is intermediate in all its pro-
perties, and that these groups do not pass by insensible gradations
into one another, but are separated by strongly marked divisions.
There is no difference in specifiec refractive energy, and the various

1 Journ. Chem. Soec., 25 p. 1; Pharm. Jonen., 31, p. 704,
* This refers to expansibility by heat,
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I. Propyl and methyl groups connected with the carbon atoms

a and o
II. The groups connected with 3 and 5"
[11. The groups connected with y and y".

Armstrong and Wright are, however, of the opinion that this
explanation is insufficient, and that the camphenes doubtless form a
fourth class.

In 1879 Tilden2s again distinguished between the low boiling
(turpentine group) and the high boiling terpenes (orange group).
The former combine with one molecule, the latter with two molecules
of hydrochlorie acid.

In 1886 Gladstone2¢ peports on the refraction and dispersion
equivalents of the volatile oils. Based on these additional physical
constants, he continues his classification of these hydrocarbons. He
says: “It is now generally accepted that the isomerie oils of the
formula CyoHys fall into two groups—the terpenes and the citrenes,
or isoterpenes. These two groups, together with the cedrenes,27
Ci15Hag, differ in boiling point, speeific gravity, and rotatory power,
and also in specific refractive and dispersive energy.” Based on the
optical properties, he comes to the following ‘‘speculative’” con-
clusion :28 “That the citrenes differ from the terpenes by containing a
second pair of doubly-linked carbon atoms, and that the double-
linking of this second pair is also analogous to that of the olefines.”

In this statement, based on purely physical properties, we find
the germ of the later physico-chemical classification. Nor is the re-
cognition of this difference in the constitution of the “citrenes” and
“terpenes’” entirely due to Gladstone. Even the earliest investigators
in this field voiced this difference, not indeed in the term of double
bonds, for the unsage of this term does not date back so far. Thus
we find distinetion made between the double saturation capacity of
limonene and the single saturation capacity of pinene.2® Berthelot 30

25 Ber., 12, p. 1181.
25 Journ. Chem, Soe,, 49, p. G11.

27 This term appears to have been introduced by Beckett and Wright (Journ.
Chem. Roc., [8]. 1, p. 6} in 1876. They speak of the hydrocarbons CigHay ne “ses-
quipolymerides of terpenes, or cedrenes, as they may be economically termed.'”)

28 Chem. News, 54, p. 328,
28 Soubeiran and Capitaine.
30 Compt. rend., 55, pp. 4495 and 544; Ann., Suppl. 2, p. 246,
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pounds, CyoHye, CisHay and CooHaz, they were scarcely considered.
The terpenes proper were offering so much difficulty at the time that
the study of the higher boiling viscous sesquiterpenes was considered
as a hopeless chemical problem, and, as is usually done in such cases,
they were entirely omitted from any attempt at classification beyond
that necessitated by differences in molecular weight.

In 1892 Wallach #% suggested a classification of the sesquiterpenes
along lines similar to those of the terpenes. He divided them into
two groups:

I. Those containing two double bonds.
II. Those containing one double bond.

At that time there were only two sesquiterpenes which were
characterized, and these only partially. Cadinene belonged undoubt-
edly to the group containing two double bonds, as its molecular re-
fraction and dihydrochloride indicated. Although the molecular re-
fraction of caryophyllene, the other characterized sesquiterpene,
showed two double bonds, Wallach was of the opinion that perhaps
it contained only one, because the monohydrate was a saturated
compound. By dehydration this monohydrate did not yield caryo-
phyllene, but a sesquiterpene containing only one double bond, and
called by Wallach clovene.

As will be pointed out in the following chapters, a more extensive
svetem of classification will be necessary for the sesquiterpenes, for
no system of clasgification which is based solely on the insufficient
data of imperfectly known substances will suffice for any length of
time. A classification of the group of hydrocarbons CioHye that is
to prove more than ephemerally useful must be based broadly on the
best classification of hydroearbons in general. This applies to the
ses(uiterpenes as well as to the terpenes proper. The classification
of the terpenes was developed historically for a threefold purpose.
First of all, to show the imperfections of any system that contents
itgelf with actual facts and ignores all possibilities; secondly, because
the historical classification of the sesquiterpenes naturally developed
along lines laid down for the terpenes proper; and thirdly, because
the principles underlying a broadly rational classification of the ses-
quiterpenes are the same as those upon which the classification of
the terpenes proper is based, only the conditions are more complex.

85 Ann., 271, p. 296,
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II. The Position of the Sesquiterpenes in the Modern Rational System of
Classification of Hydrocarhons,

If the group of sesquiterpenes be considered apart from any
connection with terpenes at large, but simply as isomeric hydro-
carbons of the formula CisHsz4, it will readily be seen that in the
general system of classification they must come under the formula
of saturation CnHan—g.

This formula of saturation reveals that, since there are eight
unsaturated carbon affinities, there must be four double bonds or
their equivalents in the molecule. If the eight hydrogen atoms had
been abstracted from a saturated chain compound, Ci5Hge, in four
pairs from as many pairs of neighboring carbon atoms, a double
bond would be introduced between each =et of carbon atoms thus
treated. In this ease the general chain-like character of the hydro-
carbon would remain unaffected. If. however, two of the hydrogen
atoms had been removed from carbon atoms not neighboring, these
two free affinities would unite and produce a eycle instead of a
double bond. A eycle, therefore, is the structural equivalent of a
double bond. Applying this prineiple to the formula of saturation
CnHgn—s, it hecomes evident that the following groups of com-
pounds must result:

I. Chain compounds with four double bonds.

II. Monocyelic compounds with three double bonds,

I, Dieyeliec compounds with two double bonds.

IV. Tricyelic compounds with one double bond.

V. Tetracyclic compounds with no double bond.

Although it will be evident that in each one of these groups the
number of isomeric forms will be great, it may, nevertheless, be ad-
visable here to point out some of the possibilities of the numerous
isomeric forms.

Thus, for instance, in the first group the basal chain, i. e. the
genus according to the Geneva Congress nomenclature, first of all
comes in for numerous isomeric forms according to the number and
position of the double bonds. Numerous isomeric forms of position
are further indicated by the position of the side chain or side chains.
Again some of the side chains, from propyl upward, may exist in
two or more isomeric forms. Finally one or all of the double bonds
may be in the side chains, and their position would again bring
about a variety of isomeric forms.
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This also applies in the main to the other groups, but here the
cyelic nature of the compound adds n new factor.

As demonstrated in Chart 1, the monoeyelic group allows of a
further subdivision into what might be ecalled naclear types as
follows:

Type 1: Three carbon atoms in the cycle.

ia 2: ‘FU'l"" il ik i i
Qi 9. Fh"l} i ii Wi ii
i 4 a Hi,{ ie (13 [ i

It is hardly necessary to go beyond the six-membered cycle, as
nearly all known compounds fall within this limit. Each of these
nuclear types may be further divided according to the number of
double bonds in the cycle, as is shown in the chart.

With the introduetion of the side chains, the position of the
double bond or bonds with reference to the chain or chains must be
considered and the number of possibilities is greatly increased. If
the isomerism of the side chains is also considered, the possibilities
become still greater.

The second chart shows the dieyclic group, divided into nuclear
types, and the subdivisions of these. In this group the isomerism
becomes more complex, and for this reason the types have been
indicated rather than filled out. In this chart the two cycles are
represented as being connected by two carbon atoms, thus forming
a compound nucleus. It is of eourse possible that they be connected
by only one carbon atom, and they may even be connected by an
intervening chain of carbon atoms.

With the tricyclic and tetracyclic groups the isomerism in the
nuclear types becomes quite complex, but it must be remembered
that as the isomerism of the nucleus increases, the possible number
of isomers due to the side chains continually decreases so that the
total number of isomers in a group does not necessarily increase
with the number of the cycles.

The foregoing considerations give us a very extensive system of
classification for the sesquiterpenes. Based on the formula of satura-
tion, it includes every possible compound of the formula Ci1zHay,
from a tetracyclic to a chain compound, and every possible nuclear
structure. . Although the number of theoretically possible isomers of
the sesquiterpenes is exceedingly large, amounting to many thous-
ands, the number of these compounds which will concern chemists
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as to make the ealenlation of the molecular refraction possible, are
wiven. The santalenes are also included because their chemiecal
properties and specific gravity indicate the group to which they
belong. 1t is to be remembered that in only a few cases has the
sesquiterpene under consideration been of reasonable purity, and the
physical constants are therefore not absolutely accurate. Moreover,
some of the sesquiterpenes given, may in future be found to be iden-
tical with one or the other of the better characterized sesquiterpenes.

The arrangement of the table shows at once that the sesquiter-
penes fall into groups, both as to their specific gravities and espe-
cially their molecular refractions. The results are clearly in harmony
with the Lamdolt-Brithl theory of the influence of double bonds on
the molecular refraction, n marked deviation from the exact quan-
titative rélation being found ounly in the case of the sesquiterpene
from ecitronella oil of rather uncertain purity.

In this classification the specific gravity is likewise of great im-
portance, the rule being that the more unsaturated the sesquiter-
pene, the lower its specific gravity. It is thus seen that the specifie
eravily alone will at least indicate the probable class to which the
ses(uiterpene belongs,

Another property that seems to vary with the constitution of
the sesquiterpenes, is the dispersion, although the data at hand are
too meagre to more than merely indicate a difference in dispersive
power.

The position of some of these better known sesquiterpenes in this
system of elassification may now be considered.

The tetracyelic group. The members of this group, containing
no double bonds, will be difficult to attack experimentally at the
present state of our knowledge. They cannot form halogen or hydro-
halogen addition products, nor yield nitroso addition produets with-
out suffering a break in the eycle. They may vield substitution
products and thus be brought into the realm of experimental chem-
ical research. No members of this group are known, although it is
possible that some of the heavy sesquiterpenes which apparently do
not react with nitrosyl chloride, may belong to this group.

The tricyelic group. The members of this group have a compara-
tively high specific gravity, ranging from 0.930 to 0.939. The
cedrene isolated from cedarwood oil by Rousset and the clovene ob-
tained by Wallach from caryophyllene hydrate by treatment with
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phosphorus pentoxide, in all probability belong to this group.
Patchonlene, obtained by dehydration from patchouly aleohol, is
also a member of the trievelic group.

The dicyelic group. This group has a number of representatives
and promises to be by far the largest group. The specific gravities
of the members of this group fall between the limits 0.898 and
0.918. Cadinene undoubtedly bélongs to it, as is shown by its mole-
cular refraction, formation of a dihydrochloride and general chemical
behavior. Carvophyllene also belongs to this group, as is definitely
shown by recent chemical and optical work. Kanonnikow 3¢ however,
reaches a different conelusion in regard to both of these hydrocarbons
which ought to be briefly mentioned here. Kanonnikow applies the
true density of bodies to the determination of constitutional differ-
ences. According to the dielectric theory of Clausins-Mosotti, when
the dielectric constant (according to the electro-magnetic theory of
light) is replaced by the square of the index of refraction, n®, that
part of the entire volume which is oceupied by the molecules only,

n:—1 ; il

becomes v=-5"5. From this the true density becomes D ==

=
249 s - - :
3--11- d, where o is the usual density. Kanonnikow has found by

W
{:ﬂvulatiug the product MDD for the hydrocarbons the following
empirical formula:
(MD)=39.Tn+ (2n*m)H—4[I1 +a. 9H —b. GH—b!. 26H—c. 4H,
in which »n is the number of carbon atoms, ¥n + m the number of
hydrogen atoms, a the number of cyeles, b the number of ethylene
bonds, b the namber of napthalene-ethylene bonds, and e the num-
ber of acetylene bonds. H is equal to 0.9G7. By means of this
empirical formula, Kaponnikow finds that cadinene and caryo-
phyllene have three eycles and one ethylene bond, in contradiction
to the optical and chemical results obtained with these hvdrocarbons.
The molecular refraction of humulene, although slightly high,
together with the formation of a liquid hydrochloride which appears
to be a di-derivative, place it into this group. The index of refrae-
tion of the santalenes had not been determined by Guerbet, but the
formation of liquid dibydrochlorides and general chemical behavior,
as well as the specific gravity, indicate their relationship with the
members of the dieyelic gronp. The specific gravities and moleealar
refraction of the uncharacterized sesquilerpenes, araliene, eaparra-
pene, galipene, guajene and rhodiene, indicate two double bhonds.

86 Journ. rugs. phys.-chem Ges,, 81. p. 678; Chem. Centralbl., 1899, II, p. B4S,
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The monoeyelic group. The members of this group show a much
lower specific gravity than those of the tricyclic and dicyclic groups.
Bisabolene and zingiberene probably belong to this group. If bisa-
bolene is a sesquiterpene as its high boiling point would seem to
indicate, then it must belong to this group, for its physical constants
and formation of a trihydrochloride leave no doubt of the presence
of three double bonds. The low specific gravity and molecular
refraction of zingiberene speak for three double bonds, but its chem-
ical derivatives so far prepared are not in harmony with this con-
clusion. The reasons why the optical method is considered the more
trustworthy in this case is given under zingiberene.

The sesquiterpene found in the oil of carline thistle by Semmler,
if not identical with zingiberene, belongs at least in the same group
with it.

The synthetic benzol derivatives of the formula CisHey belong in
this class. These are the 1—methyl—4 —isopropyl—2—isoamyl
benzene prepared by Claus, #7 and the 4 —octyl—1—methyl benzene
prepared by Lipinski.3% The constitution of these two compounds
being known, they can be assigned to the proper nuclear type.

The echain group. A possible representative of this group is
found in the sesquiterpene isolated by the chemists of Schimmel &
Co. from citronella oil. The sesquiterpene has a specific gravity
which is even lower than that of zingiberene, and when it is con-
sidered that it has been separated from methyl eugenol, having a
specific gravity of 1,047, this low specific gravity is significant. The
general chemical behavior is in harmony with the view that it is a
chain compound. Its molecular refraction, as already mentioned, is
rather high.

This brief presentation of the possible members of the various
groups, while still rather indefinite, nevertheless shows that among
the sesquiterpenes there are compounds possessing widely different
properties, which are doubtless due to some such constitutional
differences as those suggested above for their classification.

A brief comparison of the more important sesquiterpenes and
their derivatives may be given. In the fiest of the accompanying
tables, a comparison of the physical properties of the characterized
sesquiterpenes and the melting points of their derivatives i
in grder 11:0 show the &uulug;az well as the difiere::E:a;Ef'h;;f;eezE:lig;

87 Journ, f. prakt. Chem., (2), 46, p. 489,
38 Her., 21, p. 940.

o iy



23

hydrocarbons. In the second table a comparison of the more im-
portant uncharacterized sesquiterpenes, which have received specific
names, and also a few of those which are at present only known by
the name of the oil from which they are obtained, is likewise pre-
sented. These two tables do not comprise all of the sesquiterpenes,
but include all those of which anything definite is known. Of those
presented it will be noticed that only six are definitely characterized
and three others yield solid hydrochlorides of definite melting points.
The second table serves to show the almost total absence of char-
acterization by the preparation of chemical derivatives. The fact
that many of these have received specific names does not indicate
that their individuality is established; some of the unnamed sesqui-
terpenes are in fact much better known than many of those which
have been named by overanxious investigators.

Many of these sesquiterpenes will doubtless be found to be iden-
tical with one or the other of the better characterized sesquiterpenes,
or with each other.

The eomparison given in the tables is also useful in pointing out
the possibility of such identity. It was such a comparison which
suggested the application of the caryophyllene test to the sesquiter-
pene of pepper oil, with the result that this hydrocarbon has been
identified. Such a comparison further indicates, for instance, that
araliene and the sesquiterpenes from laurel berry, hemp and valerian
oils, may possibly be caryophyllene. Whether this is true or not,
can of course only be decided by an actual tess, which can now be
readily made by applying the nitrosite reaction. The sesquiterpene
from carline thistle oil shows some similarity to zingiberene, although
the properties given are very meagre. Other comparisons might be
made, but these suffice to show that much careful experimental work
remains to be done before the sesquiterpenes can be considered
sufficiently characterized for their detection and identification.

In connection with this classification based on constitutional dif-
ferences, it will not be amiss to consider briefly the possibility of
ascertaining the constitution of these hydrocarbons, both by **Abban"
and by synthesis. Several attempts have been made to synthesize
gesquiterpenes.  In 1867 Reboul®® sueceeded in polymerizing valery-
ene with cone. sulphuric acid, obtaining as one of the produects a
hydrocarbon CisHeay, trivaleriene (see this under synthetic sesquiter-
penes). A similar result was obtained by Bouchardat4® in 1878,

3% Compt. rend., B4, p. 419 Ann., 143, ﬁ a7,
40 Compt. rend,, 87, p. 654; Bull. Soc, chim., 33, p. 24,
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Wallach+1 in 1887 attempted to prepare cadinene dihydrochloride
from the polymerization produets of pinene, but failed. Thinking
that cadinene might be produced by polymerizing a pentene rather
than a terpene, he tried various methods of polymerization on iso-
prene, CsHs.  Although he obtained a hydrocarbon boiling between
260—280° he was unable to prepare a solid dihydrochloride from
the compound. In a later article Wallach 42 suggests several formulas
for terpenes and oue for a sesquiterpene. These formulas are based
on the supposition that these hydrocarbons are, in part at least,
polymerization products of a pentene. The sesquiterpene he congiders
as resulting from the polymerization of three molecules of isoprene
as shown by the following formula:

CHsCHs
L
CH
H | H
B C
HC 0 \CH
| | |
| |
| O Ed
Ha{"f Rtr H_'Ej “CHa
He H 2z
Sernquiterpene,

Of this formula Wallach remarks: “Bei einem derartigen Aufbau
wiirden den Sesquiterpenen und (wie man leicht findet) anch den Poly-
terpenen je zwei doppelte Kohlenstoffverbindungen zukommen, was
den bisher bekannten Thatsachen entspricht.” After the exposition
of the possibilities of isomerie hydrocarbons CisHeay in the preceding
chapter it is well-nigh needless to call attention to the fact that the
above statement is altogether too narrow a view, and is not even sup-
ported hy the facts now recorded of well characterized sesquiterpenes.

The syntheses of the benzene derivatives of the formula CizHag
by Claus** and by Lipingki*t are of interest as they furnish us with
sesquiterpenes of known constitution, but they do not agree with
any of the natural sesquiterpenes, which probably have some cycle
or cycles other than that of benzene in their nuclear structure.

41 Ann., 238, p. 88,
43 Ann., 289, p. 49,
43 Journ. . prakt. Chem., (2), 46, p. 489,
44 Ber., 31, p. 940,
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IV. The Occurrence of Sesquiterpenes in the Yegetable Kingdom.

The sesquiterpenes are usually found in volatile oils as such, or
in the form of sesquiterpene hydrates,*® alcohols belonging to the so-
called eamphor group. These hydrates, by dehydration, give rise to
sesquiterpenes which are rarely identical with a natural sesquiterpene,
being more often distinctive compounds. Many oils, such as cedar-
wood, santalwood, copaiba balsam, gurjun balsam, ginger, cubeb,
ete., consist principally of a sesquiterpene or a sesquiterpene hydrate.
The latter compound is found more often in oils distilled from old
drug, and thus appears to be produced from the sesquiterpene during
the ageing process, although the exact conditions for this change are
not known. In other oils, the sesquiterpene is present in almost in-
significant quantities only.

The oceurrence of the sesquiterpenes in the vegetable kingdom is
given in a tabulated form in the following pages. The arrangement
is that of Engler's syllabus of plant classification. Suech a tabulation
shows that the sesquiterpenes are very widely distributed as pro-
duets of plant life. The list includes thirty families, comprising fifty-
six genera and upward of sixty-nine known epecies. The number of
volatile oils in which sesquiterpenes have been found is upward of
seventy-four, some of these being obtained from unknown botanieal
BOUTCES.

The lack of characterization of the sesquiterpenes makes it im-
possible to draw any general conclusions, but a few interesting facts
are nevertheless brought out by such a tabulation. In the pine fam-
ily, for instance, it will be seen that the sesquiterpene cadinene is re-
stricted to the needles. Again, two distinet sesquiterpenes may occur
in different parts of the same plant as in the ease of Juniperus vir-
giniana, where cadinene occurs in the leaves, and cedrene in the
wood. It is also interesting to note that closely allied species may
contain different sesquiterpenes, thus for instance, Piper nigrum con-
tains earyophyllene, and Piper betle and Piper cubeba contain cadi-
nene.

46 Under the term sesquiterpene hydrates only alecohols of the formula Cy3HagOH
are to be understood. There seems to be a fendency to designate all high boiling
aleohols obtained from volatile oils as sesquiterpené hydrates This is especially
true of the aleohols ;5H230H, which are evidently not sesquiterpene hydrates at
all, but the hydrates of a hydrocarbon CyzHgs belonging to o series of hydrocarbons

less saturated than the sesquiterpenes,
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B. p 8p. gr. ny, [2]o
COryODITIIONK .. ... ciisuissrsminnusonisansensne s 136-137° 0.9030 |1.49976 | —8.96
(Sehreiner and Kremers) (20 mm. )| (207) :
1 S MR 270° | 0.9086 |1.49936 |—T7 to—8
(200) ]
APFOPIYIIENG ..o coiinsininnsassisasineninansonin 258-260°| 0.9085 | 1.50004 | active.
(Wallach) (15%)

2. Atractylene.

By dehydrating atraetylol with acid potassium sulphate, Gadamer
and Amenomiya,*s obtained a sesquiterpene, to which they applied
the name atractylene. They also obtained a second hydrocarbon
from an oily chlorhydrate, prepared by acting on atractylol in ether
solution with hydrochloric acid gas. This they also designated
atractylene, although the two hydroecarbons had quite different pro-
perties. Based on the molecular refractions, the authors conclude
that the two hydrocarbons differ from one another by a double
bond. However, as neither of the sesquiterpenes was obtained in a
pure state, the phyeical constants can hardly be relied upon to de-
cide this point. No chemical derivatives were obtained. Attempts to
prepare the hydriodide, bromide, and hydrate failed. Although the
authors give the misleading title of “atractylene nitrosochloride’ to
a section of their experimental work, they only obtained a greenish
oil which readily decomposed.

Physical properties. Atractylene by dehydration with KHSO,:

150 _

B. p. 260—261° (760 mm.); d 15 =0.9154; d f% 0.9101 n,=1.50893.

Atractylene from the oily chlorhydrate prepared from atractylol:
Bt

B.p. 188—141° (14.5 mm.); d -, =0.9267 n,=1.50565.

Sesquiterpene hydrate yielding atractylene. Atractylol,

This sesquiterpene hydrate was obtained from the oil of Atracty-
lis ovata Thunb., which becomes crystalline shortly after being dis-
tilled. Neno4? assigned to it the formula CioH1&0, but Gadamer and
Amenomiya give it the formula Ci5Hgs0. It appears to react with
phenylisocyanate, hydrochlorie and hydrobromie acids, iodine, nitrie
acid, acetic acid and its anhydride, also with benzoyl ehloride, but
no characteristic compounds could be isolated, nor are the esterifica-
tion results in any case quantitative. Atractylol readily splits

48 Arech, d. Pharm. 241, p. 88,
4% Journ. Pharm. Soe, of Japan, No. 129, p. 1074.
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does not mention the word cadinene, but always calls it “Sesquiter-
pen” and thus fails to differentiate between different sesquiterpenes,
largely, no doubt, because at the time at which he wrote exceedingly
little was known about the characteristics of any of the other ses-
quiterpenes. This, no doubt, also explains why other writers some-
times use the word cadinene as though it were synonymous with
sesquiterpene. .

The word cubebene was formerly largely applied to this hydro-
carbon, because it was first found in oil of eubebs. It is now almost
universally replaced by the word eadinene. The designation cubebene
is now restricted to the sesquiterpene from cubeb camphor.

Galipene may also be mentioned as a synonym for cadinene.
This was at first supposed to be a distinct sesquiterpene by Beckurts
and Troeger®® (1897), but its derivatives have been shown to be true
cadinene derivatives. The name is derived from Galipea cusparia
St. Hil. (Cwsparia trifoliata Engl.), the plant yielding angostura
bark oil, in which the sesquiterpene was found. The designation
galipene is now applied to another sesquiterpene found in the same oil.

Amyrene, as the dextrogyrate sesquiterpene of West Indian
sandal-wood oil from Amyris balsamifera is called by Heine & Co. 57
was shown by Deussen?¥ to yield cadinene derivatives, and may,
therefore, be included in the list of synonyms for cadinene.

The name cadinene was proposed by Wallach3® in 1887, because
the dihydrochloride of the sesquiterpene was obtained in large quan-
tities from oil of cade.

History and General Disenssion.

The history of cadinene is closely connected with the chemical
study of cubeb oil. As early as 1840, Soubeiran and Capitaine %0
found this oil to consist largely of a sesquiterpene which yielded with
hydrochlorie acid gas a crystalline hydrochloride melting at 131°
and being laevorotatory. In 1860 Lallemand®! obtained a similar
hydrochloride melting at 125° from a sesquiterpene occurring in the
oil from Dryobalanops camphora, Lallemand regenerated the ses-
quiterpene from this hydrochloride by treatment with lead oxide or

88 Arch. d. Pharm., 2385, EE.I 518, 6a4; 286, p. 402,
57 List of products exhibited at Paris, 19040,

58 Arch. d. Pharm., 248, p. 144,

B0 Ann., 2HX8 p. TH,

g0 Jonrn, . Pharm.. 26, p. 76: Ann., 34, p. 328,

6f Ann. d. Phys., (3) 67, p. 401; Ann,, 114, p. 193,
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mercuric oxide at 100°, or saponification with alcoholie potassa-
This regenerated hydrocarbon boiled at 260°, was strongly laevo-
rotatory and combined again with hydrochlorie acid to yield the same
hydrochloride.

Schmidt®2 in 1870 and 1877 and Oglialoro®® in 1875, obtained
a hydrochloride from cubeb oil, melting at 118°. Oglialoro regener-
ated the hydrocarbon by heating this hydrochloride with water to a
high temperature. The hydrocarbon boiled at 264—265° when recti-
fied and could be changed back into the original hydrochloride hy
hydrochlorie avid gas. '

Wallach % in 1887 undertook a more detailed study of this ses-
quiterpene. He found that the corresponding fractions of cubeb,
patchouly, galbanum, savine, and cade oil, all yielded the same

dihydrochloride, melting at 117—118° As cade oil contained the
sesquiterpene in large quantities, Wallach proposed for it the name
of cadinene. By heating this dihydrochloride with aniline, or with

anhydrous sodium acetate in glacial acetie acid solution, the hydro-
carbon was regenerated. This regenerated hydrocarbon again yielded
the same dihydrochloride. He also prepared the dihydrobromide,
melting at 124—125° and the dihydroiodide, melting at 105—106°,

Since that time the dihydrochloride of cadinene has been obtained
from the high boiling fractions of many oils. These will be considered
specifically under the heading of occurrence. In all these cases, how-
ever, the formation and melting point, and rarely also other pro-
perties, of the dihydrochloride have been the only evidenee of the
identity of the hydrocarbons in these oils. In many articles, the
word cadinene is even used as synonymous with any high boiling
fraction, possessing the general properties of a sesquiterpene, without
chemical identification. It is not at all certain that cadinene really
exists in all of these oils. Cadinene is reported“s to exist in asa-

foetida oil, but Semmler % has shown in his work that the hvdroearbon
is not present in the oil as such, but is generated from an oxygenated
product by repeated treatment with sodium. It is likewise reported 57

to be present in pepper oil, but the sesquiterpene from this oil has

63 Arch. d. Pharm.. 191, p. 21; Ber., 10, p. 190.
6% (iags. chim.. 5. p. 567; Ber. 8, p. 13567,
64 Ann., 238, p. T4,
8% Ann., 271, p. 297: Charabot, Les Hulles Eszenticlles, p. 894: Heusler, Die
Terpene, p. 145, ' i
68 Arch. 4. Pharm., 229, p. 17.

47 Ber. v. 5. & Co., Oct. 18938, Sappl! p. 38 Charabot
p. 8594 ; Heusler, Die Terpene, p. 145, 5 3 » Lies Hulles Essentlelles,
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ben shown to-be caryophyllene and not cadinene by Schreiner and
Kremers. 88 Several other cases of this nature might be mentioned,
where the only fuct to warrant the assumption that cadinene is pre-
sent, is the color reaction suggested by Wallach.® A color reaction
of this kind is at best only a mere indication of the '['JDE‘-HhIE presence
of eadinene, but is by no means conclusive.

Attention should here be called to the tendency of the terpenes
proper to change from one into the other through the action of
hydrochlorie acid and it is not improbable that similar inversions
may take plaee with the sesquiterpenes. As dipentene dihydrochloride
resilts under certain conditions not only from pinene but also from
limonene and several socalled terpene hydrates, so may the sesquiter-
pene dihydrochloride melting at 118°, and ecalled cadinene dihydro-
chloride, result from several distinet sesquiterpenes and their hydrates.
Although eadinene when regenerated from the dihydrochloride, is
always strongly laevogyrate, the original fractions from which the
hydrochloride was obtained show a great diversity of optical activity,
many being strongly dextrorotatory.

Beckurts and Troeger™ in 1897 contributed some interesting
observations which seem to point unmistakably toward inversion in
the group of the sesquiterpenes. They succeeded in getting from
fraction 260—270° of angostura oil an oxygenated product, CizHze0.
This compound is optically inactive, readily splits off water when
heated and is very difficult to obtain. For this compound they pro-
pose the name of galipol. From galipol and also from fraetion
250—280°, they obtained by heating with acetic acid anhydride in
a sealed tube, a sesquiterpene, which showed a rotation of + 18° in
a 100 mm. tube. From this hydroearbon, which they called “gali-
pene,” they prepared a dihydrochloride melting at 114—115°, and a
dihydrobromide melting at 123° The original oil was strongly
laevogyrate, viz. — 50°; the alcohol was inactive, and the hydro-
carbon generated from the aleohol, also that obtained from fraction
250—280° with acetie acid anhydride, was dextrogyrate, viz. 4 18°,
From this it appears that an inversion of the sesquiterpene in the
original oil has taken place. In a later article™ they show that by
the use of different dehydrating agents, entirely different results are

88 Pharm. Archives, 4, p. 61; Proc. Amer. Pharm. Assoe., 49, p. 349,
68 Apn., 288, p. HT.

70 Arch. rl Fharm., 2385, p. 618,

71 Arch, d, Pharm,, 2385, p, 634,
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obtained from the same oil. The original oil was again strongly
laevogyrate; by treatment with acetic acid anhydride the optical
activity was changed to +20°; by treatment with phosphorus pen-
toxide it was changed to —10°,° Further, they were able to isolate
an inactive sesquiterpene from the oil by fractional distillation and
treatment with phosphorus pentoxide. In a third contribution
they report that the diliydrochloride and dihydrobromide formerly
reported as “galipene’” compounds are identical with the correspond-
ing cadinene derivatives, although they result from a dextrogyrate
hydrocarbon, whereas the known cadinene is strongly laevorotatory.
This time they suggest the name of galipene for the inactive sesqui-
terpene instead of the dextrogyrate variety mentioned above. These
observations leave the identity of the sesquiterpenes in u.ngnstum
oil in a very unsatisfactory condition.

Other cases of disagreement in physical properties similar to the
above are on record. H. v. Soden 72 found a dextrogyrate sesquiter-
pene in West Indian sandal-wood oil, which is designated by Heine
& Co.7 as "“‘amyrene.” Deussen,7 however, was able to get deriva-
tives of the laevogyrate cadinene from this dextrogyrate hydro-
carbon. Grimal® on the other hand, obtained dextrogvrate cadinene
derivatives, agreeing in properties with the usual laevogyrate
forms, from a dextrogyrate fraction of atlas cedar oil. Schimmel
& Co.70 found that both the dextrogyrate Cuban cedrela wood
oil and the laevogyrate Costa Rica variety, yielded large amounts
of cadinene dihydrochloride. Reychler?” found that the rotation
of the sesquiterpene in ylang - ylang and cananga oils yielding
cadinene dihydrochloride was greatly affected by the heat of
distillation under ordinary pressure, the action going so far as to
produce an inversion in the rotation. This change did not take
place when the distillation was carried on under diminished pressure.
All these results clearly show that inversion may take place and
that at least two different physical modifications of the same ses-
quiterpene yield the same dihydrochloride. Identification based only
on such o compound may, therefore, lead to wrong conclusions.

In view of these facts it appeared highly essential that other

72 Apch, d. #harm., 286, p. 897,

73 Pharm. #tg., -Ir"' pp. 2249, 578,

74 List of pmﬂnem exhibited at Paris 1900,
76 Arch. d. Pharm., 288, p. 149,

. Lmnp rend.., 185, pp. 582, 1059,

76 Her, 8 & Co., April 1892, 'n 41.

77 Bull. E.uc ehim., (8) 11, pp. 6576, 1045,
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prises twelve families, including twenty-one genera }rlaldmg twenty-
seven distinet oils.

The presence of cadinene in these oils has in nearly all cases been
determined by the formation of the dihydrochloride melting at
117—118°. The doubtful oils, in which cadinene has been erroneously
stated to be present, or where it is at best only indicated by means
of color reactions, have, for the sake of completeness, also received
mention in this compilation.

PINACEAE.

Pinus silvestris. Pine Needle Oil.

According to Bertram and Walbanm7® the highest boiling frac-
tions of the saponified oil of the needles from Pinus silvestris, gave
with hydrochlorie acid gas a dihydrochloride melting at 1187, iden-
tical with cadinene dihydrochloride.

Pinus montana. Pine Needle Oil.

Bertram and Walbaum%? found that the optically inactive frac-
tions of pine needle oil from Pinus montana boiling above 250°
yielded cadinene dihydrochloride melting at 118°.

Pivea excelsa. Pine Needle Oil.

According to Bertram and Walbaum 3! the fraction of pine needle
oil from Picea excelsa, boiling above 260°, had a rotation of ay =
—6° 40%, and yielded cadinene dihydrochloride melting at 118°,

Tsuga canadensis. Hemlock Needle Oil.

Cadinene is mentioned by Schimmel & Co..52 and also by Heus-
lers® as a constituent of hemlock oil, without, however, giving any
proof or reference. Bertram and Walbanm8* in 1893 report the
presence of a sesquiterpene, but did not identify it. Gildemeister and
Hoffmann 8% in 1899 still give the sesquiterpene as undetermined.
Abies alba. Pine Needle Oil.

According to Bertram and Walbaum 8¢ the saponified pine needle

oil from Abies alba contains sesquiterpene (“Wallach’s Cadinen’). 87
No properties are given.

7 Areh. d. Pharm., 281, p. 300.

80 Arch, d. Pharm., 281, p. 297,

81 Arch. d. Pharm., 281, p. 206,

82 Ber. v. 8. & Co, Oct. 18934, Suppl., p. 21.
83 IMe Terpene, p. 168,

Bt Arch. d. Pharm., 281, p. 2495.

85 e Aeth. Oele, p. 2400,

86 Aprch. d, Phn.rm 281, p. 291,

87 Ber. v. 8. & Co., .ﬁpril 18Jd p. 20,
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Reychler?? noticed that the cadinene from ylang-ylang and
cananga oils suffered a great change in rotation on being distilled
under ordinary pressure. In one case an inversion to a dextrogyrate
sesquiterpene took place. Whether this dextrogyrate sesquiterpene
still forms a hydrochloride, Reyehler did not determine. It is highly
probable that the results noticed by Troeger and Feldmann and also
in this lnboratory are due to a similar cause. On the other hand it
is not improbable that the sesquiterpene of cade oil is not always
eadinene, and that another sesquiterpene may often be present. Cade
oils of greatly varying properties are to be found in commerce, and
the oil is uot always distilled from the wood of Juniperus oxyrcedrus
only, but often from mixtures of these with other woods. 3

Cathelinean and Hausser®® avoid the application of direct heat
to the oil, but distill the nonphenol portion of the oil with water
vapor, and then mix it, without further fractionation, with aleohol and
treat it with hydrochloric acid gas.®® In this way they obtained a
very satisfactory yield of dihydrochloride from the oil.

Juniperus sabina. 0il of Savin.

Wallach#® mentions oil of savin in the list of oils from which he
obtained cadinene dihydrochloride. Umney®7 mentions the presence
of polyterpenes () boiling at 226°.

Juniperus virginiana. (il of Cedar Leaves,

According to Schimmel & Co.®5 the high boiling portions of oil
of cedar leaves contained cadinene as was shown by the preparation
of its dihydrochloride. :

PIPERACEAL.
Piper nigram. Black Pepper Oil.

Eberhardt®® in 1887 reported the presence of a sesquiterpene in
black pepper oil. In 1893 Schimmel & Co.790 mention cadinene as a
constituent of this oil, without, however, giving proof or reference.
The same is done by Heusler.! Schreiner and Kremers, 2 however,
showed this sesquiterpene to be earyophyllene (see this). It is possible

82 Bull. Soe. chim., (3) 11, pp. 407, 576, 1045,
82 Comp. Pharm. Rev., 20, p. 401,

84 Bull. S8oc. chim., (8) 25, p. D31,

#6 See under dihydrochloride,

#8 Ann., 288, p. 82,

87 Pharm. Journ., (8) 25, p. 1045,

B8 Ber, v. 8 & Co., April 1898, . 18,

90 Arch, d. Pharm., 225, p. 516,

100 Ber.®*v., 8. & Co.. Oct. 1888, Sappl. p. 88.

1 Die Terpene, p. 175,

2 Pharm. Archives, 4, p. 61; Proc, Amer. Pharm, Assoe., 49, p. 849,
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authentic oil of both the bark and leaves. From each of these oils
they obtained a small fraction (about 3 p. c. in the case of the oil
from the bark) distilling between 260—270% *In this the presence
of cadinene was presumed, as it gave in glacial acetic acid solution
with a trace of sulphuric acid the violet coloration which is charae-
teristic for this sesquiterpene.” No solid hydrochloride could, how-
ever, be obtained, so that the presence of this sesquiterpene must be
left. in doubt.

RUTACEAE.
Cusparia trifoliata. Angostura Bark Oil.

Beckurts and Troeger!” obtained from angostura bark oil a
laevogyrate sesquiterpene, the hydrohalogen addition produets of
which agreed in melting point and rotation with the corresponding
cadinene compounds, A sesquiterpene showing all the properties of
cadinene could be generated from them.

Beckurts and Troeger also isolated a liquid sesquiterpene hydrate,
CisHz2aO, which they called galipol (see this). This alcohol is inactive
optically and has not been definitely characterized. The authors
produced by heating it with acetic acid anhydride in a sealed tube
to 170° a dextrogyrate sesquiterpene, to which they gave the name
of “galipene.” The impure fractions of the oil, consisting of galipol
and sesquiterpenes, gave the same hydrocarbon when subjected to
this treatment. This socalled “‘galipene” gave a hydrochloride melt-
ing at 114—115° and a hydrobromide melting at 123°, These com-
pounds were shown to be identical with the corresponding cadinene
derivatives in a later report.'® The authors, therefore, discard the
name of “galipene” for this dextrogyrate sesquiterpene and apply it
to a third sesquiterpene found by them in the oil. This is inactive,
optically, and not sufficiently well characterized to warrant the
authors to apply a specific name to it.

That this socalled “galipene” is an inversion product is shown
by the fact that the original oil is strongly laevogyrate (—50°) but
when heated with acetic acid anhydride it becomes dextrogyrate
(18—20°). With phosphoric acid anhydride it is reduced to —10°,
Distillation under atmospheric pressure alone will change the rotation
from strongly laevogyrate to dextrogyrate.!® Reychler2? ohserved

17 Arch. d. Pharm., 285, pp. 518, 684: 283, p. 892,
18 Arch. d. Pharm., 236, p. #57,

18 Apeh, d. Pharm., 236, pp. 404, 407,

20. Bull, Soe¢, chim., (8) 11, pp. 5382, 1045,
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MELIACEAE.

Cedrela species. Oil of Cedrela Wood.

According to Schimmel & Co.28 Cuban cedrela wood oil contains
large amounts of eadinene, as was shown by the preparation of the
dihydrochloride melting at 118°. The rotation of the original oil
was, however, dextrogyrate, a, = 4 18° 6",

Punta Arenas (Costa Rica) cedrela wood oil likewise consists
principally of a sesquiterpene yielding cadinene dihydrochloride melt-
ing at 118°.2¢ The rotation of this oil was to the left, a = —5° 53",

The other commercial varieties of cedrela wood oils, Corinto,
La Plata, and Porto Alegre are, like the foregoing oils, light blue or
yellowish in eolor and probably also consist largely of sesquiterpenes.

DIPTEROCARPACEAE.
Dryobalatops camphora.

Lallemand #° in 1860 found in the oil of Dryobalanops camphora
a sesquiterpene which boiled between 255 and 2707, the larger amount
distilling at 260°. The specific gravity changed in this interval of
temperature from 0.90 to 0.921 at 20° and the rotation changed
from slightly laevo- to dextrogyrate and increased up to the fraction
going over at 265°, when it again decreased, the portion distilling
at 270° being inactive. With hydrochloric acid it yields a crystalline
compound, CizHey. 2HCL, melting at 125°. This compound rotated
the ray of polarized light always to the left, no matter whether it
was obtained from a dextro or a laevorotatory portion of the oil.

Lallemand regenerated the sesquiterpene from this dihydro-
chloride by treatment with lead oxide or mercuric oxide at 100°, or
saponification with aleoholic potassa. ~ This regenerated hydroearbon
boiled at 260°, was strongly laevogyrate and combined again with
hydrochlorie aeid to yield the same dihydrochloride. Although the
melting point of this dihydrochloride as reported is rather high for
cadinene dihydrochloride, it is nevertheless very probable that Lalle-
m&n-:_i had this compound under consideration.

UMBELLIFERAE.
Fernla asa foetida and other species of
Ferula and Peucedanum. 0il of Asafetida.
Cadinene does not oceur as such in asafetida oil, but is obtained
from an oxygenated constituent by repeated treatment with sodium.

28 Ber. v. 8, & Co., April 1892, p, 41.
20 1. e,
a0 Ann. chim. phys., () 57, p. 401; Ann, 114, p. 193.
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generated d-cadinene had the following properties: b. p. 274—275%;
d15°=0.9212; np = 1.5094; [2]p = + 47° 55",

The molecular refraction of cadinene calenlated from the index of
refraction indicates two double bonds.

Pure cadinene is a colorless, rather limpid liquid, having an odor
that is not unpleasant. It shows a great tendency to resinify when
exposed to the air, the liqguid becoming very viscous in a few days.
Sechreiner and Kremers45 found that if cadinene is kept in contact
with solid caustic potash, it will retain its original characteristics
for several months.

Cadinene is soluble with difficulty in aleohol and glacial acetic
acid, but dizsolves readily in ether. )

Chemieal Properties and Derivatives,

Cadinene yields with the hydrohalogens well characterized addi-
tion products which retain the laevo-rotation of the pure cadinene,
but are less active. The dihydrohalogen addition products are quite
stable and are readily crystallizable, except the dihydriodide which
i8 decomposed by aleohol and can only be obtained in a pure form
by erystallizing from anhydrous solvents. According to Deussen 46
the stability decreases from the hydrochloride to the hydriodide when
heat is applied.

Cadinene also yields a nitrosate and a nitrosochloride. On oxi-
dation with chromic acid it yields many of the lower fatty acids,
which are volatile with water vapor. When allowed to drop slowly
into cold fuming nitric acid, a lively reaction takes place and each
drop is dissolved. By pouring into water and washing, a yellow,
solid compound, which is soluble in canstic alkali and cannot be
erystallized, is obtained.

Cadinene gives a very fine color reaction when it is dissolved in
much ehloroform and drops of sulphuric acid are added. The chloro-
form becomes green, then blue, and on heating changes to red. The
reaction is still more striking when the eadinene is dissolved in much
acetic acid and cone. sulphuric acid is added drop by drop. This
color reaction is only very faintly shown by the pure, recently
distilled hydrocarbon, while resinification is very favorable to it. It
may be of interest to add that the cadinene preserved for several

42 Pharm. Archives, 2, p. 20%9; Proc. Amer. Pharm. Assoe., 47, p. .
46 Arch. d. Pharm., 288, p. 155, Sl
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results of the earlier chemical studies are not wholly in agreement
with this. Blanchet®7 in 1838 obtained from the oil a hydrochloride
melting at 54° and having the composition CroHie. 2HCL  Soubeiran
and Capitaine®s in 1840 confirmed this formula, but gave the melting
point at 77° Later investigators failed to get a hydrochloride from
the oil. Until 1899 the dihydrochloride of caryophylene had not
been prepaved in a erystalline condition, but Schreiner and Kremers 29
showed that it eould be obtained in the form of erystals melting at
(G9—T0°  Whether these early investigators had this same dihydro-
chloride in hand is very doubtful from their analyses, but this, as
well as their widely different melting points may possibly have been
due to a very impure condition of their prodaet.

Another discrepancy is the fact that Strauss!0, Brix! and also
Levy and Engliinder? found the vapor density to agree with the
formula CeoHge. This, however, may be explained by the changes
which these high boiling sesquiterpenes suffer when vaporized. The
specific gravity of the fractions of copaiba balsam oil as given by
these investigators iz usually somewhat low for earyophyllene, but
the boiling point, and also the rotatory power when given, agree
fairly well with impure caryvophyllene. There are, however, a number
of commercial varieties of copaiba balsam and the widely varyving
rotatory power of different samples of the oil, from —7° to —35°,
would seem to indicate the presence of other hydrocarbons or possibly
oxygenated constituents in some of these. This assumption would
explain many of the discrepancies mentioned above, and possibly
also some of the results obtained by oxidizing the oil, as will be
mentioned below. Moreover, Umney® in 15893 failed to get a hydrate
from fraction 264° of Afriean copaiba oil by the method used by
Wallach for caryophyllene. The oil, moreover, was dextrogyrate
20° 42 while the other varieties are laevogyrate. The application
of the nitrosite reaction of Schreiner and Kremers to these different
varieties of copaiba oil, would no doubt clear np many of these

87 Ann., 7. p. 154,

28 Journ. de Pharm. 26, p. 565,

99 Pharm. Archives, 2, p. 296; Proc. Amer. Pharm. Azsoc., 47, po 178,
100 Ann,, 145, p. 145,

1 Bep.. 14, p. 2267,

2 Anpn., 242, p. 189,

3 Pharm. Journ. 58, p. 215,
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the position of the plants in Engler's Syllabus. Four families and
four genera, are so far included in this list of plants as yielding
caryophyllene.

PIPERACEAE.
Piper nigrum. Black Pepper Oil.

The first analyses of pepper oil, made by Dumas?® in 1835, showed
it to be almost free from oxygen, the results agreeing with the for-
mula Cs;Hs. Eberhardt1® in 1887 wverified these results. He separ-
ated a fraction boiling between 190—250° and a higher one between
250—310°. Both fractions gave results agreeing with the formula
CisHzq. The fraction 190—250° had the specific gravity 0.9042 and
a specific rotation of —7° No chemical work was done on this
fraction. Later, this sesquiterpene is reported as cadinene,!! but
Schreiner and Kremers, 12 guspecting caryophyllene, rather than
cadinene from the physical properties of the fraction obtained by
Eberbardt, made a test for this hydrocarbon. They obtained a
fraction 125—130° (16 mm.) which had a specific gravity of 0.9058
and showed a rotation of —7.54° and an index of refraction 1.49787.
There constants agree fairly well with those of impure earyophyllene.
That this hydrocarbon was really under consideration was shown by
the preparation of the characteristic blue nitrosite of caryophyllene,
melting at 113°,

LEGUMINOSAE.
Copaifera officinalis and other species, 0il of Copaiba.

Blanchet1# in 1833 distilled copaiba balsam with water and also
by itself. The oil obtained by distillation with water had a sp. gr.
of 0.8784 at 22° and boiled at 245°, Analyses indicate the com-
position CsHs. The oil obtained by direct distillation boiled at 250°,
otherwise it had the same properties as the oil distilled with water
vapor. With hydrochloric acid it yielded a hydrochloride, which,
when dissolved in ether and precipitated with alecohol, melted at 54°
and boiled at 185°. Blanchet determined the formula to be CijoHig
2HCL.  Soubeiran and Capitaine ' in 1840 found the boiling point to
be 2607 and the specific gravity 0.885; the rotation of the oil was
toward the left, somewhat less than French turpentine. With hydro-

® Ann., 1, p. 15D: comp. algp, Soubelran and Capitaine, Ann., 84, p. 826,
10 Arch. d. Pharm., 225, p. 515,

11 Her, v. 8. & Co., Oct. 1808, Suppl. p. 38; Heosler, Me Terpene, p. 175,
12 Pharm. Archives, 4° p. 61; Proc. Amer. Pharm. Assoc., 49, p. 350.

13 Amnn., T, p. 156,

1+ Ann., 84, p. B21,
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chlorie acid it yielded a hydrochloride ealled by them copaiba cam_
phor, after the nomenclature then in use. This hydrochloride formed
short rectangular prisms, odorless and transparent, melting at 77°.
1t was decomposed by heat, and on boiling with aleohol an oil was
generated. They attempted to regenerate the hydrocarbon, which
they called copaivene by heating the hydrochloride, but the high
temperature necessary also destroyed in part the hydrocarbon.
Analysis gave the same result as found by Blanchet, namely CioHie.
2HCI.

Posselt 15 in 1849 reports on the oil obtained from para copaiba
balsam. It had the formula CsHs; sp. gr. 0.91 and boiled at 252°.
It absorbed hydrochloric acid gas readily, but gave no erystalline
hydrochloride. Oxidized by heating with dilute nitric acid it yields,
besides volatile acids not investigated, a resin and a crystalline acid,
which could not be investigated, as the amount was too small.

Strauss?6 in 1868 obtained from Maracaibo copaiba balsam, by
dissolving the resin in dilute sodium hydrate solution with the aid
of heat, an oil floating on the surface of the solution. This oil had
a specific gravity of 0.921 at 10° and boiled from 250 to 260°. Its
composition was CsHs, but a vapor density determination agreed
with the formula CzoHsz (?). Oxidation experiments led to no de-
definite results. Brix17 in 1882 ivestigated fraction 250—260° of
Maracaibo copaiba balsam oil. This fraction had a specific gravity
of 0.892 at 17° an index of refraction of 1.508 and the molecular
formula CzoHas. It yielded no crystalline hydrochloride and on oxi-
dation with chromic acid mixture, acetic and a small amount of
terephthalic acid resulted. By treatment with metallic sodium, he
obtained in the last portions of the distillate a dark blue oil, cor-
responding with the improbable formula 3(CzoHs2)4+H20, and called
by him “Copaibaiil-Hydrat.”” Phosphoric acid anhydride changes
this again to the original sesquiterpene.

Griinling 18 oxidized the hydrocarbon of copaiba oil boiling at
252° with chromie acid mixture and obtained a crystalline acid,
melting at 207° an indifferent body, melting at 218° and a small
amount of a second acid, melting at 170°, Paracopaiba balsam oil
boiling at 258° yielded oxidation products which differed from the
above. This oil gave on oxidation an acid melting at 136°,

15 Ann., ?EHH EI;‘R

18 Aqn., i P .

17 Mnonatsh, 1.P|‘_:nnm,, 2, p. 307; Jahresb, d, Pharm,, 1881—82, p, 214,
18 Digsertation, Strassburg, 1879, p. 2N,
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Levy and Englinder!® obtained from copaiba oil a fraction
252—256°, which had the composition CsHg, and a vapor density
agreeing with CuoHsz, a specific gravity of 0.8978 at 24° and a
rotation of —7°. On oxidation with chromic acid mixture they ob-
tained besides acetic acid an amorphous acid, the barium salt of
which indicated the formula C;2Hq,50s, and a well crystallized acid,
melting at 140°, which was identified as a symmetric dimethyl
succinie acid, CeHi1004. The amount of this acid was small, being
only 1.5 p. e. of the oil used. and it is, therefore, doubtiul whether
this acid resulted from the hydrocarbon, or from some other unknown
compound accompanying it.

Vallach2? in 1892 identified the sesquiterpene of fraction 250—
270° from copaiba oil as caryophyllene by preparing the character-
istic hydrate and nitrosochloride of this hydrocarbon.

Umney 21 in 1893 examined African copaiba oil, which differs in
its physical properties fr. m the other varieties. He failed to get a
erystalline hydrate or hydrochloride from fraction 264°. By fraction-
ation over metallic sodium he obtained a blue oil similar to that
obtained by Brix from the Maracaibo variety.

From the foregoing presentation of the work done on the various
copaiba balsam oils, it will be apparent that the reactions given
by the different observers are somewhat contradictory, and show
that caryophyllene may not be the only sesquiterpene present in the
oil and may even be entirely absent in some of the oils, as for
instance, in the African copaiba oil examined by Umney. (See also
under the section on history and general discussion. |

CANELLACEAE.
Canella alba. 0il of Canella.

Williams 22 in 1894 was able to prepare caryophyllene hydrate,
melting at 92—95° from fraction 250—255° of canella oil by the
method employed by Wallach for making caryophyllene hydrate.

MYRTACEAE.
Eugenia caryvophyllata. 0il of Cloves.

In 1836 Ettling23 obtained from oil of ecloves by treating with
alkali and distilling with steam, a colorless, highly refractive liquid,
having the specific gravity 0.918 at 8°. According to Ettling the
composition i8 CsHs and the boiling point 142—143°.2¢ The oil
absorbed hydrochloric acid gas in large quantity but yielded no
erystalline derivative.

10 Ann., 242, p. 189,
20 Anm,, 271, p. 294,
21 Pharm. Journ., 538, p. 215,
22 Pharm. Rundschan, 12, p. 184,
23 Ann., 9, p. 68,
24+ A typographical error I8 probably responsible for this extremely low bhoiling
Eﬂth Church, however, also mentions that the hydrocarbon distills at first mainly
etween 160—165°% and that the higher bolling point Is reached only after several
distillations. On account of this low boiling point Dumas [Ann., 27, p. 151] ex-
resged the opinion that this hydrocarbon, CzHg, was probably jqfent[q_p,] with
urpentine, It may be that the presence of a amall amount of water In the oil was
responsible for the depression of the boiling point,
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Bockmann 25 in 1838 also mentions the hydroearbon which separ-
ates on adding some water to a solution of oil of cloves in alkali
and heating. Briining#¢ in 1857 separated the hydrocarbon in a
manner similar to that used by Ettling but finds the boiling point
to be 255°. Williams 27 in 1858 determined the boiling point at 251°
and the specific gravity at 14° was 0.9016. Williams points out
that it eannot be an isomer of turpentine oil and that it closely
resembles copaiba and eubeb oil, thus recognizing the sesquiterpene
nature of the hydroearbon.

Chureh 28 in 1875 separated the hydroecarbon from clove oil and
states that during the first distillation the oil eame over below
165°,2% the greater part distilling between 160 and 164°. The boiling
point of this was raised to 215—221° by a second distillation and
had a specific gravity of 0.9064 at 15°. After treatment with metallic
sodium tbe hydroearbon boiled at 247° (253.9° corr.) and had a
specific gravity of 0.905 at 157, instead of 0.9064 as before. Analysis
and vapor density determination indicated the formula CisHey.

In 1892 Wallach and Walker#® characterized the hydrocarbon
from clove oil and gave it the name of carvophyllene, aufter the genus
name of the plant yielding the oil.

Eugenia carvophyllata. 0il of Clove Stems.

Erdmann2! in 1897 obtained from the oil of clove stems, by
shaking out the eugenol with aqueous potash, a sesquiterpene boiling
between 123—125° (18—14 mm.) and having a specific gravity
0.9050. While these properties agree with carvophyllene, neverthe-
less, in the absence of more definite information concerning this
gesquiterpene, it cannot be definitely stated that it is caryophyllene,
although it is mentioned as such in several places.

Preparation,

Carvophyllene has been obtained in a fairly pure state from oil
of cloves. All the earlier investigators had the impure hydrocarbon
which separated from the alkaline solution of clove oil, in hand, but
the later workers still further purified this product by distillation
and by chemical treatment. All attempts to obtain it in an absolutely

28 Ann., 27, p. 155.

28 Ann., 104, p. 202,

27 Ann., 107, 242,

28 Journ. Chem. Soc., (2) 18, p. 113,

29 This low hoilin a-lmlut may have been due to molsture in the oll,
80 Anm., 271, p. 294,

81 Journ. 1. prakt. Chem., (2) &6, p. 144,
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pure form by regeneration from its derivatives as had been done with
cadinene have so far failed; Wallach obtained the isomeric clovene
from the hydrate, and Schreiner and Kremers obtained from the
dihydrochloride a hydroecarbon which differed decidedly in its rotatory
power from caryophyllene,

Wallach 32 in 1892 prepared caryophyllene by fractional distillation
of the non-eugenol constituents of clove oil. He took the fraction
distilling between 258—260°. In 1897 Erdmann?? showed that the
hydroearbon thus prepared still contained some eugenol in the form
of its acetic ester. He recommended saponification with alcoholic
potassa and then treating the solution with water to separate the
hydeocarbon. By distilling this hydrocarbon - under diminished
pressure he obtained caryophyllene boiling at 123—124° (13 mm.),
258—259° (752 mm.), which was free from oxygenated constituents.

The caryophyllene used by Schreiner and Kremers ¢ was prepared
on a somewhat larger scale in the laboratory of Fritzsche Bros. at
(Garfield as follows:

0il of eloves was treated in slight excess with a T p. e. soda
solution at ordinary temperature and the solution extracted with
ether. The ether invariably dissolved some of the sodium eugenol.
The ethereal solution is evaporated on a water bath, at which
temperature any of the aceteugenol originally present in the oil of
cloves and dissolved by the ether, is saponified by the sodium present.
The crude caryophyllene thus obtained was then thoroughly exhausted
of any eugenol by repeated treatment with 5 p. e. soda solution and
then rectified by distillation with steam. This produect was found to
be free from acetengenol. When distilled under 20 mm, pressure
nearly all of this oil came over between 136—137°,

Physieal Properties.

Caryophyllene is a colorless, highly refractive liquid, having when
pure, a faint but pleasant odor of aromatic woods, without, how-
ever, definitely suggesting any particular variety. Its physical con-
stants as found by various investigators is given in the following
tabulation, the arrangement being chronological, giving at the same

time the order of purity. All these samples were prepared from oil of
cloves.

82 Ann., 271, p. 208,
28 Journ. f. prakt. Chem., 12) 58, p. 144, .
34 Pharm. Archives, 2, p. 2738,
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Williams (1858): B. p. 251°; d14°=0.9016,

Church (1875): B. p. 253.9° (corr.); d15°=0.905.

Wallach (1892): B. p. 258—260°; d:5°=0.9085. n,=1.50094;
optically active.

Erdmann (1897): B. p. 123—124° (13 mm.), 258—259° (752
mm.); dz4°=0.9038.

Schreiner and James (18908): dep = 0.9032: n, = 1.50019;
[«]o= —8.74°.

Schreiner and Kremers (1899);: B. p. 1836—137° (20mm.); dzo’=
0.9030; np=1.49976; [«]p= —8.96.

Schreiner and Kremers also determined the indices of refraction
for the three hydrogen lines, the dispersion between the lines being
also given.

Ba.ovaiinaa 149694
} 01136

B 160838 } 01834
} 00608

B it mndi 01020
The molecular refraction agrees with two double bonds.

Only caryophyllene obtained from clove oil has been counsidered
in the above list, becanse even moderately pure samples of this
hydrocarbon have not been prepared from the other oils, and also
becanse of the contradictory statements foand for the hydrocarbon
of copaiba oil, which was discussed in the historical part and under
copaiba oil in the section on occurrence,

Chemieal Properties and Derivatives,

Caryophyllene yields with hydrochlorie acid a erystalline dihydro.
chloride, which is quite stable. Upon hydration it gives a mono-
hydrate, which appears to be a saturated compound. It also gives
a nitrosochloride, a nitrosate and a nitrosite. These nitroso-comp-
ounds and also the hydrate yield a number ol other derivatives. It
takes up four atoms of bromine but no erystalline bromide has been
obtained.

For the identification of caryophyllene, the preparation of the
hydrate has been mostly used. The preparation of the hydrate re-
quires, however, quite a large amount of the sesquiterpene in a fairly
pure condition, and even then it may happen that the hydrate is
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not obtained in a erystalline form. A more positive test is the
preparation of the blue nitrosite as described below, for which only
a cubic centimeter or two of the sesquiterpene fraction will be re-
quired. The nitrosite is much more readily purified than the hydrate
and has a sharp melting point as well as other characteristic properties.
In point of time the nitrosite has a decided advantage over the
hydrate as a test for identification. For further characterization the
hydrate can be changed to its phenyl urethane derivative, and the
blue nitrosite into the nitrolbenzylamine base, or by light, into the
Z-compound mentioned below.

The oxidation experimenis have nearly all been made on copaiba
oil and due to the uncertain purity of the material subjected to
oxidation, no definite conclusion ean be reached. These results have
already been given under copaiba oil in the section on oceurrence and
need not be repeated here. It may be mentioned that Beckett and
Wright,35 by treating earyophyllene from clove oil with dilute nitric
acid, obtained neither toluic nor terephthalic acid. Attempts to get
eyvmene by treatment with bromine likewise failed.

Carvophyllene dibydrochloride, CisHas 2HCl.

Wallach3" in 1892 reports that caryophyllene from oil of cloves
is capable of adding hydrochloric acid, but that the resulting comp-
ound is liguid. In 1899 Schreiner and Kremers3? suceeeded in getting
this dihydrochloride in a ervstalline condition. Blanchet®s as early
as 1833 and also Soubeiran and Capitaine3? in 1840, obtained from
copaiba balsam oil, later shown by Wallach to contain caryophyllene,
a solid hvdrochloride, but it would be unsafe to draw the conelusion
that these hydrochlorides, melting at 54 and 74°, and the analyses of
which agreed with the formula CioH14.2HCl, were identical with
caryophyllene dihydrochloride CizHas.2HCI melting at 69—70°.

Schreiner and Kremers4? prepared the dihvdrochloride as follows:
Caryophyllene is dissolved in an equal volume of ether and the
polution saturated with hydrochlorie acid gas at 0° After standing
for about 24 hours the ether is allowed to evaporate and the heavy
viscous oil mixed with aleohol, in which it is but very sparingly
soluble when cold, and this mixture exposed to a low temperature.

26 Journ. Chem, Soc., (83) 1, p. 6,
38 Ann., 271, p. 295,

87 Pharm. Arch, 2, p. 206; Proe. Amer. Pharm. Assoec., 47, p. 178,
8% Ann., T, p. 154

38 Journ. de Fharm., 26, {];. 69,

40 |Pharm. Arch., 2, p. 294,
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The undissolved lower layer of liquid dihydrochloride will soon solidify
and form a solid mass of erystals. These may then be pressed on a
porous plate to free them from any adhering oily matter and re-
crystallized from a little hot alcohol. This should be done quickly,
a small quantity at a time, as continued boiling with alcohol decom-
poses the dihydrochloride. :

The recrystallized product oceurs in fine white needles, melting at
69—T0°,

The dihydrochloride when treated with glacial acetic acid and
anhydrous sodium acetate, yields a hydrocarbon which does not
appear to be identical with caryophyllene nor with clovene obtained
by Wallach from the hydrate of caryophyllene. Whether the re-
generated oil is an individual compound has not been determined,
but the indications are that isomerization of the caryophyllene has
taken place.

Caryophyllene nitrosochloride, Ci5Hz4. NOCL

Wallach#! in 1892 prepared some of the nitrosochloride, but
complains of the exceedingly small yield. Schreiner and Kremers#® in
1898 found that the action of light had muech to do with the form-
ation of the insoluble white bisnitroso compound from the soluble
blue compound. They prepared the nitrosochloride as follows: 5 cec.
of earyophyllene, 5 ce. of aleohol, 5 ce. of ethyl acetate and 5 ce. of
ethyl nitrite are mixed and well cooled in a freezing mixture. 5 ce.
of a saturated solution of hydrochloric acid gas in cold alcohol are
then slowly added, continually rotating the flask. After allowing the
solution to stand for about an hour in the cold, it is exposed to the
light. The blue color soon fades away and the nitrosochloride begins
to separate. The complete separation requires several days or even
weeks, during which time the solution is best kept cold, although it
may be allowed to warm up without any serious efiect, as the
nitrosochloride is fairly stable, even while in contact with the mother
liquor. The nitrosochloride is collected and washed with alcohol.

The nitrosochloride thus obtained is a white stable compound
and melts at 158° with decomposition. Wallach found the melting
point to be 161—163°,

According to Schreiner and Kremers the nitrosochloride yields a
mixture of two nitrol benzylamine bases which can be separated by

41 Ann., 271, HE
«2 Pharm, Areih . p. 298,
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erystallization. They melt at 128° and 167° respectively. This may
indicate that the nitrosochloride consisted of a mixture of two isomers,

The reaction with aniline has not been fully studied. One sample
of freshly prepared nitrosochloride gave an energetic reaction when
heated wlth aniline and aleohol the solution becoming of a deep
purple color, which may have been due to the formation of amidoazo
benzene as noticed by Wallach#® in the regeneration of pinene from
its nitrosochloride by aniline. No nitrol aniline base of caryophyllene
could be obtained from the product of the reaction. A second sample
of nitrosochloride, which had beeil prepared a year previons, when
similarly treated, reacted much less violently, the produet of the re-
action being less deep in color, and yielding a nicely crystallized
derivative.#* From this it would appear that uuder certain conditions
a nitrol aniline base can be obtained and under other conditions a
splitting off of the nitrosylchloride takes place with regeneration of
a hydrocarbon. Perhaps this behavior of the nitrosochloride is due to
varying proportions of the two possible modifications mentioned
ubove. Further study is necessary to decide these points and if
found to be true, it would be of great interest to prepare some of
the generated hydrocarbon and study its properties.

A molecular weight determination shows the nitrosochloride to
belong to the class of bis-nitroso compounds.
Caryvophyllene nitrosate, CizHa2sN2Oy.

Wallach and Tuttle45 in 1894 prepared the nitrosate as follows:
10 ce. of the caryophyllene fraction of clove oil, 9 ce. of amyl nitrite
and 16 ce. of glacial acetic acid are cooled to —15% in a freezing
mixture and a similarly cooled mixture of glacial acetic acid and cone.
nitric acid is slowly added with constant agitation. The solution be-
comes green and a white erystalline precipitate separates. As soon as
the mixture becomes dark green,some aleohol is added. and after stand-
ing for about two hours, the separated nitrosate is collected on a filter.

Schreiner and Kremers4® proceeded as follows: 5 ce. of ecary-
ophyllene, 5 ce. of glacial acetic acid and 5 ce. of ethyl nitrite, are
mixed and well cooled in a freezing mixture. A mixture of 5 ecc. of
cone. nitrie acid and 5 ee. of glacial acetic acid is then slowly added,
continually rotating the flask. At the end of the reaction aleohol

43 Ann., 252, p. 182; 168, p. 348,

44 Unpublished result.

4 Ann., 279, p. 341,

44 Pharm, Arch,, 2, p. 296; Proc, Amer. Pharm. Assoc., 47, p, 178,
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is added and after about two hours, the separated nitrosate is

collected on a force filter, washed with cold alecobol and dried on a
porous plate,

The nitrosate is insoluble in alcohol, ether, glacial acetic aeid,
but soluble in benzol, from which it crystallizes in fine transparent
needles, melting at 148—149° with decomposition.

Wallach prepared from it a nitrol piperidine base, melting at
141—143° Schreiner and Kremers obtained a nitrol benzylamine
base melting at 128° identical with the lower melting nitrolbenzyl-
amine base obtained from the nitrosochloride.

Molecular weight determinations show the nitrosate to be a bis-
nitroso compound.

Caryophyllene nitrosite, CizH24N20s. According
to Schreiner and Kremers47 this is prepared as follows: Equal
parts of caryophyllene, low boiling petroleum ether, a saturated
solution of sodium nitrite and lastly glacial acetic acid, are mixed,
continually agitating the solution. On adding the acid, the upper
petroleum ether layer is colored a beautiful blue, which becomes
darker as more acid is added. This solution is allowed to stand a
few minutes and is then strongly cooled in ice water or a freezing
mixture. Upon standing, or better npon agitation, the upper blue
layer solidifies to a mass of deep blue erystals. Crystallization
usually takes place when so treated, but should it fail, the merest
trace of solid nitrosite brought in contact with the cold solution
will cause it to solidify immediately to a mass of crvstals. The
magma is transferred to a foree filter, first washed with cold aleohol,
then with water, and lastly with a little more cold aleohol, in which
the nitrosite is but sparingly soluble. The yield obtained is from 12
to 14 p. . Throughout this work the solutions must not be exposed
to bright light as the blue compound is decomposed by such treat-
ment.

The nitrosite can be recrystallized from hot aleohol in the dark,
in which it is very soluble, but which deposits the nitrosite in
beautiful deep blue needles on cooling. The melting point of the
purified produet is 113° It is perfectly stable up to its melting
point, but when this is reached a gas is given off and the liquid be-
comes green and finally brown. The nitrosite is dextrorotatory,
[4]p = +102.95° in a benzol solution. Molecular weight determina-
tions show it to be monomolecular, nor does it react with benzoyl

47 Pharm. Arch., 2, p. 278,
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chloride. These facts indicate that in the blue nitrosite there is
present a true nitroso group.

The nitrosite yields a nitrolbenzylamine base melting at 167°,
which is identical in its properties with the higher melting nitrol-
benzylamine base obtained from the nitrosochloride, but different from
that obtained from the nitrosate.

This blue nitrosite is very suitable for the identification of cary-
ophyllene in volatile oils. It can be prepared readily from fractions
of the proper boiling point and is in every respect a characteristic
compound which can be readily purified. Only a very small amount
of material is necessary for this test, the caryophyllene in pepper oil
having been identified with 2 cc. of the fraction of proper boiling
point. For further characterization the :-compound mentioned below
or the nitrolbenzylamine derivative can be prepared from it.

The nitrosite is exceedingly stable in the dry form, but when
exposed to light in a dissolved condition it readily decomposes in
part and suffers molecular changes. This reaction takes place in the
red end of the spectrum ounly and differs somewhat according to the
solvent used. The two following compounds have been obtained by
Schreiner and Kremers as the result of the action of light on the
nitrosite,

a-Compound. This was prepared as follows: 5 gr. of caryophyl-
lene nitrosite were mixed with 20 ce. of absolute alecohol and exposed
to sunlight. The blue crystals gradually dissolved in the aleohol to
form a colorless, or only slichtly vellowish solution. Oxides of
nitrogen appear to be given off at the same time, although this
could not be definitely determined. On spontaneous evaporation an
oil remained from which erystals separated in the form of radiating
needles. The yield of this product is small, amounting to only 5 p. c.
of the nitrosite uszed.

This compound oceurs in transparent, well developed crystals,
melting at 113—114°. 1t is readily soluble in aleohol and benzol,
differing in this respect from the z-compound deseribed below. A
nitrogen determination agrees with the formula Ci;5HeyN20s and it
would, therefore, appear to be an isomer of the blue nitrosite, although
this is by no means certain as only a nitrogen determination could
be made with the small amount of material at hand. It is mono-
molecular.
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F-Compound. Thisis obtained by exposing a benzol solution of
the nitrosite to sunlight. The blue nitrosite is very soluble in benzol
and when this solution is exposed to sunlight, nitrogen gas is given
off and the blue solution decolorizes, and solidifies to a mass of fine
white felt-like erystals. The yield was about 12 p. e. of the blue
nitrosite used.

The substance thus obtained was pure white and showed a matted
felt-like mass of erystals under the microscope. It differs in all its
properties from those of the a-compound described above. The melt-
ing point of the a-compound is 113—114°; that of the j-compound
146—148° The crystals are decidedly different in appearance. The
a-compound is readily soluble in both aleohol and benzol, whereas
the zcompound is insoluble in these solvents. It is algo insoluble or
only sparingly soluble in ether, chloroform and carbon disulphide.
It is soluble in boiling ethyl acetate, but cannot be recovered in a
erystalline eondition.

This F-compound reacts readily with benzoyl chloride and also
with benzylamine, but no crystalline compounds have so far been
obtained.

The exact nature of this as well as the «-compound ean only be
decided by further study.

Caryophyllene nitrolbenzylamines, CyzH24(NO)NHCH-
CsHs. There appear to be two nitrolbenzylamines, which differ from
each other in erystal form and melting point. Aeccording to Schrei-
ner and Kremers48 caryophyllene nitrosite yields a nitrolbenzylamine
base melting at 167° and the nitrosate a base melting at 128°, while
the nitrosochloride yields both these bases. For the present these
bases have been designated as «- and Z-nitrolbenzylamine respectively.

e-Nitrolbenzyvlamine. This compound was obtained as fol-
lows: Nitrosite and benzylamine were heated together in alcoholie
solution for a short time. The crystals which separated on cooling
were well washed with water and reerystallized from hot alcohol.
The base separates on cooling in pure white needles, melting at 167°.
This nitrolamine base obtained from the nitrosite was identical with
the first crop obtained from the nitrosochloride as follows: The
product obtained by heating together nitrosochloride and benzyl-
amine was heated with aleohol and set aside to erystallize. On cool-
ing a mass of fine needle-shaped crystals separated. These were

48 Pharm. Arch., 2, p. 285.
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collected, washed with alecohol and then with water, to separate any
salts of benzylamine. The washed product was then reerystallized
from aleohol, from which it separated on cooling in pure white needles
of the melting point 167°. :

On standing, the mother liquor from the crude base deposited
erystals of the F-nitrolamine deseribed below.

F-Nitrolbenzylamine. This was obtained as follows: Cary-
ophyllene nitrosate was boiled with benzylamine and aleohol unntil
completely dissolved. The aleoholic solution deposited on standing,
nodules of erystals on the sides and bottom of the dish. These, when
recrystallized from alecohol, again separated in nodules, and showed
a melting point of 128°. This nitrolamine-base is identical with the
nitrolamine obtained from the mother liquor of the a-nitrolamine
prepared from the nitrosochloride as mentioned above.

Caryophvllene nitrolpiperidine, CizHas (NO)NHCs;Hjyo.
Wallach and Tuttle4® prepared this compound by treating the nitro-
sate with piperidine. Reerystallized from aleohol it forms transparent
needles melting at 141—14:43°,

Caryophyllene hydrate, CizsH2s0H. Wallach and Walker5?
employed the hydration method of Bertram for the preparation of
this compound. To a mixture of 1000 gr. of glacial acetic acid, 20
gr. of cone. sulphurie acid and 40 gr. of water, 25 gr., or as much
as will dissolve, of caryophyllene are added, and the solution heated
for about 12 hours in a waterbath. The produet of the reaction is
distilled with steam. Acetic acid and oil pass over first, followed by
a less volatile oil, which soon solidifies to a ecrystalline mass. To
free it from adhering oily matter, the mass is strongly cooled and
pressed on porous plates. When dry it is best purified by direct
distillation from a wide necked retort and subsequent erystallization
from aleohol, which raises the melting point from 94—95° to 96°.

The hydrate boils constant without apparent decomposition at
287—289°. By applying heat slowly it can be sublimed in fine
glistening needles. It is almost insoluble in ecold water, slightly
goluble in hot. It is very soluble in ether, alcohol, benzol, ligroin,
and carbon disulphide. By slow crystallization from aleohol it forms
well developed, hexagonal, rhombic hemihedral erystals. The solid

compound is almost odorless, but the vapors have a weak but
pleasant odor, reminding of pine needles.

4F Ann., 279, p. 392,
60 Ann., 271, p. 288,
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vellow phosphorus in earbon disulphide, add for each atom of phos-
phorus three atoms of bromine and lastly one molecule of the hydrate.
The carbon disulphide is removed by distillation and the residue
washed and treated as mentioned above. It is optically inactive.

Iodide, CizHasl. This is prepared by Wallach5® in a manner
similar to that just described for the bromide. To 1 gr. of phos-
phorus dissolved in carbon disulphide add the ealeulated amount of
iodine to form PlIs and lastly 15 gr. of the hydrate. The ecarbon
disulphide is distilled off and the residue treated as with the bromide,

The iodide crystallizes in long white needles or rhombic prisms,
melting at 61°, It is decomposed by heat and is optically inactive.

When this iodide is treated in ethereal solution with metallie
gsodium, a hydrocarbon CzoHge results. By several erystallizations
from ethyl acetate, and lastly from absolute alcohol, Wallach and
Tuttle 5+ obtained this componnd in large transparent, well developed
prisms, melting at 144—145° This hydrocarbon is saturated and
is not attacked by oxidizing agents, behaving in this respect like
the paraffins.

Acetate, Ci5H250.C0CH;. This compound is prepared by
Wallach and Tuttle by digesting the iodide with sodium acetate
and glacial acetic acid for several hours. The product of the reaction
is distilled with steam, washed with dilute alkali to separate any
iodine, and dried. On distilling it solidifies partially, and is purified
by expression and recrystallization from methyl aleohol. No melting
point is given. :

Nitrate, Ci5H250.NO2. Wallach and Walker 5 prepare this ester
as follows: Caryophyllene hydrate is liquified by a small amount of
alcohol and strongly cooled. Fuming nitric acid is then added drop
by drop with constant agitation until a strong excess of the acid is
present. After several hours standing at room temperature, the
nitric acid ester crystallizes out in fine, colorless needles. These are
filtered off and on adding some water to the filtrate more of the
ester separates, although somewhat sticky. This impure portion is
readily purified by distillation with steam.

" The nitrate is soluble in alcohol, ether and benzol, but much less
so in aleohol than the original hydrate. It ecrystallizes in color-

53 Ann, 271, p. 290.
54 Ann., 279, p. 893,
85 Ann., 271, p. 291,
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Ci6Heg respectively. He also states that the natural cedrene, wher
repeatedly distilled from potassium has the same properties as the
cedrene prepared from the erystalline body (ecedrol).

Gladstone® in 1871 determined the physical properties of cedrene
obtained by the distillation of cedarwood oil with phosphoric acid
anhydride. Chapman and Burgess in 1896 and Heine and Co.%7
distilled cedrene directly from the oil and determined its physical pro-
perties. Rousset in 1897 isolated cedrene and also the crystalline
body, which he calls cedrol, from the oil. He showed that cedrene
was a sesquiterpene and cedrol a sesquiterpene hydrate. Rousset
also studied these compounds chemieally: from cedrene he prepared
a ketone, cedrone, by oxidation, and by reducing this, an alcohol,
isocedrol.

Preparation.

Natural cedrene. This is prepared by separating it from the
cedrol in oil of cedarwood by distillation, preferably in a vacuum.
Since cedrol is not always present in the oil, the preparation is at
times very simple. The boiling point of the hydrocarbon is lower
than that of cedrol.

Walter 8 prepared the hydrocarbon by repeatedly distilling the
liquid portions from which he had separated the cedrol, collecting
the fraction 264—268° and then rectifying this by several distillations
from metallic potassinm.

Chapman and Burgess prepared cedrene by distillation under

diminished pressure and Rousset colleeted fraction 125—130° under

a pressure of 9 mm. This fraction was further purified by rectifica-
tion from sodium.

Cedrene from cedrol. Walter® prepared a hydrocarbon,
which he called eedrene from the erystallized portion of cedarwood oil
by treatment with phosphoric acid anhydride. The anhydride was
added in small portions to the molten crystals and the cedrene
distilled off. This operation was repeated several times. Walter 70
found that it could be further purified by distillation from metallic
potassium, until the metal is no longer attacked. This latter treat-
ment lowers the boiling point by more than ten degrees.

48 Journ. Chem. Soc., (2), 10, p. 5: Pharm. Journ., 31, p. 705,
67 List of Jmn’lnctu exhibited at Paria 1900,

88 Ann., 49, p. 261; 48, p. 148,

€ Ann., 39, p. 249,

70 Ann., 48, p. 36,
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that the grouping —CO—CHs is present or readily formed. With
hydroxylamine it yields an oxime boiling at 175—180° (8 mm.),
which, heated with glacial acetic acid, gives an acetate of the oxime
boiling at 185—190° (9 mm.).

The ketone yields by reduction with sodium an aleohol, ealled
isocedrol. It is a very viscous, colorless liquid boiling at 148—151°
(7 mm.) and corresponding to the formula C;5Hag0). Rousset prepared
from this aleohol its benzoic ester boiling at 221—223° (6 mm.) and
having the formula CyzHz50C0.CsHs.

If the oxidation is more violent than that used for the prepara-
tion of the cedrone a very viscous acid, boiling between 220 and 230°
under 9 mm. pressure, and having the formula C;2H;z03 results.
The silver salt of this acid has the composition Ci2H,1705 Ag. An-
other product of the oxidation is dimethyl ketone. Nitric acid pro-
duces only resin acids, and alkaline permanganate solution gives no
better results. Cedrene cannot be hydrated by the action of water,
sulphuric acid and glacial acetic acid. Submitted to destructive
distillation under pressure, there result benzene, toluene, naphtalene,
anthracene and other hydrocarbons.

Cedrene from cedrol. Neither Walter, Gladstone nor Rousset
report any chemical work on this sesquiterpene.

Sesquiterpene Hydrate Yielding Cedrene. Cedrol
The aleohol formerly known as cedar camphor, was separated by
Walter from the oil of cedarwood by expressing the semisolid distil-
late and by recrystallization from aleohol it was obtained in white
erystals. Rousset isolated it from the oil by fractional distillation
under diminished pressure and then purifying the solidified distillate
by several recrystallizations from methyl alcohol.

Cedrol is, however, not always a constituent of cedarwood oil,
The readiness with which cedrol splits off water with the production
of eedrene, has already been mentioned. On oxidation cedrol does
not yield an aldehyde or a ketone and may, therefore, be considered
as a tertiary aleohol. By treatment with glacial acetic acid or
benzoyl chloride no esters are produced, the hydrocarbon being
wenerated.

The physical properties of cedrol are as follows:

Walter (1841): M. p. 74°; b. p. 282°,

Rousset (1897): M. p. 84°; optically active.
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the mere keeping of the hydrate over sulphuric acid will cause &a
partial dehydration. Cuobebene has not been prepared in a pure
condition, nor has it been studied chemically.

Sesquiterpene hydrate yielding cubebene. Cubeb
camphor. The sesquiterpene hydrate, called cubeb camphor, is
found in the oil distilled from old enbebs. It is not contained in the
oil from fresh cubebs. 7 It is obtained by exposing the oil to a low
temperature, and after separating from the liquid portions of the
oil, it is purified by reerystallizing from aleohol.

The compound was probably first observed by Teschemacher
early in the nineteenth century. Later, it was investigated by Miil-
ler 7% (1832), Blanchet and Sell®¢ (1833), Winkler®! (1833), Schmidt
(1870 and 1877)%2 and Schaer and Wyss 58 (1875).

Cubeb camphor crystallizes in white, rhombic ecrystals which
smell and taste but slightly after cubebs, having more of a camphor-
aceons, cooling taste, than the biting taste of cubebs. It is soluble
in alcohol, ether, carbon disulphide, chloroform and petroleam ether.
It rotates the plane of polarized light to the left.

The physical constants given by various investigators are as
follows :

Winkler (1833); M. p. 55—56° R. (68.7—70° C.); b. p. 120—124°
R. (150—155° C.)

Schmidt (1870—1877); M. p. 65° b. p. 148°,

Schaer and Wyss (1875); M. p. 67°; b. p. 148°,

12. Galipene.

The name “‘galipene’” was first applied by Beckurts and Troeger 5+
to the dextrogvrate hydrocarbon obtained from the aleohol galipol.
The derivatives of this “galipene’ 85 were later shown to be cadinene
derivatives.5¢ The name of galipenes7 was then given to the inactive
sesquiterpene isolated by fractional distillation and treatment with
phosphorie pentoxide from the oil of angostura bark by Beckurts
and Troeger. The same inactive sesquiterpene could be obtained
from the oil after it had been treated with hydrobromiec acid for the

78 Arch. d, Pharm., 191, p. 23.

9 Ann., 2, p. 90.

80 Amnn., 6, p. 204,

81 Ann., 8, p. 203.

82 Arch. d. Pharm.. 191, p. 28; Ber., 10, p. 185.
83 Arch. d. Pharm., 2086, p. 316,

8¢ Arch. d. Pharm., 285, p. 528.

85 Arch. d. Pharm., 286, p. 397.

56 See under Cadinene.

8¥ Arch. d. Pharm., 286, p. 408.
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History and General Discussion.

In 1895 Chapman# isolated from oil of hops, a sesquiterpene
which differed in its physical properties from any of the known
sesquiterpenes, although in some respects its derivatives resembled
the corresponding compounds of caryophyllene as far as then known.
This sesquiterpene Chapman calls humulene. In 1899 Fichter and
Katz obtained this same hydrocarbon from the oil of poplar buds.

The further characterization of caryophyllene by Schreiner &
Kremers® shows conclusively that humulene is quite distinet from
carvophyllene, Chapman’s humaulene nitrosochloride melted at 164
to 165° and caryophyllene nitrosochloride at 161—163° as reported
by Wallach. This led Chapman to think that the two compounds
might be identical, but he could not obtain a hydrate from his
sesquiterpene under the same conditions that caryophyllene readily
yielded this compound. As no other compounds of caryophyllene were
known at that time, further comparisons could not be made. With
other known compounds now at command a comparison shows that
the two sesquiterpenes cannot be identical, although the great simi-
larity in their chemical behavior is striking. Both wyield all three
nitroso derivatives, Moreover, the nitrosite in each case is blue and
yields an isomeric white variety. In the case of caryophyllene this
white compound is obtained by the action of light, whereas the white
humulene iso-nitrosite was obtained by repeated crystallizations or
by heating for some time with alecohol. Even with humulene the
change is possibly due more to the action of light during the process
of recrystallization and boiling, than to the aetion of the aleohol.
The great similarity in the behavior of the two compounds makes it
highly probable that the blue humulene compound will react similarly
on exposure to light as does the caryophyllene derivative. Whether
or not a gcompound can be obtained from humulene as from cary-
ophyllene by exposing a benzol solution of the nitrosite to light,
experiment alone can decide.

A further apparent analogy between the two hydroearbons was
that both yielded only liquid addition products with hydrochlorie
acid, but this no longer holds, since the caryophyllene compound has
been obtained in a erystalline form. However, it is also probable
that a crystalline humulene dihydrochloride i= obtainable in a

4 Journ., Chem. Soc., 67, |'.Il_]. o4, TRO,
5 Pharm. Archives, 1, p. 209 et 8eq),
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263—269° (760 mm.) having the specific gravity 0.8926 and a
rotation of +10° 458" in a 200 mm. tube. Although the constants
of this fraction do not agree with those of humulene as found by
Chapman, the preparation of characteristic derivatives showed that
it contained humulene. The anthors are of the opinion that a second
sesquiterpene accompanies the humulene in poplar bud oil.

The humulene was identified by the preparation of a nitroso-
chloride, m. p. 164—170°; a blue and a white nitrosite, m. p. 127
and 172° respectively; a nitrosate, m. p. 162—163°, a nitrolpiper-
idine and a nitrolbenzylamine base and their hydrochlorides.

Moracew,

Humulus lupulus. Oil of Hops. ;

In 1893 Chapman? described a sesquiterpene obtained by
fractional distillation from oil of hops. In 1895 this was followed by
two more articles in which the sesquiterpene was characterized by the
preparation of several characteristic derivatives. Fraction 168—173°
(60 mm.), constituting nearly two thirds of the oil used, was purified
by boiling with sodium under diminished pressure and rectified by
distillation. The sesquiterpene thus obtained Chapman called hum-
ulene because it differed in its properties from any of the known
sesquiterpenes. The first of the articles mentioned is on oil of hops,
but includes the preparation of humulene nitrosochloride by conduet-
ing nitrosyl chloride into a chloroformic solution of the sesquiterpene,
as well as the preparation of the piperidine nitrolamine .base from
the nitrosochloride. Attempts to prepare a crystalline bromide or
hydrochloride proved fruitless. The second sarticle is on humulene
derivatives in particular and includes the preparation of the nitrosate,
isonitrosite, nitrolbenzylamine base and the hydrcehloride of this as
well as of the nitrolpiperidine base.

Preparation.

Humulene, like earyophyllene, has not been obtained in a pure
state by regeneration from any of its derivatives. It is prepared by
fractional distillation from oil of hops. Chapman1! collected fraction
168—173° (60 mm.), corresponding to 256—261° (760 mm.). This
fraction was purified by repeated distillation over sodium under
diminished pressure, until the metal remained bright. Thus purified

8 Proc. Chem. Soc., 18593, p. 177.
10 Journ. Chem. Soec.. 67, pp. 54, T8RO,
11 Journ, Chem, Soec., 67, p. 59,

il o






92

nitrosite can be prepared and probably also the nitrol bases although
Chapman and also Fichter and Katz prepared these from the nitroso-
chloride,

Humulene readily absorbs oxyegen as was shown by Piceard, 18
who analysed the hydrocarbon after standing a few weeks and found
it to contain 3.48 p. c¢. of oxygen. Oxidation with cold aqueous
potassium permanganate gave, according to Chapman,!* carbonic
and acetic acids, together with a non-volatile acid which was not
identified. When treated according to the hydration method used
by Wallach for caryvophyllene, no crystalline hydrate could be ob-
tained.

Humulene dihydrochloride, Cy5H242HCL. Chapman1® pre-
pared a liquid dihydrochloride by passing dry hydrochloric aecid gas
into a well cooled solution of humulene in four times its volume of
ether. On evaporation of the ether a yellow oil was left, which when
purified by washing with cold aleohol and drying, gave on analysis
a result agreeing with the formula C15H25.2HCl. Attempts to obtain
it in a erystalline condition failed, nor could it be purified by distill-
ation under diminished pressure without the loss of large amounts
of hydrochloric acid gas. The specific gravity of the impure liguid
dihydrochloride was 1.063.

Humulene nitrosochloride. Ci5H24NOCl. Chapman!® pre-
pared this compound by passing nitrosyl chloride slowly into a well
cooled solution of one volume of humulene in three volumes of chloro-
form. After a time a white crystalline substance separated, the
amount of which was increased by adding cold aleohol. The precipi-
tate was collected on a filter, washed with cold alicohol, and dried in
a vacuum over sulphurie acid. It is fairly soluble in chloroform and
can be obtained from this solution in a more distinet ervstalline
condition by the addition of aleohol.

Fichter and Katz17 prepared the nitrosochloride by treating the
humulene fraction with amyl nitrite or ethyl nitrite and hydrochlorie
aecid and recrystallized it from benzol or chloroform with the addition
of methyl alcohol.

The nitrosochloride is a white finely erystalline substance and is
comparatively stable. It melts at 164—165° (Chapman), 164—170°

13 Ber., 6, p. 390,

14 Journ. Chem. Soc., 67, p. 61,
1€ Journ. Chem. Soc., 67, p. 61.

16 Journ. Chem. Soec., 67, p. T8 et =eq.
LT Ber., 82, p. 8184.
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lization from alcohol were colorless and appear to have the same
composition as the blue compound. Chapman considers this as the
iso-nitrosite and the blue compound as the true nitroso derivative

This same white compound is obtained by repeatedly erystallizing
the blue nitrosite from alcohol, or simply by heating it with aleohol
for several hours. During the recrystallization the ecrystals become
paler and finally white, and the melting point gradually rises from
about 120° up to 166—168°. It melts with decomposition.

That this behavior of the blue compound is probably due to the
action of light, as was observed by Schreiner and Kremers for the
corresponding caryophyllene compound, has already been pointed out
in the general discussion.

Humulene nitrolbenzylamine, (5H2q(NO)NHCH2(4Hs.
Chapman 20 prepared this base by heating humulene nitrosochloride
with an excess of benzylamine almost to the boiling point of the
latter, and dissolving the product of the reaction in alcohol. By
adding a little water the nitrolbenzylamine crystallizes out. It can
be purified by reerystallization from alcohol.

This nitrol base erystallizes in bundles of very small needles radi-
ating from a center, which melt at 136° (Chapman) 132—133°
(Fichter and Katz).

Hydrochloride. By passing hydrochloric acid gas into a
solution of humulene nitrolbenzylamine in dry ether, the hydrochloride
of this base separates as a white, granular precipitate. It can be
purified by several recrvstallizations from boiling water, and melts
at 187—189° with decomposition.

Humulene uitrnlpiperiuline. CisHagy(NO)NCsH10. This com-
pound is prepared by Chapman?! in precisely the same manner as
that described for the benzylamine base. It is purified by reerystal-
lization from hot aleohol.

The nitrolpiperidine base is but slightly soluble in cold, some-
what more soluble in hot aleohol. It erystallizes in the form of
small, white, glistening plates. Melting point 153° (Chapman) 151
to 152° (Fichter and Katz).

Hydrochloride. The hydrochloride®# is precipitated by passing
hydrochloric acid gas into an ether solution of the nitrolamine. It
is purified by recrystallization from boiling water or from alcohol.

20 Journ. Chem. Boc., 6T, T81.
21 Journ. Chem. Soc., 67, p. 62,
22 JJourn. Chem. Soe., 67, p. 780,
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separates occasionally from patchouli oil on long standing. Gal in
1869 studied this substance and gave it the formula Ci5HesO. Mont-
golfier in 1877 recognized the compound as being isomeric with the
go-called eubeb and cedar eamphor and gave it the formula C15Hze0.
Wallach+ in 1892 proposed the name of patchouly aleohol.

Properties. Patchouly aleohol is soluble in alecohol and ether
and crystallizes in well developed hexagonal prisms ending in six-sided
pyramids. It has been found to have the following properties;

Gal (1869): M. p. 54—55°: b. p. 296°; d4.s° = 1.051; [a]p =

95.79° in a 19 p. c. aleoholie solution.

Montgolfier (1877): M. p. 59°; d = about 1.0; [«], = 118°,
somewhat less in alcoholie solution.

Wallach and Tuttle (1894): M. p. 56°.

Patchouly aleohol decomposes very readily into water and hydro-
carbon. The weakest dehydrating agents, such as dilute sulphuric
or hydrochloric acids, or acetic acid anhydride in the eold or simply
heating the compound, will rendily split off water, although this is
best accomplished by the method deseribed above for the preparation
of patechoulene. The behavior of patchouli aleohol shows that the
hydroxyl is in a tertiary position. According to Wallach and Tuttle
the eompounds produced by replacing the hydroxyl by halogen are
exceedingly unstable and split off halogen acid immediately.

19. Rhodiene.

(iladstone! obtained from oil of rhodiom? (rosewood) a sesqui-
terpene of the following properties:

B. p. 249°; d2o° =0.9042; «,=—11°; n.=1.4911.

It had an odor of sandalwood and roses and combines with

hydroehlorie acid, but no hydrochloride of definite composition could

he obtained. ®
20. Santalenes,

History and General Discussion.

The hydroecarbons known as « and B-santalene have so far been
found only in sandalwood oil. This oil has been investicated by a
number of chemists during the last twenty vears, but the literature

1 Journ, Chem. Soe., 17, p. 1: Brihl, Ber., 21, I||. 145 table.
2 According to Gildemelster and Hoffmann, DMe Aeth. Oele, p. 778, oil of
rhoidinm ig often a mixtare of sandalwood or cedarwood ofl with rose oil. There

is no evidence that the oil examined by Gladstone was true ofl of rhodivm, distilled
from Convolvolos seoparius,

2 Pharm. Journ., 31, pp. 687, G588,
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one is inactive or perhaps even dextrogyrate, the higher boiling one,

strongly laevogyrate. In a later report® they question the formula

CisHagO for santalol, since a sample purified as stated above gave
on acetylization a result corresponding to 103.5 p. e. of santalyl
acetate. They conclude that santalol either has a different compo-
sition (possibly CizHz220), or else it is a mixture of nonisomerie
aleohols of different composition.

The results of v. Soden and Miillers published at nearly the same
time, corroborate the statement of Schimmel & Co., concerning san-
talol being a mixture. These chemists also isolated a sesquiterpene
from sandalwood oil, to which they gave the name santalene.

Guerbet® in 1900 isolated from sandalwood oil two sesquiterpenes
which he designated as «- and g-santalene, the latter being the same
as the santalene of v. SBoden and Miiller. By the preparation of
nitrosochlorides and nitrol piperidine bases, he was able to charae-
terize these compounds. The oxygenated portion of the oil he found
to consist of an aldehyde, santalal, and two sesquiterpene hydrates,
@- and F-santalol. These santalols, when treated with phosphorie
acid anhydride, yield sesquiterpenes, which Guerbet has called «- and
B-iso-santalene respectively.

In the same year v. Soden? published somewhat different results.
He also suceeeded in separating santalol into two aleohols. of which
one has the formula CisHesO, and he considers it likely that the
other aleohol, which has not been prepared in a pure form, will have
this same composition, whereas Guerbet considered the aleohols as
compounds CizHzeO. If v. Soden’s formula Cy5H240 is correct for
- and F-santalol then the iso-santalenes obtained from them ecannot
be sesquiterpenes as Guerbet supposes.

The results obtained by these various investigators may be briefly
summarized as follows:

Chapoteaut (1882): aldehyde, Ci5H240; alcohol, Ci5Hag0.

Chapman and Burgess (1896): Santalol (aldehyde) CisHz40.,

Schimmel & Co. (1899—90): Santalol consists of two alcohols;
formula. possibly Ci5Heo0), or else a mixture of nonisomeric alcohols
of different composition.

v. Soden and Miiller (1899): Santalene, Cy5Hay; Santalol consists
of two alcohols.

+ Ber. v. 8. & Co,, April 1900, p. 47.

& Pharm, &tg., 44, p. 258,

¢ Compt. rend., 180, pp. 417, 1824 ; Bull. Soe. chim,, () 23, pp. 218, 540.
7 Arch. d. Pharm,, 235, p. #4538,
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B-Santalol.
Gourbet: formula Ci5Hz260; b. p. 170—171 (14 mm.), 309—
310 (760 mm.); do®=0.9868; a;,=—56".

21. Sesquiterpene of Ageratum Oil

The oil distilled by van Romburgh® from the fresh herb of Agera-
tum conyzoides has the sp. gr. 1.015 at 27.5°; ¢, = —2.75° and
boils at about 260°. The oil probably contains compounds belong-
ing to the group of sesquiterpenes.

22. Sesquiterpene from Amyrol.

H. v. Soden and Rojahn! obtained a sesquiterpene from amyrol
by the action of acid agents, but no statements as to its properties
are made.

Amyrol. This sesquiterpene alcohol is obtained from West In-
dian sandalwood oil, which is not a true sandalwood oil, but a
product of Amyris balsamifera, nat. ord. Ruotaces, Its similarity to
Fast Indian sandalwood oil gave rise to the supposition that it also
contained sesquiterpene alcohols. This suspicion was verified by
Dulitre 2 in 1897 who acetylized the oil and then saponified the acetic
esters formed. On the basis of his results he calculates 42 p. e. of
aleohol as santalol. : '

In 1900 v. Soden® isolated from the oil by fractional distillation
under diminished pressure, an alcohol U15H250H, which was different
from santalol, and for which he proposed the name of amyrol. It
had a specific gravity of 0.980—0.982 at 15° and a rotation of about
+27°; it boiled at 299—301 (748 mm.), 151—152° (11 mm.).
Attempts to prepare the phthalic acid ester failed, water bring split
off and a sesquiterpene generated. The acetylization is not quanti-
tative for the same reasons.

In a second communication by v. Soden and Rojahn* amyrol is
reported as consisting of two sesquiterpene alcohols. The two alco-
hols were separated by repeated fractional distillation. The higher
boiling aleohol has the composition CizH230H. It is very viscous
and has n peculiar aromatic odor and the following properties:

d15°=0.987; an= +36°; b, p. 299°,

Ber. v. 8. & Co., April 1898, p. HT.

Pharm. Ztg., 145, pp. 2249, 878,

Bull, d. 'academie roy. d. Mé&d. d. Belgique, (4), 9, p. 760,

Pharm. Zte., 45, p. 229, _
Pharm, 4£tg., 45, p. BT, !

.=
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With dehydrating agents, such as mineral acids, ete., it yields a
sesquiterpene. The lower boiling aleohol appears to have the com-
position CisHe30H and to be optically inactive. Distilled with acid
agents, a hydroearbon results, which they suspect to be l-cadinene,

23. Sesquiterpene of Angelica Root Oil.

Beilstein and Wiegand?! in 1882 obtained from the oxygen con-
taining portions of angelica root oil, boiling above 200°, by treat-
ment with metallic sodium, a fraction which boiled for the greater
part at about 250° and corresponded to the formula (C5Hs).

In 1896 Ciamician and Silber? subjected the higher boiling frae-
tions of angelica root oil to an examination. One of the fractions
on standing deposited erystals melting at T4—77°. The fraction was
distilled in & vacenum and then saponified with alecoholie potassa.
The unszaponified portion boiled between 240 and 270° and had the
characteristic odor of the sesquiterpenes. 1t was not further invest-
irated,

24. Sesquiterpene of Basilicum Oil.

According to van Romburgh?® the variety Selasih besar of Okci-
e basilicnm, yields an oil which eontains, besides methyl-chavicol,
enzenol and an olefinic terpene, called ocimene, a higher boiling com-
pound which probably is a sesquiterpene. Further work on this body
is promised.

25. Sesquiterpene of Calamus 0Oil, Japanese.

According to Schimmel & Co.# the oil of Japanese calamus from
Acorus spuriosus boils between 210—290°, The higher boiling por-
tions are described as having a “‘peculiar sesquiterpene odor.” Pos-
gibly this hydrocarbon is identical with calamene from ordinary
calamus oil.

26. Sesquiterpene of Carline Thistle Oil.

Carline thistle yvields about 2 p. c. of a volatile oil which boils
for the greater part between 265—300°. Its sp. gr. is 1.03 at 18°
By distillation in a vacuum and treatment with metallic sodium,
Semmlerd in 1889 isolated a hydroecarbon belonging to the series

1 Ber., 156, p. 1741.

2 Ber.. 2%, p. 1811, .

1 Koninklljke Akademie von Westenschappen te Amsterdam, 1900, p, 446; Ber,
Y. 5. & Lo, Apr. 1901, p. 11

+ Der., 8. Co., April 1889, 1. 7.

8 Chem, #%tg., p. 1158: Pharm, Ztg., 1888, p. 648; Jahresh, f. Pharm., 1881,
. H5T,
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(UsHs), boiling at 250-—=253° under ordinary pressure and having a
vapor density of 6.78 and 6.82. Its specific gravity is very low for
i sesquiterpene, being only 0.8733 at 22.8°. The hydrocarbon which
is present to the extent of 12 p. ¢. in the erude oil, readily absorbs
the halogens and hydrohalogens; cone. nitrie acid acts very violently
upon it. No erystalline derivatives of any kind were obtained.

These data are insufficient to establish its relationship with
zingiberene but, if not identical with the latter, it doubtless belongs
to the same group of sesquiterpenes.

27. Sesquiterpene from Caryophyllene Dihydrochloride.

Schreiner and Kremers! attempted to regenerate caryophyllene
from its dihydrochloride in 8 manner similar to that employed for
the regeneration of eadinene from its dihydrochloride. Instead of
caryophyllene they obtained an oil of different properties. When
some of the oil, dissolved in petrolenm ether, was treated with a
saturated solution of sodium nitrite and glacial acetic acid, the
petroleum ether layer turned a beautiful blue, as it does in the case
of the nitrosite of caryophyllene, but no crystals could be obtained.
Attempts to prepare other caryophyllene derivatives likewise failed.
Its physical properties are also different from those of caryophyllene,
especially its optical rotation. Nor does it appear to be identical
with clovene, generated by Wallach from caryopoyllene hydrate.
Wallach states that clovene is not ecapable of uniting with nitrosyl
chloride, and it is, therefore, also incapable of uniting with the oxides
of nitrogen. A comparison of the sesquiterpene generated from
caryophyllene dihydrochloride with elovene and caryophyllene is given
in the following table:

Sesquiferpens |
ienerated from cary-|
ophyNene diliyvdeo-

ehloride,

Carvophyllene. Clovvene,

SP. Eleecieeiennns|  0.9089 (20°) | 0.9191 (20°) | 0.930 (18°)
Index ni‘t-efrar:tinnl' 1.40976 1.49801 1.5006G6
Rnta.tic_m .............. | . —8.96° _ —35.39°

Whether this sesquiterpene is an individual compound or a mix-
ture of caryophyllene with another sesquiterpene cannot be stated.

1 I'harm, Ardhives,
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oil was fonnd to amount: to about 25 p. c¢. in the case of the distil-
lation residue and 80 p. ¢. in the case of the last runnings. It boils
for the greater part between 262 and 269°. A test for phenol esters
gave a negative result and an analysis gave results that agreed with
the formula CysHag. No solid hydrochloride could be obtained by
treating with gaseous hydrochlorie acid in ether solution. The ses-
quiterpene was not further investigated.

29, Sesquiterpenes of Citronella 0Oil.

A very exhaunstive investigation of citronella oil was made by the
chemists of Behimmel & Co.? in 1899 by fractionating 100 kilos of
oil by steam distillation. The 17th fraction (5 kilos of oil) consisted
mainly of methyl engenol and sesquiterpene, and a small amount of
geraniol. The latfer was removed by fractional distillation up to
146° under 18 mm. pressure. The residue was than shaken out with
GO p. e. aleohol. Methyl eugenol is soluble in 10 parts of 60 p. e
alcohol, whereas the sesquiterpene is but sparingly soluble in this
mixture. This treatment was repeated eight times with 70 p.
alcohol and the residue subjected to distillation under diminished
pressure.  In this way a fraction of nearly constant boiling point
was obtained. which had the following properties:

B. p. 157° (15 mm.); d15°=0.8648; o, = +1°28"; n,,=1.5184.

Under ordinary pressure the compound boils between 270—280°
with much decomposition. An elementary analysis showed that some
oxygen was still present, but its properties elearly showed the com-
pound to be a sesquiterpene.

This sesquiterpene has the lowest specific gravity Lllmm of any
member of this class of hydrocarbons. A ealculation, based on the
index of refraction, as to the number of double bonds present, indi-
cates four double bouds. The compound appears, therefore, to be an
olefinie sesquiterpene.  The hydrocarbon corresponds in its properties
to this supposition. It resinifies on standing for only a day, halogens
and hydrohalogens produce immediate decomposition even in a
freezing mixture: dilute permanganate solution yields only earbonie
acid, oxalic acid and a glyeollike body, soluble in water. The
hydration with acetic and sulphurie acids (0.1 p. e. of the latter)
was very incomplete, the product of the reaction showing a saponifi-
cation number of only 43.0.

L Ber. v. 8. & Co., Oct. 1809, p. 13,
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Although no characteristic derivatives of this sesquiterpene could
be prepared, it is nevertheless quite certain that it is different from
any of the known members of this group in its physical properties.

The 18th fraction (also 5 kilos) obtained in the fractionation
of the oil by steam distillation was treated in the same way with
70 p. c. aleohol and the washed produoet distilled under diminished
pressure. A second sesquiterpene leaving the following properties
was thus obtained :

B. p. 272—-275° (700 mm,), 170—172° (16 mm.); di5°=0.712;
ap = -5°50".

On account of the slight difference in boiling point (about 8°) it
was not possible to completely free the heavier sesquiterpene ifrom
the lighter compound, and the above specific gravity is, therefore, a
little low. No chemical work on this heavier sesquiterpene is reported,
and its identity with any of the known sesquiterpenes cannot be
established by means of the data at hand.

30. Sesquiterpene of Copaiba Balsam 0il, African.

Umney ! has examined the oil distilled from the so-called African
copaiba balsam. The sp. gr. of the oil is 0.918 and it boils between
260—273°. Its rotation in a 200 mm. tube is 4-20°42", No erystal-
line hydrochloride could be obtained by passing dry hydrochloric
acid gas into the oil, as has been stated to be the case by Sounbeiran
and Capitaine? with Maracaibo oil. Under similar treatment Umney
has, however, also failed to get erystals of a hydrochloride from the
Maracaibo variety, which result agrees in this respect with the ex-
periments of Brix.#

The fraction boiling at 2064° was subjected to the hydration
method used by Wallach for identifying the sesquiterpene of ordinary
capaiba balsam oil with earvophyllene.* [Umney was unable to get
a crystalline hydrate from the African variety, although fraction
260° of a South American copaiba oil yielded a small amount of a
crystalline hydrate, identical with caryvophyllene hydrate.

The failure to get a erystalline hydrate, also the rotatory power
of the oil, seem to indicate the absence rather than the presence of
caryophyllene  The fact that this sesquiterpene has been identified
in the American varieties, makes it highly desirable that this oil he
subjected to the more modern tests. 1t is not improbable that we
have here a dextrogyrate caryophyllene.

1 Pharm. Journ., (8), 22, p. €50; 24, p. 2145,
2 Journ, Pharm., 26, p. TO.

3 Monatshefte, 2, p. 50T.

4 Hee caryvaophyllene hydrate,
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31. Sesquiterpene of Cubeb O0il.

According to Oglialoro! and also Sechmidt,? oil of cubebs contains,
besides cadinene, a sesquiterpene of lower boiling point (262—2637)
and lower rotatory power, which does not combine with hydrochloric

acid. For disenssion see cadinene in eubeb oil.

32. Sesqguiterpene of Cypress 0il.

According to Schimmel & Co.* the oil from the leaves and twigs
contains pinene, and “probably sylvestrene amd a sesquiterpene.’”
No data whatever are given.

Uypress camphor. From the last running of the oil distilled
from the leaves and young branches of Cupressus sempervirens a
erystalline substance oceasionally separates.* This “cypress cam-
phor’ is probably a sesquiterpene hydrate, as it resembles cedar
camphor or cedrol, from which it differs, however, by being optically
inactive. It may possibly be the optically inactive modification of
cedrol. From aleohol the compound crystallizes in fine needles, from

petrolenm ether in compact crystalline masses.

33. Sesquiterpene of Erechthites 0il,

Beilstein and Wiegand?® found fraction 240—310° of erechthites
oil, after distillation from sodium, to correspond to the ecomposition
CzHs. The high boiling point would seem to indicate a sesquiterpene

Power® found the oil to give Wallach’s eolor reaction for eadinene.

34. Sesquiterpene of Garlic Oil.

Beckett and Wright 7 found in garlic oil a sesquiterpene, Ci5Hay,
boiling at 253.9° but Semmler® did not find this compound in the

crude oil examined by him.

Rer., 8, p. 1857,

Arch. d. Pharm., 191, p. 22,

Ber. v. 8. & Co., Oct. 1804, p. T1.
G.-H.-K.. The volatile olls, p. 2659,
Ber., 15, p. 2852,

Pharm, Rundschan, 5, p. 202,
Jahresh, . Chem., 1876, p. 39
Arch. d. Pharm., 280, p, 441.
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35. Sesquiterpene of Hemlock Needle 0il.

Bertram and Walbaum?! report the presence of a sesquiterpene in
oil of hemlock, but do not identify it.

Schimmel & Co.2 in 1893 mention cadinene as a constituent of
this oil, without, however, giving any proof or reference. The same
is done by Hensler.® Gildemeister & Hoffmannt still mention the
sesquiterpene as undetermined.

36. Sesquiterpene of Hemp Oil.

Personne® in 1857 i=olated two hydrocarbons from the oil of
hemp. These had the formulas CiaHyy (7) and CisHzo. The latter
hydrocarbon he called eannabene. The work of Valenta and also of
Vignola show cannabene to have been an impure sesquiterpene.

Valenta® in 1880 investigated an oil distilled from [talian hemp.
The oil consisted principally of a sesquiterpene which had the follow-
ing properties :

B. p. 2566—258%; do°= 0.9289; [«],=—10.81°.

With hydrechloric acid it formed a solid derivative.™ The oil
irom the male infloresecence of Cannabis gigantea is said to contain
the same sesquiterpene.

The oil of hemp distilled by Vignolo® in 1895 boiled between 248
and 268°. By repeated treatment with sodinm, he obtained an oil
boiling at 256°, s sp. gr. was 0.897 at 15.3° and showed a slight
rotation to the left in a chloroform solution. The compound was
identified as CizHoy by analysis and vapor density. With bromine
it vields a solid compound, but evidently undergoes decomposition
as hydrobromie acid is given off. With hydrochlorie acid it yielded
no solid hydrochloride.

Wood, Spivey and Easterfield?® in 1896 examined the resin of
Indian hemp. From the oil T|1P_;'.’ separated a sesquiterpene, which
after treatment with sodium had the following properties:

B. p. 258—259°; d1s°=0.898; [u]n= —8.6°.

1 Arch. . Pharm., 231, p. 2006,

¥ Ber. v. 8. & Co., Oct. 1893, Suppl. p. 21.

T e Terpene, p, 168

4 i -H.-K.. The valatile ofls, p. 264,

5 Journ, de Pharm., 31, p. 45,

6 Gazs. chim., 10, p. 479; 11, p. 191 ; Ber. 13, p. 2481 ; 14, p. 1717,

T {z.-H.-K., The volatile ollg, p. 235,

"!T”EHL chim., 25, I, p. 110: Ber., 27, Hel. p. 406; Ber. v. 8. & Co., (et 1895,
| LI

s Journ. Chem, Soc., 69, p. 58,
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This sesquiterpene absorbed hydroehlorie acid and bromine but
no crystalline derivatives were obtained.

The properties of the sesquiterpene of hemp oil agree best with
those of impure caryophyllene.

37. Sesquiterpene of Kampferia Galanga O0il

Van Romburgh obtained from the oil of Kampferia galanga a
bluish green fraction boiling at 150° in a vaenum which probably
consists of a sexquiterpene,!

38. Sesquiterpene of Kesso Root Oil.

i

Bertram and Gildemeister? obtained from oil of kesso root a
fraction which boiled between 260 and 280°, 1t is described as a
colorless liquid having a decided sesquiterpene odor. Attempts to
prepare a hydrochloride failed. The highest boiling portions consisted
of a blue oil.

39. Sesquiterpene of Laurel Berry Oil

Blas?® isolated from the oil of laurel berries by treatment with
solution of caustic potassa a hydrocarbon which, after distillation
from sodinm in an atmosphere of hydrogen, had the following pro-
perties:

B. p. 250°; d15°=0.925; ap= —T.23°
Analysis agreed with the formula CisHay. Blas points out that the
rotatory power agrees best with that of the hydrocarbon from oil of
rhodium, which Gladstone determined as —11°.

The physical constants of this hydroearbon appear to agree hest
with those of caryophyllene as shown by the following tabulation of
constants:

= - — - — = ——

H.-p. | : .H]::_m*. 1
Caryophyllens . ....aiii b liﬂi—IHT“‘! 0.90:30 —8.09°
(Sehreiner (‘L Iu'emem} (20 mm.) | (20°)
BER DTTETRIE . ..iviiisiiva i iiaibiiena) EAHL i 0.925 —7.28°
Iary Dphoplleae i on i 258—260°  0.9085 active
{ Wallach) |

e ——

The question tmfrht readily be Lll:"l"'l'[i{-"l.] by means of the nitrosite
reaction for this Ilydrm.whuu, if some of the oil could be obtained,

1 Ber, v. 8, & Co., Oct. 1900, p, 88,
2 Arch. d. Pharm., 228, p. 456,
3 Ann., 184, p. 1.
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44. Sesquiterpene of Minjak-Lagam Balsam Oil,

Minjak-Lagam balsam is closely allied to gurjun balsam and it
is not improbable that the sesquiterpene from this oil is identical
with the sesquiterpene from gurjun balsam oil (see Gurjunene).

Haussner! in 1883 examined the volatile oil distilled from the
balsam with water vapor. The oil was separated, dried and distilled
in an atmosphere of earbon dioxide. It had the following properties:

B. p. 249—-251°; d15°=0.923; «,= —0.9°,

The oil corresponded to the composition CyzHay, although Hauss-
ner gives the formula CeoHse, based on a vapor density determination
by Hoffmann’s method, which, no doubt, zives too hizh a result at
the temperature of boiling diphenylene, viz. 290°. Ixposed to air it
readily resinifies.

Trihyvdrochloride. Haussnersuceeeded in preparinga tribydro-
chloride of this sesquiterpene by passing dry hydrochlorie acid gas
directly into the oil contained in U-tubes kept cold by a freezing
mixture. The oil became dark violet and very viscous. After standing
for some time in the freezing mixture, the heavy oil was found to be
interspersed with erystals. These were separated by pressing on filter
paper. The oil absorbed by the paper was taken up with aleohol,
and after evaporating the solvent it was again treated with hvdro-
chlorie acid gas. A second crop of erystals was thus obtained. The
crystals were purified by several crystallizations from alcohol. The
analysis agreed with the formula CisHay.3HCl or CeoHuadHCl as
Haussner considers it.

The tribydrochloride is soluble in alecohol, ether, benzol, and ear-
bon  disulphide. From cold aleohol it separates in long (3 em.)
white needles, melting at 114°. From hot aleohol it separates in
felt-like crystals.

The formation of this trihydrochloride is rather surprising, as it
wonld indieate the presence of three double bonds in the sesquiterpene.
IFor this, its specific gravity is, however, rather high. It is to be
regretted that the index of refraction was not determined so that
the number of double bonds might have been caleulated from this
physical constant.

Bevond the preparation of the trihydroehloride Haussner obtained
no positive results, although he tried the action of the halogens on
the oil.

I Arch. . Pharm,, 221, p. 2435,
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45. Sesquiterpene of Peppermint Oil, English.

Fliickiger and Powert separated from dementholized Miteham oil
of peppermint, a fraction which after repeated rectification over
metallic sodium had the following properties

B. p. 255—260°; d21°=0.912: u,= +9°2".
Analysis agreed fairly well with the formula CigHezy. Although the
oil was dextrogyrate it is possible that it was identical with the
ciulinene found in the American oil by HE']illlll]El & Co. =

A

= E R

46. Sesguiterpene of Peppermint Oil, Japanese.

Beckett and Wright? examined Japanese oil of peppermint and,
after separating the menthol, they obtained a fraction boiling at
245—253° This they supposed to be a compound CgaHz00 formed by
splitting off two molecules of water from three molecules of the com-
pound CyoHysO (menthone?)

AC10H 150 = CaoHz500 4 2H 0.

[t is more probable that the fraction consisted of a sesquiterpene
(found in both English and American oils) mixed with an oxygzenated
constituent.

47, Sesquiterpene of Pimenta Oil,

In 1864, Oesert investigated pimenta oil. He dissolved the oil
in caustic portash and then treatad it with water. On heating
slichtly, an indiff :rent oily layer separated. This oil, after having
been: dried and rectified, had the following properties:

B. p. 230%; dg®=0.98; [«];= —0.49".

Analysis showed it to have the formula (C;Hs)x and on account
of -its high boiling point  Oeser gave it the formula CisgHas.
Oeser further thinks that it is identical with the hydrocarbon found
by Williams® and earlier by Briining® and by Ettling7 in oil of
¢loves. This, however, appears not to be the case, as the specific
oravity of the hydrocarbon from cloves, now known as caryvophyl-
lene, is much less than that of the hydrocarbon from pimenta oil
A more thorough investigation of this hydrocarbon would doubtless
prove interesting.

EPharm. Journ., (2). 11, p. 22; Arch. o, Pharm., 218, p. 222,
Ber. v. 5 & Co., Apr. 185854, p. 42,

Journ. Chem. Soe., 1876, [, p. 8.

Ann., 181, p. 277.

Ann., 107, p. 242,

Ano., 104, p. 202,

Ann., @ p. G8.

=i O V&= L b =

&



118

48, Sesquiterpene of Poplar Bud Oil.

Fichter and katz! in 1899 found the sesquiterpene fraction of
poplar bud oil to consist ehiefly of humulene, but as the yield of humu-
lene derivatives was smaller than obtained from the sesquiterpene of
hop oil, and also becaunse their fraction was optically active, whereas
the humulene of Chapman? is inactive, they conclude that amother
sesquiterpene accompanies the humulene in oil of poplar buds. See
under humulene.

49. Sesquiterpene of Sage 0il, English.

Suginra and Muir® in 1878 report on the examination of a small
sample of “absolately pure sage oil”’ (English). 1t consisted for the
most part of a sesquiterpene having the following properties:

B. p. 264—270°; dp°=0.9198, d24°=0.9072; = +3° 14",

It had a dark emerald green color and did not form a stable
hydrochloride.

In 1880 Muir+ confirms his previous work and states that large
quantities of cedrene are present in English sage oil distilled from
the leaves. This time he gives the boiling point as 260°,

Although Muir ealls the sesquiterpene cedrene, it is quite different
in its properties from the cedrene obtained from cedarwood oil. There
can be but little doubt that Muir used the name cedrene in the sense
suggested by Beckett and Wright 3 in 1876, who applied the designa-
tion “cedrenes” to all hydrocarbons of the formula CysHay.

50. Sesquiterpene from Santonin and Santonin
Derivatives.

Cannizzaro and Amato® in 1874 found that when santonic acid,
CizH2004 is treated with hydriodic acid, there results a hydroearbon,
CyizHas and an iodide Cy5laz0. This iodide boils at 143—145° under
5 mm. pressure. Distilled at ordinary pressure, it decomposes largely
into hydriodic acid and a sesquiterpene, CizHa,.

According to Andreocei™ a liguid hydrocarbon of the formula
Cislles (or CigHes) boiling at 247° results besides santonic acid,
when santonin, CizHisOgs, is reduced by heating with stannous
chloride and tin in hydrochloric acid solution.

Ber,, 32, p. 3184,

Journ. Chem. Soe., 67, pp. 94, TS0,

Journ, Chem. Soc., 88, p. 207; Pharm. Journ, 37, p. 994,
Journ, Chem. Soc,, 837, p. 675,

Journ. Chem. Soc., (3), 1, p. 6.

Ber., 7. p. 1104,
7 Ber., 26, Ref. p. 599,
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51. Sesquiterpene of Spike Oil.

Bouchardat ! states that the fractions of spike oil boiling higher
than 160° approach more and more the composition CisHes and he,
therefore, concludes that the oil of spike contains a hydrocarbon of
this formula.

52. Sesguiterpene (?) of Spiraea Oil.

Ettling * obtained a small amount of a hydrocarbon (CsHs)x from
the oil, which was either a terpene or a sesquiterpene.

53. Sesqguiterpene of Valerian Oil.

By repeated fractionation under diminished pressure, Olividéro?®
was able to isolate a sesquiterpene and a sesquiterpene hydrate. The
fraction distilling between 160 and 165° under a pressure of 50 mm.

agreed fairly well with the formula (UsHs)x. It was laevorotatory
9.2°,

The fraction distilling between 190 and 195°, under the same
pressure (50 mm.) agreed fairly well with the formula CizHagHa().
It was dextrorotatory +2.5° and had the nature of an aleohol as
was shown by the formation of a benzoic ester and a hydrochloric
acid ester.

In rotatory power this sesquiterpene agrees best with that of
caryophyllene, but in the absence of other constants no comparison
can be made.

54, Sesquiterpene of Wild Thyme Oil.

The higher boiling fractions of wild thyme oil contain, besides
phenols, hydrocarbons, presumably sesquiterpenes,® but there is
nothing to warrant this assumption other than the high boiling
point.

55. Synthetic Sesquiterpenes.
1—Methyl —4 —iso-propyl—2—iso-amyl benzene.
l“Hn]".E-CHJ:HECHE*{THH\E[CHH}.GH'GHH.}'.".
Claus3 has prepared a synthetic hydroearbon of the composition
CisHag, by reducing isobutyl —p—iso-amyl ketone with iodine and
phosphorus to 1—methyl—4—isopropyl

2—iso-amyl benzene, It

1 Compt. rend., 117, p. 55,

2 Ann., 85, p. 248,

2 Bull. Soc. chim., 11, (3), p. D24,
+ (j.-H.-K., The valatile oflg, p. G249,

& Journ, [. prakt. Chem., (2}, 46, p. 474; Chem, Centralbl,, 1894, 1, p. 210,
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i5 a colorless, limpid oil, of faint valerian-like odor, boiling at 245°
and having a specific gravity of 0.89 at 17°.

4—0ctyl—1—methyl benzene, CeH4(CHg)CsH; 5.

Lipinski® in 1898 prepared this synthetic sesquiterpene according
to Fittig's reaction. 17 gr. of p-bromtoluene, 24 gr. of octyl-iodide,
7 ar. of sodinm, and two to three times the volume of dry ether,
were used. The reaction took place after a short time. In order to
increase the yvield, the mixture was slightly warmed toward the end
of the reaction, the ether then distilled off and the product of the
reaction fractionated,

This synthetic sesquiterpene is a colorless oil, boiling between
281—283° and solidifies when strongly cooled. The melting point
lies between 11 and 12°  Oxidized with a boiling 3 p. ¢. permanga-
nate solution it yields terephtalic acid, CgHy(COOH)2.  When
treated with fuming solphuric acid p-octyl toluene sulphonic aeid,
CsHi7.CeHs(S03H).CHs, results, of which the barinm (+Ha0), lead
(+4H20) and copper (4+2%¥H20) salts were prepared. With fuming
nitric acid it yields mononitro p-octyl toluene, CsHi7.CoHgiNO2).CHg
and dinitro-p-octyl toluene, CsH7.CaH2({NO2)2.C'Ha. Treatment with
acetyl chloride results in the formation of octyl-tolyl-methyl ketone,
GHH]T,{_:HHQ{EH::]{T].“H.‘].

56. Trivalerylene.

In 1867 Reboul® obtained, by treating wvalerylene with cone
sulphuric acid, an oil from which, after washing and drying, there
could be separated by distillation a fraction boiling at 175—177°
corresponding to the formula CioH145.H20, and a hydroearbon
Ci5Hz4 boiling between 265—275°, and having a specific gravity of
0.862 at 15°. Diluted sulphurie acid has a similar action on valery-
lene.

By heating valerylene in sealed tubes to 250—26G0° Bouchardat?
in 1878 obtained a hydrocarbon CioHis and an other CisHey. The
latter compound boiled between 240—250° and gave a monochlor-
hydrate which was decomposed by heat.

57. Vetivene.

Gladstone+ in 1872 obtained from oil of vetiver, by destroying
1 Ber., 81, p. 940.

2 Compt, rend., 64, p. 419; Ann., 143, p. 378,

3 Compt. rend., 87, p. 654 Bull. Soe, chim., 33, p, 24.

4+ Jaurn. Pharm., 81, pp. G687, 705,
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the oxygenated constituents by means of sodium, a small amount
of a rather viseid hydrocarbon, of the following properties:
B. p. 255°; d=10.9332; N,=1.5061.
Gladstone did not have this compound, which he considers to be
a sesquiterpene, in a pure condition.

Genvresse and Langlois! separated from oil of vetiver a ses-
quiterpene by fractional distillation and three rectifications from
godium. To this fraction they gave the name of vetivene. It is a
eolorless, mobile liquid of the following properties: d2,°=0.932;
ap1s° = -+18°19"; b. p. 135° (15 mm.), 262—263° (740 mm.).

It absorbs four atoms of bromine, without disengaging hydro-
bromie acid;: the liquid is colored blue.

Vetivenol, CisHze0, also found by Genvresse and Langlois,
has the following properties: d2¢®=1.011; o, = 433°43" in aleoholic
solution; b. p. 169—=170° (15 mm.).

According to these chemists dehyvdrating agents give rise to a
sesquiterpene of the general properties of vetivene.

58. Winterene.

By the action of sodium on the oil obtained by steam distillation
from Winter's bark and subsequent fractionation, Arata and Can-
zonari? obtained the following fractions; 1. —250°; 2, 250—260°;
3. 260—-270°; 4. 270—280°. Fraction 260—270° had the sp. gr.
0.9344 at 13°. The original oil was dextrogyrate and fraction
255—270° showed a rotation of +11.2° Fraction 260—265° made
up the bulk of the oil and was called by them winterene. The index
of refraction of this fraction was 1.4931. It had the composition
CsHs, and in accordance with the vapor density 11.67 the authors
gave to winterene the formula CesHye. This is doubtful, as the com-
pound readily absorbs oxygen from the air. Moreover, the boiling
point is rather low for so complex a substance, corresponding rather
with that of the sesquiterpenes. With hydrochlorie acid it vields a
liquid addition product having a camphoraceous odor. The chemical
work done on this substance is meagre, being restricted almost
entirely to color reactions. The subject seems well worthy of further

1 Compt. rend., 185, p. 1059,
2 Anales de la Clentifica Argentina;: Drogg. Bull, 188%9, p. 140: Arch. d. Pharm.,
227, p. 818; Jabresb, . Pharm., 1889, p, 70; Pharm. Ztg., 1884, p, 488,
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investigation in the light of the more recent work on the sesquiter-
penes.

59. Zingiberene.
General Discussion and History.

Zingiberene has so far been found only in ginger oil. The first
investigation of ginger oil was made by Papousek? in 1853, who did
not, however, recognize the sesquiterpene. Thresh? in 1881 found
the major portion of the oil to consist of a sesquiterpene boiling
between 256—260°. This fraction had a specific gravity of 0.899
and a rotatory power of —16.10° Nitroso derivatives of the ses-
quiterpenes were unknown at that time, so that Thresh was limited
in his investigation to the attempt to prepare a hydrochloride,
which failed.

In 1900 v. Soden and Rojahn® published the results of an ex-
amination of the sesquiterpene of ginger oil. It had a specific gravity
of 0.872 at 15° and a rotation of —6%9°. By titration with bromine
in glacial acetic acid solution, they determined the presence of two
ethylene bonds. The tetrabromide formed could not be obtained in
a crystalline condition. The hydrochloric acid and hydrobromic acid
addition products are reported as brown, viscous oils. Attempts to
prepare a nitrosochloride and a nitrosate failed.

The physical properties, specifie gravity and rotatory power of
this sesquiterpene did not agree with any of the known sesquiter-
penes, and v. Soden and Rojahn, therefore, proposed the name of
zingiberene for the sesquiterpene.

Schreiner and Kremers+* published their results obtained with
zingiberene somewhat later. While the physical constants found by
them agree in the main with those of v. Soden and Rojahn, their
chemical results are different as they succeeded in preparing a
dihydrochloride, a nitrosochloride, a nitrosate and a nitrosite, thus
definitely characterizing this sesquiterpene.

The low specific gravity of zingiberene is striking, and it, to-
gether with its molecular refraction indicate the presence of more
double bonds and less eycles than arve present in most other ses-
quiterpenes. The molecular refraction of zingiberene speaks strongly
for three double bonds but its chemical derivatives so far prepared

1 Journ, Pharm. Chim., (8), 28, p. 465,
2 Pharm. Journ., (#), 12, p. 2438,
8 Pharm. Archives, 4, pp. 61, 155.
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are not concordant. Thus, for instance, it forms a well crystallized
dihydrochloride. This disagreement is similar to that which existed
in the case of caryophyllene, but later chemical work confirmed
the optical method. The optical method is probably the must trust-
worthy in this case, for the following reasons:

1. The optical method has proven trustworthy in the case of
caryophyllene and with a large number of compounds in other fields
of research. The argument that the zingiberene subjected to the
optical test was not absolutely pure, being obtained by fractional
distillation, while true, has but little bearing on this question. The
properties of the ginger fractions, show that those immediately
preceding and  following the zingiberene fraction are higher in
specific gravity than the zingiberene. Any admixture with these
would, therefore, increase the specific gravity of the zingiberene, It
i5, however, the very low specific gravity of this compound which

causes the result to come ont for three double bonds. The specific
n#=—1 m

gravity is a far more sensitive factor in the formula FED " than

is the index of refraction.

2. The sesquiterpene has a much lower specific gravity than the
sesiuiterpenes with only two double bonds. This is, however, a
change concomitant with the introduction of double bonds, the com-
position remaining unchanged.

3. It is almost always far more ditfienlt to form a tri-derivative
than a mono- or di-derivative. The dihydrochloride would of course,
form first, and being a eryvstalline compound, may separate out.
The tri-hydrochloride would form with mueh greater ditficulty, if
indeed it ean be formed at all. Moreover, an inversion with the
production of an isomeric sesquiterpene, as occurs evidently in the
preparation of carvophyllene hydrate, and which is also diseussed
under cadinene and its dibydrochloride, is not excluded. In the
bromine titration, hydrobromic acid is given off, so this method of
testing for the number of double bonds becomes untrustworthy.

Further work is necessary before this question can be definitely
decided.
Preparation,
Zingiberene is obtained by the fractional distillation of ginger
oil. v. Soden and Rojahn fractionated the oil under a pressure of
8—10 mm. The portion going over at 120—125° was saponified
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with alcoholie potash and the washed oil again fractionated in a
vacoum. Schreiner and Kremers? proceeded in a similar manuner,
collecting fraction 150—160° (32 mm.), saponifying this and again
fractionating, collecting fraction 160—162°,

Physical Properties.

The physical constants of zingiberene are as follows:
Thresh (1881): B. p. 256—260°; d=0.899: «, = —16.10°.
v. Soden and Rojuhn (1900): B. p. 134° (14 mm.); 269—270°
(760 mm.); disg®—=0.872: o= —09°.
Schreiner and Kremers (1901): B, p. 160—=161° (32 mm.);
d20° =0.8731; [«]u= —T3.38°; n,=1.49399,
The molecular refraction was G7.87: the caleulated molecular re-
fraction, assuming three double bonds, is 67.86.
Schreiner and Kremers also determined the indices of refraction
from the three hydrogen lines. They were as follows:

He=1.49041. HpB=1.50319. Hy=1.51112.

Zingiberene is a colorless, mobile liquid, but readily resinifies and
becomes viscous. It is readily soluble in ether, petrolenm ether,
benzene and absolute aleohol, more sparingly (1:16) in ordinary
aleohol.

Chemical Properties,

Zingiberene readily absorbs oxygen from the air. Bromine com-
bines with it, but as hydrobromic acid is formed, no bromide could
be obtained. With hydrochloric acid it combines to form a dihydro-
chloride, and with nitrosylchlaride and the oxides of nitrogen to
for a nitrosochloride, a nitrosite and a nitrosate respectively.

Zingiberene dihydrochloride, Ci5Hzi.2HCL Thresh? in
1881 attempted to prepare the hydrochloride by passing the dry gas
into an ethereal solution of the sesquiterpene fraction, but no ervstal-
line compound could be obtained. Thresh attempted to remove the
excess of hydrochloric aeid by heating in a current of dry hydrogen
until the escaping gas no longer reddened moistened blue litmus
paper. The result was unsatisfactory, as analysis showed only 5.47
p- ¢. of HCl, eorresponding to the improbable formula (Ci5Hzg)aHCIL.
The specific gravity of this liquid was 0.9246,

3 Pharm. Archives, 4, p. 155,
4+ Pharm. Journ., (8), 12, p. 245,

i
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Von Soden and Rojahn report the hydrochlorie acid addition
product as a brown viscous oil but Schreiner and Kremers? obtained
this derivative in a erystalline form. It is prepared as follows:

Zingiberene is dissolved in an equal volume of glacial acetic acid
and the solution saturated with dry hydrochloric acid gas at 07
The solution is then allowed to stand for a day or two, after
which time the dark colored liquid will be found to be interspersed
with fine needles. These are collected on a foree filter and washed
with cold aleohol. A second erop can usually be obtained by again
saturating the mother liquor with dry hydrochloric acid gas. When
recrystallized from hot aleohol, the dihydrochloride is pure white
and melts at 168—169°,

Zingiberene nitrosochloride. Schreiner and Kremers pre-
pared this as follows: '

A small portion of zingiberene is dissolved in an equal volume of
rlacial acetic acid and of ethyl nitrite. After cooling in a freezing
mixture, it is gradually treated with twice the volume of zingiberene
used, of a saturated solution of hydrochloric acid gas in glacial acetic
acid. After a minute or two the reacting mixture is treated with
twice its volume of aleohol, continually agitating. The nitroso-
chloride separates out as a floceulent precipitate. This is collected
on a foree filter and well washed with ¢old alcohol. [t is a fine white
powder, and may be purified by dissolving in ethyl acetate and
precipitating with alcohol. Thus obtained, it melts at 96—97° with
decomposition.

Zingiberene nitrosate. This derivative does not separate
when the hydroearbon is treated in the nsual manner, but with a
slight modification it separates in large quantities, the yield being
almost theoretical. The proceduare is as follows:

A small portion of zingiberene is dissolved in an equal volume
of glavial acetic ncid and of ethyl nitrite. This mixture is well cooled
in a freezing mixture and then treated slowly with a mixture of
nitric acid and glacial acetic acid, each equal in volume to the
zingiberene used. The first few drops produce a deep bluish-green color
which rapidly fades. The mixture remains clear but becomes quite
thick, and toward the end of the reaction turbid and exceedingly
viscous. At this stage the mixture is treated with about four times
its volume of cold alecohol, and on shaking, large quantities of the

5 Pharm. Archives, 4, p. 161,
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nitrosate separate. This is collected on a force filter, washed with
alcohol and dried on a porous plate. Attempts to purify the product
by erystallization have so far been unsuceessful. The compound may
be purified by dissolving in ethyl acetate and precipitating with
aleohol. 1t is a slightly yellowish powder melting at 86—88° with
decomposition.

Zingiberene nitrosite. This derivative is more readily ob-
tained than the other nitroso-compounds of this sesquiterpene. It
can be obtained in a pure state with comparative ease if the
recrystallization is done on a small quantity and with but a
momentary application of heat. When so purified its melting point
is sharp and the compound is, therefore, well sunited for identifving
the sesquiterpene. Schreiner and Kremers prepared this derivative
a8 follows:

A small portion of zingiberene is dissolved in about 10 times its
volume of petrolenm ether and is then cooled in ice water or a freez-
ing mixture. It is then treated with a volume equal to the zingi-
berene used, of a saturated solotion of sodinm nitrite, and the same
amount of glacial acetic acid. The lignid shows a passing blue
color and on shaking solidifies completely to a mass of white crystals.
The magma is best transferred to a cloth and washed with cold
water and pressed. After spreading on a porous plate for a
short time the compound must be purified at once, as it readily de-
composes when in an impure condition. This is best done by re-
erystallizing from hot methyl aleohol, working with small portions
at a time and avoiding heating for any length of time. If heated
for only a few moments crystals will be obtained. Even a momentary
heating will result in considerable loss, but the ecrystals which
separate are fine silky needles, and after washing are quite pure.
If thought necessary the operation may be repeated. Thus purified
the compound melts at 97=958% It 1= much less stable than the
corresponding caryophyllene compound.  After keeping for a few
weeks it becomes yellow and soon changes to a black, sticky mass.
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