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PRETACE

Tuis book is intended as a guide to students commencing
Organic Chemistry. The subject is treated experimentally
from the outset, without preliminaries, the hypotheses and
theories which form so essential a scaffolding being intro-
duced as the facts require them. At the same time, every
gtress is laid on the importance of theory, and every op-
- portunity taken of showing how concrete results have been
led up to by theoretical considerations. By this combination,
it is believed that it will be more readily understood how the
Seience has developed, and more readily discerned later how
and in what directions the development is likely to con-
tinue.

The book proceeds as far as possible from the familiar to
the unfamiliar. The first substances to be studied are the
typical alcohol and acid akin to the Inorganic bases and
acids, and the study of these leads to the theory of
radicles. The other simple alcohols and acids are next dealt
with, and the ideas of homology and isomerism introduced.
The construction of the network of cross-connections typical
of Organic Chemistry is now commenced with the aid of
the ammonia derivatives and cyanogen compounds, and the
necessity of the theory of structure shown. The structural
formule of the wvarious compounds having been duly
established, the simple aldehydes are introduced, and with
them the conception of polymerism; then the simple ke-
tones and secondary alcohols, with the theory of position
isomerism ; and the iso-alcohols and acids, with the theory
of branching-chain isomerism. Finally, the simple hydro-
carbons are dealt with, and the preceding work codified in
the theory of substitution.
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The second and third parts of the book, which deal
respectively with the more complex aliphatic derivatives, and
the benzenoid compounds, are of course more deductive in
treatment, but as far as possible the same plan is followed.
The theory of stereoisomerism, for example, is considered in
connection with the lactic acids, and the constitution of
benzene is developed only after a considerable number of
benzenoid compounds have been dealt with. ;

As the book is, to a large extent, parallel in sequence with
the historical development of the subject, the names of in-
vestigators and dates of their discoveries are introduced
wherever practicable. The chapters are short, to facilitate
assimilation, and their contents are summarised in charts,
which the author has used for many years past, and believes
will be found of material assistance both to teachers and
students. To ensure accuracy, the proof-sheets have been
collated with Beilstein’s standard Handbuch der Organischen
Chemie. The practical details of quantity and manipulation,
which will be found in an appendix, have -in the majority of
cases been tested many times in the classes under the author’s
charge.

University students will find that their syllabuses have
been duly considered, and that the theoretical and practical
work demanded by the various examining bodies is dealt
with in detail. As a knowledge of qualitative analysis is
required at most of the examinations, a second short ap-
pendix is devoted to that subject.

Guy’s HospiTAL, Lonpow, S.E.
October, 1897.
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PART I

Typlcal Compounds of Simple Constitu-=
tion

SECTION I
THE ALCOHOLS AND ACIDS: ORGANIC RADICLES

CHAPTER 1
PREPARATION OF PURE ALCOHOL

Organic and Inorganic Compounds: Alcohol.—Organic
Chemistry deals with the Compounds of Carbon. There is no
essential difference between the carbon compounds and those of
the other elementﬁ, but they are so numerous and intimately
related, that it is usual to consider them apart. The name was
+::l11ﬂ'111,3.ll:,r gnen to compounds such as sugar, which are formed
in living organisms, and to their 1mmedm,te derivatives, such
as aleohol, as it was thought that products of this type could
not be made in the Jahm‘atm'y, and were radically different
from the mineral or Inorganic compounds. It has long been
proved that this view was incorrect, and that the Organic com-
pounds ean be made from their elements, but the division and
name are retained for convenience sake.

One of the longest known and simplest organic compounds
is the aleohol to which the properties of fermented liquors are
due. Wine and beer have been made from very early times,
and it was known to the Arabians, the inventors of the retort,
that the properties of such preparations were due to a volatile
constituent or ‘‘spirit,” which can be separated from them by
distillation. In the course of time some of the details have
been modified, but the substance is still made in practically the
sAme Way.

Although much aleohol is pmpared by distilling or “burning”
wine (hrandy--B'mnﬂtu ein), the bulk of that used for chemical
and industrial purposes is made directly from sugar or starch.
When beet or cane molasses for instance is fermented with
veast, a quantity of alcohol is formed, and a similar transfor-

B
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mation is brought about in brewing by the action of yeast on
wort, the sweet liguid obtained by mashing malt and crushed
barley with warm water. Potato spirit is made in the same
way from malt and steamed potatoes. As the mechanism of
these processes is complex, they will be considered in detail
later (p. 176), and this course will commence with the study of
the ready formed aleohol, the amount of which varies from 4 or
b per cent. in beer to 20 per cent. in the heavy wines.

Purification of Alunhnl Distillation.—The first step in a
chemical investigation, whether organic or inorganie, is of
course to obtain the substance in a pure state, in which its
properties are constant and uninfluenced by the presence of
foreign matter. Pure water, it will be remembered, is known
by the constancy of its boiling and freezing points and density,
and by its erystalline form when solidified, the presence of
impurities causing departure from this fixity.

The processes used in the purification of organic compounds—
washing, erystallisation, sublimation, distillation—are in the
main similar to those with which the student is already
familiar, but owing to the greater volatility of the ecarbon
der 1v1t1ve*:: especially those of comparatively mmp]e nature,
distillation is much more frequently used than in dealing with
mineral products,

The distilling apparatus in ordinary use is represented in the
frontispiece. It is the same in principle as the common retort
and receiver, but somewhat more complicated in detail. The
liguid is hoiled in a flask provided with a side exit for the
vapour, so that a thermometer may be placed in the latter,
indicating the boiling point of the substance® (Wurtz). The
vapour is . condensed in a long, wide glass tube, which is cooled
by a water-jacket, and slopes downwards towards the receiver
(Liebig).

The distillation as thus effected serves a double purpose, for
on distilling a complex mixture such as wine or beer, not nnly
do the volatile constituents pass over uncontaminated with
solids and colouring matter, but their nature is to some extent
indicated by the temperatures at which they distil. Thus
water of course is volatile, as well as alcohol, and that the
spirit which passes over is accompanied by the inorganie liquid,
is evident, not only from the incombustibility of the later
portions of the distillate, but also from the steady rise in its
boiling point and specific gravity during the whole operation.

Purification of Alcohol: Fractional Distillation.—By simple
distillation the alcohol is thus obtained mixed with water, and
as will be seen later, with small gquantities of other volatile
substances.” The main problem is to eliminate the water, and is
par tm,llt,f solved by utilising the greater volatility of the spirit.

* See Appendix I.
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As just noted, the first portions of the distillate are much richer
in aleohol than those which pass over later ; and as the same
graduation is repeated in miniature on redistilling the separate
portions of the distillate, it is possible by systematic work to
effect a fairly complete separation of the two liquids.

This process, which is applicable to all mixtures of unequally
volatile liquids having no chemical action on each other, and is
consequently much used in organic work, is termed fractional
distillation or fractionation. The mixture in the first place is
steadily distilled almost to dryness, and the suceessive fractions
collected according to their boiling pmnt@. in separate receivers.

First fractionation of a mixture of 50 c.e, of alcohol and 50 c.e,

ﬂf uﬂter

97-x0 (tail)
29 c.c.

| x-820 (head)
20 c.c.

B‘E—BTG
16 e.c.

87-920 | 92970
13 cc. | 21 c.c.

These are then successively redistilled, but owing to their
altered composition, no longer pass entu‘elv over at the original
temperatures, The aleohol distils the faster from the stmnn*m
fractions, and the water from the weaker, so that the result of
the second fractionation is to increase the bulk of the end
fractions at the expense of the intermediate ones.

Fraction. .
Volume .

Second fractionation.

92-970 | 97—xO (tail)
14 c.c. H 36 e.c.

Fraction. .| x-82° (head) | 82-87°
Volume . . | 32 c.c. b ¢.c.

The separation is rapidly increased by each subsequent frac-
tionation. By the end of the third, in fact, the greater part of
the alecohol and water have already passed into the head and
tail fractions, and the boiling points and specific gravities of
these now approximate to those of the pure liguids.

Third fractionation.

87-920
11 c.c.

e cw———— | mm =

Fraction. . | x-820 (head) | 82-870 87-920 | 92970 97-xO (tail)
Volume . . 44 c.c. fete. 1 Lie.e. |l ee. 42 c.c.
o A A 0-856 — — — 0-991
Sp. gr. of

original - |

constitu- *, , |

ents - . - 0-835 ]' | - 1-000

This somewhat tedious process is accelerated by partially
condensing the vapours before they enter the condenser, and
returning the less volatile portions, and in this manner a fﬂll‘h
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complete separation can often be effected in a single distillation.
The vapours may bhe condensed in the upper part of the neck of
the flask, made specially long for the purpose, or in a long
wide tube or fractionating column, fitted to an ordinary flask
(Fig. 1). Various devices have been contrived also to enlarge
the condensing surface, and provide for washing the vapour with
condensed liguid.

In Hempel's column, for example,
the wvertical tube is filled with glass
beads, and in Glinsky's (Fig. 1), this
tube consists of a vertical series of
bulbs, separated by blown glass ball
valves. The beads and valves retain
some of the liquid. In distilleries,
similar appliances made of metal
are used, the rectifier in Coffey’s
still, for example, consisting of a
copper chamber traversed by perfor-
ated plates, which act -in the same
way as the beads or valves in the
laboratory apparatus,

Purification of Alcohol: Absolute

Alcohol,—The strongest aleohol ob-
tainable by fractional distillation is
known as rectified spirit, and has a
gpecific gravity of 0835 at 15°. Me-
thylated spirit consists of this recti-
fied spirit, mixed with some crude
wood spirit and a little paraffin, to
Jrender it unfit for drinking, and thus
exempt from duty. It can be obtained for chemical purposes
without paraffin, and after boiling with a little solid ecaustic
soda to eliminate acetone, ete. (p. 87), and redistilling, may be
used instead of the more expensive pure alcohol.

By digesting rectified spirit with an appropriate desiccating
agent, such as potassium carbonate or gquicklime, and redistil-
ling, a spirit is obtained, which has a still lower gravity, and
therefore contains less water (Lully, 13th century); but by
repeating this treatment, a liquid is ultimately obtained, whose
boiling point and specific gravity are constant, and cannot he
further reduced. This product is therefore pure, and is termed
absolute alcohol.

Small quantities of absolute alecohol can be prepared in the
laboratory by digesting rectified or purified methylated spirit in
a corked tlask with half its weight of quicklime in lumps. The
lime gradually slakes and falls to pieces, and after twenty- -four
hc-ul:, the flask containing the alcohol and slaked lime is placed
on a water-bath and adjusted to a condenser, and the alcohol
completely distilled off into a dry stoppered bottle. The pul-

Fig. 1.—Glinsky's Fractionating
Colommn.
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verulent lime remains behind chemically combined with the
water.

Absolute aleohol (Lowitz, 1796), is a colourless liguid, which
has a pleasant odour and burning taste, and burns with a non-
luminous flame. It boils at 78° under ordinary pressure, and at
-130° freezes to a white crystalline solid. Its specific gravity is
0794 at 15°. Pure aleohol is very hygroscopic, and this is why
it cannot be completely separated from water by fractional
distillation alone.

Criteria of Purity.—A substance is pure and a chemical
individual, only when its physical properties are constant, and
these physical tests are the ultimate criteria of purity. But it
is often convenient to prove the absence of specific impurities
by direct chemical tests. Thus a fragment of white an-
hydrous copper sulphate is converted into the blue hydrated
salt when added to alcohol containing water. Similarly the

yellow solution of barium oxide in pure dry alcohol is rendered
I'I].l]k‘i, owing to the precipitation of the insoluble hydroxide.
Paraffin oil also, in which aleohol is soluble, but water insoluble,
is rendered turbid by the presence of the latter in the spirit.

Synopsis.—The Organic substance, alcohol, prepared by the
fermentation of sugar, is separated from the dissolved solids by
distillation, and from most of the water by fractional distilla-
tion, but the last portions of the latter are removable only by
chemical means. The alcohol thus prepared is known to be
pure and a chemical individual by the constancy of its physical
properties.



CHAPTER II

ANALYSIS OF ALCOHOL AND DETERMINATION OF ITS FORMULA

General Actions of Alcohol: Necessity of Analysis.—Only
when a product has been purified, and its physical properties
sufficiently examined to,establish its individuality, can its
examination from a purely chemical standpoint be commenced.
As in all scientific work, the method is that of experiment,
cuided by analogy. Sometimes the nmature of a substance is
obvious from the method of its formation, and in such cases
only confirmatory evidence is needed, but at other times, when
there is no such guide, analogies must be sought for.

Now although alcohol is combustible, and very different phy-
siologically, it is obvious from the outset that it resembles water
and the metallic hydroxides in many of its chemical relations.
Many salts are dissolved by it, and the erystals which separate
from such solutions often contajn loosely combined aleohol,
analogous to water of crystallisation. Calcium chloride alecoho-
late, for example, is a definite erystalline compound, which like
the hydrate is decomposed by heat. The action of sodium is
similar to its action on water, hydrogen being evolved and a
sodium derivative formed. The organic liquid partially neutral-
ises acids also, in much the same way as the mineral alkalies.

But although its general character is thus fairly clear, its
nature cannot be exactly defined without guantitative exam-
ination. The physical differences between organic compounds
are much less marked than in parallel inorganic cases, and it is
thus necessary to analyse the substances and determine their
formulee before any progress can be made. It is largely for this
reason that the systematic study of Organic Chemistry, although
the oldest branch of the science, was followed without much
success until analytical methods, and the consequent theories,
were developed.

Detection and Estimation of Carbon and Hydrogen.—That
aleohol contains carbon and hydrogen is proved by burning some,
and passing the products of combustion through a cold, empty
vessel and a flask of lime water, when water condenses and car-
bonate of lime is precipitated (Lavoisier, 1794). With the ex-
ception of oxygen, the presence nﬁf which as a rule can only be
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established by quantitative analysis, no other element can be
detected.

The proportions of carbon and hydrogen arve determined by
burning the substance in a slow current of air, or oxygen, in
presence of copper oxide. The combustion is effected in a hard-
glass tube about three feet long, which is heated in a gas furnace
of special design (Fig.2). The granulated oxide having been
placed between plugs of asbestos in the middle and further end
of the tube, and heated to redness in a current of purified air, to
remove all traces of moistuve and organic matter, a known

Fig. 2.—Estimation of Carbon and Hydrogen by Combustion with Copper Oxide.

The water from the large jar pasaes throngh a T-piece into one or other of the smaller jars
behind the furnace, containing respectively air and oxygen. The gases thus expelled pass
through a T-piece into the drying apparatus. The large l!.‘ tibes arve filled with pumice soaked
respectively in strong potash solution and concentrated sulphoric acid, which are forced up
through T-tubes from the conical reservoir flasks for a few minutes before each combustion.
The small bottles at the top contain dilute potash and solphuric acid, and serve to mark the
rate of inflow and outflow of thz gas. The porified air passes into the combustion tabe, in
which the substance and main portion of the copper oxide are situate at the parts from which
the clay furnace-tiles have been removed,  The burnt gases leaving the tube pass throngh a
U-tube containing sulphuric acid and pumice [most of the water condenzing in the small
bulb), and then throngh the three-bmlb vessel containing strong potash,  The small horizontal
tube above the bulbs containg more pumice and sulphuric acid, to retain the moisture given
off by the potash solation.

weight of the substance, in a small glass bulb, or in the case of
solids, in a narrow platinum boat, is introduced into the end
next the air inlet, and gradually heated to redness. Most of the
substance is burned in the air, whilst the oxidation of any that
is volatilised uncombined is completed by the red-hot copper
oxide,

The carbon dioxide and water vapour produced in this manner
are carried with the excess of air and nitrogen through a series
of two wvessels containing calcium chloride and potash, or
equivalent absorbent substances, and their amounts are mea-
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sured by the increase in the weights of the vessels during the
tflombustion (Liebig). The whole operation lasts about two
OUTS,
In careful combustions of alecohol such results as the following
are obtained i—
I. 02063 gram gives 003931 gram CO, and 02475 gram H,0.
II. 02856 gram ,, 05427 gram CO, and 03365 gram H,0.
III. 01983 gram ,, 03796 gram CO, and 02351 gram H,O.
Calculation of Percentage Composition,—Since the percent-
age compositions of carbon dioxide and water are known, the
data for the calculation of that of the alcohol are complete.
Inktrhe first combustion the weight of the carbon in the portion
taken is

0:3981 x 2 *=01072 gram,

and its percentage is therefore
5106,
The weight of hydrogen is similarly
0-2475
)
and its percentage therefore
13-38.

The oxygen is determined by difference, as there is no really
satisfactory method for its estimation, and in this case there-
fore its percentage, since there is no other element present, is

100-00— (5196 +13:33) or 3471

The duplicate analyses give results which aeree with these
within the limits of experimental error (p. 9), so that the
composition of aleohol, like that of all pure substances, is con-
stant. It was first established by exploding the vapour with
oxyeen (De Saussure 1808).

Calculation of Empirical Formula.—It will be remembered
that all other forms of matter must be thought of from a chem-
ical point of view as composed of atoms of definite weight, and
that the relative numbers of the latter are proportional to the
quotients of the percentages by the respective atomic weights
(Dalton, 1808). Now the ratio in the case of aleohol is

N,:N,:N,=>°1"96.18:98 8471
L L] i 12 . 1 . 16
and this on simplification becomes
Ne:Nu:N,=4:38:13:33 : 2:17,
so that the oxygen atoms are the fewest. But fractions of atoms
are inadmissible. Dividing throughout by the smallest number,
the numbers become
NeNuN,=1'99:615:1. ;
Here again fractions are obtained, but if it be assumed that

=0:0275 gram,

..C'__E' 3 HE. 2__1._ 1-E1'I‘1F_ﬂ 100
C0; #4 11° H,0" 18 9 0-2063 % -



ANALYSIS OF ALCOHOL o

the small differences from whole numbers are here due to experi-
mental error the numbers fall into the simple ratio
NoNu:N,=2:6:1,
making the formula
C,H,0.

That this assumption is valid is proved by the agreement,
within the limits of experimental error, of the percentages cal-
culated from this formula with those worked out from the three
analyses, and a formula is always checked in this way, apart
from the theoretical considerations.

Analysis of Pure Alcohol.

Found. Caleulated for
-~ e -, {?EHHD-
T, II. 130 1
Carbon . . 51'96 5183 52:05 A2 17
Hydrogen . 13:33 1309 13-13 1304
Oxygen. . 7471 3508 3482 3479
10000 100-00 100:00 100-:00

A formula thus showing merely the composition of the sub-
stance, and the ratio in which its atoms are combined is termed
an empirical formula (Dalton). But it affords no information
as to the size of the chemical units or molecules, and until this
is determined there is no evidence whether the fmmul*'l, of the
reacting unit of the substance is identical with or some multiple
of the simple formula. The molecular weight must therefore be
next determined.

Determination of Vapour Density and Molecular Weight.—
The molecular weight of a volatile liguid, whether organic or
inorganie, is deduced from the ratio of the weight of its vapour
to that of the same volume of hydrogen at the same temperature
and pressure. These volumes, it w i1l be remembered, contain
the same number of molecules {ﬁvﬂgmlrr::-, 1811), and the weights
of the individual molecules are therefore in the same ratio, In
practice it is of course inconvenient to compare the vapour di-
rectly with hydrogen, and air is used, the density being cal-
culated from the known specific gravity of the lighter gas.

In Vietor Meyer’s method (1879) the air displaced from an
appropriate vessel by the vapour of a known weight of the
liquid is collected and measured, and its weight calculated.
The displacement vessel (Fig. 3) consists of a long vertical tube
having a cylindrical bulb at the lower end, and near the upper
end a side tube leading to a small pneumatic trough. The
bulb and part of the tube are heated at a constant and suffi-
ciently high temperature by steam or other saturated vapour,
which is generated in a cylindrical glass jacket surrounding
the displacement tube.



10 INTRODUCTION TO ORGANIC CHEMISTRY

When the air has ceased to expand, a weighed quantity of the
liguid in a miniature specimen tube is dropped into the bulb,
and the stopper of the displacement vessel
gquickly replaced. The liguid slowly vol-
atilises, but the vapour being heavier than
the air remains at the bottom, and an equal
volume of air at the same temperature
and pressure is thus expelled into the gra-
duated vessel at the trough. Here it is
measured, and its temperature and pres-
sure noted, The air of course contracts
cn passing into the cold measuring tube;
but this is immaterial, as it is the weight
which is ultimately required.

Now the vapour of

0-0623 gram of aleohol

vields approximately

325 e.c. of air,
measured over water at 20° and 752 mm.
The weight of this volume of air is

0-0396 gram,*
and the specific gravity of the vapour is
therefore

00623 i
00396 or 1-57.
Its vapour demsity, or specific gravity,
Y referred to hydrogen is thus
i ® " t' rt i i f 5T
g alerminalion o 157 or 22:6,

Vapour Denszity by Air-
Displacement method. 0-0693
and hence, since the vapour is 22'6 times
heavier than hydrogen, the molecular weight of which is 2, the
molecular weight of the substance is
226 x 2=452.
The number is more simply obtained by multiplying the
specific gravity of the vapour by 28'8 (=2/010693). :
There are other methods of determining vapour density, of
which the chief are Dumas’, in which a known volume of the
vapour is actually weighed ; and Hofmann's, in which the vol-
ume of a known weight is directly measured, but they are now
little used.
Determination of Molecular Formula from Vapour Density.
—Remembering that a molecular formula must either he identi-
cal with the empirical formula, or an exact multiple of it, it is

|l s Tt Qh
% 00396=582'5 x L_g.; x %g % 0001293 ;
7 :
0-001293 =weight of 1 c.c. of air at 0° and 760 mm. ; pressure of water vapour
at 20°=17 mm.
t 0°0693 =specific gravity of hydrogen referred to air.
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now easy to determine the molecular weight. The sum of the
atomic weights given by the empirical formula C,H O is 46,
and the molecular weight of alcohol is therefore either 46, or
some multiple of this, such as 92 or 138, for no other values are
consistent with this atomic ratio.

Now the number 452 calculated from the wvapour density,
although not actually coincident with any of these, is so near-
the first that this must be taken as the actual molecular weight.
It must be borne in mind that the determination of wvapour
density does not give such accurate results as analysis, and the
molecular weight calculated from it is used only as an index,
and must not be taken as the actual value.

The formula

C,H,0
thus represents the actual number of atoms in the molecule or
unit of chemical action as well as the relative numbers in any
particular portion (Gerhardt and Laurent, 1845). It here happens
to be identical with the empirical formula, but this is not always
the case. The molecular formula of acetic acid, for example, is
double, and that of benzene six times the empirical formula.

Other Methods of Determining Molecular Weight: the
Cryoscopic Method.—There are various other methods of deter-
mining molecular weight. When' for instance a small quantity
of a substance is dissolved in a pure liquid with which it does not
interact, the freezing point of the latter is lowered by an amount
depending on the molecular weights and relative proportions of
the two substances.

The exact relation is given by the eguation

M=KP/D (Raoult, 1882),
where M is the molecular weight of the dissolved substance, P
the weight dissolved in 100 grams of the solvent, D the depres-
sion of the freezing point, and K a constant for each particular
solvent. The value of K for water is 19, for acetic acid, 39 ; and
for benzene, 49.

It is usual to measure the depression with specially con-
structed thermometers graduated in hundredths of a degree, but
sufficiently accurate results can be obtained with an ordinary
physical thermometer graduated in fifths or tenths of a degree,
and reading by estimation to fiftieths or llullﬂre-:'lths

The calculation is simple. Thus

0-492 gram of alcohol
dissolved in

26-8 grams of water,
lowers its freezing point approximately

from 0° to—0:79°,
and from this it follows that thfq;nﬂlecular welght is
0492
19% 68 x 100

M= 079 or 44.
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CHAPTER III
CHEMICAL NATURE OF ALCOHOL

Action of Sodium on Alcohol : Sodinm Ethoxide.—The com-
position and molecular formula of the substance having been
established, its chemical actions can now be studied in detail.

When du' sodium is placed in absolute aleohol, a vigorous
action takes place, the metal being dissolved and hydrogen
evolved, just as with water. The liquid becomes wscld and
after a time ceases to dissolve the metal, even when heated and
on then cooling, sets to a solid cry stalline mass, which is 11511111\
brownish from impurity. To purify the product, the mass is
filtered, and pressed hetween filter paper from adherent alcohol,
and after picking out undissolved metal is dried in a large test
tube at 180°, in a stream of dry hydrogen or coal gas.

The residue consists of a white amorphous powder termed
sodium ethoxide. It appears to melt when heated, but is really
decomposed, so that here the only criterion of purity is constancy
of composition.

Sodium ethoxide obviously cannot contain aleohol as such,
but it is an organic compound, for carbon and hydrogen, as well
as sodium and oxygen, are present. The presence of the metal is
indicated by the flame test, whilst that of the carbon and hydro-
een in the diffieultly combustible substance, is proved by heating
a portion in a test tube with copper D‘leE carbon dioxide and
steam being evolved. The sodium is estimated by dissolving
the ash of the substance in dilute sulphuric acid, and evaporating
and weighing the sodium sulphate thus obtained, and the em-
pirical formula found from this and the carbon combustion is

CyH;NaO.
The molecular formula is strictly speaking unknown, for the
substance is not volatile, and is decomposed by awvailable sol-
vents, but in the absence of evidence to the contrary, it is assumed
to be the same as the empirical formula. The crystalline pro-

duet first obtained is a molecular compound of the ethoxide with
alcohol of crystallisation,

CyH,N20, 2C,H,0.
13
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Rational Formula of Alcohol: Hydrolysis of Sodinm Eth-
oxide.—Sodium ethoxide is thus clearly derived from alecohol in
the same way as sodinm hydroxide from water, by substitution
of sodium for hydrogen ; and it follows, therefor e,_that one of the
hydrogen atoms of alcohol 32 more active than the rest—

C.H;O0+Na=C,H,NaO+H ;
H,O0+Na=NaHO+H.

Now in Inorganic Chemistry, the reactions of compounds are
sufficiently expressed by means of their empirical or molecular
formulee, but the molecular formule of organic compounds are
so much alike—in some cases, in fact, identical —that a further
development is necessary. The above result is accordingly ex-
pressed by means of a formula in which the active hydrogen
atom is placed apart, and which, as it gives some indication of
the chemical relations of the %ub-’-,tfume, is termed a rational

formula (Berzelius)—
C,H.O.H.

But although sodium ethoxide i 15 formed in the same way as
the hydroxide, unlike the latter it is decomposed by water, dilute
alecohol passing over when its aqueous solution is distilled, and
caustic soda remaining in the flask.

In studying such decompositions, the identification of small
quantities is often requisite. This is effected in the first in-
stance, when possible, by means of qualitative  test-tube " re-
actions, Thus the aleohol in the above distillate can be quickly
converted without further purification, into iodoform, aldehyde,
or ethyl acetate, substances 1-eﬂagnisable by their appearance or
odour (see Appendix IL.). Such tests are of course preliminary.
and must be supplemented by the isolation and identification of
the suspected substance in the manner previously deseribed.

Small quantities can often be quickly isolated. Thus the
alecohol can be roughly separated by dissolving a stick of caunstic
soda in the head fraction of the distillate. Being inscluble in
concentrated soda solution, it slowly rises to the surface, and
can thus be separated with a pipette, and dehydrated and distilled
for its boiling point. Ammonium sulphate has the same effect,
and the organic liquid in such cases is said to be salted out.

The decomposition of sodium ethoxide into alcohol and caustic
soda thus established, is termed a hydrolysis—splitting by water
—the molecule ta,]unﬂ-~ up water, and at the same time being re-
solved into simpler ‘molecules. In hydration the first stage
alone is reached—

CEHErD' Nﬂ +H=D=GEHED-H+ Nﬂ.Ht:L

Now the hydrogen of caustic soda itself can be displaced by
sodium and replaced hydrolytically by the action of water, and
in this respect therefore alcohol is chemically analogous to the
alkali hydroxide. This relation is represented, however, by the

same rational formula as in the first case—
NaO.H<->NaO.Na; C,H,0.H<—>C,H,0.Na.
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Action of Phosphorus Bromide and Iodide on Alcohol:
Ethyl Bromide and Iodide.—The analogy of aleohol to water
and caustic soda is amply confirmed by t the action of phosphorus
bromide and iodide and the mineral acids, the first of which it
will be remembered replace the hydroxyl of water by halogen,
whilst the last, of course, convert the alkali into salts.

When bromine is slowly added to red phosphorus immersed
in absolute alcohol, the phosphorus pentabromide initially
formed acts energetically on the latter, and much heat is
evolved. The action proceeds with explosive violence if the
liguid is not well cooled before each addition., On distilling the
red and turbid product from a water-bath, best after the 1*1113& of
some hours, a yellowish wolatile liquid, termed ethyl bromide,
passes over, having a faint odour of garlie. Syrupy 1:-]1:)%1111011&.
acid and some unchanged phosphorus remain in the flask.

The liquid is impure, and contains
unchanged aleohol and phosphorus [
bmmlde as well as secondary produects,
but as etlnl bromide is insoluble in
dilute alkalies, these may be removed
by shaking it with cold dilute caustic |
soda in a tap-funnel (Fig. 4). The
alcohol and phosphorus bromide dis- [
solve in the alkali, whilst the heavy ¢
ethyl bromide falls to the bottom and | &
can be drawn off through the tap. If |
~ a tap-funnel is not available, a stoppered
eylinder or corked test-tube may be used, |
and the bromide drawn off with a
pipette. _

The only impurities now remaining §
are dissolved water and a small
quantity of a secondary product con- Fig.+—5Separatory Fuanel,
taining phosphorus. The water is re-
moved by placing a few small pieces of recently fused calcium
chloride in the liguid for twenty-four hours, and the high-boil-
ing phosphorus compound by fractionating the dry product
from a water-bath.

Ethyl bromide, Co;H;Br (Serullas, 1829), is a liquid of ethereal
but garlic odour. It boils at 39°, and its specific gravity is 149
at 15°. Like most organic halogen compounds it burns with a
green mantled flame, and the presence of halogen is directly
demonstrated by bringing a fragment of copper oxide moistened
with it into a Bunsen flame. The volatilised copper bromide
tinges the flame green.

The bromine is estimated as silver bromide. The liquid,
weighed in a small bulb, is heated with the strongest nitric
acid and silver nitrate for some hours, at a high temperature.
The carbon and hydrogen are completely oxidised, and the
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bromine unites with the silver, forming silver bromide (Carius).
To attain the necessary temperature, 150-250°, the liguid and
agents are sealed up in a hard glass tube about twelve inches
long, which is enclosed in a strong iron tube to minimise
danger from explosion, and heated in an air-bath (Fig. 5). The
complete oxidation requires several hours. When the tube has
cooled, it is well wrapped up in a cloth, and the drawn out end
softened in a flame to allow the confined gases to escape. The

Fig. 5.—Tube-Furnace and Sealed Tubes,

end is then cut off, and the silver precipitate washed, dried and
weighed in the usual manner, and the percentage of bromine
caleulated.

Owing to the presence of the halogen a modification of the
carbon combustion is necessary, a long roll of red-hot silver
eauze being placed after the copper oxide to decompose the
volatile copper bromide, which would otherwise pass into the
caleium chloride tube and be weighed as water. The same end
is better attained by substituting lead chromate for the oxide.

The empirical formula calculated from the numbers thus
obtained, is

C,H:Br,
and as the vapour density is 1'89, this is also the moleculav
formula of the ethyl bromide.

The action of phosphorus and iodine on alechol is precisely
similar, but not violent, and the product is purified and isolated
in the same way.

Ethyl iodide, C,H,I (Gay-Lussac, 1815), is a heavy, colourless
liguid which boils at 72°, and has a marked garlic odour. It is
less stable than the bromide, and when exposed to light becomes
brown from liberation of traces of iodine.

Relation of Ethyl Bromide to Alcohol and Sodium Ethoxide :
Second Rational Formula of Alcohol.—With phosphorus brom-
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ide and iodide, alcohol thus behaves in precisely the same way
as water—
50, H,0+ P +5Br=>5C,H,Br+H, PO, + H,0 ;
5H,0+P+5Br=5HBr +H, PO, + H,0, _
and as the organic molecule thus contains hydroxyl, 1t can
be represented by a second rational formula in which this
hydroxyl is placed apart from the remaining atoms—
C,H,.OH.

Fig, 6.—HReflux Apparatns,

This result is confirmed, in the first place by the direct con-
version of aleohol into ethyl bromide by hydrobromic acid in
presence of a dehydrating agent (see Ethyl Chloride below).
Here it behaves in the same way as sodium hydroxide—

C,H,.OH + HBr=C,H,.Br 4 H.O ;
Na.OH + HBr=Na. Br + H,0.

It is borne out in the second place by the hydrolysis of the
bromide to alcohol and hydrobromic acid (sodium bromide), when
boiled with caustic soda solution—

', H;.Br + NaOH = C,H,.OH + NaBr.

The conversion is only slowly effected, and to prevent the
escape of the wvolatile liquids the hydrolysis is carried out in a
reflux apparatus (Fig. 6), or flask furnished with an inverted
condenser; which condenses and returns the vapours (Frankland

A
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and Kolbe, 1848). The boiling is continued until the odour of
the bromide is no longer perceptible on disconnecting the flask,
and the alcohol is then distilled off, the sodium bromide remain-
ing with the excess of alkali and the water.

The alcohol and its bromide here behave in much the same
way as the hydroxide and salt of a heavy metal, lead for ex-
ample—

: Ph(OH),+2HBr=PbBr, +2H,0:
PbBr,+2NaOH=Pb(OH),+2NaBr.

The bromine of the organic bromide is much more firmly
attached, however, than that of the metallic salt, and is pre-
cipitated by silver nitrate only in presence of aleohol and on
warming.

Ethyl Chloride.—Alcohol is thus a basic hydroxide inter-
mediate in properties between water and caustic soda. It forms
salts, in fact, with most of the acids. Thus ethyl chloride, a
volatile liguid resembling the bromide, is made by the direct
action of the acid, which in the course of months is partially
neutralised. The yield is much increased by the addition of a
dehydrating agent (Groves, 1874).

The spirit is boiled with anhydrous zinc chloride in a reflux
apparatus in an oil-bath, while dry hydrogen chloride is passed
into the mixture. Unattacked alcohol is returned by the con-
denser, and the ethyl chloride vapour passes from the upper end.
After traversing wash-bottles of water and dilute alkali, to
remove hydrochlorie acid, and of strong sulphuric acid, to remove
aleohol and water, it 1s condensed in a freezing mixture. The
zinc chloride retains the liberated water (see also p. 106).

Ethyl chloride, C,H;Cl (Basil Valentine, 16th century, “spirit
of salt and wine”), is a liquid, which resembles the bromide
in odour, but boils at 12°, and has a specific gravity of 00921 at 0,
As a halogen compound it burns, like the bromide, with a green-
mantled flame. On account of its volatility, it is preserved in
sealed vessels, or better in alcoholic solution, from which it is
set free by gently warming. The vapour is washed with strong
sulphuric acid to take up the alecohol. Ethyl chloride is formed
in large quantities as a by-product in the manufacture of
chloral (p. 118), and is used as a local or refrigerating ansesthetic
in dentistry, ete. '

The analysis and vapour density of the organic chloride, the
chlorine being detected and estimated in precisely the same
way as bromine and iodine, lead to the empirical and molecular
formula C,H,Cl, and the action of hydrochloric acid thus re-
sembles that of hydrobromic acid, the alcohol in both cases
behaving as a basic hydroxide—

H,.OH + HOl=C,H,.Cl + H,0.

As in the previous case, this is confirmed by the hydrolysis,
which on account of the extreme volatility of the chloride must
be carried out in a closed vessel—






CHAPTER IV
THE ETHYL RADICLE

The Ethyl Sulphates.—That alcohol is a monacid base is con-
firmed by the existence of two ethyl sulphates, an acid salt and
a normal salt. The first is readily formed by the direct action
oflt-he acid on alcohol, and is conveniently isolated as the sodium
salt.

A mixture of alecohol and strong sulphuric acid is heated in an
open flask on a water-bath for an hour, and the ethyl hydrogen
sulphate that is formed is cooled, diluted with water, and neu-
tralised in a large basin with a thin eream of calcium carbonate.
The resulting solution of ethyl caleium sulphate, for the salt is
freely soluble, although a compound of caleium and sulphuric
acid is filtered from calcium sulphate and unchanged carbonate,
best with the aid of a filter pump, and converted into the sodium
salt by cautiously adding sodium carbonate solution as long as
a precipitate is formed. The clear solution of ethyl sodium
sulphate is boiled down to one-fourth, and then evaporated on a
water-bath until it begins to ery stal]ﬁe After some hours,
the crystals are drained and dried between filter paper, and a
further quantity obtained by evaporating the mother llqum—m

C,H..OH + H,S0,=C,H;. HSO,+H,0 ;
20,H, Hb(} +CaC0,=Ca(C,H,.S0 }2-1-(30 +H2{}
Ca(C,H;. E:DJ} +Na.CO;=2C, J—L 1\5,804+ CaCO;.

Ethyl sodium sulphate, C.,,HB.NaSD;, erystallises in soft, ill-
defined cream-coloured masses, having a pleasant odour and
somewhat sweet taste. It is deliquescent. KEthyl hydrogen
sulphate or sulphovinic acid, C,H;HSO, (Dabit, 1800), is ob-
tained by exactly precipitating the metal with dilute sulphurie
acid from a solution of the calcium, or better, the barium salt.
The clear filtered solution is evaporated in a vacuum at the
ordinary temperature, over strong sulphuric acid, as the sulphate
is decﬂmp{}bed by hot water, and after some ﬂms the organic

salt remains as a thick, colourless acid syrup, which cannot be
made to crystallise—

Ba(C,H,.S0,), +H,80,—2C,H,. HSO, + BaSO0,.

The second or normal salt, ethyl sulphate, (C.H;).S0,, is
formed in small quantity in the preparation of the acid salt,
and can be extracted with ethgl' (p. 71) from the ethyl sodium

0
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sulphate mother liquor. It is best prepared, however, by heat-
ing ethyl iodide with silver sulphate in a sealed tuhe and
qmllph fla,Ltmna,tmg the liguid product, to separate unchanged
1odide—

QGEHF}-DH + HESD-I.Z{GEHE-)QSD-l + HED

2G2H5.[ + Ag9501: {{_11[{5}3504 + EAEI-

Ethyl sulphate, or “ oil of wine” (C,H;).S0,, is a heavy, colour-
less liquid, which smells of peppermint, and boils at 208",

The ethyl sulphates are hydrolysed much more readily than
the halogen salts. Thus, on simply boiling ethyl hydrogen sul-
phate with water, it is resolved into aleohol and sulphuric acid,
the alcohol distilling over, and the fixed acid, of course, remain-
ing behind (Hennell, 1621),

Although ethyl sodium sulphate is stable in neutral or alka-
line solution, it is converted by acids into ethyl hydrogen
sulphate, and when distilled with excess of dilute sulphuric acid
is therefore hydrolysed to sodium sulphate and aleohol, which
may be detected and isolated in the manner already indicated.
Similarly diethyl sulphate is hydrolysed even by warm water
to ethyl hydrogen sulphate and alcohol, and by boiling water
therefore to alcohol and sulphuric acid—

C,H, HSO,+H,0=C,H..0H + H,S0, ;
C,H..NaSO, + H,S0,=C,H, HSO, + NaHSO, ;
(C,H },&OH—HJJ CoH. Hb04+t“'gH G H.

The presence of sulphur in these ethyl sulphates is proved
by heating them to redness with sodium, and adding lead acetate
to the aqueous extract of the product, when a black precipitate
of lead sulphide is thrown down by the sodium sulphide that is
formed. The sulphur is estimated as barium sulphate. The sub-
stance is completely oxidised by heating it with concentrated
nitric acid in a sealed tube, in the same way as in the estimation
of halogen, and the sulphurw acid thus formed is precipitated
from the diluted product with barium chloride, the sulphate
being collected and weighed in the usual manner.

The empirical formulse calculated from the analyses of the
sodium and hydrogen salts are those used above, and the mole-
cular formule are assumed to be the same. The molecular
formula of the diethyl salt follows from its vapour density.

Ethyl Oxide: Common Ether.—The hydroxide character of
aI:::Gh{ is still further demonstrated by the existence of the
corresponding oxide, common ether. Ether is formed by heating
ethyl hydrogen sulphate with alecohol instead of with w ater,
and as the action proceeds equally well in presence of excess of
sulphuric aecid, the sulphate need not be isolated—

C,H, HSO, + C,H, OH=(C,H;),0 + H,SO,.

The mixture ctf aleohol and strong sulphuric acid is heated at
140°, when it boils, and ether and water pass over, and hy
1-unni11g in more alcohol at such a rate as to maintain the tem-
perature constant, a continuous stream of the two products is
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obtained—* continuous process.” Theoretically, there should be
no end to the action, as the sulphuriec acid regenerated acts on a
further portion of the alecohol, forming more ethyl hydrogen
sulphate, but in practice, owing to secondary actions, the mixture
soon becomes charred, and the eperation has to be started afresh
_wlléenl about four times the original volume of alcohol has heen
added.

The distillate contains sulphurous acid and aleohol in addition
to ether and water, and these impurities are withdrawn by
shaking it with dilute caustic soda, and then with strong
caleium chloride solution, until the v.aahm},s cease to give the
iodoform reaction for alcohol. The light insoluble ether rises to
the surface each time, and finally, after separating from the
aqueous layer, is dried with fused calcium chloride, and re-
distilled from a water-bath, in contact with a little sodinm.

Ethyl oxide or ether®, (C.H;),0, (Valerius Cordus, 1542), is a
mobile and extremely volatile liquid, having a very character-
istic odour resembling that of peppermint, but sweeter. It boils
at 35°, and the frozen solid melts at -117°. The specific gravity
is 0736 at 0°. Ether is a valuable solvent for fats, resins, and
other substances insoluble in water, and is therefore much used
in the laboratory. It is also used as an anssthetic, both
internally, the vapour producing insensibility when inhaled, and
locally as a refrigerant, in the form of spray. The vapour is
dangerously inflammable, and the liguid must never be brought
near a naked flame.

The percentage composition and vapour density of the sub-
stance lead to the moleeular formula C,H, 0. Its rational
formula as ethyl oxide, (C,H;),0, is proved by its formation
when ethyl bromide is boiled with excess of sodium ethoxide in
a reflux apparatus. The odour of the bromide is soon replaced
by that of the ether, and after an hour the conversion is fairly
complete (Williamson, 1851 ; see also p. 42)—

CH;Br + C,H, ONa=(C,H,),0+ NaBr.
The formula is mnﬁl med hv the hydrolysis of ether to alcohol
when heated with dilute sulphuric acid in a sealed tube at
150°, and by its conversion into ethyl hydrogen sulphate by
concentrated sulphuric acid at a somewhat higher temperature—
(C.H;),0+H.OH=2C,H,.0H ;
(C,H.),0 + 2H,S0, =2C,H.. HSO, + H,0.

The Ethyl Radicle : &lﬁylm Hydro i}'] —From these various
actions it follows that the derivatives of alcohol are, on the one
hand, parallel to those of water, and, on the other hand, to those:
of sodium hydroxide, and that the sodium and hydrogen atoms
and the atomic group, =

are combined with and inter chanfre the same groups or atoms,

—_—— —— — e —— e

* aifip=the attenuated upper air; hence ** attenuated " spirit.
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and pass unchanged through the various transformations. The
OrZanic group lu::lzmcn-t in fact, throughout as a weak basic
radicle, analogous to the metallic l‘-:lﬂm{rllt:-l, potassium and
sodinm (Liebig, 1834). Were it not that it can be oxidised to
carbon dioxide and water, it might be regarded as an organic
element.

Sonivs, Ernvr, axp Hyorocen Compounps.

Na.OH C,H,.OH H.OH
Na.ONa i1 H ONa H.ONa
Na.Br {‘,;H .Br H.Br
Na.Cl C.H,.Cl H.CI
Na.HS0, {“EHF, HS0, H.HS0,
Na,S0, (CaH; )80, H,S0,.
I\ﬂ.jD ({‘E}I j".!'U ].I-_!G

On account of its persistence and stability, this group is
assigned a special name, ethyl * (Liebig, ether and dAn=stuff,
matter), and a special symbol, Et, so that the formula of alcohol

as ethyl hydroxide becomes
Et.OH,

and those of its derivatives, Et.ONa, Et.Br, Et,0, ete. Further,
on account of the analogy in function of the ethyl radicle to the
alkali metals, it is termed an alkyl radicle, and the hydroxyl
with which it is associated, alkylic hydroxyl. Radicles play so
important a part in Organic Chemistry that it was termed at
one time the Chemistry of Compound Radicles (Berzelius).

Synopsis.—Alcohol is the hydroxide of a basic or alkylic
radicle, ethyl, C,H; or Et, analogous to the alkali metals in
function. To indicate this its formula is written as C ,H;.OH or
Et.OH. The corresponding oxide is common ether,

— . e e

¥ Etllj-‘l.
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CHAPTER V
PREPARATION AND COMPOSITION OF ACETIC ACID

Oxidation of Alcohol to Acetic Acid: Vinegar and Wood
Vinegar.—Although alcohol resembles water and sodium hy-
droxide in so many respects, it differs from them radically in
that it is convertible into a substance having marked acid
properties. It has long been known that wine and beer become
sour on exposure to air and warmth, and the vinegar thus gen-
erated was in fact the only acid with which the ancients were
acquainted (8fos, acelum =vinegar ; 6ds, acidum—=sharp). The
mechanism of the change thus brought about was not of course
understood in those times, but the process is now known to he
one of oxidation, for the oxygen gradually disappears from the
adjacent air, and the change is equally well brought about by
the urdumrv oxidising agents (Lavoisier, 1794).

When, for instance, “alcohol i 1s boiled in a reflux apparatus with
patasmuln permanganate and dilute sulphuric acid, the per-
manganate is decolourised, and on distilling the product after
action has ceased, a ]1qu1d passes over, which has the sharp,
characteristic ﬂflcnu of vinegar, and an acid reaction and taste.
Tt is in fact identical with distilled vinegar.

Vinegar is always made by the natural oxidation of alcohol.
In warm climates, the wine is simply added to hot strong
vinegar placed in casks provided with air holes. Under the
influence of the ferment (p. 177), the wine is gradually oxidised
by the air, and is drawn off and replenished from time to time.
Malt vinegar is made from fermented wort in much the same
way. ' White vinegar” is manufactured by oxidising dilute
spirit by the quick vinegar process. The spirit is caused to trickle
through perforated casks, which are filled with shavings im-
pregnated with the ferment, a convection current of air being
kept moving through the apparatus by the heat generated in
the action (Schiitzenberger, 1823),

The acetic acid used for chemical and industrial purposes,
however, is usually made by distillation of wood. When a
hard wood such as heech or hox is heated to redness in a retort,
gases are first evolved, and then a liquid passes over which
separates into two layers, 4 ligﬂl;t aqueous layer of wood vinegar
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or pyroligneous acid, and a heavy insoluble layer of wood tar
(16th century). Charcoal remains in the retort. This pyro-
ligneous acid 1s simply impure acetic acid (Fourcroy and
Vauquelin, 1500).

Purification of Acetic Acid: Crystallisation: Glacial
Acetic Acid.—On distilling the dilute acid obtained by any of
these methods the water passes over the more quickly, and by
careful fractionation a fairly strong product can be obtained
(Basil Valentine, 16th century). In a somewhat analogous
manner, on freezing the dilute acid, the solvent water separates
as ice, whilst the dissolved acetic acid remains in solution
(Stahl, 1697). In this case also the process has its limits, for at
a certain concentration the dissolved substance and solvent
freeze together, Conversely, the strong acid obtained by frac-
tional distillation may itself be concentrated by freezing, the
acid now being the solvent and the water remaining in solution
as the dissolved substance.

But these methods are tedious, and in practice a chemical
process is used., The dilute acid is exactly neutralised with
sodinm carbonate and boiled to dryness, and the residue fused
and poured on a cold slab. The anhydrous crystalline mass of
sodium acetate is then broken up and distilled with concentrated
sulphurie acid, and the distillate redistilled with a few frag-

ments of the salt to eliminate mechanically carried sulphuric
acid (Stahl, 1692).

F:g ".|' —Determmauon of }Icanng-Pmun by Cfl.plllflrj" Tuhe mekhad.

On a large scale, pyroligneous acid is roughly distilled to
separate the accompanying wood spirit (p. 37), and then
neutralised with milk of lime. The calcium acetate is evapo-
-ated to dryness and heated at 200° to carbonise tarry impurities,
and finally distilled with hydrechloric acid.

The acid prepared by any of these methods is termed glacial
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acetic acid, as it freezes at ordinary winter temperatures, but
it still contains a little water, and this is eliminated by
the process of fractional crystallisation mentioned above. A
quantity of the concentrated acid is partially frozen, and the
unfrozen portion having been drained off, the crystals are melted
and the operation repeated until the melting point is constant
(Fig. 7).* The hoiling point and specific gravity are now also
constant, and the product is pure,

Composition and Formula of Acetic Acid: Determination
of Molecular Weight by Silver Method. — Pure acetic acid,
C,H,0,, (De Lauraguais, 1759) is a pungent, inflammable, hy-
groscopic liquid, or colourless ecrystalline solid. It melts at
16:7°, and boils at 118°, and has a specific gravity of 1'051 at 207,
The acid is much more stable than aleohol, and resists the action
of even chromic trioxide, so that it is used as a solvent in
oxidising organic substances with this agent. By prolonged
boiling with acid permanganate, however, it is oxidised to
carbon dioxide and water, whilst with alkaline permanganate
it yields oxalic acid (p. 124).

The empirical formula of act%ri% acid (Berzelius, 1814) is

o iy
and as its vapour density is about 30° its molecular weight is
60°, and its molecular formula,
¢, H,0,.

The molecular weight indicated by the eryoscopic method
varies with the concentration of the solution, owing to the
dissociation of the dissolved acid, but the value caleulated from
the vapour density is confirmed by analysis of the silver salt.,

The silver salts of organic acids are easily prepared and
readily purified and analysed, and they are almost invariably
anhydrous. Silver acetate for example is a white erystalline
substance, which is made by dissolving the freshly precipitated
oxide or ecarbonate in the dilute acid, and evaporating the
filtered solution to dryness. When it is heated to redness in a
poreelain erucible it is reduced to the metal,

05276 gram
vielding approximately

(-3412 gram of silver,

and so on in like proportion. Now acetic acid forms only one
silver salt, whatever the proportion in which it is heated with
the oxide. It is thervefore monobasic, and the molecular weight
of the salt may thus be represented by the expression

M —1+108,
where M is the molecular weight of the acid. An atom of silver
replaces one of hydrogen. But as the molecule contains one
atom of silver, the relative weight of the metal is as

108 : (M —1 4 108),

»

* See Appendix I.






CHAPTER VI
CHEMICAL NATURE OF ACETIC ACID: THE ACETYL RADICLE

The Metallic Acetates: Rational Formula of Acetic Acid.—
As already noted, acetic acid readily decomposes the alkali car-
bonates, and potassium acetate, C,H3;KO,, prepared in this way
from vinegar and wood ashes, was used as a medicine by the
Romans. The same salts are formed by the action of the alkali
hydroxides, or in some cases of the metals themselves on the
acid.

The acetates are the oldest artificial salts known, the gray-
green basic copper acetate or verdigris having been made by
the Greeks by allowing grape skins to remain in contact with
copper plates. The acetic acid, formed by successive fermenta-
tion of the sugar, attacks the copper in presence of the air, and
the salt is still made in essentially the same way by exposing
sheet copper to the vapour of crude pyroligneous acid.

Ordinary copper acetate, Cu(C,Hz0,).+H,0, made by dis-
solving copper oxide or carbonate in the warm dilute acid and
evn,pc-mting to crystallisation, is a well defined, dark green
crystalline salt. Lead acetate (Basil Valentine, 16th century)
is prepared in a similar manner by l.]l‘-r-:ﬂh-‘l]l*"]tﬂldl“[‘ in the
acid, and is known as sugar of leaﬂ, from its resemblance to
cane sugar in appearance and taste. The taste, however, is
metallic and astringent as well as sweet, and the salt is of
course poisonous.

The ferric acetates are used in dyeing, and are also useful in
(1etectm;: small quantities of the acid. When ferric chloride
15 added to a mneutral acetate, the solution assumes a deep
red colour, owing to the formation of the normal acetate,
Fe(C,Hy0,);. This is decomposed and decolourised by dilute
hydrochloric acid, and by simply boiling with water, is par-
tially hydrolysed to an insoluble, brown, basic salt, part of the
acid being set free—

FE{F2H30 o)a+HyO=Fe(OH)(C,H,0,),+ C,H,0,.

From the existence of these various salts it is evident that, as

in alecohol, one of the hydrogen atnms of the acetic acid molecule
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is more active than the rest, and that the substance may be
repr ebpnted by a rational formula,

C,H,0,.H.
analogous to that of the basic h} droxide. But it is noteworthy
that the unique hydrogen atom is much more active than in
alcohol. The sodium derivative, for example, is much more
easily formed, and conversely much more stable. It may be
]1ea.t§[£l with water at any temperature without being decom-
posec -
Action of Phosphorus Chlorides on the Acetates: Acetyl
Chloride: Second Rational Formula of Acetic Acid.—The re-
semblance of the acid to alcohol extends to its action with the
phosphorus halogen compounds, although, as has been seen,
there is no action with acids.

When glacial acetic acid is mixed with half its volume of
phosphorus trichloride, heat is evolved, and after a time the
mixture separates into two layers, the upper consisting of the
chloro-derivative mixed with some unchanged trichloride, and
the lower of a solution of phosphorous acid in acetic acid.

On fractionating the upper layer, the main fraction boils at
h0-H8°, the more volatile portions consisting chiefly of un-
changed trichloride. After purification by 1epeated redistilla-
tion over small quantities of fused sodium acetate, the product
boils at a constant temperature—

3C,H,0,+ PCl;=3C,H,0C1 + H,PO,.

Acetic or acetyl chloride, C,H;0.CI {G‘ﬂhardt 1851), is a
colourless, mobile liquid, which fumes strongly in the air, and
corrodes animal and wvegetable tissues. It boils at 51‘, and
has a specific gravity of 1'130 at 0°. The analysis and vapour
density lead to the molecular formula C,H;0CIl, and the action
of phosphorus trichloride on acetic acid is thus similar to that
of the pentabromide on alecohol, hydroxyl again being replaced
by halogen. Phosphorus pentachloride and oxychloride have
the same effect, and sodium acetate, for example, may in this
way be dirvectly converted into the acid chloride. The action,
however, here proceeds farther, acetic oxide being also formed.

Not f:mh 18 acety 1 ehloride fol med in the same way as ethyl
bromide, but it is decmnpmed in the same manner by h} dmlvtl{:
agents. But the action is much more readily effected. When
su.:etx 1 chloride is poured into cold water it at first sinks to the
bottom. It soon dissolves, however, with evolution of heat, and
the solution now contains only acetic and hydrochloric acids.
The vapour of the chloride is hydrolysed in the same way by
the moisture of the air, whence the fuming—

C,H,0.C14+ H.OH=C,H,0.0H + HCl.

The phosphorus haloids thus serve to show the presence of
hydroxyl both in the alcohol and the aecid, and as will be seen
later, all forms of hydroxyl are detected by means of these
agents. They have virtually the same action as hydrochloric
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acid. but one much wider in its scope, and act as a stronger
acid of this class might be expected to act.

Acetyl Oxide.—It has been seen that ethyl bromide and
sodium ethoxide interact to form ethyl oxide, and an analogous
acetyl oxide may therefore be expected from the acetyl deriva-
tives (Williamson, 1851). This is actually the case, but as
might be anticipated, acetyvl oxide, although analogous in com-
position and manner of formation to etlnl oxide, has wvery
different properties.

To make the oxide, acetyl chloride is simply boiled with ex-
cess of recently fused and powdered sodium acetate, in a reflux
apparatus in an oil bath, until the clear liguid is free from
chlorine. The product is then distilled off, and after redistilla-
tion is pure. A more economical method consists in boiling
the acetate with phosphorus oxvchloride, the acetyl chloride
initially formed acting at once further with excess of the salt.
The purification is effected as in the first method—

GJ‘I;;O.GI-I—C:,H;D Ohﬂl |:: .-'FI-I:IO juﬂ‘l—T{.TPI

Acetyl or acetic oxide (C,H;0,).,0, (Gerhardt, 1853), or acetic
anhydride, as it is also termed from its relation to the acid, is a
colourless liquid of unbearably pungent odour. It boils at 1387,
and its specific gravity is 1'073 at 20°, The empirical and
molecular formula anticipated by theory is confirmed by the
analysis and vapour density, and the rational formula is proved
by the manner of formation and decomposition.

Like the chloride, it is hydrolysed much more easily than the
corresponding ethyl cmnpﬁund the decomposition again being
effectel by simply pouring the liquid into w :LtDl [f the
gquantity of the latter is limited, the excess of the oxide falls to
the bottom, as it is not affected by the acid, but otherwise it
slowly dissolves. The hydrolysis is muech hastened by warm-
ing the mixture, or by adding caustic soda solution—

{CE HEO'-.’-}ED ‘I‘ ch’:gEgHaﬂ.DII+

Reduction of Acetic Acid to Alcohol.—By means of acetic
chloride or oxide the acid can be reconverted into aleohol, for
when either of these liquids is kept for some dayvs in a loosely
stoppered vessel in contact with sodinm amalgam, it is slowly
reduced by the moisture that enters. The alcohol may be sepa-
rated by distilling the diluted product after boiling it with
alkali to destroy impurities. As both the chloride and the
oxide are so readily made from the acid, the action is practi-
cally the reverse of the oxidation of aleohol (Linneman, 1868)—

C,H;0.Cl14+4H=C,H, OH 4+ HCI.

The Acetyl Raﬂmle Oxylic Hydroxyl.—From these actions
it is evident that in the oxidation of alecohol it is the ethyl
radicle which is affected, and that it is transformed into an
oxidised radicle of the formula

C,H,0.
This is termed acetyl, and E.‘jﬂ-lgllﬂd. the symbol Ac, so that
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CHAPTER VII
ETHYL ACETATE

Preparation of Ethyl Acetate.—As alcohol forms salts with
the mineral acids, and acetic acid combines with the mineral
bases, the two compounds may be expected to neutralise one
another and form an organic salt, and this is actually the case.
When absolute alcohol and ﬂ]amal acetic acid are boiled together,
they gradually combine; and the acidity of the mixture dimin-
15’1135 The yield of the salt is small, however, owing to hydro-
lysis by the liberated water, and it is best to withdraw the latter
with a dehydrating agent, or to decompose ethyl hydrogen sul-
phate with acetic acid,

In the first method a cooled mixture of strong alcohol and
elacial acetic acid is saturated with hydrogen chloride gas, and
after expelling as much as possible of the latter by hoiling in a
reflux apparatus, the ethyl acetate is salted out as a light mobile
layer by s'ha]{in;j=r the product with brine or powdered salt. The
hydrogen chloride appears to act as a dehydrating agent—

C,H,0.0H + Et.OH = C, H,0.0Et + H,0

There are two modifications of the ethyl hydrogen sulphate
method. The ﬁ:l st, which furnishes at once an almost pure pro-
duct, consists in gradually adding coarsely powdered, recently
fused sodium acetate to a cooled mixture of alcohol and con-
centrated sulphuric acid, which has previously been heated to
ensure the formation of the maximum amount of ethyl hydrogen
sulphate. The liberated acetic acid gradually interacts with the
latter, forming ethyl acetate and sulphuric acid, and on heating
the product on a water bath after a day or two, the acetate
distils over, accompanied only by a little water and alcohol—

C,H,0.0H + EtHSO,=C,H,0.0Et + H,S0,.

The second modification is the same in principle, and re-
sembles the continuous ether process. A mixture of equal
volumes of glacial acetic acid and strong alcohol is allowed to
flow into a hot mixture of aleohol and concentrated sulphuric
acid prepared in the same way as in the first modification, and
a mixture of ethyl acetate and water, together with some un-
changed alcohol and acetic acid at once distils over. By care-
fully regulating the temperature and rate of supply, eight or ten
times the original volume of aleohol can thus be converted.

The product obtained by the second process merely requires
drying with calcium chloride E_rtmd 1'&(1151:11]11:1” but the others
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must first be washed with sodium carbonate solution until
neutral, and then shaken with brine or concentrated calcium
chloride solution to remove alcohol. In both operations the
licht ethv] acetate floats on the wash liguid.

Composition and Formula of Ethyl Acetate: its Hydrolysis
or Saponification.—Ethyl acetate, C,H;0.0Et (De Lauraguais,
1759), or as it is sometimes termed, acetic ether or ester, is a
colourless, mobile, neutral liquid, having a fragrant vinous
odour. It boils at 77, and its specific gravity is 0924 at 0,
The empirical formula is C;H,0, and as the vapour density is
about 44, the molecular formula is C,H.0,, which agrees with
the anticipated rational formula.

The latter is also confirmed by the hvdrolysis, which 1s readily
effected by boiling the liquid with caustic soda solution in a
reflux apparatus until its odour is no longer perceptible, Alcohol
can be distilled at once from the 1110{111(, , and acetic acid, after
strongly acidifying the residue with dilute sulphurie aci
; C, T ﬂUEt +NaOH=C,H,0.0Na+ Et.OH.

The ethereal Ealt is thus resolved into acid and alcohol, just
as a metallie salt is decomposed into acid and base. The I}IDLEbS
is sometimes termed saponification, from the analogy of the
action to that involved in soap making (p. 44).

Further confirmation of the rational formula is afforded by
other methods of preparation. Thus when ethyl bromide is
heated in a sealed tube with dry silver acetate, the white acetate
is converted into the yellowish silver bromide, and on opening
the tube the odour of the bromide is replaced by that of ethyl
acetate, which is also distinguished by its higher boiling point.
The action is analogous to "the formation of ether from ethyl
bromide and sodium LtlmudeJ and to that of acetic oxide from
acetic chloride and sodium acetate—

Et.Br+Ac.0Ag=Ac.0Et+ Ag.Br.

On this account ethyl acetate may be regarded as a compound
ether or oxide of the ethyl and acetyl radicles, and as a matter
of fact it is intermediate to- the ethyl and acetyl oxides in the
degree of ease with which it is hydrolysed.

Action of Acetyl Chloride and Oxide on Alcohol: Differ-
entiation of Alkylic from Oxylic Hydroxyl.—Again, when
acetic chloride is mixed with absolute alcohol, there is a brisk
action, and hydrogen chloride is evolved, and on diluting the
product with water, and neutralising it with caustic soda solu-
tion, the odour of ethyl acetate is noticeable. . The acetate can be
isolated by shaking the product with salt, and identified in the
manner described above. The action of acetic oxide is similar,
except that water is eliminated instead of hydrogen chloride,
and that the mixture must be warmed—

C,H,.OH + AcCl=C,H,.0Ac+HCI.

Now as the acetyl radicle thus takes the place of the hydrogen
of the alkylic hydroxyl, and as it is evident from the imode -of







CHAPTER VIII
THE ALCOHOLS AND ACIDS OF THE ACETIC SERIES

Methyl Alcohol and the Methyl Radicle.—Alcohol, acetic
acid, and ethyl acetate are types of three large classes of organic
wmpmmd% the alcohols, the acids, and the ethereal salts.

The simplest of all the alcohols is methyl aleohol, which is
formed in the dry distillation of wood, and thus accompanies
acetic acid in crude pyroligneous acid. The head fraction ob-
tained in the purification of this acid is a volatile inflammable
liguid termed wood spirit (Boyle, 1661), and consists chiefly of
acetone and the new alecohol. To isolate the latter, the crude
spirit is repeatedly boiled with quicklime, to eliminate acetic
acid and water, and hydrolyse methyl acetate, and is then frac-
tionated to separate the acetone.

The alcohol is also prepared on a large scale, together with
several other products, by the dry distillation of E vinasses, the
residual liquor from the alcoholic fermentation of beet molasses
(p. 172), and it occurs naturally in the oil of the winter-green, a
shrub-indigenous to New Jersey. The chief constituent of this
oil is methyl salicylate (p. 304), an ethereal salt from which the
methyl aleohol is set free by hydrolytic agents.

Commercial methyl aleohol still contains some acetone, which
is best eliminated by boiling with anhydrous oxalic acid, with
which the aleohol forms a crystalline ethereal salt. The methyl
oxalate, which separates on cooling the solution, is washed with
cold water until the w ashings cease to give the iodoform re-
action, and is then hydroly sed in 1‘:1‘(‘(‘1*—:&1}? the same way as
ethyl acetate. Iinally, the alcohol is distilled off and fraction-
ated, and dehydrated over quicklime (Wiahler).

Pure methyl alechol, CH,0 (Taylor, 1812), is a colourless
liquid, which closely resembles ordinary or ethyl alcohol, but
boils at 66°, and has a specific gravity of 0798 at 15°. Its
chemical behaviour is similar to that of the more complex com-
pmmd in practically every respect. Sodium dissolves in it, form-
ing a crystalline compound, which when heated yields sodinm
methoxide, CH,;.0ONa, a white amorphous powder resembling
sodium ethoxide, and this is reconverted by water into caustic
soda and the aleohol.

The actions of phosphorus bromide and hydrochlorie acid are
also similar. Methyl bromide, CH;Br (Bunsen, 1844), formed in

the same way as ethyl bromide, is a similar colourless liguid,
av



38 INTROLUCTION TO ORGANIC CHEMISTRY

boiling at 4°, and is hydrolysed by caustic soda to methyl
aleohol and sodium bromide. Similarly, the methyl ehloride,
CH,C1 (Dumas, 1831), formed hy the action of hydrochlorie acid
differs from ethyl chloride only in that it boils at -23°, and is
therefore gaseous at ordinary temperatures. y

Methyl hydrogen sulphate, CH,HSO,, is a syrupy liquid, and
methyl sodium sulphate, CH,NaSO,, a soft crystalline solid.
Both resemble the corresponding methyl compounds, and are
hydrolysed in precisely the same way. Methyl oxide or ether,
(CH3).0 (Dumas), boils at -23°, but has the odour of ordinary
ether. It is prepared in the same way, and is therefore pre-
sent in ether made from methylated spirit. Methyl acetate,
C,H;0.0CH,;, made by the action of acetic acid on methyl
hydrogen sulphate, is a fragrant liguid which boils at 57°, but
is otherwise similar to ethyl acetate, and is hydrolysed by
caustic soda in precisely the same manner. ;

In fact, setting aside physical differences and differences of
composition, everything that has been said of ethyl alcohol and
its derivatives may be said of methyl aleohol and its deriva-
tives. The simpler alcohol is therefore the hydroxide of an
alkylic radiele methyl,

CH; or Me,
(Dumas and Péligot, 1834 ; péfv=wine: tAp=wood), its rational
formula being
CH,.OH or Me.OH. : ¢

Formic Acid and the Formates.— When mgthyl alcohol is
boiled with acid permanganate, it is completely oxidised to
carbon dioxide and water, but by exposing it to the mild oxidis-
ing action of air in presence of platinum black, an acid oxidation
product is obtained (Dumas, 1831). This is identical with the
formie acid prepared by macerating and distilling red ants (for-
mice) or stinging nettles. Formic acid can also be made by
distilling starch with manganese dioxide and dilute sulphurie
acid (Scheele, 1770), but it is best prepaved by the interaction of
oxalie acid and glycerol (Berthelot, 1856),

The two substances are simply heated at 120-130° in a distil-
ling flask. Dilute formic acid passes over if erystallised oxalie
acid is used, but 90 per cent. acid if the oxalic acid is previously
dehydrated. Carbon dioxide is evolved in either case—

CgHgﬂq ZEHE{}2+[:DE {EEEE" P. 125}-

‘The concentrated formic acid is conveniently dehydrated by
hoiling it in a reflux apparatus with boric anhydride or anhy-
drous oxalic acid. On distilling the product from an oil bath a
elacial acid is obtained, from which the last traces of water can
be eliminated by fractional crystallisation as in the case of
acetic acid, An older but less convenient method of preparing
the anhydrous acid consists in decomposing the lead salt with
dry sulphuretted hydrogen at 100°.

Potassium formate is formed quantitatively when a moist
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stick of potash is exposed to an atmosphere of earbon monoxide
at 100°, the absorption being complete in about three days
(Berthelot, 1855)—

C0+KOH=CHO.0K,
and sodium formate is produced by the slow reduction of ammo-
nium carbonate with sodium amalgam.

Formic aeid, CHO.OH (Ray, 1670}, is a colourless, corrosive
liguid, or erystalline solid, which resembles acetic acid, but is
| more powerful. It fumes slightly in the air, and its odour is
- much more pungent, recalling that of suiphurous acid. It melts
at 8°, and boils at 101°, and its specific gravity is 1'243 at 0°,

The empirical formula is CH.0,, and this is the molecular
formula calculated fromn the vapour density, and by the silver
method, so that the formation from methyl aleohol is precisely
analogous to that of acetic acid from ethyl alcohol—

CH,0+20=CH,0, + H,0.

Formic acid resembles acetic acid almost as closely as methyl
resembles ethyl aleohol, and its salts ave indistinguishable from
the acetates except in composition. Thus sodium formate is a
erystalline substance, resembling sodium acetate. The soluble
red ferric formate, Fe(CHO,),, made in the same way as ferrie
acetate, is hy dml}wd by boiling water in a similar manner, to
formic 1:11-:1 and an 111~=D1H]JI€' brown, basic salt.

Copper fmnmtp (111{{‘HO_)_+IIEG ]Jmparﬂl from copper oxide,
forms well-defined blue erystals, and lead formate also erystal-
lises well, and is sweet and astringent like lead acetate (Ray).

Methyl formate, CHO.OMe, also, made by the interaction of
caleinm formate with mpth_w.l aleohol saturated with hydrogen
chloride gas, or by dry-distilling sodinm formate with methyl
sodium sulphate—

"HO.ONa +MeNaSO,=CHO.OMe + Na,S0O,,
is a fragrant liquid boiling at 32°, and like the acetate is hydro-
lysed to its proximate constituents by alkalies. Ethyl formate
is similar, but boils at 54°.

The chloride and anhydride of the formyl radicle, CHO, of
which formic acid is the hydroxide, and which might be ex-
pected from the analogy to acetic acid, have never been prepared,
the produet of the action of phosphorus trichloride on the acid

at onee decomposing into carbon monoxide and hydrogen
chloride—

3CHO.0H +PCl;=3C0+3HC1 + H,PO.,.

For a similar reason the anhyvdrous acid cannot be made by
the action of sulphuric acid on the sodium salt, formie acid
being decomposed into pure carbon monoxide and water by de-
hydrating agents—

CHO.OH=C0+H,0.

As the acid also is so readily oxidised, it has marked reducing
powers. When for instance a solution of silver nitrate, to
which enough ammonia has been added to exactly redissolve
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the oxide at first precipitated, is warmed with a neutral solution
of a formate, metallic silver is precipitated, usually as a mirror—
2AgNO,+CH,0,+4NH, + H,0=2A ¢ + 2NH,NO, 4 (NH,),CO;,
and similarly mereuric chloride is reduced to calomel when its
solution is heated with a formate. :

Apart from its instability towards oxidising and dehydrat-
inglagﬁnts, however, formic acid is a true analogue of acetic
acid, .

Propyl Alcohol, Propionic Acid, and the Higher Alcohols
and Acids.—As stated above, there are many alcohols and acids.
Several such alecohols of high boiling point are formed in small
amount in the aleoholic fermentation of sugar, and as they are
sparingly soluble in water, form with the latter a milky tail
fraction in the rectification of spirit.

The mixture of alcohols, separated from the accompanying
water, is termed fusel oil (Scheele, 1785). Although their boil-
ing points differ considerably, they cannot be completely separ-
ated by fractional distillation, probably for the same reason as
in the case of aleohol and water. The mixed iodides, however,
formed by the action of iodine and red phosphorus on the dry
fusel oil, are readily separable in this way, and the separate
aleohols obtained by hydrolysing the pure iodides can then be
purified and dehydrated much in the same way as ordinary
alcohol. 2

Propyl aleohol, C;H;.OH (Chancel, 1853), which constitutes
about 3 per cent. of potato fusel oil, is a liquid boiling at 977,
and having a specific gravity of 0807 at 15°. It resembles
ethyl aleohol, but is less pleasant in odour, and burns with a
luminous flame, owing to the higher percentage of carbon. Its
various derivatives are similar to those of ethyl and methyl
aleohols, and there is no need to deseribe them, the only dif-
ferences being that the liguid products boil at higher tempera-
tures, and, as a rule, are denser. By the same reasoning as
before, therefore, they are the compounds of a propyl radiele,
UEHT or Pr.

Propyl aleohol, again, is readily oxidised by acid permangan-
ate, and the acid thus formed is distinguished from acetic acid
only by its insolubility in calcium chloride solution. It is
salted out as an oily layer (mporos mwov=first oil) when this salt
is added to its solution.

Propionic acid., C;H;0.0H (Gottlieb, 1844), is a colourless
liquid, of acid but somewhat rancid odour. It boils at 141°, and
freezes at —37°, and its specific gravity is 1'017 at 0. Its
derivatives are precisely similar to those of acetic acid in the
manner of their formation and decomposition, and they are
therefore compounds of a propionyl radicle, C;H;0.

The compounds next in order arve butyl alcohol and butyric
acid. Butyric acid is found as an ethereal salt in fresh butter
(butyrum), and can be prepared from butter fat. The clarified
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fat is heated on a water bath with alcoholic potash until it is
entirely dissolved, and the heating is then continued, water
being added from time to time until the aleohol is expelled.
The product is acidified with dilute sulphurie acid and allowed
%0 cool, and on distilling the clear acid solution, after removing
* the cake of solid fat acids (p. 45), an aqueous solution of
~ butyric and allied volatile acids passes over. The acids are
then salted out with calecium chloride, and separated by frac-
tional neutralisation (p. 96), or by boiling the solution of the
caleinm salts. Calcium butyrate is much less soluble in hot
than in cold water, and separates as a scum. Butyrie acid,
however, is most easily made by fermentation of lactic acid
(p. 141).

Butyric acid, C,H,;0.0H (Chevreul, 1823), is a somewhat oily
liguid, having a sharp and very rancid odour. It melts at —2°,
and boils at 162°. Its derivatives are precisely similar to those
of propionic and acetic acids. Butyl aleohol, C,H,OH (Lieben
and Rossi, 1869), a liquid boiling at 117°, and having a dis-
tinetly unpleasant odour, occurs to the extent of 6 per cent. in
potato fusel oil, but was originally obtained by the reduction of
butyrie aldehyde (p. 73). It may also be prepared from butyric
chloride.

It is unnecessary to mention more than the principal of the
remaining analogues of aleohol and acetic acid, although acids
and alcohols are known containing all numbers of earbon atoms
up to eighteen, and many beyond. Amyl aleohol, C,H,,.OH,
a liquid boiling at 138" (see also p. 85), is related to valeric
acid, C;H40.0H, in the same way as butyl alcohol to butyric
acid, and both are characterised by their rank, unpleasant
odours. Caproic acid, CyH,;;0.0H, and capric acid, C4H,;0.0H,
are oily liguids which occur in combination in goats’ butter,
and, together with butyric acid, in cows’ butter. Octyl alcohol,
CyH,;.OH, is found in heraclewm; pelargonic acid, CyH,;0.0H,
in the leaves of the geranium.

The Ethereal Salts and Mixed Ethers. The ethereal salts
of many of these alcohols and acids are liquids of very fragrant
odour and flavour, and in dilute alcoholic solution are used as
fruit essences. The odours and flavours of many of the fruits
are, in fact, due to small quantities of these substances. Propyl
acetate, for example, has the odour and flavour of pears, and the
amyl acetate from fusel oil that of Jargonelle pears. Similarly,
ethyl butyrate is used as pineapple flavouring.

Not only, however, are the alkyl radicles variously combined
with the acids in these ethereal salts, but they are united with
one another in a series of compounds, termed the mixed ethers,
the existence of which confirms the view that ordinary ether is
ethyl oxide.

Thus methyl ethyl ether, CH,.0.C,H,, a liquid boiling at
11°, and resembling ordinary ether, is formed by the interaction
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both of methyl iodide with sodium ethoxide, and of ethyl iodide
with sodium methoxide—
CH,I+4+NaOC,H,—>CH,.0.C,H,<-CH,ONa+C.,H.I,

so that the presence of both alkyl radicles cannot be doubted.
Similarly, it is formed both by the action of methyl aleohol on
ethyl hydrogen sulphate, and by that of ethy] alecohol on methyl
hydrogen sulphate, and is therefore present in the ether made
from methylated spirit.

A still more striking proof that the conversion of alecohol into
ether is due to its interaction with ethyl hydrogen sulphate,
and is not a mere process of dehydration, is afforded by the
action of ordinary alcohol on a hot mixture of sulphurie acid
and amyl alcohol. The mixture initially contains amyl hydro-
gen sulphate, and the first product is ethyl amyl ether, C;H;.
0.C;H,y, a liquid boiling at 112°, But as the action proceeds,
and ethyl hydrogen sulphate is formed, the mixed ether is
accompanied by a steaﬂll;,r inereasing amount of or dinary ether,
until finally the latter alone passes over. The residue in the
distilling Hask now contains only ethyl hydrogen sulphate,
which can be isolated in the manner already described. Before
these mixed ethers were made (Williamson, 1851), the mechan-
ism of the formation of ether from aleohol was not clearly
understood,

Synopsis.—Alcohol, acetie acid, and ethyl acetate, are types
of the three classes of aleohols, amds, and ethereal salts, the
members of which form series qhow:ng well-marked and analo-
cous gradations in properties.
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CHAPTER IX
THE FATTY ACIDS: HOMOLOGY : ISOMERISM

Fats, Waxes, and Soaps.—The common fats ave ethereal salts
of a complex aleohol, glycerol (p. 129), with three acids, pal-
mitie, stearie, and oleie, the first two of which belong to the
acetic-butyric series, whilst the last is closely related. Olein,
as the oléic salt is termed, is liquid at ordinary temperatures,
whilst stearin and palmitin are hard solids, and the varying
consistency of the different fats depends on the relative propor-
tions of these three constituents. The corresponding alkali
salts are the ordinary soaps, whilst the waxes are ethereal salts
of the fatty and similar acids with complex alcohols of the ethyl
series.

Mutton suet is a mixture of stearin with a little palmltm,
and as an ethereal salt is readily hydrolysed by caustic alkalies
to the aleohol glycerol, and the sodium salt or soap. This is
why hydrolysis is sometimes termed saponification. On boiling
the clear filtered fat in an iron vessel with caustie soda solu-
tion, it is gradually dissolved, and, after a time, provided that
water is added when necessary, to replace that lost by evapora-
tion, the molten globules entirely disappear. On stirring
common salt into the produet at this stage, the soap or sodium
stearate rises to the surface as an oily layer, which solidifies to
a white cake on cooling, and the gly cerol remains in the alka-
line lye. The soap thus separated is purified by disselving in
hot water, and repeatedly salting out until sufficiently free from
alkali, and the cake is allowed to dry in the air.

The nnpme sodium stearate thus obtained is ordinary eurd
soap, which is usually made directly from tallow. Castile soap
is made in a similar way from olive oil, whilst the cheaper
forms of curd soap are made from cocoa-nut oil, or from palm-
oil, bleached with chromic acid mixture. Common vellow soap
is made either from crude palm-oil, or from tallow and resin.
The transparent soaps are ]JlE]J"LlEd by simply evaporating the
alcoholic solutions of the sodium soaps, or, in some cases, by
boiling down their aqueous solutions with sugar.

The potassinm soaps are much more soluble than the sodium
soaps, and as they are converted into the latter by sodium
chloride, they cannot be salted out. The highly alkaline jelly
obtained by evaporating the caustic solution is ordinary soft

. 44
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soap. It is usually made from train oil. It is only the alkali
soaps which are soluble. The lead soap or plaster, for example,
tormed by boiling fat with litharge and water, is a soft, in-
soluble mass, and the magnesium and calcium soaps constitute
the curdy secum which is formed when soap is used with hard
water.

Soap was known to the Romans, who probably made the
necessary caustic alkali by boiling seaweed ashes with lime.
Its detergent action is due to its hydrolysis by a large excess of
water to free alkali, which combines with and loosens the greasy
dirt, and an insoluble acid salt, which forms the lather and
envelopes and isolates the dirt thus loosened. Before soap was
known, free caustic alkali and ammoniacal urine were used for
cleaning.

Palmitic and Stearic Acids: Cetyl Alcohol.—The fat acids
are set free in the normal manner by decomposing the soaps
with dilute mineral acids, and stearic acid is readily obtained
in this way from mutton suet soap. The soap is boiled with
excess of dilute sulphuric acid, and the mixed oily acids rise to
the surface and solidify to a cake on cooling. After thoroughly
washing with water, each time re-melting and cooling, the
stearic acid ean be separated from the accompanying palmitic
acid, by fractional erystallisation from hot aleohol, in which the
latter is the more soluble. It is more readily purified, however,
by adding to the hot alcoholic solution of the impure acids
enough of a similar solution of magnesium acetate to precipi-
tate about one-fourth of the acids present. The precipitate thus
thrown down consists of magnesium stearate, which, after
washing with alcohol, is pure. This is a general method of
separating acids of this kind (Heintz, 1852). * Stearin”
candles are made of the mixed stearic and palmitic acids ob-
tained by hydrolysing tallow with superheated steam or dilute
sulphuric acid.

Palmitic acid is best obtained from palm oil, which consists
prineipally of palmitin and olein (Heintz). The soap is made
and decomposed in the manmner just described, and the palmitic
acid is separated from the freely soluble oleic acid (p. 137) by
erystallisation from alcohol. The crystallisation is of course
repeated until the melting point remains constant. Sodium
palmitate is also obtained by fusing oleic acid with caustic soda,

Palmitic acid, C,;H;,0.0H (Chevreul, 1813), crystallises from
alcohol or ether in white needles, and melts at 62°. Stearic
acid, C;gHy;0.0H (Chevreul; oredp=tallow), forms pearly plates,
and melts at 69°. Both acids are inodorous and practically
tasteless, but their alcoholic solutions redden litmus. They are
decomposed when distilled under ordinary pressure, but they
can be distilled unchanged under diminished pressure (p. 150),
the boiling points being thus much reduced.

As already mentioned, the natural waxes are ethereal salts of
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the fatty acids with alcohols of the ethyl series. Spermaceti,
for example, the wax which crystallises out from sperm m]
when removed from the whale and cooled, is cetyl palmitate,
CisHy0.0C, Hys.  The cetyl alcohol can be isolated by hydro-
lysing the wax with boiling alcoholic potash, and precipitating
the palm1tlc acid from the resulting solution with barium
chloride. The product is filtered from ‘the barium soap, and the
cetyl alcohol which separates on concentrating the solution is
recrystallised from ordinary alcohol.

Cetyl alcohol, C;;H,3.OH (Chevreunl, 1823), is a white, erystal-
line, wax-like substance, melting at 49°, and is inodorous and
tasteless. When fused with potash it is oxidised to potassium
palmitate, hydrogen being evolved, and conversely, palmitic
acid is reduced to cetyl alecohol when warmed with zine dust
and acetic acid. These are general reactions of the eleven-
carbon and higher alcohols and acids.

Beeswax consists of myricyl palmitate, C,;H;,0.0C;Hg,, and
ceryl cerotate, Cy;Hy30.00,;H..

Homologous Series: the Aliphatic Alcohols and Acids.—
The alcohols and acids of which acetic acid and ethyl aleohol
are the types, thus form two parallel series, which at the lower
ends are physically and chemically very different, but at the
higher ends physically very similar.

The lowermost members of the two series arve liquids having
marked and pleasant odours, and are freely soluble in water.
As the series are ascended, the solubilities diminish, and the
liquids become more viscous and oily, and at the same time
their odours become unpleasant. The ten-carbon alcohol and
acid are practically insoluble in water, but have only faint
odours; and as already noted, the sixteen-carbon compounds,
cetyl alcohol and palmitic amd are wax-like, crystalline sub-
stances, which are quite insoluble in water, and odourless. The
same gradation of properties is noticeable in the ethereal salts,
although the odours of these, however powerful, are never ac-
tually unpleasant.

The acids of the acetic series are termed the fatty or aliphatic
acids, from the origin of the higher members, and the whole
eroup of compounds, from their relationship to the acids, the
fatty or aliphatic group.

With respect to composition a very remarkable relaticnship
exists amongst the individual members of the several series.
It has been seen that the alcohols and acids, as organic hydrox-
ides, bear a general analogy to the alkali hydroxides and
inor gamc hy dmx}'aclds and this analogy extends to the gradu-
ated increase in molecular weight; but instead of the increase
being only approximately re**ular as in the inorganic series,
it is perfectly regular and constant.
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Tue AvipHaric AvcoHoLs AND AcibDs.

Methyl alcohol . . CH,OH<—-Formicacid . . . CHOOH
Ethyl aleohol . . . C,H,.OH<—Aceticacid . . .C,H,0.0H
Propyl aleohol . . C;H;.OH<—Propionic acid . . CH.0.0H
Butyl alechol . . . CH,OH<—Butyricacid . . . C;H.0.0H
Amyl aleohol . . . C;H,, OH<—Valericacid . . .CH,0.0H
Cetyl alcohol . . . C,Hg  OH<—>Palmitic acid . . C,H,;0.0H
Octodecyl aleohol . CgH,;,.OH<—>Stearic acid . . C,H, 0.0H

The members of these series differ in formule uniformly by
CH,, or a multiple of this group, and in molecular weight by
14, or a multiple of this number (Schiel, Dumas, 1842)—

C,H,.OH_CH, 0H—CH,=14.
C1sH;,0.0H —CHO.OH=17 CH, =17 x 14.

This relationship, unknown amongst inorganic compounds, is
termed homology (Gerhardt, 1844; ducAoyos, agreeing). The
series are termed homologous series, and their members, homo-
logous compounds,.or homologues. Methyl alcohol is thus the
lower homologue of ethyl and cetyl aleohols, and stearic acid
the higher homologue of formic and valeric acids.

It is obvious that the homology extends to all the series of
compounds. Methyl chloride, for example, is homologous with
ethyl and propyl chlorides, and propyl hydrogen sulphate with
the other alkyl sulphates.

Homologous compounds may be represented by general
formula. The general formula of the alcohols is

Colloy 4. OH or G H,,. .0,
and that of the acids.
Culyy - |00H or GHHEHD:B
the alkyl and acidyl radicles being Tespectively represented by
the formule—
CHH._“|+| -a-llfl C“_Hg“ - |D'

Isomerism and Metamerism.—Many of the oxides and hy-
droxides are related in another manner, which is likewise
peculiar to organic compounds. It often happens in the varied
combinations of the homologous radicles that compounds are
formed, which although quite distinct from one another, have
the same composition and formula. Thus:

Methyl propionate . . . C;H.0.0CH,,
Ethyl acetate . . . . . C,H;0.0C,Hg and
Propyl formate . . . . CHO.OCH;

all have the same empirical formula, C;H,0. Methyl formate
and acetic acid, and alcohol and methyl ether, form similar pairs.

Compounds such as these, which have the same composition
and formulse, but different properties, are termed isomeric
compounds, or isomerides (Berzelius, 1838; laos=equal, pépos=a
part), and the relationship between them, isomerism. As will
be seen later, there are many forms of isomerism amongst
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SECTION I1
SYNTHESIS AND MOLECULAR STRUCTURE

CHAPTER X
ACETAMIDE AND ETHYLAMINE

Acetamide.—The Organic compounds dealt with in the preced-
ing chapters bear so far a decided analogy to the acids, alkalies
and salts of Inorganic Chemistry, but a group of Organic nitro-
gen derivatives has now to be considered, which exhibits the
mutual relations of these compounds in a different light. It
has been seen that ethyl acetate is readily hydrolysed to its
proximate constituents by alkalies, in the same way as a me-
tallic salt, and it might be thought from analogy that ammonia
would have the same action. But it is not so, for instead of
ammonium acetate, acetamide, a dehydration produet of this
substance is obtained.

When ethyl acetate iz added to an egqual volume of concen-
trated ammonia, the liquids do not at first mix, but they become
homogeneous after a day or two, if occasionally shaken. The
action is more quickly brought about by heating in a sealed
tube. On distilling the product, the excess of ammonia is first
expelled, and then a solution of ammonia in dilute aleohol,
followed by water alone. The aleohol can be separated and
identified by distillation with dilute sulphurie acid. Finally
the thermometer rises rapidly to over 200°, and an oily liquid
passes over, which soon crystallises to a white solid, It is best
to remove the condenser at this stage, and receive the distillate
in a test tube cooled with wet filter paper.

The substance thus obtained usually melts at about 60°, but hy
removing the accompanying liguid by pressure between filter
paper, the melting point (p. 27) is raised 10° or more, and on
re-melting and repeating this fractional crystallisation eventu-
ally becomes constant.

Acetamide, C,H;0.NH, (Dumas, 1847), is a colourless, erystal-
line substance, which melts at 82°, and boils at 222°. It is
freely soluble in water and alecohol. The erude product smells
like mice, but this is due to an impurity, for after repeated
recrystallisation from dry ether it becomes odourless.

Detection and Estimation of Nitrogen.—Acetamide contains
nitrogen as well as carbon arigl hydrogen. The presence of

B
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nitrogen in an organic substance is proved by heating it either
with soda-lime, when ammonia is evolved, and can be recognised
by the usual tests, or with sodium or potassium, when the alkali
cyanide is produced. The latter test is applicable to all sub-
stances. The bulb tube is broken by plunging the hot end into
a little water, and the solution of cyanide filtered from carbon-
aceous matter, and examined by the Prussian blue test (p. 205).

Nitrogen is estimated as ammonia, or as the free gas. In
the ammonia processes the substance is either heated to red-
ness with soda-lime, when the ammonia is expelled directly, or
it is boiled with concentrated sulphuric acid and a little pex-
manganate or mercuric oxide, and the ammonia liberated by
caustic alkali from the ammonium sulphate thus produced
(Kjeldahl). In any case the gas is collected in dilute hydro-
chloric acid, and its amount estimated by means of the in-
soluble ammonium platinochloride, or volumetrically. Neither
of the ammonia processes is quite satisfactory, as many sub-
stances do not yield the whole of their nitrogen under this
treatment.

The best method of estimating nitrogen consists in burning
the substance with copper oxide in a combustion tube, and
measuring the liberated nitrogen (Dumas). It is termed the
absolute method. The substance is mixed with part of the
copper oxide, instead of resting in a boat as in the carbon com-
bustion, and carbon dioxide is passed through the tube before
and after the combustion, to expel the air and nitrogen. The
oases, after passing over red-hot copper gauze, to decompose
nitrogen oxides, are collected in a graduated tube over mercury,
and the earbon dioxide is absorbed by strong caustic potash
solution. The weight of nitrogen is then calculated from the
volume of gas remaining.

Thus :

0-1096 gram of acetamide
yields approximately

22-6G ce. of moist nitrogen,

measured over water at 200 and 769 mm,
The weight of the gas is accordingly
0-0262 gram,*

and the percentage of nitrogen therefore

(0-0262/0-1096) x 100 or 23:9.

In the estimation of carbon and hydrogen in nitrogenous
substances a long roll of red-hot copper gauze is placed after the
copper oxide, to decompose any oxides of nitrogen that may be
formed.

Relation of Acetamide to Acetic Acid and Ammonia.—The
empirical formula of acetamide determined from the analysis is
' G‘:HENO:

* 996 x (752/760) x (273/293) x 0°001256 (0°001256 = weight of 1 ce. of
nitrogen at 0° and 760 mm. ; pressare of water vapour at 20°=17 mm.).
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and this is the molecular formula indicated by the vapour

density. The formation of the substance from ethyl acetate is

therefore represented by the equation
C,H,0.0Et + NH,=C,H,NO 4 Et.OH,

which also accounts for the liberation of the alcohol.

Now when acetamide is boiled with caustic soda solution, it
zives off the whole of its nitrogen as ammonia, and on distil-
ling the residue with dilute sulphuric acid, acetic acid passes
over, The decomposition is thus a simple hydrolysis. The
same hydrolysis is eftected by boiling the substance with dilute
sulphuric acid—-

{:!HENU + KQUHSGEHso.UNﬂ. + NH-_-:;.

As acetamide is both made from and convertible into acetic
acid, it must contain the acetyl radicle, so that its rational
formula is that stated above. It is therefore derived from
acetic acid by the exchange of hydroxyl for amidogen, and the
ammonia in its formation behaves as nitrogen hydride, and not
as ammonium hydroxide as in most of its Inorganic actions.

The formula of acetamide is fully confirmed by other modes
of formation. It is produced, for example, when acetic chloride
is heated with ammonium carbonate, and can be separated from
undecomposed material by fractional distillation (Gerhardt,
1853)—

) C,H,0.C14+ NH,=C,H,0.NH, 4+ HCL.

It is also formed by simply distilling ammonium acetate.
Glacial acetic acid is neutralised with powdered ammonium
carbonate, the action being completed on a water bath, and the
dried product 1s at once distilled. Water and a little ammonia
and acetic acid first pass over, but when the temperature reaches
180°, the distillate solidifies, and is purified in the manner
already deseribed. The lower fraction is neutralised with a
further quantity of the carbonate and again distilled, the opera-
tinanEing repeated until the quantity is insignificant (Kiindig,
1858)—

C,H,0.0NH,=C,H;0.NH,+ H,0.

The constitution of acetamide is further confirmed by the
practically neutral character of the substance. It behaves both
as a feeble acid and as a feeble base. Thus on warming its
aqueous solution with mercuric oxide, the latter dissolves, and
- on cooling the solution, a ecrystalline mercury acetamide,
Hg(NHAc),, separates. On the other hand, on passing dry
hydrogen chloride into an ethereal solution of the amide, a ery-
stalline hydrochloride, AcNH,, HCI, is precipitated. The latter,
however, is very acid and unstable, and at once decomposed by
water. -

But acetamide may also be regarded from another point of
view, namely as ammonia, in which one of the hydrogen atoms
is replaced. by acetyl—

NHQ.A{!,
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and this view is borne out by its behaviour with nitrous acid.
The acid is conveniently generated in the solution. The cold
aqueous solution of the acetamide is strongly acidified with
dilute sulphuric acid, and a cold solution of sodium nitrite
added to it, with constant stirring, until the presence of a slight
excess of nitrous acid is shown by the blueing of a potassium-
iodide-starch paper dipped into the liguid. On warming the
product, or even before, a brisk effervescence sets in, and abund-
ance of nitrogen is evolved, and finally on distilling the solution,
acetic acid passes over. T]1e acetamide here behaves in precisely
the same way as ammonia itself—

Ac.NH, + NO.OH—Ac.OH+N, + H,0;

H.NH,+NO.OH=H.OH +N,+H,0.

Acetonitrile.—Acetamide can be still further dehydrated.
When it is roughly mixed with twice its bulk of plmsphﬂrous
pentoxide, and gently heated in a small flask or test tube con-
nected with a condenser, a colourless liquid passes over, whilst,
phosphoric acid remains behind. After redistillation, the ligquid
boils at a fairly constant temperature, and is appmmmate]y
pure. The same product can be directly obtained from ammonium
acetate, though with the expenditure of a much larger quantity
of the pentuxiﬂe.

Acetonitrile, C,H;N (Dumas, 1847), is a colourless volatile
liguid, which boils at 82°, It has a sharp but agreeable odour,
and burns readily with a characteristic purple-mantled flame.
The empirical formula is that stated above, and this is also
the molecular formula indicated by the vapour density. The
nitrile thus bears the same relation to acetamide, as the latter
to ammonium acetate, and it can, in fact, be reconverted into
the amide by heating with water in a sealed tube at 180°—

C,H3;0.NH,<—>C,H;N + H,0.

Like acetamide, acetonitrile is hydrolysed by alkalies and acids
to acetic acid and ammonia, and as will be seen presently,
this reaction is of great impm‘t-anc& The liquid is simply
boiled with caustic soda solution in a reflux apparatus, until am-
monia ceases to be evolved, and on distilling the residual liguid
with excess of dilute sulphuric acid the acetic acid passes over—

C,H3;N +NaOH 4+ H,0=C,H,0.0Na + NH,.

Ethylamine,—Acetonitrile not only takes up water, but it
readily combines with an equivalent amount of hydrogen.
‘When the nitrile is dissolved in dilute sulphurie acid, and zine
added in small quantities from time to time, its odour eventually
disappears, and on distilling the product with excess of caustic
soda, and collecting the distillate in a little water, an alkaline
solution is obtained, which is strikingly like ammonia in odour
and general actions.

But the hydrochloride obtained by neutralising the liquid and
evaporating it to dryness on a water bath is soluble in aleohol,
and the gas which is liberated on heating the hydrochloride
with lime is inflammable. Tt is termed ethylamine,
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A better yield is obtained by reducing the boiling alcoholic
solution of the nitrile with metallic sodinm. The operation is
carried out in a reflux apparatus supplied with condensing water
at about 50°, so that most of the aleohol returns, w hilst the gas
passes over and 1s collected in dilute hydrochloric aecid.

The ethylamine hydrochloride made in either of tliese ways
(Mendius, 1862) is alw ays accompanied by some ammonium
chloride, from which it is separated by extracting the evaporated
vesidue with warm absolute alcohol, in which the inorganic
chloride is insoluble. The solution is filtered and the alcohol
distilled off on a water bath. The free ethylamine is plepalec?
as stated above, by heating the hydrochloride with lime, as in
the preparation of ammonia, and after dr ving with qumkhme is
condensed in a freezing mixture.

Ethylamine, C;H;. NH, (Wurtz, 1848, see also p. 215), 1s a
colourless volatile hquul which }J‘D!l"-‘r at 18’ , and has a specific
eravity of 0699 at 8°. Its odour is strongly ammoniacal, but at
the same time recalls that of stale fish. The solution ]111,5 most
of the properties of agqueous ammonia. It fumes with hydro-
chlorie acid, is strongly alkaline, absorbs carbon dioxide freely,
and precipitates metallic hydroxides. The vapour is exceed-
ingly soluble in water, but is heavier than air, and as already
stated, it is inflammable, and can be condensed to a liquid at
ordinary temperatures.

The presence of nitrogen in ethylamine is proved by the for-
mation of cyanide when its vapour is passed over heated sodium,
and the empirical and molecular formula deduced from the
analysis, and vapour density is that indicated above. No oxy-
gen is present, and the substance is therefore formed by direct
addition of hydrogen to acetonitrile—

C,H,N +4H—C,H,N.

Relation of Ethylamme to Alcohol and Ammonia.—From
the mode of its preparation it is evident that unlike acetamide
and acetonitrile, ethylamine is stable towards alkalies and acids.
In this respect it resembles ammonia precisely. It forms stable
additive salts also, similar to the ammonium salts. Ethylaminc
hydrochloride, for example, C,H;N, HCI, is a feathery erystalline
substance.

Whilst, however, ethylamine differs from acetamide in its
behaviour with acids and alkalies, it resembles it precisely in its
action with nitrous acid. When a solution of the base in excess
of dilute sulphuric acid is warmed with nitrous acid under the
conditions already described, a similar action takes place. The
whole of the nitrogen is evolved in the free state, and on distil-
ling the product alecohol passes over (Hofmann, 1849), This re-
action afforded the first method of converting acetic acid into
alcohol, the reduction of acetyl chloride and of aldehyde (p. 69),
having been effected subsegquently to that of acetonitrile (Men-
dius, 1862).
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Ethylamine thus bears the same relation to aleohol as aceta-
mide to acetic acid, and is therefore represented by a rational
formula analogous to that of acetamide. The amine may there-
fore, like the amide, be regarded as a derivative of ammonia, in
which one of the hydrogen atoms is replaced by ethyl.

This view is confirmed by its preparation from ammonia and
the ethyl haloids (Hofmann, 1849). Ethyl chloride, for ex-
ample, is heated in a closed vessel at 100° with excess of
aleohol which has been saturated with ammonia gas at 0,
After an hour the produect is cooled and filtered from some
ammonium chloride which erystallises out, and the excess of
ammonia and part of the alcohol are distilled off on a water
bath. The ethylamine hydrochloride separates on cooling—

UEH_}{JI + NH-:i:{-:E HS'NH‘L’ + HGI ZUEHE-NHE: HGL
Ethylamine may also be made in other ways. It was first pre-
pared from ethyl eyanate (p. 214).

Besides ordinary salts, ethylamine, like ammeonia, forms com-
pounds with metallic salts. The most important of these is the
platinochloride, an orange crystalline substance, resembling
ammonium platinochloride. It is precipitated in the same way
as the latter by adding platinum chloride to.an agueous solution
of the hydrochloride, and is purified by washing with alcohol
and ether. The aurochloride and mercuriodide are similar ery-
stalline compounds.

Determination of Molecular Weight by the Platinum
Method —The molecular weight of basic ammonia derivatives,
such as ethylamine, can be determined by analysis of the platino-
chlorides, for these, like ammonium platinochloride, are reduced
to the metal when heated to redness; 03706 gram of ethyla-
mine platinochloride yields, for example, approximately

0r 1457 gram of platinum.

Now the formula of ammonium platinochloride being 2(NH,.
HCI), PtCl,, that of the ethylamine compound, from analysis
and analogy, is

2(NH,Et, HCI), PtCl,,
and its molecular weight is accordingly
2(M+1+354)+ 19844 x 354,
where M is the molecular weight of the base.

But the molecule contains an atom of platinum, the relative

amount of which is therefore as
198 : [2(M +1+354)+ 19844 x 85-4).
Hence
: 198 __ D-1457
2(M+1+354)+1984+4 x 354 0.3706'

from which
M=456.
Synopsis.—The ethyl and acetyl radicles form nitrogen com-
pounds, which bear the same relation to ammonia as the alcohols
and acids to water. The alkyl derivative, ethylamine, is a
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powerful base, resembling ammonia, and not hydrolysable,
whilst the acidyl derivative, acetamide, is a neutral substance,
easily hydrolysable to acetic acid and ammonia. Both com-
pounds are converted into the corresponding hydroxides by
nitrous acid, and are genetically connected by an intermediate
compound, acetonitrile.






CHAPTER XI
THE CYANIDE SYNTHESIS

Formonitrile or Hydrogen Cyanide.—Acetamide, acetonitrile
and ethylamine are types of three great classes of compounds,
to which they hear the same relation as ethyl aleohol and acetic
acid to the aliphatic alcohols and acids. These amides and
amines resemble their prototypes so closely, however, that it is
unnecessary to discuss them in detail. Formamide, CHO.NH,,
for example, an oily liquid boiling at 192°, is made by the action
of ammonia on ethyl formate. Like acetamide it 1s hydrolysed
to ammonia and the acid when hoiled with caustic soda, and
with the exception that it does not solidify at ordinary tem-
peratures, is very like its homologue

CHO. OEt+NH,=CHO.NH,+Et.OH ;
CHO.NH,+NaOH=CHO.ONa+ NH..

But the nitriles are of great importance, for the', are identi-
cal with the alkyl ey amdea and thus affoul a means of trans-
ition from ome alkyl seum to another. The formonitrile,
CHN, for example, obtained by distilling the amide with
phu&-phm us pentoxide,

CHO. NH,=CHN + H,0,
is none other than the hydrocyanic or prussic acid, HCN, pre-
pared from the metallic cyanides. By distilling potassinm
cyanide or ferrocyanide (p. 205) with dilute sulphurie acid,
dilute hydrocyanic acid is obtained—
KCN +H,S0,=HCN + KHSO,,

from which the concentrated acid can be prepared by quickly
salting out with caleium chloride. The anhydrous substance
is obtained by redistilling this product, and dehydrating the
vapour with warm caleium chloride before condensing it.

Hydrogen cyanide, HCN (Scheele, 1752), whether prepared
from metallic cyanides or formamide, is a mobile, volatile
liguid, which freezes at -15° hoils at 26°, and burns with a
purple-mantled flame. Its odour is faint but repulsive, and it
is excessively poisonous, inhalation of the vapour even being
dangerous.

Synthesis of Formic Acid and Methyl Alcohol from
Carbon.—Hydrocyanic acid, being identical with formonitrile,
18 hydrolysed by alkalies to the alkali formate and ammonia, in
the same way as acetonitrile to the acetate. The hydrolysis
may, in fact, be effected by simply boiling an agueous solution

a7
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of potassium cyanide in a reflux apparatus. Ammonia is
evolved in abundance, and eventually nothing but potassium
formate remains—

KCN+2H,0=[HCN+KOH+H,0=]|CHO.OK + NH,.

The entire conversion requires some time, and the cyanide
remaining after an hour’s boiling is conveniently eliminated
by gently boiling with dilute sulphuric acid in an open wvessel
until the product ceases to give the Prussian blue reaction.
Some of the formic acid is, of course, volatilised, but on dis-
tilling the filtered liquid sufficient passes over for identification.

Now, potassium cyanide can be made in small amount by
paa&:mg nitrogen over a red-hot mixture of charcoal and potas-
sinm carbonate, and barium cyanide is made in a similar
manner, and on a manufacturing scale, by passing the gas over
a mixture of barium carbonate and cc-l-:e, heated in an electric
furnace—

BaCO0,+4C 4+ N,=Ba(CN), +3C0,
and it follows, therefore, that formic acid may be made from its
elements.

Further, hydrocyanic acid is reduced by zine and dilute sul-
phurie acid in precisely the same way as acetonitrile—

CHN+4H=CH, NH,,
and the methylamine thus formed (p. 215) is a gas, which
resembles ethylamine in almost every respeect, but condenses
only at -6°. It resembles its homologue in all its chemical
actions, and in particular, is converted by nitrous acid into
methyl alcohol—
CH;NH,+NO.OH=CH;O0H+N,+H,0.

Methyl alcohol can therefore be made from its elements.

Methyl Cyanide: Conversion of Methyl Alcohol into Acetic
Acid ami thyl Alcohol: Third Rational Formule. — The
synthesis of formic acid from bydrogen cyanide suggests that
acetic acid may be made in the same way from methyl eyanide,
and this is actually the case.

Methyl cyanide is readily made by dry-distilling a mix-
ture of methyl potassium sulphate with potassium cyanide
(Dumas, 1847)—

CH,KS0,+ KCN=XK,S0,+CH,.CN.

The finely powdered and intimately mixed substances are
heated to redness in a hard glass tube, which is closed at one
end, and opens at the other into a condenser (Fig. 8). The dis-
tillate consists of the cyanide mixed with an evil-smelling
1someric compound, most of which is removed by shaking with
dilute sulphuric acid, in which the impurity is insoluble. To
obtain the acetic amd the filtered solution is made strongly
alkaline with caustic soda, and boiled in a reflux apparatus
until ammonia ceases to be evolved, and on distilling the pro-
duet with excess of dilute sulphuuc acid, as in the synthesis
of formic acid, the acetic acid passes over. It is accompanied
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by a little formic acid, however, formed from the residual
1someric compound, but this is eliminated by boiling with a
little mercuric sulphate and redistilling.

The acetic acid thus obtained (Frankland and Kolbe, 1547),
is in every respect identical with the natural product.

The identity of methyl eyanide with acetonitrile is obvious
from its hydrolysis. The liquid can be obtained in a pure con-
dition, however, by digesting the erude distillate with cold
concentrated hydrochloric acid, which destroys the isomeric
compound, and then neutralising it and salting out the cyanide
with calcium chloride. After redistilling from a little phos-
phorus pentoxide, its properties are identical with those of the
nitrile. The cyanide can also be made by heating methyl

Fig, 8,—Dry or Destructive Distillation,

iodide in a sealed tube with an aleoholic solution of potassium
eyanide, and fractionating the product—
CH,I+ KCN=CH, CN +KI.

Since methyl cyanide is identical with acetonitrile, it is
converted by reducing agents into ethylamine; and as. the
latter is transformed into aleohol by nitrous acid, it follows
that both acetic acid and alcohol can be synthesised through
methyl alcohol from their elements.

Since also acetonitrile is a methyl compound, it follows that
acetic acid and aleohol are methyl compounds, and that the
methyl group passes unchanged through the several transfor-

mations—
CH,.OH<—CH, K80,->CH,.CN<—CH,.CO,H

¥ A :
CHy.CH,NH,~> CH ,.CH,OH,
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The acid and alcohol can therefore be represented by the
third pair of rational formule—

CH,.CO,H and CH,.CH,0H.

Synthesis of the Higher Alcohols and Acids.—The conver-
sion of methyl alcohol into acetic acid (Frankland and Kolbe),
is a typical instance of Organic Synthesis, or building up an
organie radicle from others containing fewer carbon atoms.

The addition of a carbon atom to the ethyl and propyl
radicles can be effected in the same way. Ethyl alcohol can
thus be converted into propionic acid and propyl alcohol;
propyl alecohol can be converted into butyric acid and butyl
alcohol, and so on almost indefinitely ; and by this and other
methods, which will be considered later, practically all the
compounds which have thus far been considered can be
synthesised from their elements. The aliphatic acids and
alcohols, for example, up to the nine-carbon members, ecan
be made from methyl alecohol by this cyanide synthesis
(Lieben and Rossi, 1871-1877). Above the two-carbon com-
pounds the alcohols are made from the synthesised acids by
reduction of the aldehydes (p. 73), propylamine and its higher
homologues being converted by mitrous acid, not simply into
the corresponding aleohols, but partly into isomeric compounds
(p- 215). The synthesis, of course, is equally valid.

CH,.OH— H.CO,H
C,H;.0OH CH,.CO,H
sH;.OH >(C,H; . COH
C;H,.OH C;H;.CO,H
C,H,,.OH C,H,.COH
ete. C.H,,.CO,H
ete.

It is difficult to carry out work as extensive as this. The
yield of product in Organic operations rarely approaches that
indicated by the equations, for not only is loss inevitable in
boiling, distillation, crystallisation, etc., but in many cases the
action is diverted into secondary channels by comparatively
slight alterations in conditions. In the preparation of the
cyanides from the alcohols, for example, large quantities of the
isomeric impurities are formed.

But the actual conversion of the substance at one end of a
chain into that at the other end is not essential, provided that
each link is established. Thus it is much easier in the above
chain of syntheses to make ethyl aleohol from sugar than from
methyl aleohol, and it is sufficient to prepare enough from the
latter source to establish its identity, and then to proceed with
the more accessible product. Similarly, butyric aecid is easily
made by fermentation. In this way, by testing the Jlinks
separately, many chains of synthetic relations have been
established that might not otherwise have been realised. The
sugars afford a notable instance of this.
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Synopsis.—Formonitrile is identical with hydrogen cyanide,
and its homologues with the alkyl cyanides, so that by means
of the latter, the lower aleohols and acids and their derivatives
can be converted into their higher homologues, and all can be
synthesised from the elements.
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CHAPTER XII
MOLECULAR STRUCTURE

Constitution or Structure: Valency.—As a result of the
eyanide synthesis, it follows that both aleohol and acetic acid
are represented by no less than three rational formule, each of
which indicates some chemical charaecteristic or relationship.
Acetic acid, primarily an acid hydroxide, is also a methyl
derivative, and in common with its homologues, a carboxyl
compound, and aleohol is both a methyl and an ethyl derivative,
as well as a basic hydroxide—

C.H; 0.H f‘ . H. OH CH,.CH,OH
C,H,0,H C,H,00H CH,COOH.

The more diverse the 1elatmn~= of a substance, the more
numerous its formulse thus become, and from the cyanide
synthesis alone it is obvious that the higher aleohols and acids
contain all the lower radicles—

C;H;,OH C,H,CH,OH CH,C,H,0H
C;H,0.0H C,H;.CO,H CH,.C,H,0,.

But as the number of atoms in a molecule is fixed, and the
molecules of a pure substance all alike, it follows that all
the radicles in the rational formulse coexist in each of the
molecules (Gerhardt), and that the atoms are grouped in
some comprehensive arrangement or structure comprising all
the smaller groups. The theor y of structure (Kekulé, Couper,
1857), postulates that this is effected by actual linking, and that
the atomic linkages may be symbolised by bonds (Couper)—

H
L

H (005
i)
H H

Now it is known from Inorganic Chemistry that there are
very definite limits to the combining powers of the elements
(Frankland, Kekulé, 1857). Oxygen combines at the most with
two other atoms, as in water, nitrogen with three, as in
ammonia, and carbon with four, as in marsh gas. Hydrogen
itself never combines with more than one atom of any kind,
for no compound is known that is broken up by the simple
removal of this element. With the aid of these rules of valency,
the internal molecular structure of a substance can be deter~
mined from its chemiecal relations.

Structures of the Aliphatic %lcuhuls and Acids.—In alcohol
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the active hydrogen is always removed when the oxygen is
taken away, and is therefore ]gﬂmd to the latter—
—0—H
Since hydrogen cannot serve as a link, the carbon atoms must
be directly united, and the five h:,dmgen atoms attached to

them—
H H

|
H—G—{!I--

!

H H
The remaining wvalency of the carbon is satisfied by the
unattached valency of the oxygen and the complete structure

is therefore represented by the formula
H H

H—r'l|3+-(:1--ﬂ—ll.
B n
Similarly the acetic acid molecule contains a hydroxyl
group,
—O0—H,
and as a methyl derivative a n}({athg;l group—

I
H—C—.,
I
H
Further, as it can be made from and converted into alcohol and
methyl eyanide (see below), it contains the nucleus

__£_L_

These three conditions nec Eb?lt&tﬂ the arrangement
H

|i 3|
H—C—C—0—H.
[ried
H
The two remaining valencies must therefore be satisfied by
the second oxygen atom, and the structure of the aeid repre-

sented by the formula
H

!E[—'l!.ll-—ﬂ—-—ﬂ—E.
I
H O
The structures of the higher alcohols and acids follow also
from the cyanide synthesis, for in the alkyl cyanides it is the
nitrogen that is detached by hydrolysis, so that the cyanogen
carbon atom must be directly linked to the alkyl. The structural
formula of ethyl cyanide is thus
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H H
L
H—(—C—C=N;
23k 3
H H
and the formule of propionic acid and propyl aleohol,
H H H H

| | |
H -{l,‘ —(C—C—0—H and H—C—-C—-C—0—H.
[l i [
H H O HH H ;
The formulse of the higher aleohols and_acids follow in the
same way, an additional carbon atom being attached to the
carbon chain at each step. Thus the structure of caproic acid

is represented by the formula
o HH

[ SN
H—C—-(C—-C—C—C—C—0—H,
S I %) e |
H H.HHH O oy
and that of palmitic acid by a similar formula containing a

chain of sixteen carbon atoms (for proof, see p. 97)—
HsHE H BN O H H OB OH HOEH T

1 SR Sl e i | [ ! o
H—(C—(C—(—(C-C—(C—C—C—C—(C—C—C—C—C—C—C—0—H,

Il
btk frdof W MH M OMH MO

This capability of forming chains is characteristic of the
atoms of carbon and in part accounts for the very large number
of its compounds.

Structural and Constitutional Formul®.—Formule, such as
these, showing the arrangement of the atoms in a molecule, are
termed structural formulse. They epitomise the entire chemical
behaviour of the substances they represent, and show at a
glance their points of resemblance and difterence. Thus the
mobile hydrogen and hydroxyl of alecohol and acetic acid are
marked. The synthesis of both compounds from methyl alechol
is accounted for. The mechanism of their oxidation and re-
duction is also apparent, the hydrogen of the non-methylic
carbon being attacked, and the methyl remaining unaltered.
The greater activity of the carboxylic hydrogen is also accounted
for by the juxtaposition of the second oxygen atom. In faect,
given a structural formula, it is generally possible to form an
accurate idea of the chemical behaviour of the substance.

The full graphic or structural formulse are cumbrous and are
usually abbreviated into constitutional formuls, such as

(H,.CH,.OH, CH,— CH,—OH or CH,.CO.OH.
These convey the same information if the valencies are taken
into account. The actual position of the groups is immaterial,
provided that the proper order and linking are maintained. The
formula of acetic acid for instance may also be written as
F
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OH.CO.CH, or CH,
C0.0H.

In the case of long chain formulse containing a number of
similar groups, it is convenient for the sake of brevity to place
one of the groups, in a square bracket, indicating the actual
number by a suffix. Thus the constitutional formula of palmitic
acid may be written as

CH,.[CH,],,.CO.OH.
Constitutional formule are sometimes abbreviated into such
forms such as
C,H..0H, Et.0H, CH,.CO,H, CH,.COOH.
These are similar to the rational formula, but the dots represent
linkages and are not mere marks of separation.

Cause of Homology and Metamerism.—Homology is due to
the fixed valency of carbon. In methyl aleohol for example the
valency of each atom is fully satisfied, and to introduce a second
carbon atom one of the hydrogen atoms must be removed —

I
—C—0—H.
|
H
The carbon atom thus introduced has three wvalencies dis-
engaged—
H

[
—C—C—0—H,
i <l
H
which require three more hydrogen atoms, and the net result
is thus the introduction of CH,, the difference between CH,
and H.
If the methyl group replaces a methyl hydrogen atom, ethyl
alcohol is the result—
H.CH,.OH—H +CH,=CH,.CH,.OH,
whilst if the hydroxylic hydrogen is displaced methyl ether is

formed—
Hence metamerism.

Synopsis.—The existence of several radicles in the same
molecule leads to the assumption that the atoms are linked
together in a definite arrangement, termed the structure or
constitution of the substance. This arrangement is deduced
from its reactions and the valency of its atoms, and the formulse
thus obtained are termed structural or constitutional formule.
They not only symbolise the chemical actions and relations of
the substances but also account for homology and isomerism.



EXPERIMENTAL BASIS OF STRUCTURAL FORMUL.ZE.
I. THE METHYL-FORMIC GROUP.

= B EE R e BEHEEL e ]
‘ methylamine formonitrile or formamide
| ‘ hydrogen cyanide A
i |
| v V¥
CH,.I -————> CH;.0H —_— > H.C0.0H
methyl iodide methyl aleohol <—— = = —~ formicacid
! +
———— CH;.0Na H.CO.OCH; H.CO.ONa
sodinm methoxide methyl formate godium formate
CH;.0.CH;
methyl ether
IT. TIIF ETH.YL ACETIC GROUP.
¥
: —> CH3.CHs NH;<———-> CH;3.C:N <—-> CH;.CO.NH,
| ethylamine acetonitrile or acetamide

| methyl eyanide T
l motn b i

CHy.CH,.1 . : CH;3;.CH,.OH ———> CH;;.CO.0H <—> CH;.CO.Cl
ethyl iodide alcohol <—————acetic acid acetyl chloride

}

CH3.CH..ONa . CH;.CO.0ONa
sodium ethoxide sodium acetate

v L4 %
CH;.CH;.0.CH,.CH; CH;.C0.0.CH,.CH; CH3;.CO.0.CO.CHy
ether ethyl acetate acetyl oxide or
acetic anhydride

IIT. THE PROPYL-PROPIONIC GROUP.

¥
CH;.CH..C:N
propionitrile oy—————— |
ethyl eyanide |

%
CH;.CH,.CO.0H, etc., ete.
propionic acid

[ For structure of the higher fatty acids and aleohols, see p. 97.]
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SECTION III

THE THEORY OF STRUCTURE DEVELOPED
CHAPTER XIII

ALDEHYDERE

Oxidation of Alcohol and Reduction of Acetic Acid to
Aldehyde.—When alcohol is oxidised with a mild agent, such as
chromic acid, or manganese dioxide and dilute sulphuric acid,
an intermediate product, aldehyde, is obtained, instead of the
acetic acid otherwise formed (Scheele, 1774).

A cold mixture of aleohol and dilute sulphuric acid is poured
on crystallised bichromate in a large flask, and a brisk action
occurs, the chromate being reduced to chrome alum, and the
volatile aldehyde distilling over. The light liguid is salted out
with calcium chloride from the accompanying alcohol, water,
ete., and after quickly drying by warming with excess of the
chloride, is at once re-distilled from a water-bath without pour-
ing off. The erude dry aldehyde is next converted into aldehyde-
ammonia by saturating the ethereal solution with dry ammonia
eas (Dobereiner, 1821), and on distilling the air-dried erystalline
product with dilute sulphurie acid at as low a temperature as
possible, pure aldehyde volatilises. After dryi ing the vapour
with warm caleium chloride, it is condensed in a freezing
mixture—

CH,,.CH,0H——>CH,.CHO.

Pure aldehyde, CH,.CHO (Liebig, 1821), is a colourless, mobile,
and very volatile liquid, which has a characteristic, ﬁuﬁ'matlng
odour, and burns with a luminous flame. In dilute solution the
odour is not unlike that of stale apples. It boils at 21°, and its
specific gravit}* 18 0801 at (°. The e:npirical and molecular
formula is C,H,0, so that the substance is formed from aleohol
by the removal of two hy dmgen atoms (alcohol dehydrogenatum,

BEI'zehqu
CEHGO"2H=O:!H40-

It is also formed as an intermediate product in the reduction
of acetic acid to alcohol, and can be detected during the earlier
stages of the operation—

C,H,0.C14+2H =C,H,0.H + HC.
It is produced also by reducing barium acetate with barium
formate. The two salts are made from the acids and the car-
bonate. The weighed guantities are dissolved in water, and

evaporated to dryness, and the intimate mixture thus obtained
a8
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is distilled from a hard glass tube, as in the preparation of
methyl cyanide, the distillate being collected in water. The
residue consists of barium carbonate, produced by oxidation of
the formate (Limpricht, 1856)—

Ba(0.CO.CH,), + Ba(0.C0O.H),—=2CH,.CHO +2BaC0,.

Oxidation of Mdﬁhyde to Acetic Acid and its Reduction
to Alcohol.—Aldehyde is a very unstable substance. It is
oxidised to acetic acid even by prolonged exposure to air, and by
boiling with acid pmmnnﬂmnte the oxidation is very 111)1[11\
elfected. The aldehyde solution is cautiously poured down the
condenser of a reflux apparatus containing the acid mixture, and
after the violent action has moderated, more acid and perman-
eanate are added, and the boiling t:c-ntmued until the agent ceases
to be decolourised. The pr oduct is then filtered, and the acetic
acid distilled off—

CH,;.CHO+0=CH,.COOH.

Being so readily oxidisable, it has marked reducing power.
When aldehyde is warmed with ammoniacal silver nitrate in a
beaker of water, the metal is precipitated on the sides of the
tube as a brilliant mirror (Liebig). The ammonia serves to
neutralise the acetic and nitric acids—

C,;H,0+2AgNO,+2NH,; + H,0=2Ag + CH; COONH, + NH,.NO,.

Conversely, it is reduced to alcohol by digestion with sodium
amalgam and dilute sulphuric acid. After a few hours the
characteristic odour disa ppears, and on distilling the product,
dilute alcohol passes over (Wurtz, 1862)—

CHa.(Z‘-HU +2H =CH,.CH,0H.

On this acconnt it can also act as a feeble oxidising agent. A
solution of rosaniline—magenta—is bleached when a large excess
of sulphurous acid is added to it, owing to the formation of a
colourless compound, but on adding even a trace of aldehyde,
this product is slowly oxidised, and a violet colour appears
(Schiff).

Constitution of Aldehyde.—As aldehyde is intermediate to
alcohol and acetic acid, it contams the nucleus CH,.C, and as the
remaining three valencies can only be satisfied by direct attach-

ment of the remaining hydrogen and oxygen atoms, the
structural formula is
H

I-I—(%—C—H.
I
H O
The molecule thus consists of a methyl n'mu.p linked to a
monovalent radicle, CHO. This is known as the aldehyde group,
and is identical with the formyl radicle. Formic acid, in fact,
owes its reducing power to the presence of this group, and the
formation of aldehyde from barinm acetate and formate may
thus be interpreted as the union of methyl with the formyl or
aldehyde groups (Williamson, 1857)—-
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Ba(0.CO.CH,), + Ba(0.CHO),=2BaC0, +2CH,.CHO.

The .constitution of aldehyde is confirmed by the action of
phosphorus pentachloride, which converts it into a dihalogen
product, ethylidene chloride, The action is vigorous, and the
dichloride is separated from the phosphorus compounds by wash-
ing with water and alkali.

Ethylidene chloride, CH;.CHCL,, is a heavy, colourless liguid,
which boils at 60°, and has a sweet odour and taste. When
heated in a sealed tube with dilute sulphuric acid, it is re-
converted into aldehyde. Now the two chlorine atoms thus
reciprocally interchangeable with the aldehyde oxygen are of
course directly attached to carbon, and it follows therefore that
this oxygen is attdched t-c- carbon h;-, both its valencies—
Phosphorus pentachlor 1de behaves with ethexs and ethereal salts
in the same way as with alecohols and acids, and thus serves to
differentiate singly-linked from doubly-linked oxygen—

R,.0.R,>R,.Cl +R,.Cl; R:0>R:Cl,

Although ﬂdahyde itself does not contain hydmxy] certain
derivatives are known in which it appears as a ﬂlh}*ﬂmx}?
compound. Thus, on heating it with alcohol, or ethylidene
§h1m'i£%e with sodium ethoxide, a kind of double Ethel‘, acetal, is
orined.

Acetal, CH; CH(OEt), (Liebig, 1831), is a liquid, boiling at
10£°. Its constitution is pmved not only by its formation
from ethylidene chloride, but by its conversion by phosphorus
pentachloride into eth}hdene and ethyl chlorides. Now it is
hydrolysed by dilute sulphuric acid to aldehyde and alcohol, and
it would thus appear that the formation of aldehyde by oxida-
tion is preceded by that of a dihydroxy-compound. In some cases
such dihydroxy-compounds can actually be isolated (see
Chloral)—

CH,.CH,;0H - CH, CH(OH), <—> CH, CH(OEt), <> CH,.CHCI.

Additive Compounds, Polymerides, and Condensation Pro-
ducts of Aldehyde.—The crystalline aldeh} de-ammonia, CH..
CHOH.NH, (p. 143) used in the purification of aldehyde is
formed by direct union of the two molecules, and is termed an
additive compound. A second compound of the same class,
aldehyde sodium sulphite, CH,,CHOH.SO;Na, also a ecrystal-
line substance, is formed when aldehyde is shaken with a
saturated solution of sodium hydrogen sulphite, and like the
ammonia compound is readily hydrolysed into its constituents
by dilute aecid or alkali ecarbonate. An additive compound of
a different type, aldehyde hydrocyanide, CH;.CHOH.CN, a
liguid boiling at 183°, is formed when aldehyde is heated with
concentrated hydrocyanic acid in a closed wvessel at 100°. It
differs from the preceding compounds in that only part of the
added molecule, the nitrogen. is detached by hydrolytic agents,
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the cyanogen being converted into carboxyl in the normal
manner (see Lactic Acid, p. 143). Aleohol and acetic acid them-
selves may of course be regarded as additive derivatives of
aldehyde, since they are formed by direct addition of hydrogen
and oxygen.

The tendency of aldehyde to form additive compounds is so
marked that it will even combine with itself. When a drop of
concentrated sulphuric acid is added to the pure liguid, contrac-
tion takes place, much heat is evolved, and the boiling point
rises many degrees, whilst if the temperature is kept below 07,
the aldehyde is converted into a white crystalline solid.

Paraldehyde, UHME{SEE%{E}G, is a sparingly soluble
liguid boiling at 124°. Its molecular formula C;H,,0;, follows
from its vapour density, and its constitution from its reactions.
Unlike aldehyde, it is a stable substance, and is oxidised and
reduced only with difficulty. It does not reduce silver, for
instance, nor does it colour bleached rosaniline. But it is con-
verted into ethylidene chloride by phosphorus pentachloride, in
in the same way as acetal into ethylidene and ethyl chlorides,
and is thus a complex ether of the acetal type (Kekulé, 1870).

Metaldehyde, (C,H,0)s, is a white crystalline substance,
which at about 115° commences to sublime, and is partially re-
converted into aldehyde, completely when heated in a sealed
tube. Metaldehyde resembles paraldehyde in its actions, but its
molecular weight is unknown. It is also formed by the pro-
longed action of calcium chloride, and this is why aldehyde
must be dried quickly.

An internal additive compound of a different type is formed
by digesting aldehyde with zine chloride, or concentrated hy-
drochloric acid. Aldol, C,HO,, is a hqulﬂ of complex constitu-
tion (p. 152), resembling aldehyde in its general actions.

These internal compounds are neaess:-u-i];; isomeric with alde-
hyde, and their molecules are simple multiples of ils own
molecules. Such multiple isomerides are termed polymerides
(Berzelius, 1831).

ﬂldehule thus acts almost entirely by addition, but the ad-
ditive compounds thus formed may undergo further change.
Thus when the liquid is mixed with hidmx\rlamme hydro-
chloride solution, and the base set free by caustic soda, the two
molecules unite, but at the same time lose water. The com-
pound thus fq::nned is isolated by shaking the product with
ether. It is freely soluble in this liquid, but the ethereal solu-
tion is insoluble in water, and can thus be separated mechani-
cally, The ether is then distilled off. This device is much
used in organic work.

Aldoxime, CH,.CH:N.OH, is a colourless liquid, hmhng at
115°. It is reconverted into aldehyde and hydmxylamme by
hydrochloric acid, and is dehydrated to acetonitrile by phos-
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phorus pentachloride. It is useful in separating aldehyde from
mixtures—
CH,.CHO + NH, OH<->CH,.CH:N.OH->CH,.CN.

An analogous compound, aldehyde-phenyl-hydrazone, CH,.
CH:N.NH.C H; (Fischer, 1885), an insoluble yellow liquid boil-
ing at about 250° is formed in a similar way from aldehyde
and phenyl-hydrazine acetate (p. 257), and is reconvertible into
its constituents in the same way—

CH,,CHO 4 NH,.NH.C,H,<—CH, CH:N.NH.C,H; + H,0.

Compounds thus formed by the union of two molecules with
elimination of water, or other simple product, are termed con-
densation products. When water itself is eliminated, as in
these particular cases, condensation is the exact reverse of
hydrolysis.

Aldehyde forms condensation products with itself. Croton-
aldehyde, C;H,.CHO (p. 138), for example, is formed by the
further action of zinc chloride on aldol, or by simply distilling
it, and an action which is possibly similar is brought about by
warming aldehyde with strong caustic soda solution. Alde-
hyde resin (Dibereiner, 1821) thus formed is a sticky yellowish
substance, having a characteristic soapy and resinous odour.
Nothing is known of its chemical nature, as it cannot be crys-
tallised or distilled.

The tendency of aldehyde to form these additive and conden-
sation products is highly characteristic, and as will be seen
later, 1t is probable that actions of this kind play a very impor-
tant part in the natural synthesis of organic compounds in plants.

The Aldehydes.—Like alcohol and acetic acid, aldehyde is
the type of a large class of compounds, each pair of alcohols and
acids being connected by a similar product. These intermediate
compounds are termed, generically, the aldehydes, and distin-
ouished by reference to the acids.

The most conspicuous of them is formaldehyde, the product
intermediate to methyl aleohol and formie acid. It is formed
by dry distilling barium formate, but is best prepared by the
oxidation of methyl aleohol. Dry air, charged with the vapour
by passing through the liquid at 40°, is led over a short spiral of
copper gauze, which is heated to dull redness in a short length
of combustion tube. The product is carried through a train of
well cooled flasks, a 40 per cent. solution of the aldehyde col-
lecting in the first, and weaker solutions in the remainder. The
pure aldehyde is obtained by warming the strong solution, and
condensing the dried vapour in a freezing mixture. :

Formaldehyde, H.CHO (Hofmann, 1867), is a gas which con-
denses to a liquid at -21°. It is very pungent and acrid. Pure
formaldehyde is very unstable, and when warmed to the ordi-
nary temperature polymerises explosively with evolution of
much heat. The 40 per cent. solution is quite stable, however,
and is used as an antiseptic.
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In its general actions, formaldehyde closely resembles acetal-
dehyde, and is readily oxidised and reduced. It reduces silver,
and colours bleached rosaniline. With ammonia, however, it
forms a condensation product, hexamethyleneamine, N, (CH,);, a
erystalline substance, and it is not resinified by alkalies, but
converted into methyl alecohol and the alkali formate—

2HUHO+NaOH =CH,.OH 4+ H.COONa.

Formaldehyde polymerises much in the same way as its
prototype; the metaformaldehyde or trioxymethylene, C,H 0.,
formed by spontaneous polymerisation, is a erystalline substance
melting at 171°, which is dissociated into the mother substance
when vaporised or heated with water at 130°. Formaldehyde is
also directly polymerisable to a-acrose, C;H,,0; a sugar iso-
meric, and synthetically connected with the natural sugars.

Of the higher aldehydes, propaldehyde, C,H;.CHO (Chancel,
1869), is a suffocating, mobile liquid, boiling at 49°, and butalde-
hyde, a similar liguid boiling at about 75°. The former is best
made from the alcohol, and the latter by reduction of the acid
by the formate method. Both are much less soluble in water
than their lower homologues, but resemble them precisely in
their actions. As the series is ascended, the aldehvdes become
more oily and insoluble, and less volatile, and finally wax-like
solids resembling the higher compounds of the other series.
They all show the characteristic aldehyde actions, however, and
are readily oxidised and reduced to the corresponding acids and
alcohols. They also form additive and condensation products in
the same way as their prototype.

Valeraldehyde and its higher homologues resembles form-
aldehyde in their action with caustic soda, one molecule being
oxidised to the acid at the expense of a second which is reduced
to the aleohol. Valeraldehyde itself thus yields amyl aleohol
and the alkali valerate—

90, H,.CHO + NaOH=C,H,.COONa + C,H,.CH,0H.

The aldehydes are particularly useful in synthesis from their
very instability, and as mentioned above are convenient step-
ping stones between the acids and alcohols—

CH,.CH,.CH,OH=<-CH,.CH.,.CHO=-CH,.CH,.COOH
!

¥
CH,.CH,.CH,.CH,O0H<CH,.CH,.C H,.C HO<-CH,.C H,.('H,.COOH

| —>-ete., ete.

Synopsis.—The aldehydes are unstable compounds which are
intermediate to the aleohols and acids, and are readily made
from and converted into them. Their molecules contain the
characteristic aldehyde group CHO. They enter into a variety
of actions: they are both reducing and oxidising agents; they
combine with themselves and other substances to form additive
and condensation products.




 (o09) prndy) s83)Lnojoo fanay

apLIo[Yo suapI[ATje<

i -8
[ HD
o
"08"H
‘D, )
S e e (oFOT) Prnby
10d [Ba808
_’_5 @PLIO[YP 01300E “330)HOHO
D0OHO  (BHSN)E—> : e
Y
(oT12) ,ﬁ
Lnopo fivjpaofins
aupsrdagonanyd ! panbi) y
: aj1qout ‘s8alLnojoo
prow o13a0e 2 (HOOD'H) H—> . opAuepresede (FHUN)H—> : [otoore [A130 =
HO'0D HD - =—(nr "QUH)H OHD''HD ("010*H)O HO HOHD
¥ e ek |
~—LOIIppe uoijesamiiod HOLIUE U P00 —>
(cg8T) ¥ (0023)
panby) s83)4n0j00 sjoysfiao §5a)1na)00 SAUL NS (oFET) ajsod mojjali panbey oo)ali
aprueLooapATy ajuydns spysfio §83)un0joo | prnby) 853jinojoo TLTSAT auozerpAypAuatyd
apAUap[e <« Iv.Eﬂ%om-wﬁhsmEﬁ mwhsmw?um_.: < mmhﬂmﬂﬁﬁ& -apAUapIeL | > apiAyspre
NOH'0'H) ‘0SHEN '0'HD * (0'H®D) *0°'H"0 é UTHN N-HO"HO
apAyepreu0jold<—
i _ | OHO*HD ¥
(08 pruown puw apliyapin fo | (08T )
LROPO ‘s)pyslid §53])4N0]j0D W panbin] 5340}
eruourure-opAyap[e opre AUIIXOP[BIE0E
*0°H'0 HO'N-HO™HO

YN ‘OTH™D

"HOAHAATV



CHAPTER XIV
ACETONE AND SECONDARY PROPYL ALCOHOL

Acetone.—It has been known for several centuries that when
sugar of lead is distilled, a volatile inflammable spirit passes
over, but it was only recognised in the last century that this
spirit is distinet from alecohel. It is termed acetone.

Acetone is readily made in the laboratory by distilling dry
barium acetate. The operation is carried out in the same way
as in the preparation of aldehyde, at as low a temperature as
possible, and the erude product is purified by means of the
erystalline bisulphite compound which it resembles aldehyde in
forming. On shaking the distillate with sodium hydrogen sul-
phite solution, heat is evolved, and the mixture rapidly sets toa
white crystalline mass. This is pressed and dried between
filter paper, and on distillation with sodium carbonate solution,
pure but dilute acetone passes over, whilst the sulphurous acid
remains behind as normal sodium sulphite. The acetone is
salted out from the distillate with calcium chloride, and is
finally dried with the same agent and redistilled.

As already stated, acetone is also formed in considerable
quantity in the distillation of hard wood, and is thus present in
erude wood spirit. The spirit, after removal of the acid and
water by distillation with lime, consists of a mixture of acetone
and methyl alcohol, and these are fairly completely separable
by fractional distillation. Commercial acetone is obtained in
this way, and the pure substance prepared from it by the bisul-
phite method. Acetone is present naturally in diabetic urine
in which it is probably formed by the decomposition of aceto-
acetic acid (p. 150).

Acetone, CH,.CO.CH, (Lemery, 17th century), is a mobile, in-
flammmable liguid, which has an ethereal odour somewhat akin to
that of phosphorus. It boils at 57°, and has a specific gravity
of 0'814 at 0°, and it is soluble in water and alcohol in all pro-
portions. It is much used as a solvent in organic work.

The molecular formula of acetone is C,H;0, so that the sub-
stance is isomeric with propaldehyde, and is formed by direct
resolution of the barium acetate into two simpler molecules—

Ba(0.CO.CH,), = BaCO, + C,H,0.

Additive Compounds and Condensation Products of Acetone.
—The mode of formation of acetone is thus analogous to that
of the aldehydes from barium formate and the barium salts of
the fatty acids, and the resemblance extends in a general

manner to its chemical actions. The compound is more closely
el
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allied to the aldehydes in fact than to any other of the groups
thus far considered.

It does not reduce silver at all readily, nor does it colour
bleached rosaniline, except slowly and imperfectly ; and it does
not form polymerides. But it gives rise to various additive
compounds and condensation products, closely resembling those
of the aldehydes.

Thus the sodium hydrogen sulphite compound, CyH.O,
NaHSO, (Limpricht, 1855), is similar to aldehyde sodium sul-
phite. The hydrocyanide, C;H;O,HCN, also resembles that of
aldehyde, and is converted by acids in a similar manner into a
homologue of lactic acid. An additive compound with ammonia
is m:{t known, but several condensation products have been iso-

ated.

Similarly acetone condenses with hydroxylamine and phenyl-
hydrazine, forming products which are closely akin to the
corresponding aldehyde compounds, and are made and decom-
posed in the same way. Acetoxime, C;HuN.OH (V. Meyer,
1883), is ‘a crystalline solid, and acetone phenylhydrazone,
C,H;:N.NH.C,H,, a liguid.

Like aldehyde, acetone also condenses with itself. Thus on
saturating the liguid with hydrogen chloride gas two products
are formed, mesityl oxide, C;H, 0, a liquid of peppermint odour,
which boils at 130°, and phorone, C,H,,0, a yellowish erystalline
solid. Further by the dehydrating action of concentrated sul-
phuric acid, mesitylene, C;H,,, is formed, a fragrant, mobile
liguid (p. 322).

Oxidation of Aceftone: its Constitution.—Acetone is thus
distincetly akin tc the aldehydes. When it is hoiled in a relux
apparatus, however, with acid permanganate, carbon dioxide is
evolved in abundance, and on distilling the product after the
permanganate has ceased to be decolourised, acetic acid passes
oyer—

€, H,0 +40=CH,.COOH + CO, + H,0.

Although isomeric with propaldehyde, acetone thus differs
from it in breaking up on oxidation. Now since it yields acetic
acid, it must EEIt"Llnh contain the group CH,C=, and in all
pr 0hab111t1 the acetyl group, and if this is the case, its molecule
must consist of meth,} | linked to acetyl—

CH,.CO.CH,.
This view is in complete harmony with its formation from
barium acetate, for it the formula be written in this way, the
formation of acetone becomes exactly parallel to that of alde-
hyde (Williamson, 185?}—-

0.CO.CH, CH
BalogoH D@ {o>m+mﬁﬂ
Bag O-COCH,

CH
0.CO.CH, =52 {U>LD+CD.?UH=

The constitution is confirmed by the action of phosphorus
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pentachloride, which converts the substance into acetone
chloride, C,H,Cl,, a colourless liquid resembling ethylidene
chloride, but boiling at 70°. The oxygen of acetone is therefore
present as carbonyl, as in the aldehy d_es so that the three carbon
atoms must be linked together. Now there are only two pos-
sible carbonyl formuls for a three-carbon compount’i of this
composition, namely, CH;.CH,.CO.H and CH,.CO.CH;, and as
the first of these has already been assigned to propaldehyde,
the second must be that of acetone.
The structural formula of acetone is thus
H H

]—I—{|]—{‘.‘_t|‘.— H,
I
- O M
and 1ts molecule i1s built up of two methyl groups linked to
carbonyl. In the aldehydes the carbonyl is linked to only one
alkyl group, the other valency being satisfied by hydrogen.

Synthesis of Acetone from Methyl and Acetyl.—The pres-
ence of the two methyl groups in acetone is independently
proved by a direct synthesis from two methyl compounds,
acetic chloride and zine methyl. The latter is made by boiling
methyl iodide in a water-bath at 90° with a mixture of zinc
dust and reduced copper. The reflux apparatus is provided with
a mercury valve, and the air is replaced by dry carbon dioxide
before the action is commenced, as the product is very oxidisable.
When iodide ceases to run bm*L from the condenser the solid
product is distilled from an oil-bath at 160° and upwards, a
stream of carbon dioxide being passed through the whole
apparatus—

2Zn+Mel=2ZnMel=ZnMe,+ Znl,.

Zine methyl or methide, ZnMe, (Frankland, 1852), is a colour-
less ligmid, which owing to the great oxidability of zinc is
spontaneously inflammable in air, and is hence kept in sealed
vessels. It boils at 46°, and freezes at -40°, and its specific
gravity 1s 1386 at 10°, '

The molecular formula of zine methyl is ZnC.Hg, and as it is
hydrolysed by water to zine oxide and ordinary marsh gas—
ZnC,H, + H,0=%n0+2CH,,

and zine isdivalent, its structure is represented by the formula

H H
H—é-Eu—lJJ—II,
Moo

and its formation by the above equations.

Zine methyl is of great use in synthesis, as it affords a means
of exchanging methyl for halogen. When mixed with acetic
chloride, for example, and the solid product of the action dis-
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tilled with water, the chlorine is exchanged for methyl and
acetone is generated (Freund, 1861)—
2CH;.COCl 4 Zn(CH3),=2CH,.CO.CH; + ZnCl,.

The mechanism of the actionis not quite as simple however
as would at first sight appear. The ecrystalline compound
obtained in the first instance is formed by direct combination of
the acetyl chloride with the zinc methyl—

CH,.COCl 4+ ZnMe,=CH,.CMeCl.O.ZnMe,
and this interacts with a further quantity of the chloride, the
water serving to decompose the excess of the latter—
CH,;.CMeC1.0.ZnMe + CH,.COC1=2CH,.CO.CH 4 ZnCl,.

Reduction of Acetone to Isopropyl Alcohol: Position,
Isomerism.—It has been seen that the higher alcohols are
virtually methyl aleohol in which a hydrogen atom is replaced
by alkyl. If therefore methyl alcohol be termed carbinol, the
alcohols in general become alkyl-carbinols. Ordinary alecohol
for example is methyl-carbinol, CH,Me.OH.

From this point of view there should be carbinols, such as
dimethyl-carbinol, CHMe,.OH, and trimethyl-carbinol, CMey.OH,
in which two or even three of the marsh-gas hydrogen atoms
are replaced by alkyl (Kolbe, 1860).

Now on reducing acetone with sodium amalgam in acid solu-
tion in the same way as aldehyde, an alcohol is obtained, which
can be purified in the ordinary manner by fractionation and
dehydration with quicklime (Friedel, 1862). It has the same

composition and vapour density as ]}101}31 alcohol, C;HO, and is
undoubtedly an aleohol, for it forms a sodium {1&11?&1:1?&, and is
converted into an acetate by acetyl chloride. But its boiling
point and specific gravity are much lower.

If this alcohol is the isomeride of propyl aleohol required by
the above theoretical considerations, it should be reconverted
by oxidising agents, not into an aldehyde and an acid contain-
ing the same number of carbon atoms, as is the case with the
ordinary aleohols, but into acetone or the oxidation products of
this substance (Kolbe, 1862)—

CHMe,.OH<-——>CMe,:0.
This is actually the case, for when it is boiled with chromic
acid mixture, acetone is formed, and may be isolated and iden-
tified by means of its hisu]phite compound (Friedel, 1863).

Isopropy! alecohol, CHMe,.OH (Berthelot, 1855), is a colourless
liquid which closely resembles propyl alcohol, but it boils at 83,
and its specific gravity is 0°792 at 15°, It is present in fusel oil
to the extent of 15 per cent., but was first obtained by the
hydrolysis of the isopropyl hydrogen sulphate formed from
propylene (p. 105). It was thought at the time to be the
analogue of ordinary alechol required by the rule of homology.

The structural formula of isopropyl alcohol follows from
themabwe theoretical considerations, and from its relation to
acetone—
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As already stated, the alcohol forms a series of salts, ete.,
which are distinct from the corresponding propyl compounds.
The most important of these is the iodide.

Isopropyl iodide, CH,.CHI.CH, (Berthelot, 1857), is a colour-
less liguid which resembles ethyl and propyl iodides, but boils
at 90°. It is best prepared by repeatedly distilling diluted gly-
cerol with iodine and yellow phosphorus, and is purified in the
same way as ethyl iodide.

Isopropyl iodide is converted by caustic alkalies, not into the
alecohol, but into its dehydration product, propylene, and this is
the case with most of the iodides higher than ethyl iodide.
When hoiled with lead oxide and water, however, it is readily
hydrolysed, and the same transformation can be effected by heat-
ing it with silver acetate, and then hydrolysing the isopropyl
acetate in the ordinary way. When isopropyl iodide is heated
with silver oxide it is converted into isopropyl ether (CHMe,),0,
a liquid of peppermint odour, which boils at 82°, but resembles
or dmary ether in its actions.

The isopropyl compounds are thus the derivatives of an alkylic
radicle isopropyl, CHMe,, which is isomeric with and analogous
in function to the ordinary propyl radicle. The isomerism of
the propyl and isopropyl compounds, and of propaldehyde and
acetone is different from metamerism :,md polymerism. It is
termed position isomerism, as it depends on the variation in the
position of the active grou p with regard to the carbon chain—

[ T H H H

| |
H—C—C—-C—H ° H-—Ll‘—tll—U—H

i e L o

H H * 1

The active group in the ordinary propyl compounds is attached
to a carbon atom, which is united to only one other carbon atom,
whilst in the i m{}pl opyl compounds this atom is directly linked
to two others.

The Ketones and Secondary Alcohols.—By distilling the
hmnﬂlobues of barium acetate, or by acting on the acid chlorides
with the zinc alkyls, cnmpnund& are formed which are homo-
logous with and a,nalﬂgc}us to acetone. They are termed on this
account, ketones.

Propione, for example, C,H;CO.C,H;, a pleasant-smelling
liquid, boiling at 103°, is formed from barium propionate—

Ba (0.CO.C,H;),=BaC0;+ C,H;.CO.C,H,,
and butyrone, C;H;.CO.C,H;, a similar liquid, boiling at 144°, is
formed by dry-distilling barium butyrate. By distilling mix-
tures of barium salts, mixed ketones are obtained. Methyl
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ethyl ketone, CH;.CO.C;H;, for example, obtained from barium
acetate and propionate, is a liquid boiling at 81°,

In their action with oxidising agents the ketones also resem-
ble their prototype, and yield acids whose molecules contain
fewer carbon atoms. The molecule is always broken ketween
the carbonyl and one of the alkyl groups, usually that which is
least rich in ecarbon. Methyl ethyl ketone, for example, yields
carbon dioxide and propionic acid—

CH,.C0.C,H,~>C0,+ COOH.C,H,,
and diethyl ketone, a mixture of propionic and acetic acids—
(H,.CH,.CO.C,H.~>CH,.COOH + COOH.C,H,.

The ketones condense with hydroxylamine and phenylhydra-
zine in precisely the same way as acetone, and the compounds
thus formed are useful in isolating and characterising them.
The hydroxylamine compounds are known as ketoximes.

It is only those ketones which contain a methyl group which
form crystalline bisulphite compounds, but most of them unite
with hydroeyanic acid, and several important syntheses have
been effected by means of this reaction. That of citric acid
(p. 170) may be mentioned.

When reduced with sodium amalgam the ketones are con-
verted into alcohols, which bear the same relation to isopropyl
aleohol as the ordinary aleohols to normal propyl alcohol—

R,.CO.R,<—>R,.CH(OH).R,,

and there is one of these aleohols for every ketone, just as there
is an ordinary alcohol for every aldehyde. Propione for ex-
ample is reducible to secondary amyl alcohol, a liquid of fusel
odour, boiling at 117°—

C,H,.CO.C,H,<—>C,H,.CHOH.C,H.,
and methyl ethyl ketone yields secondary butyl aleohol, a
similar liquid, boiling at 99°—

CH,.CO.C,H,<—>CH, CHOH.C, H,.

The ordinary alcohols, in which one only of the earbinol
hydrogen atoms is replaced by alkyl, are termed primary alco-
hols, and are distinguished by the presence of the primary
alcohol group

CH,OH.
The isomeric alcohols, homologous with isopropyl alcohol, in
which two of the ecarbinol hydrogen atoms are replaced, are
termed secondary alcohols, and are characterised by the presence

of the secondary aleohol group
HOH.

Like their prototype, the secondary alcohols are reconverted
into ketones by gentle oxidation, although of course they are
broken up by more powerful oxidising agents. With this ex-
ception they resemble the ordinary aleohols, and form salts with
acids in the same way. The boiling points of the secondary
alkyl compounds are as a rule somewlat lower than those of
their primary isomerides.
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Synopsis.—The ketones are compounds which are isomeric
with the aldehydes, but differ from them in that they ave
oxidisable to acids containing fewer carbon atoms in the mole-
cule, and reducible to secondary alcohols isomeric with the
ordinary or primary alcohols. They contain the ketonic group
CO linked to two alkyl groups, and the secondary aleohols con-
tain characteristic group CHOH, similarly linked.



?

panby) uwiborf
ojejaoe [Adoxdost< ;

"HO'(PVO)HO *HO s
uEEEEE_Ew fijsnoaunjuods
dapmod (c02) prndy) ¢ panbyp
snoyd.L.owp ajrym SPLIO[([D 8U0ja0e [A1[geur ourz apLIo[yo (L3808
aprxor&d "HO 100 *HD eI _uow.ﬁu
-oxdost wmipos o
*HO'(eNO)HOHO T
[ad P DY 9383008 UINIB]
: ¥ ("HO'00°0) ®d
(c88) (026)
Anopo Junsnajd AROPO ur_&mﬂ,uﬁe___ﬁ
panbr) <— ; pnuig ,
royoore [Adoxdost ...T. _um._wz_.vlm.| 2 auojeoe n} g ¥ oy _hnﬁmuc > = proe arjeoe -4
wHO'HOHO"HD (foi)o = "HO'00"'HD HOOD*HD
B |
~—uouippe UOT} BT PUOI—+
jaany sjnsfiao [on9] punbi]
aprueAooTpLiy ajnpdns-mmnipos §jogsido asuozerpAyLuard
MOVE — -au0jane DUIIXOJBDE | -al0}a08
NO(HOJ°ID eN°0S (HO)™ID HO'N®IND “H"D"HN'NFIN)
prinhng | spopslind < — = panhy
aua[Ayisaun auoxod SPIX0 [Aj1saur
ﬂ-HnHmD G#-Hn.._”mu O.\:.HnHH-.D

"TOHOOTV TAJOHdJOSI ANV INOLIOV



CHAPTER XV
THE FOUR BUTYL ALCOHOLS

Isobutyl Alcohol and Isobutyric Acid: Chain or Nucleal
Isomerism.—Whilst only one methyl and ethyl and two propyl
alcohols are known, the isomerism of the higher aleohols 1s more
complex, for there are four butyl, and no less than eight amyl
alecohols.

It has been already mentioned that primary butyl alecohol,
CH,.CH,.CH,.CH,OH, is prepared by reduction of butaldehyde,
and that secondary but_', 1 aleohol, CH,.CH,.CHOH.CH;, can be
formed by reduction of methyl eth vl ketone. The secondary
alcohol was first obtained from butylene and secondary-butyl
hydrogen sulphate, in the same way as secondary propyl aleohol
from propylene, and it is readily made from erythritol (p. 193),
in the same way as secondary propyl alcohol from glycerol.
The erythritol is converted into secondary-butyl iodide by dis-
tillation with iodine and phosphorus, and the iodide into the
acetate and aleohol in the manner already mentioned (Luynes,
1863).

The first butyl aleohol that was known, however, was isolated
from fusel oil, of which it constitutes about 6 per cent. It is
roughly separated by fractionation, and then purified by conver-
sion into the iodide in the manner already described.

Isobutyl aleohol, C,H,CH,OH (Wurtz, 1852), is a liquid
which boils at 108“, and resembles syringa Hlowers in odour. In
its chemical behaviour it resembles ordinary alecohol. It forms
a sodiwm derivative, and an acetate, etc., and it is oxidisable to
an acid having the composition of butyrie acid, and closely re-
sembling it. The two acids, in fact, were at first thought to be
identical, and isobutyl alcohol was deemed on this account the
analogue of ordinary aleohol required by the rule of homology.
But closer investigation showed that the properties of the acids
are different.

Isobutyrie acid, C;H;.COOH (Redtenbacher, 1846), is an oily
liquid, which resembles butyric acid in odour, but it boils at
154", and is only sparingly soluble in water. The calcinum salt,
moreover, unlike caleium butyrate, is more soluble in hot than
in cold water, and the acid itself, instead of being unaffected by
chromie acid mixture, is readily oxidised to acetic acid and car-
E:n dioxide. Isobutyric acid was first obtained from the carob

an.

Isobutyl aleohol can be converted moreover by cautions oxida-
tion into an aldehyde, isabutalgeh}fde, CyH;.CHO, which may
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also be formed from isobutyric acid, and is readily converted
into either. Isobutaldehyde is a liquid boiling at 61°, whilst
ordinary butaldehyde boils at 74°; it has all the properties of an
aldehyde.

Isobutyl aleohol is thus a primary alecohol, and there are there- -
fore two primary alcohols of the constitution C;H,.CH,OH, and
two acids of the constitution CyH,.COOH.

Now ordinary butyric acid may be regarded as propyl-formic
acid, CH,;.CH,.CH,—COOH, and since there are two propyl
radicles, there may be expected an isopropyl-formic acid of the
constitution CHMe,—COOH, which will be connected with an
isopropyl-carbinol of the comstitution CHMe,—CH,0H (Kolbe,
1864). If isobutyric acid is this isopropyl-formic acid, it should
be formed from isopropyl aleohol by the cyanide synthesis.

This is actually the case, for by boiling isopropyl iodide with
alcoholic potassium cyanide and hydrolysing the resulting |
isopropyl eyanide, an acid is obtained which is identical with
the fusel and carob acid (Erlenmeyer, 1867)—

CHMe,.I-—CHMe,.CN—>CHMe,.COOH.
The constitution of isobutyric acid has been further confirmed
by its synthesis by introduction of two methyl groups into the
methyl of acetic acid (p. 150).

Isobutyl alcohol and isobutyric acid are thus represented by
structural formulae

H H
I
H—C H—C
1 H [
H | H
C—0C=0=—H C—C—0—H
H | H il
| H H aI H O
H—C H—C
I I
H H :

which differ from those of all the compounds that have thus far
been considered in that they contain a branching chain of car-
bon atoms. The isomerism is here due to a variation in the
form of the carbon chain or nucleus, and is consequently termed
chain or nucleal isomerism. The straight butyl chain, C—C—C
—(, is termed a normal chain, and the corresponding compounds,
normal compounds, whilst the isobutyl compounds, containing

the isobutyl chain, S}C-—Q are termed branching chain

compounds. The prefix iso- is applied to such compounds as con-
tain the isopropyl group. It is noteworthy that the branching
chain is associated in this, as in other similar cases, with lower
boiling points than the corresponding normal chain.

Tertiary Butyl Alcohol.—The existence of the fourth butyl
alcohol was foreshadowed by the same reasoning as led to the
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recognition of the secondary alcohols (Kolbe, 1860). As already
indicated, the primary and secondary alcohols being mono- and
di-alkyl-carbinols, there should be tri-alkyl-carbinols or tertiary
alcohols, of which the simplest must be trimethyl-carbinol or
tertiary butyl aleohol, CMe,.OH.

This tertiary butyl a]mho] can be prepared from acetyl chlo-
ride and zinc methyl by a modification of the acetone synthesis
(p. T7). If a second equivalent of the zine alkyl is added, and
the product kept for some days before adding the water, the
erystalline additive compound exchanges chlorine for methyl—

CMe,Cl.ZnMe + ZnMe, = CMe,.0.ZnMe + ZnMeCl,
and this second product, which is alsoerystalline, is then hydro-
lysed by the water to the tertiary aleohol, zinc {Jxlde and marsh
eas. The aleohol can be distilled off 'and dehydrated with
harvta—
: "Me,.0.ZnMe + H,0=CMe,.OH + Zn0 +CH,.

Tertiary butyl alcohol, CMe, OH (Butlerow, 1864), erystal-
lises in colourless prisms, and resembles camphor in odour. It
melts at 25°, and boils at 83°, and is thus more volatile and
more easily solidified than its isomerides with longer carbon
chains. It forms a sodium derivative, and an acetate, ete., so
that its alecoholic nature is undoubted, but when oxidised with
chromic acid mixture it breaks up dltﬂgpthm yvielding carbon
dioxide and acetone, together with acetic acid from the oxida-
tion of the latter—

CMe,.OH +40 =COMe, + CO, +2H,0.

The tertiary butyl radicle CMe; or

H

|
H—C—H
H H

H—[L— {:—JJ—H
|
bears the same relation to isobutyl, as the secondary to the
normal butyl radicle.

The Amyl Alcohols and Valeric Acids.—On account of the
rigid quadrivalence of carbon, no further radicles can he intro-
duced into the methyl group of methyl aleohol, but by repeating
the exchange of alkyl for hydrogen in the alkyl groups of the
derived aleohols, it is obvious that radicles of very great com-
plexity may be formed. It may be expected, therefore, that the
isomerism of the amy]l E‘llf’ﬂhﬂlb and valeric acids will be still
more complex, and this is the case. There are four primary
amyl aleohols and therefore four valeric acids, and in addition
to these there are three secondary and one tertiary alcohol.

Normal amyl aleohol, CH,.CH,.CH,.CH.. CH,0OH, and normal
valeric acid, CH,;.CH.,. CH,; CH,.COOH, do not oceur in nature,
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and are prepared synthetically from normal butyl aleohol by
the cyanide method (Lieben and Rossi, 1872).

The chief of the amyl aleohols, however, are two primary
aleohols oceurring in fusel oil (p. 4{]}, of which they constitute
about one-third by volume. The main fraction obtained from
dry potato-spirit oil hoils fairly constantly at 130-132°, and was
thought for a long time to be a chemical individual, and termed
amyl aleohol {Dumas, amylum=starch). But the specific
rotatory power of this aleohol varies with different specimens,
and as the rotatory power of a pure substance (p. 144), like
any other property, is constant, it follows that the fusel alcohol
15 a mixture.

Commercial amyl aleohol is resolved into its two constituents
by fractionally crystallising barinm amyl sulphate from water.
The less soluble salt yields on hydrolysis an alcohol, which is
optically inactive, whilst the aleohol from the more soluble salt
has a constant mtatorv power (Pasteur, 1855).

Fermentation, inactive or 150&1111.1 aleohol, CHMe,.CH..
CH,OH, which constitutes about 25 per cent. of potato fusel oil,
is a liquid of rank, penetrating odour, which boils at 131°, Its
constitution follows from its oxidation to the ecorresponding
acid. Isovaleric acid, CHMe,CH,.COOH, is an oily liquid of
very clinging and unpleaqant odour, wh ich occurs naturally in
the root of the lesser valerian. It boils at 175°. Its constitu-
tion as an isobutyl derivative follows from its synthesis from
isobutyl aleohol by the cyanide method.

Active amyl aleohol, or secondary-butyl-carbinol, CHMeEt.
CH,0H, is an optically active, but otherwise similar liguid, boil-
ing at 131°; its constitution follows from its oxidation to the
corresponding wvaleric aecid. Active wvaleric acid, CHMeEt.
COOH, is an oily liquid, boiling at 177°, and its constitution as
methyl-ethyl-acetic acid is proved by its synthesis from acetic
acid by the acetoacetic method (p. 150).

The fourth primary amyl alcohol and corresponding wvaleric
acid are derived from tertiary butyl aleohol. Trimethyl-acetic
acid, CMe,.COOH, is a crystalline substance, which resembles
"L[tE'tlL acid in Udmu and 15 made from tert: a,lv butyl iodide by
the cyanide sy nthesis. Trlmeth;-, l-carbinol, CMe;. CH,OH, is a
erystalline substance, which is formed by reducing the acid
chloride with sodium amalgam,

The secondary amy!l aleohols, which are all liguid substances,
can be made by reducing the corresponding ketones, and in other
ways. Their constitutional formulae are

CH,.CH,.CH,.CHOH.CH,, . CH,.CH,.CHOH.CH,.CH; and
CHMe,. GHDH CH,.

Tertiary amyl alcohol or dimethy l-etht, l-carbinol, CMe,Et .
OH, is a liquid of ecamphor odour, boiling at 102°. Tt 'is formed
from propionyl chloride and zine methyl, in an analogous
manner to tertiary butyl aleohol.
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The amyl aleohols and their derivatives are thus built on the
three nuclei—

C C
C—C—C—C-C C—C—C and >MC{ .
, G)* ﬂ> € -

As the series is ascended, and the possibilities of branching
become greater, it is obvious that the isomerism must become
very complex. Thus there should be eight primary hexyl
alcohols, six secondary, and three tertiary, and of these, four-
teen have actually been prepared. Thirteen of the heptyl
aleohols, and nine of the octyl alcohols are known, and there is
no doubt that very many more could be made. Above this
point the isomerism of the alcohols has heen little investi-
eated.

Synopsis.—In addition to the primary and secondary butyl
alcohols analogous to propyl and isopropyl aleohol, there are
two more, together with a related acid, derived from isopropyl
alecohol, and built on a branching chain carbon nucleus. All
aleohols are either primary, secondary, or tertiary derivatives
of methyl alcohol. The primary alcohols are oxidisable to
aldehyvdes and acids containing the same number of carbon
atoms, the secondary alecohols to ketones, whilst the tertiary
alcohols break up when oxidised,

C
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SECTION IV

THE HYDROCARBONS AND THE THEORY OF
SUBSTITUTION

CHAPTER XVI
THE ETHANE HYDROCARBONS

Methane or Marsh-gas—The Organic compounds thus far
considered contain oxygen and other elements in addition to
carbon and hydrogen, but a number of compounds have now
to be dealt with, which contain carbon and hydrogen only.
These are termed the hydrocarbons. They are of considerable
importance in themselves, but their especial interest lies in
their bearing on theory and classification.

The simplest of the hydrocarbons is methane, the marsh-gas
which is formed in the mud of stagnant ponds, and which con-
stitutes the explosive fire-damp that is given off in coal-
mines. It occurs naturally also in the petroleum districts, and
issues from the earth at Baku on the Caspian Sea, and in
various places in the Pennsylvanian o1l district. It is also
formed by the dry-distillation of organic matter, and thus
constitutes some 40 per cent. of ordinary coal gas.

Methane or marsh-gas, CH, (Volta, 1777), is a light insoluble
gas, which is condensed by great cold and pressure to a light,
colourless liquid, boiling at-160°. It burns with a blue, faintly
laminous flame to carbon dioxide and water (Volta), and forms
a highly explosive mixture with air or oxygen.

(Gaseous organic compounds like methane are analysed by
explosion with oxygen, a considerable excess of which must be
used to diminish the force of the explosion. Thus when a
mixture of

D c.c. of methane

and 20 c.c. of oxygen

is exploded in a endiometer tube over mercury, it yields under
the same conditions of temperature and pressure:

10 c.c. of steam

and 5 c.c. of carbon dioxide, .

whilst 10 c.c. of oxygen remains unconsumed. The volume of
the steam is determined from the shrinkage of the gaseous
product on cooling, that of the carbon dioxide by absorption
with caustic alkali, and that of the residual oxygen by absorp-
tion with alkaline pyrogallol (p. 298).

Since by Avogadro’s law the numbers of molecules in the
83
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v}.?rmus aases are proportional to their volumes, it follows
that

5 & +100,=5C0, +10H,0
or z+20,=C00,+2H.,0,
where x is a molecule of methane. Hence
2=C0, +2H,0—20,—CH,.

The molecular weight ‘thus found, 16, is confirmed by the
density, 8, which is determined in the same way as that of an
inorganic gas.

S]mthﬂsia of Methane.—Methane has been synthesised in
many ways. The first synthesis (Dumas, 1830) was effected by
heating an intimate mixture of fused sodium acetate and soda-
lime, and affords a convenient method of making small quanti-
ties of the gas. The operation is carried out in a hard glass
tube pmwded with delivery tube—

CH,.COONa+NaOH=CH,+4 Na,CO,.
A direct synthesis from inorganie compounds can be effected by
passing sulphuretted hydrogen saturated with carbon bisulphide
vapour over red-hot copper turnings (Berthelot, 1856). The
sulphur is taken up by the copper, whilst the hydrogen combines
with the carbon. The gas is sePalated from sulphuretted
hydrogen, etc., by shaking with aleohol, in which it is fairly
soluble. The solution is then warmed and the methane washed
with concentrated sulphuric acid—
CS;+2H,S+8Cu=CH,+4Cu,S.

The formation of methane from zine methyl and water has
already been mentioned (p. 77). The zine compound is best
diluted with ether, as the action is violent—

Zn(CH,), + H.0=Zn0 +2CH,

The formation and hydrolysis of the zine methyl may be
combined in one operation by heating methyl iodide with zine
and water in a sealed tube. The gasescapes in quantity on open-
ing the cooled tube (Frankland, 1856)—

EEHEI+‘??H+HD 2CH, + Znl;+ ZnO.

Methane can also be formed by direct reduction of the methyl
halogen compounds by means of an electrolytic copper-zinc
r:r::-uple (Gladstone anﬂ Tribe, 1874). Granulated zine, mearly
filling a small flask, is washed with dilute sulphuric acid and
water and then coated with a very thin layer of copper by
filling the flask with dilute copper sulphate. After a few
minutes the solution is washed away with water, and the flask
completely filled with aleohol, and on now introducing a little
methyl bromide or iodide, and warming slightly, a stream of
methane is evolved, the action continuing for hours. The
residual liquid contains zine bromide, ete., the hydrogen being
furnished by the alecohol—

CH,Br+2H=CH,+ HBr.

Chlorination of Methane: Substitution.—Methane can not

only be made from the methyl halogen compounds and methyl
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aleohol, but can also be converted into them. When it is mixed
with an equal volume of chlorine and exposed to diffused
daylight, action takes place, and the gas gradually becomes acid
with hydrogen chloride; and on passing the w ashed and dried
product through a U- tube immersed in a powerful freezing
mixture, methyl chloride is condensed. It is identical in every
respect with the methyl chloride prepared from methyl alcohol,
and is convertible into the aleohol by the ordinary hydrolysis,
This synthesis of methyl alcohol was the first to be effected
(Berthelot, 1857)—
C—>-CS,>CH,<—CH,Cl<—CH,.0H.

It is thus evident that methane is methyl hydride, CH,.H,
and that methyl chloride may be regarded as derived from it by
substitution of ehlorine for hydrogen. The chloride is on this
account termed a substitution product of the hydrocarbon. The
wplacement of hydrogen by chlorine is termed direct substitu-
tion, and that of chlorine by hy :hog*en inverse substitution.

It follows also that methj.l alcohol is a hydroxy-substitution-
produet of methane. The importance of this will be seen
presently.

Ethane.— The action of the copper-zine couple on ethyl bro-
mide is precisely similar to its action on the methyl halogen
compoeunds, ethyl hydride or ethane being produced—

¢, H,.Br+2H=C,H,.H + HBr.

Ethane, C.H; (Frankland, 1848), is a gas which resembles
methane, but is slightly heavier than air, and is condensible to
a colourless liguid by a pressure of 46 atmospheres at 4°. It
burns with a slightly luminous flame to carbon dioxide and
water, the greenish colour due to the ethyl bromide vapour in
the crude product disappearing after washing the gas with
caustic soda. Like its lower homologue, ethane occurs naturally
in the oil distriets. At the Delameter oil well at Pittsburg, for
example, nearly pure ethane is given off in enormous quantities,
and is used for heating blast furnaces, and for general domestic
purposes.

Ethane may also be prepared from zine ethyl in the same
way as methane from zine methyl (Frankland, 1856)—

ZnEt; + H,O=2Et.H + ZnO,
an];le by heating ethyl iodide with zine and water in a sealed
tube—
2EtI +27Zn +2H,0=2EtH + Znl, + ZnO.

It is also formed by heating sodium propionate with soda-lime
in the same way as methane from sodium acetate.

From all these points of view it must be regarded as ethyl
hydride. Moreover it is attacked by chlorine in precisely the
same way as methane, and the substitution product, chlor-
ethane, thus formed is identical in every respect with ethyl
chloride, and is hydrolysable in the ordinary manner to alcohol
(Berthelot)—
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C,H,=EtH<—EtCl<-—->Et.OH.

But the hydrocarbon may also be regarded as dimethyl,
CH,;.CH,, and it was first obtained in fact in an attempt to
isolate the methyl radicle. It is thus formed also by heating
methyl iodide with metallic zine or sodium (Frankland, 1849)—

CH,I +Na, +CH,I=CH,.CH,+2Nal,
and by electrolysing a strong aleoholic solution of potassium
acetate (Kolbe, 1849). Hpydrogen of course appears at the
e CH, .COOK_ CH
CH,. COOK—¢gg, T 200+ Xs

The identity of ethyl hydride with dimethyl, however, is
proved by the identity of the chlorination products of the two
egases, and the convertibility of both into one and the same
ethyl aleohol (Schorlemmer, 1862)—

CH,I>CH,.CH,—>CH,.CH,Cl1=C.H,.Cl<C,H, H<-C,H.I,
| l

ﬂHj’CH.&DH.

The Higher Homologues of Methane and Ethane.— The
alkyl halogen compounds in general are reducible by copper-
zine or zine-dust and water to hydrocarbons, homologous with
methane and ethane.

Propane, C;Hg (Berthelot, 1867), obtained by reducing propyl
iodide with copper-zinc is a gas which resembles ethane, but
is readily condensible to a liquid boiling at —17°. It is also
formed together with ethane and butane, by heating a mixture
of methyl and ethyl iodides with zine-dust—

CH,I+Zn+C,H,I=CH,.C,H,+ZnlL,.

Propane was first obtained by heating acetone in a sealed
tube with concentrated hydriodic acid and red phosphorus
(Berthelot). This mixture acts as a powerful reducing agent,
the hydrogen iodide being resolved at the high temperature into
iodine and nascent hydrogen. The phosphorus combines with
the iodine, and probably also starts the action by replacing
oxXygen or h} droxyl by halogen. Practically all aleoholic and
ketonic substances are reducible in this manner, and many
acids also—

CH,.CO.CH;+4HI=CH,.CH,.CH;3 + H,0 +2IL,.

Propane is also easily obtained by reducing isopropyl iodide
with zinc and dilute hydrochloric acid, The position isomerism
of the iodides disappears when the atoms attached to the earbon
nucleus become similar. As soon as chain isomerism appears,
however, isomerism amongst the hydrocarbons becomes pos-
sible, and there are thus two butanes corresponding with the
chain-isomeric butyl radicles.

Normal butane, CH; CH..CH,.CH; (Frankland, 1849), a liguid
boiling at 1°, is obtained, together with zinc ethyl, by heating
dry ethyl iodide with excess of zinec in a sealed tube. On
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opening the ice-cooled tube some ethane and ethylene (p. 102)
escape, but on allowing the temperature to rise slightly, a
steady stream of the butane vapour is obtained
Etl 4+ Zn 4+ EtI=Et.Et 4+ ZnL,.
Butane is also formed by reducing butyric and succinic acids
with hydriodic acid and phosphorus (Berthelot)—
CH,.CH,.CH,.COOH +6HI=CH,.CH,.CH,.CH;4+2H,0 4 3I,.

Isobutane, EEE}CH CH;, a gas condensing at -17°, is formed

by digesting tertiary butyl iodide with zinc and water.

There are three pentanes, built on the three carbon chains of
the amyl alcohols (p. 87), and as the series is ascended the num-
ber of isomerides rapidly increases. The increase, however, 1s
not so rapid as with the aleohols, on account of the absence of
position isomerism. NE‘E"EIHIEIEES there are five hexanes, nine
heptanes, and eighteen octanes, and it has been calculated from
the quadrivalence of carbon that there should be upwards
of 800 chain-isomeric hydrocarbons of the formula CgyHag
(Cayley).

The pentanes, and their homologues, up to about the ten-
carbon members, are light, volatile and insoluble liquids, which
are greasy to the touch, and have a fresh ethereal odour.
Above this point they become viscid and less volatile, and the
higher members are inodorous, wax-like substances, as in all
the other homologous series. The ethane hydrocarbons are
exceedingly inert substances. Practically the only agent that
will attack them is chlorine, for they resist thr:. action even of
fuming sulphuric acid and concentrated nitric acid.

ijllupsis.—The ethane hydrocarbons are substances which
contain only carbon and hydrogen. They are formed by direct
reduction of the alkyl halogen compounds, and in other ways,
and are reconvertible into the alkyl chlor ides and the alcohols
by substitution.
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CHAPTER XVII

THE NATURAL PARAFFIKS

Petrolenm: Paraffin 0il and Wax.— It has been already
stated that methane and ethane occur naturally in the petro-
leum districts, and petroleum itself, and the paraffin oil ob-
tained by distilling cannel coal and shale are in fact mixtures
of hydrocarbons of the ethane series (Pelouze, Greville Williams,
Schorlemmer, 1857-1864).

Petroleum or rock oil has been known for ages, but only in
small quantities. The oily scum which floats on the surface of
wells in certain districts was used as a healing ointment by
the Romans, and in later times by the North American Indians.
The first rhacmen of petroleum in quantity was made in Der-
byshire in the middle of the present century (Lyon Playfair,
1849), when a rich spring of dense oil was found in a disused
mine. This spring was exhausted in a few years, however, and
to supply the demand for the oil that had by this time arisen,
various methods were tried of making it artificially. The most
successful of these, which is still used, consists in distilling
cannel coal or shale—slate-coal (Young, 1856).

Soon after this oil was struck in Pennsylvania, and in 1861 a
well was bored, from which the erude oil Howed spontaneously
at the rate of 100,000 gallons a day. Since then, petroleum has
been found in various parts of the world. It is probable that
natural petrolevin, the supply of which in many districts seems
- inexhaustible, is formed by the action of infiltered water on hot
metallic carbides at a great depth. Other hypotheses have been
put forward, however.

As stated above, American petrolenm, and shale and ecannel
oil, are complex mixtures of hydrocarbons of the ethane series.
The erude oils are dark viscid liguids, having a very unpleasant
odour, and must be roughly purified and fractionated before
they are fit for use.

Shale oil, for example, is separated from the accompanying
water, and then redistilled, coke remaining in the retort. The
distillate is agitated with caustic soda to remove phenols
(p. 251), and then with concentrated sulphuric acid to remove
basic impurities and colouring matter. It is then washed and
rectified. The more volatile portions (sp. gr. 0°77-079) are
termed variously petroleum maphtha, light petroleum or ben-
zoline, whilst the next but still mobile fractions (sp. gr.
082-083) form the ordinary paraffin oil used for lighting,
heating, and motor purposes. These are followed by more or
less viscid fractions, forming varmus erades of lubricating oil
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and vaseline. The tail fractions solidify on cooling, and after
pressing and recrystallising from light petroleum, are known
as paraffin wax.

Paraffin wax was first obtained from wood tar (Reichenbach,
1839) before the ethame hydrocarbons were known, and was
given its name on account of its chemical inertness (parum
affinis). The name was made generic, when the nature of the
petroleum hydrocarbons was established (p. 97).

Constitution of the Petrolenm Hydrocarbons: Paraffin
Series.—The solid paraffins contain about 25 carbon atoms in
the molecule, but are difficult to obtain in the pure state from
the commercial wax. The liquids, however, are readily separ-
able. TLight petrolenm or benzoline, for example, is shaken
with concentrated sulphuric acid until the latter is no longer
coloured, and is then digested with a mixture of concentrated
sulphuric and nitric acids, until nitrous fumes cease to be
evolved. The light oil, which has now completely lost the
characteristic “ petroleum " odour, is washed with water and
dilute caustic soda, and roughly dried with solid caustic potash,
and then completely dried by distilling two or three times from
metallic sodium. By fractionating this product, pentane,
hexane, and heptane can be obtained in a pure state (Greville
Williams).

The natural paraffins are probably all normal compounds,
and the constitutions of many of them have heen definitely
established. By passing chlorine through natural pentane, for
example, for many hours in daylight, it is converted into a
mixture of isomeric monochloropentanes or amyl chlorides.
The gas is passed merely into the surface of the liquid, so that
the chloro-compounds, which are less volatile than the hydro-
carbons, and condense, may escape further chlorination. The
amyl chlorides are converted into the corresponding alcohols
by heating with silver acetate, and hydrolysing the resulting
amyl acetates with alkali (compare p. 79). The alcohols are
then separated by fractional distillation, and their constitution
determined by oxidation with chromic acid mixture.

One of the fractions ultimately yields normal valerie acid,
and the other a mixture of acetic and propionic acids. The
latter acids can be separated by fractional neutralisation.
Enough caustic soda is added to neutralise rather more than
half the acids present, and on distilling the product, the pro-
pionic acid alone passes over, the more powerful acetic acid
remaining in combination with the alkali. The acids are iden-
tified by analysing their silver salts.

Now the valeric acid can only be formed by the oxidation of

normal amyl alecohol—
CH,.CH,.CH,.CH,.CH,0H—>CH,.CH,.CH,.CH,.COOH,

whilst the other acids may result from the oxidation of either
methyl-propyl-carbinol, or diethyl-carbinol—
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CH,.CHOH.CH,.CH,.CH,~>CH,.CO.CH,.CH,.CH,
‘iiij.CD{iﬂa-EDDI{.CI—L.C]-!'3
CH, CH,.CHOH.CH,CH,~CH,.CH,.CO.CH,.CH,.

The orviginal chlorides are thus primary and secondary normal
amyl chlorides— _
CH,.CH,CH,.CH,.CH.CI

CH,.CHCI.CH,.CH,.CH, or CH;.CH,.CHC].CH,.CH,,
and the hydrocarbon normal ]‘JL]]tILIlE
CH,;.CH,.CH,.CH,.CH,
th;hm'lem mer, 1863).

The natural paraffins being thus identical with the ethane
hydrocarbons, the term ]mltl.i'hu is applied to the series in
general (Watts). From their genetic connection with the
pa,mﬂins, the alkyl or hydrocarbon radicles are sometimes
termed paraffinoid radicles.

The normality of the higher paraffins has been established
by a step-by-step process connecting them with the nine-carbon
fatty acid, whose constitution is known from the cyanide
synthesis. Thus by dry distilling a mixture of barium stearate
and acetate, nleth}']—lleptadecgrl-ketnne, CH,.CO.C;H,,, is
formed, a wax-like substance, which is convertible by chromic
acid 1111:;‘.:!.1113 into acetic acid and margaric acid, (,mH:H C‘UDH
the next lower homologue of stearic “acid. Marn'arlu acid is
convertible in turn into methyl-hexadecyl ketone tmﬂ palmitic
acid, the latter into methyl-pentadecyl-ketone and the fifteen-
carbon fatty acid, and so on, until the nine-carbon acid is
reached. It follows therefore that the fatty acids are all nor-
mal compounds (Krafft, 1852).

Now the acids and ketones are all reducible to the paraffins
by the hydriodic acid method, stearic acid thus yielding octode-
cane, CgHge, margaric acid, heptadecane, C;Hy,, and so on, and
these hydro-carbons are therefore also normal (Krafit).

In a few special cases the constitutions of paraffins have been
established synthetically, Thus by heating butyl iodide with
zine-dust, dibuty] or normal octane is obtained—
2CH;.(CH,),.CH,I->CH,.(CH.),.CH,.CH,.[CH,],CH,=CH,|[CH,],CH,

Similarly the primary octyl iodide derived from this octane
is convertible into dioctyl or normal hexadecane—

2CH,.[CH, }.CH,1->-CH,.[CH,];.CH,.CH,.[CH,],.CH;=
\ CH,.[CH,],,.CH..

This hexadecane is in every respect identical with that
obtained by reducing palmitic acid with hydriodic acid, and
both the hydrocarbon and the fatty acid are therefore normal
compounds (Zincke, 1869 ; Schorlemmer, 1872)—

CH,.CH,.CH,.CH,.CH.,. GHE CH,.CH,.CH,.CH,.CH, .CH,.CH,,.CH..

CH,.COOH.

It is not as yet known lmw these long-chained carbon com-

pounds are formed in nature. The longest chain that is known
H

and
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occurs in the normal hydrocarbon, CgH,y, which is formed
synthetically by the last method.

The Hydrocarbons as the Basis of Classification.—The
paratfins form a very valuable link between the various classes
of compounds. The isomerism of the butyl and amyl aleohols,
for example, although accounted for by their relation to methyl
alcohol, is much more concisely expressed by reference to the
]}0"-.111;1011 of the hydroxyl group in the three pentane chains
(p. 87). The modern system of classification is based on this
principle, the alcohols and their derivatives being regarded as
substitution products of the related hydrocarbons (p. 100).

Thus methyl aleohol, CH;.0H, is hydroxy-methane; ethyl
alecohol, CH;.CH,OH, hydroxy-ethane ; normal propyl alechel,
CH,.CH,.CH,OH, a-hydroxy-propane; and isopropyl aleohol,
CH,;.CHOH.CH;, 8-hydroxy-propane. Similarly the four butyl
alcohols are respectively a- and B-hydroxy-butane and «- and
B-hydroxy-isobutane. Acetone may be termed keto-propane,
and the two normal five-carbon ketones respectively a- and
3-keto-pentane.

To provide names for all classes of compounds on this plan,
an International system of mnomenclature has been devised
(Geneva Conference, 1892), in which the stems of the names
represent the parent hydrocarbons, and the substituted groups
are indicated by suffixes or prefixes. Thus aleohol is ethanol ;
aldehyde, ethanal ; acetic acid, ethanoic acid; and ethyl chloride,
chlorethane.

Position isomerides, such as the propyl alcnhﬂls, are distin-
guished by numerical prefixes. Thus normal propyl alcohol is
1-propanol, and its isomeride 2-propanol, the carbon atoms being
numbered from the end of the chain—

(1) (2) (3)
H,.CHOH.CH.,.

The ketones are distinguished by the suffix one. Thus ace-
tone, CH,.CO.CH,, is propanone; propione, CHyCH,.CO.CH,.
CH,, is 3-pentanone ; whilst the metameric methyl-propylketone,
CH,.CO.CH,.CH,.CH,, is 2-pentanone.

The chain isomerism of the butanes and their derivatives is
indicated in a similar manner, the branching chain compounds
being classed as alkyl derivatives of the longest carbon chain
in the molecule. Isobutane is thus 2-methyl-propane, CH,.
CHMe.CHj; isobutyl alcohol, 2-methyl-1-propanol, CH3; CHMe.
CH,OH; and isobutyric acid, CH;CHMe.COOH, 2-methyl-
propanoic acid. Similarly, tertiary butyl alcohol is 2-methyl-
2-propanol, CH,;.CMeOH.CH.,,.

The amides, nitriles, and amines also take their names from
the related hydrocarbons. Acetamide, for example, is ethana-
mide; acetonitrile, ethane-nitrile; and ethylamine, amino-
ethane,

The operations involved in converting the natural paraffins
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into any of their derivatives are difficult and tedious (compare
Benzene), but this does not lessen the value of the system,
which lies in referring all types of compounds to the simplest.
Its importance will be seen in the sequel.

Synopsis.—The natural paraffins of petroleum and shale-oil
are hydrocarbons of the ethane series. Their importance, from
a chemical point of view, lies in their convertibility into the
alcohols and their derivatives by substitution. The modern
system of nomenclature is based on this fact.
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THE HYDROCARBONS AS THE BASIS OF CLASSIFICATION.

I. Dzerivarivis oF METHANE.

H
¢
LO
methanal
(formaldehyde)
H : H 0O—H
H—(_0-H H G H H—ég
I
X 0 L3
methanol methane methanoie agl.mcl
(methyl alcohol) (formie acid)
0
Lde
LO

carbon dioxide

II. Derivarives oF ETHANE.

H H H H
1 :
H C—H Frop Bt H—C—H
|
H C H H_C_H H—ﬁ—w QT
]
H O—H Lo o
ethane ethanol ethanal ethanoic acid
(aleohol) (aldehyde) (acetic acid)

III. Derivarives or PROPANE.

H HH
i i
H- C—-C—-C-H
o g e
HHH
propane
] 5 T = [T | H H —0 H H |—O
| [ | |
H—(—0—C—0—H ‘H—0—0—0)  H— S
[y ] [ ) T
e o ol H HO0E
1-propanol propanal propanoic acid
(propyl aleohol) (propaldehyde) (propionic acid)
H 3 -H H H
H—¢_¢—é—H H—ﬁzﬂyéuH
I
H OH H i N0’ I
2-propanol propanone

(isopropyl aleohol) (acetone)
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IV. DEerivaTIVES oF BUTANE.
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H H H H
B—C-—¢—C—C-H
B G i ]
H H H H
butane
H H H H H HH —0O H H H -0
|
1 T ol o (S (R R o R - S S, B, B B
| , I
i H H H 0 H B H H H 0—H
1-butanol or a-hydroxybutane butanal butanoic acid
(normal butyl aleohol) (butaldehyde) (butyrie acid)
1 ESNC T o o | H: H . H':H
B0 C—(—C—H 1[-—15_<¢“§R<EHF15-}[
H OHH H 150 R0 kg o
2-butanol or g-hydroxybutane butanone

(secondary butyl aleohal)

V. DERIvVATIVES OoF I30BUTANE,

H
H-C_H
ool
| |
H—-C—-C—-C—H
H H H
methylpropane
(izsobutane)
H H
- I - 2 -
L T [ 0
|
2T o e S e S - IS L
W H H 12 i 1

2-methyl-1-propanol
or a-hydroxyisobutane
(isobutyl1 aleohol)

methylpropanal
(isobutaldehyde)

H
R
o

T i My A <
b OH T

2-methyl-2-propanol
or B-hydroxyisobutane
(tertiary butyl alecohol)

(methyl ethyl ketone)

"
H
H | —Q
|
TELS D gl
|
H H O—H
methylpropanoic
acid

(izsobutyric acid)



CHAPTER XVIII
THE OLEFINES

Ethylene.—Before proceeding to the more complex derivatives
of the paraffins, two series of hydrocarbons must be considered,
which, although intimately related to the ethane hydrocarbons,
are very different from them. These are the olefines and acety-
lenes. The olefines were the first series of hydrocarbons recog-
nised, and ethylene, the lowest member of the series, was the
second hydrocarbon prepared.

Ethylene is readily made by heating alcohol with conecen-
trated sulphuric acid at about 180° (Deiman, 1795), the ethyl
hydrogen sulphate that is first formed being resolved into
sulphurie acid and the hydrocarbon. To obtain the gas in
gquantity, a mixture of alecohol with three times its volume of
concentrated sulphurie acid i1s heated until a brisk action sets
in. The flame is then lowered, and a cold mixture of equal
volumes of the same liquids is dropped in at such a rate as to
maintain a steady stream of the gas. If care be taken to aveid
much frothing and charring, about twelve times the original
volume of alecohol can be thus converted. A certain amount of
charring is unavoidable, however, and the sulphuric acid is in
consequence partly reduced to sulphur dioxide. The ethylene
is therefore passed through strong caustic soda before it is col-
lected—

'::E I'I:iu HSD{—_—EEH_i + H-ASD_I_-

The same action takes place when pure ethyl hydrogen sul-
phat({, is heated, and when ethyl sodium sulphate is dry-dis-
tilled—

02115 uNﬂSD*z GﬂH_l + Nﬂ-HSDﬂ.-

The hydrocarbon is also formed when ethyl bromide or iodide
is heated with alcoholic instead of with aqueous potash, the
organic molecule under these conditions losing the elements of
the halogen acid. The hydrogen bromide is also easily abstrac-
ted by passing the vapour of the ethyl bromide over a short
layer of red-hot soda-lime in a combustion tube. The gas is
washed as before with caustic soda, and collected over water—

CQH&ET‘{*KDH':GEH*"' KBI'-I- HED-

Ethylene, ethene, or olefiant gas, CH,:CH,(Deiman and others,
1795), is a colourless, insoluble gas, having a sweet odour and
taste. It is condensible to a liquifi which boils at —104°, and

freezes at —165°, The molecular formula follows from the
102

R A .
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analysis and density, and the ethylene molecule thus contains
two hydrogen atoms less than that of ethane.

Additive Compounds of Ethylene.—With the exception of
the aldehydes and cyanides, the substances thus far studied do
not eombine directly with other substances. The paraffins in
particular only enter into action by substitution of their hydro-
egen, and do not even form molecular compounds. But there
are large numbers of organic compounds which, like aldehyde,
combine directly with others and with elements, and of these
ethylene is the typical representative. '

Ethylene, for example, combines directly with hydrogen when
a mixture of the two gases is passed over spongy platinum,
and is thus converted into ethane—

C,H,+H,=C,H,.
Similarly, with hydrogen chloride gas, it formsethyl chloride—
C,H,+ HCl=C,H,CL.
It combines also with concentrated sulphuric acid at 170°, and
with the fuming acid at the ordinary temperature, and in this
way 15 easily reconverted into alecohol (Faraday, Hennell

1826)—
{-14H,|_+HﬁSD _'}:.'f‘qH HqDl_}'LEH DH

Unlike the paraffins also it is readily oxidisable, and is con-
verted into aldehyde, acetic acid, and even oxalie acid (p. 124)
by chromie acid mixture, and into glyeol (p. 122) by perman-
ganate—

C,H,~CH,.CHO->CH,COOH-COOH.COOH, .

But the most characteristic action of ethylene is found in its
direct combination with chlorine and bromine. When the gas
is shaken with bromine water, the latter is at once decolour-
ised, and the solution acquires a sweet odour resembling that
of chloroform. The product is readily prepared in quantity.
Ethylene, well washed with caustic soda, and with concentrated
sulphuric acid, to remove aleohol vapour, is passed into a layer
of bromine at the bottom of a tall eylinder of cold water. Heat
is evolved, and the bromine is gradually converted into a heavy,
colourless’ liguid. This is purified by shaking successively with
dilute alkali and water, and after drying w ith calcium chloride
1s distilled. .

Ethylene bromide, CH,Br.CH,Br (Balard, 1827), is a liquid
resembling chloroform. It boils at 130° and freezes at 9°, and
its specific gravity is 219 at 11°. Ethylene chloride, CH,CI .
CH,C1 (Deiman, 1795), the first compound of this class prepared,
is a similar hquu"l boiling at 84°, which collects in oily drops
—Dutech llqmd—wilen the two constituent gases are mixed in a
large flask. Hence the Drigina.l name of the hydrocarbon—ole-
fiant gas.

The molecular formulse of these halogen compounds not only
follow from their vapour densities, but can also be deduced from
their composition with the aid 0f the valency hypothesis, If
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the molecular formula of ethylene were CH,, that of the bro-
mide would be CH,Br,, or carbon would not be tetravalent.
But this formula does not agree with the analysis, and that of
the hydrocarbon must therefore be at least C.H,. For the same
reason it cannot be greater than this.

Ethylene bromide and chloride are thus formed by the direct
addition of bromine to the hydrocarbon, and are additive com-
pounds, like aldehyde-ammonia. The ethylene behaves as a
divalent radicle, and combines with the halogen in the same
way as a_divalent metal such as mercury. Conversely, when
ethylene bromide vapour is passed over hot zine dust, it loses its
bromine, and is reconverted into the hydrocarbon, in much the
same way as mercury is precipitated from mercuric salts—

CH,Br.CH,Br + Zn—=CH,:CH, 4 ZnBr,.

Constitution of Ethylene: Saturated and Unsaturated
Compounds.—Ethylene bromide is isomeric with the ethylidene
bromide formed by the action of phosphorus pentabromide on
aldehyde. Now, according to the theory of structure and
valency, there are only two possible compounds of the formula
C,H,Br,, and the constitutional formule of these are CH.,.
CHBr, and CH,Br.CH,Br. But the first formula is that of
ethylidene bromide, and the second is therefore that of the iso-
meric ethylene bromide.

Compounds such as ethylene and aldehyde, which ecombine
directly with others, are termed unsaturated compounds, whilst
such as ethane and alcolrol, from which one or more Slﬂ.‘!?lﬂ.lﬂ.‘l".
atoms must be displaced before action can occur, are termed
saturated compounds.

Several structural formulse can be devised which adequately
represent this unsaturated character of the hydrocarbon—

H H H H H B

H—l’.ll—t' ll—H ]'[~—(l ; =(|] —H H—(JT—{I —

i, il ]]{ 1
but a study of its homelogues shows that only the symmetrical
are available. There is only one methyl-ethylene and one ethyl-
ethylene, whereas, according to the third or unsymmetrical
formula, "there should be two sets of such derivatives.

I‘ultlml the first formula, in which the two unsaturated
valencies are free, cannot be adopted, for, according to this
. methyl-ethylene or jropylene should exist in two isomeric
forms—

HHH H HH
| [ ¥
HiQ=0—C—H R b

| |t
ol i

the farmule of which would differ in the positions of the free
unsaturated valencies. But only one propylene is known. As



THE OLEFINES 105

will be seen later also, there is abundant evidence that in the
compounds formed by the addition of bromine to the homo-
logues and analogues of ethylene, the bromine is always added
to adjacent car bDn atoms.
Ethylene is thus represented by the structural formula
H H

H_tIJ::]:—IL
in which the earbon atoms are connected by a double linkage
(see Acetylene, p. 110).

The Olefines.—The first homelogue of ethylene is methyl-
ethylene or propylene. The lower compound, methylene, CH.,,
which might be expected, is unknown. When, for example,
methylene iodide, CH.IL,, is heated with metallic zine or copper,
ethylene itself is formed, just as ethane is obtained on attempt-
ing to prepare free methyl—

20HLL, +2Cu=CH,:CH, + Cu,I,.

In a similar manner, by the action of sodium on ethylidene
chloride, ethylene itself is produced, instead of the isomeric
ethylidene, CH;.CH ==which might be expected. The failure of
all attempts to prepare such compounds with free valencies is
strong confirmatory evidence of the wvalidity of the doubly-
linked formula for ethylene.

Propylene or methyl-ethyvlene is made in much the same way
as ethylene, but both from propyl and from isopropyl compounds,
It is most conveniently prepared by boiling a saturated solution
of zine chloride in isopropy] alcohol —

CH, CHOH.CH,=CH,.CH:CH, + H,0,
but it can slso be made by boiling propyl or 1-.0[11*0115.'1 iodide
with aleoholic potash—
CH,.CH,,CH,I->CH, CH:CH,>CH, CHLCH,

Propylene or propene, CH, CH: LH.;_ (Reynolds, 1H51}, is a
oas which resembles etlu lene, but compresses to a colourless
liguid at—40°, It combines with bromine in precisely the same
way, and the propylene bromide thus formed is a liquid re-
sembling ethylene bromide. The hydrocarbon also combines
with F;ulphmm and hydrochloric acids, but instead of forming
primary propyl rmnpoumh the secondary derivatives are pro-
duced. Propyl alcohol may in this way therefore be converted
into secondary propyl aleohol—

CH,.CH,.CH,O0H->~CH,.CH:CH,—CH,.CH(O.SO,H).CH,—>
(CH, . CHOH.CH,,

Isobutyl can be converted into tertiary butyl aleohol in a
similar manner, and the same action occurs with the higher
homologues of ethylene, primary compounds being thus con-
verted into %cﬂn{hrv and secondary into tertiary cc-m}:rc:rmuh

When for instance hydrogen chloride gas is passed into
boiling amyl alcohol in presence of zine chloride, a quantity of
secondary amyl chloride is formed along with the primary
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chloride, from the intermediate formation of propylene, and the
office of the zinec chloride in the preparation of ethyl chloride
would thus seem to be, in part at all events, to induce the
formation of ethylene.

Owing to the recurrence of position isomerism, the isomerism
of the higher homologues of ethylene is more complicated than
that of the paraffins. There arve thus three butylenes, and a
mixture of these easily condensible gases can be isolated from
tlée liquid which condenses on compressing oil-gas (Faraday,
1825).

Ethyl- eth*, lene, CH3.CH,.CH:CH;, from normal butyl aleohol,
boils at —5", Symmetrical {hmeth',l ethylene, CH,CH: CH
CH,, from secondary butyl aleohol, boils at 1° Iaobut} lene or

unsymmetrical dimethyl-ethylene, EEB}C:UHE, from isobutyl

and tertiary butyl alcohols, boils at — 6°.

The butylenes readily form dibromides, and are converted
by sulphuric acid, etc., into secondary and tertiary butyl com-
pounds, in the same way as propylene into the secondary propyl
compounds. :

Apart from their unsaturated character and consegquent
chemical activity, the higher homologues of ethylene are physie-
ally like the 11-ua,ﬂ‘ins and either greasy liquids or wax-like
solids according to their molecular weight. They oceur in
small amount in petroleum and coal-tar oil (p. 95), and are
readily separated from the paraffins and other hydrocarbons
by shaking with fuming sulphuric acid. Like ethylene, they
combine with this, forming alkyl hydrogen sulphates, from
which they are set free by heating.

The ethylene series of hydrocarbons are known as the olefines,
from their characteristic power of forming oily dichlorides and
dibromides (Guthrie, 1860). They are necessarily all polymeric
with the unknown methylene, and can in consequence be re-
presented by the general for mula C.Ho,.

Substitution Products of the Olefines.—Besides the additive
compounds, which are saturated, and paraffin derivatives, the
olefines form a variety of substitttion products, although rareljr
by direct action. Thus when ethylene bromide is boiled with
a solution of caustic soda in moderately strong aleohol it loses
one equivalent of hydrogen bromide per molecule, and is con-
verted into an unsaturated compound, monobrom-ethylene.
The vapour of the product is passed into ice-cold aleohol, and
on pouring the solution into a large volume of ice-water the
brom-ethylene separates as a heavy colourless liquid, which
EM%I be purified in the same way as ethyl bromide (Regnault,
1834)—

J CH,Br.CH,Br+NaOH = CH,:CHBr+ NaBr+ H.,0.

Brom-ethylene or vinyl bromide, CH,CHBr, is a volatile
liguid, which resembles ethyl bromide, but beils at 23°. It
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differs from the paraffin derivative however in that, like
ethylene, it combines directly with bromine, at once decolour-
ising it. The additive compound thus formed, bromethylene
bromide, or 1-1-3-tribromethane, CH,Br.CHBr,, is a liguid
resembling ethylene bromide and chloroform, and bhoiling at
188°.

The hydroxy-compound corresponding with vinyl bromide is
unknown in the pure state, and cannot be prepared by the usual
reactions. When, for example, vinyl bromide is heated with
silver oxide and water, an agent which usually effects the
replacement of halogen by hydroxyl, the isomeric acetaldehyde
is formed, doubtless by molecular rearrangement of the tran-

siently formed hydroxide—
CH,: :CHBr—-+CH,:CHOH—CH,.CHO.

Vinyl alecohol, 'l?Hir CHOH, is present however in crude ether,
and some of its derivatives are known.

There are naturally no derivatives of ethylene itself corres-
ponding with aldehyde and acetic acid, but its higher homo-
logues, containing alkyl radicles, give rise to series of
unsaturated aleohols, acids, etc., such as allyl aleohol, CH,:
CH.CH,OH. These are considered later (p. 135).

Synopsis.—The olefines are hydrocarbons which are formed
by the decomposition of the alkyl hydrogen sulphates, and
hence by the action of sulphuric acid on the alcohols. They
are also formed by the action of alkalies on the alkyl bromides,
ete. They are distinguished from the paraffins by their chemical
activity, and in particular by their power of forming additive
compounds with bromine. On this account they are termed
unsaturated hydrocarbons, The unsaturated state of the
olefines is symbolised by a double linkage connecting adjacent
carbon atoms,






CHAPTER XIX
THE ACETYLENES

Acetylene.—It has been seen that by the action of alcoholie
alkali on ethylene bromide, hydrogen bromide is removed, and
the unsaturated nmn];mmd vinyl bromide formed. By the
action of a concentrated solution of sodium ethoxide in absolute
alcohol the whole of the bromine is removed in this way, and
a hydrocarbon, acetylene, is produced, which i1s still more un-
saturated than ethyvlene.

The ethylene bromide is simply slowly dropped into a reflux
apparatus containing absolute alcohol in which the maximum
amount of sodinm has been dissolved consistent with clearness,
and a brisk action at once takes place, which requires assisting
by heat only towards the end of the operation. The gaseous
hydrocarbon passes from the upper end of the Lmlﬂﬂll‘-ﬁ:"], and
after washing with ice-cold alcohol to remove vinyl bromide,
is collected over water. It may be more guickly prepared h_v
passing the vapour of the dibromide over red-hot soda-lime, as
in making ethylene from ethy! bromide-

CH,Br.CH,Br +2NaOH=CH : CH 4+ 2NaBr 4 2H.0.

Acetylene or ethme, CH :CH (E. Davy, 1839), is a colourless,
insoluble eas, of sour, oppressive odour. It is condensed to a
liguid by a pressure of 48 atmospheres at 1°. The molecular
formula follows from the analysis and density, and the gas
bears the same relation to ethylene therefore as the latter to
ethane. It can be converted into either of these zmases by direct
addition of hydrogen. Ethane is formed when a mixture of
acetylene and 11',(11'0“1311 is left in contact with ]:]atmum black,
and ethylene when copper acetylide (see below) is warmed with
zine dust and strone ammonia—

CH,:CH,<CH : CH>CH,.CH,

Acetylene is formed in various other ways., It i1s produced
for instance when iodoform (p. 116) is heated with a mixture
of reduced copper and zine dust, and is formed by direct synthesis
from its elements when an electric are is maintained between
carbon terminals in an atmosphere of hydrogen (Berthelot,

1868)—
2C+ H,=C,H,.
Acetylene is also produced by the imperfect combustion of
hydrocarbons such as are preaent in coal gas, and is thus formed
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in considerable quantities when a Bunsen flame is allowed to
burn at the bottom of the air tube.

The best way of making the hydrocarbon, however, is by
synthesis from coke and water. When coke is fused with lime
in an electric furnace, caleinm carbide is formed, a grey semi-
crystalline solid {Mois&au, 1890). This is ]lﬁ'drﬂlj'seﬂ. by water,
at the ordinary temperature, and with great energy, into acety-
lene and slaked lime. The water is simply allowed to drop
slowly on lumps of the carbide in a suitable generating vessel—

Ca0 +3C—>CaCy—>C,H, + Ca(OH),.

Acetylene thus manufactured is used as an illuminating
agent. It burns with an intensely luminous flame when led
through a suitable jet, although when burned from an open
vessel the flame 1s very smoky. As acetylene can be converted
into ethylene, and ethylene into ethyl hydrogen sulphate and
alcohol, the latter can be made from coke.

Derivatives of Acetylene: its Constitution.—From its for-
mation from and conversion into ethylene, acetylene is repre-
sented by the constitutional formula

CH:CH,
the two carbon atoms being connected by three valencies—a
triple linkage.

The symbolic nature of these linkages must be borne in mind,
for the stability of a linkage does not increase with the number
of valencies. The reverse is the case. Ethylene is much more
readily attacked by agents than ethane, and acetylene is endo-
thermie, and so unstable that it decomposes explosively into
its elements when a detonator is fired init. Liquid acetylene
appears to be a dangerous explosive. The same is true of the
various derivatives, those of ethane being stable, and many of
the acetylene compounds explosive—

G‘JHE=CE+HE'

The hydrogen of acetylene is mobile to metals. When sodium
is gently heated in the gas, sodium acetylide, CH :CNa, is
formed, a white solid from which the hydrocarbon is explo-
sively regenerated by water. Similarly when acetylene is
passed into a solution of ammonio-silver nitrate, a yellow-
ish precipitate of silver acetylide, C,Ag,, is thrown down;
and in the same way ammonio-cuprous chloride yields reﬂihsh-
brown copper acetylide, C;Cu,. Both the latter compounds are
explosive when dry, the copper compound exploding when
simply heated at 120°,

Copper acetylide forms a very sensitive test for acetylene.
‘When, for instance, a beaker wetted with a solution of cuprous
chloride in ammonia is inverted over a Bunsen burner in which
the flame is burning below, the presence of acetylene, evident
from the odour, is confirmed by the precipitation of the red
cetylide. It also affords a convenient means of separating the
hydrocarbon from other gases, as it is quantitatively decom-
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posed into acetylene and cuprous chloride when warmed with
concentrated hydrochloric acid ; the precipitate must not have
been allowed to become dry. In the absence of calcium carbide,
copper acetylide, and thus pure acetylene, may be made in
considerable quantity by aspirating the products of combustion
of air in coal gas through the cuprous solution.

Although acetylene is more unsaturated than ethylene, it
forms additive compounds much less readily, and may be
shaken with bromine water for some time without decolouris-
ing it. When passed into cold bromine, however, it is con-
verted into acetylene tetrabromide, CHBr,.CHBr.,, a liquid
resembling ethylene bromide, but boiling at 137", whilst by add-
ing the halogen to an aleoholic solution of the hydrocarbon, the
intermediate dibromethylene, CHBr:CHBr, is formed, a liquid
resembling vinyl bromide. Acetylene also takes up a
molecule of hydrogen bromide when heated with the concen-
trated acid at 100°, and is converted into vinyl bromide.

Like ethylene, the hydrocarbon is slowly absorbed by con-
centrated sulphuric acid, and when the resulting solution is
diluted and distilled with water, acetaldehyde is obtained—

CH : CH + H,0—=CH,.CHO.
Similarly when the gas is passed into chromic acid mixture, it
1s oxidised to acetic acid, whilst with alkaline permanganate,
the alkali oxalate is formed.

Acetylene combines with nitrogen when electric sparks are
passed through the mixed gases, forming hydrogen cyanide by
direct addition— '

. C,H;+N,=2HCN.
and it readily polymerises, forming benzene, C;H;, and other
compounds, when passed through a red-hot combustion tube. It
is thus an important synthetic agent.

Homologues of Acetylene.—Several homologues of acetylene
of the general formula C,H,, , are known.

Allylene or propine, CH,.C :CH (Markownikoff, 1861), is an
easily condensible gas, which is formed by heating propylene
bromide, CH,.CHBr.CH,Br, with alcoholic potash, whence its
constitution. It is very soluble in concentrated sulphuric acid,
and the solution when diluted and distilled vields acetone and
mesitylene. Allylene resembles acetylene in almost every re-
spect, forms metallic compounds for instance, and is oxidised to
propionic acid by chromie acid.

There is, however, a second hydrocarbon of the formula C,H,.
Allene, or isoallylene, CH,:(:CH, is a gas, which, like allylene,
is hydrolysed by sulphuric acid and water to acetone; but it does
not form metallic compounds, and, on the other hand, it forms
additive compounds with much greater readiness. The tetra-
bromide, for instance, CH,Br.CBr..CH,Br, is a liquid resembling
‘ethylene bromide, but boiling at 220°. Allene must thevefore be
regarded as propadiene, CH,:C:CH,, a diolefine. The suffix -ene
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denotes the presence of one or more ethylene linkages in dis-
tinetion to the suffixes -ine and -ane, which respectively indicate
acetylene and paraffin linkages.

In the four-carbon and higher acetylenes and diolefines, position
isomerism is possible, as in the higher olefines, and the forma-
tion of metallic derivatives is dependent on the presence of the
mobile hydrogen of the CH or methine group. Thus ethyl-
acetylene or 1-butine, CH:C.CH,.CH;, a liguid boiling at 187,
forms such derivatives, whilst dimethylacetylene or Q-butme,
CH,.C:C.CH; does not do so.

As in all the homologous series, the higher acetylenes are oily
liguids or wax-like solids. Like propylene and the higher
olefines, they give rise to a series of alcohols, acids, ete., such as
propargyl alcohol (p. 139).

Synopsis.—By removing hydrogen bromide from ethylene
bromide, acetylene is Eventtmllr fm med, a doubly unsaturated
hy dmcmhnn the state of which is sy mholised by a triple
linkage in its formula. Acetylene and certain of its homo-
logues are distinguished from the olefines and paraffins by
forming explosive compounds with metals.
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PART II
Aliphatic or Open-Chain Compounds

SECTION V

SUBSTITUTION PRODUCTS OF METHANE AND
ETHANE

CHAPTER XX

HALOGEN SUBSTITUTION PRODUCTS

Chloroform.—When methane is chlorinated, not only is

methyl chloride formed, but the action extends further, and
eventually the whole of the hydrogen is thus replaced. The
same holds good for ethane and the higher paraffins, and it is
obvious that the number of products which can be formed in
this manner must be very large. The chief of these halogen
derivatives are considered later, as occasion arises, and the

principal poly-halogen ecompounds of ethane have been already -

incidentally dealt with in this way. Some methane compounds
remain, however, and the most important of these is the well-
known angesthetie, trichloromethane or chloroform.

Chloroform is one of the products of the direct chlorination of
methyl chloride (Regnault, 1840), and therefore of the hydro-
carbon, but it is manufactured by the action of bleaching
powder on alcohol or acetone, in the manner in which it was
originally prepared. The bleaching powder is warmed with
water and a little lime, and on adding the spirit, a brisk action
occurs. Part of the haloid distils over at once, and the re-
mainder is expelled, either by boiling the product, or by r.:llst-l.lw
ling it with steam (p. 129).

The distillate having been shaken with caustic soda, tﬂ
neutralise acid and remove free chlorine, the chloroform is
salted out with caleium chloride, It is then dried by shaking
with concentrated sulphuric acid, and is finally poured off and
redistilled. The purest chloroform is obtained by mixing
chloral hydrate with caustic soda solution (Liebig, 1831), It
appears as a milky emulsion, which soon subsides as a heavy,
colourless layer.

Chloroform, CHCI, (Liebig, Souberain, 1831), is a colourless
114
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liguid having a powerful but not unpleasant odour, and a very
sweet taste. It boils at 61° and freezes at -70°, and its specific
gravity is 1'63 at 0°. " It is extensively used as an angsesthetic
(Simpson, 1848). The liquid itself is not inflammable, but its
aleoholiec solution burns with a green-mantled flame, like the
alkyl chlorides, and also precipitates silver chloride when
warmed with silver nitrate. Chloroform further resembles the
simple chlorides in that it is hydrolysed by alkalies, the ultimate
products being the alkali ehloride and the formate.

The hydrolysis is most readily eftected in alcoholic solution,
however, and in this case, especially when an aleeholic solution
of sodinum ethoxide is used, an intermediate product can be
isolated, analogous to acetal. It rises to the surface as an oily
layer.

Ethyl orthoformate, H.C(OEt), (Williamson, 1854), is a liquid
which boils at 146°, and is easily hydrolysed by agueous
alkali to formic acid and aleohol. The homologous ethyl ortho-
acetate, CH,C(OEt); is prepared in the same way from
trichlorethane, CH,.CCl,,- a liquid obtained by chlorinating
ethyl chloride, and is hydrolysed in the same way to aleohol
and acetic acid. It thus appears that the acids, like the
aldehydes, are dehydration products of hydroxy-paraftins —

H.CCl,—H.C(OEt )~ H.C(OH),~ | H.COOH + H,0.

In presence of alkali, chloroform condenses with ammonia,
forming the alkali caamde The action is readily bmught
about by adding solid caustic soda to an alecoholic solution of
chloroform and concentrated ammonia. On evaporating the
product to dryness, the alkali cyanide and chloride remain—

CHCl,+NH,;4+4NaOH=NaCN 4+ 3NaCl +4H,0.
Amines have a similar action (p. 208), and the reaction with
phenylamine or aniline serves as a convenient means of detect-
ing small quantities of chloroform. It is earried out in the
same way as with ammonia, and the volatile product, phenyl
isocyanide (p. 253) is recognisable, even in small quantities, by
its peculiarly unpleasant odour.

Chloroform is oxidised by chromiec aeid mixture to the
poisonous carbonyl chloride or phosgene gas (p. 196) and hydro-
chlorie acid ; the same change is slowly effected by air in day-
light, and the liquid must therefore be kept in well-stoppered

hc-ttles, and in a cool, dark place—
(HCl,+0= COCl, + HCL.

On further chlorinating chloroform in presence of iodine
(p. 117), it is converted into carbon tetrachloride, or tetrachlor-
methane, the end product in the chlorination of the hydro-
carbon. Carbon tetrachloride, CCIl; (Regnault, 1840), is a
colourless liquid which boils at 77", but otherwise resembles
chloroform. It is hydrolysed by alkalies in the same way as
the latter, the end product, obtained by boiling it with alecoholic
potash, being the alkali carbonate. The chloromethanes thus
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form a connecting link between the organic compounds and the
mineral compound, carbonic acid—
CCl,+6KOH=K,CO,+4KCl+3H,0.

Todoform.—The iodine compound corresponding with chloro-
form is made in an analogous manner by the action of iodine
and alkali on aleohol or acetone. The iodine is added to a
solution of sodinm carbonate containing aleohol, and the whole
is warmed gently, and the addition of the ha.lun*en continued
until the colour ceases to be discharged. A 1‘elatwel} large
quantity is required. On cooling the product the yellow
iodoform crystallises out, and is washed with a little ecold
water and dried between filter paper.

Todoform, CHI; (Serullas, 1822), is a bright yellow crystalline
substance, melting at 119°. It has a elinging and characteristie
odour, and is used in surgery as an antiseptic. Todoform is
hydrolysed hy aleoholic alkali in precisely the same way as
chloroform, and similarly, when heated with zine dust and
water, it is reduced to methane—

2("‘HI1+th+‘%H(} 2CH;43Znl,4-3Zn0.
When heated with dry zinc dust, hﬂ'ﬁ ever, it is converted into
the hydrocarbon acetylene, This proves that iodoform contains
hydrogen, the very low percentage of which (025) falls within
the limits of error of an ordinary combustion—
9CHI, +8Zn=38%Znl,+C,H,.

The Chloracetic Acids.—Not only does chlorine substitute in
the paraffins, but it also replaces the hydrogen of the acids,
and, indirectly, that of the aleohols and aldehydes. The first
well-defined substitution produet prepared was, in fact, tu-
chloracetic acid.

Trichloracetic acid is deposited in small erystals when a mix-
ture of aecetic acid vapour and chlorine is exposed to direct
sunlight (Dumas, 1838); but it is more readily obtained by
oxidising its aldehyde, chloral, with nitric acid (Kolbe, 1845]
Molten chloral hydrate is mmeﬂ with an excess of “fummg
nitric acid, and after the violent action has subsided, the
solution is heated until nitrous fumes cease to be evolved. The
product is then fractionated, and the fraction, distilling within
two or three degrees of 1937, purified by rep-eated erystallisation.
The middle fraction of the distillate yields a further guantity
on retreatment with nitric acid—

CCl,. CHO 4 0=CCl,.COOH.

Trichloracetic acid, CCl;.COOH (Dumas, 1838), is a erystal-
line substance, melting at 55°. It resembles acetic acid in all
its actions, and forms metallic salts, such as potassium tri-
chloracetate, CCl,,COOK and alkylic salts, such as ethyl
trichloracetate, CCl,,COOEt. The presence of hydroxyl is
shown by the conversion of the substance into an acid chloride,
CCl;.COCI by phosphorus trichloride, and the ready hydrolysis
of this chloride by water. Tt is thus the three methyl hydro-
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gen atoms of the acetic acid which are substituted. This is
confirmed, moreover, by the reduction of trichloracetic to acetic
acid by sodium amalgam (Melsens, 1842), and by its resolution
into chloroform and carbon dioxide when boiled with water
(Dumas)——

: CH,.COOH<-CCl,.COOH-—>CHCI,+ CO..

Trichloracetic acid can also be synthesised from carbon
bisulphide, and the method is of interest, as it afforded the first
synthesis of acetic acid (Kolbe, 1844)

C—>CS,~CC1,—C,C1,~CClL,.CCl,>-CCl,.COOH->CH,.COOH.

The intermediate monochloracetic and dichloracetic acids can
also be prepared, the latter by boiling chloral with aqueous
potassium cyanide, and fractionating the product—

€1, CHO + KCN—CHCI,.COOH 4+ HON + KCl,

and the former by chlorinating glacial acetic acid or acetic
anhydride —

HCI<-CH, COOH + C1,~~CH,C1.COOH~<~(CH,.C0),0 + C1,

__ = CH.COCL.

In making chloracetic acid from the anhydride, the latter is
simply heated on a water-bath while the chlorine is passed
into it. The bye-product acetic chloride distils over, leaving
the nearly pure chloracetic acid behind.

In chlorinating acetic acid itself, however, a carrier must be
used, such as iodine, sulphur or phosphorus, which acts in much
the same way as the nitric oxide in the manufacture of sul-
phuric acid. The iodine chloride, for example, formed by the
direct combination of the elements, acts quite violently on the
acid, and as it is at once regenerated from the resulting
hy driodic acid by the further action of the chlorine, the process
is continuous (Miiller, 1862).

The chlorination is carried on in a reflux apparatus until
the necessary increase in weight is observed, and the product,
which readily crystallises on being cooled in ice and stirred, is
purified by fractionation. The tail fraction, distilling above
180° is melted, crystallised, and drained, in the same way as
acetamide, until the melting point is constant. The lower
fractions are worked up again. A purer product is obtained
with sulphur as a carrier, and the chlorination is in this case
effected more quickly—

CH,.COOH +1C1—CH,CL.COOH + HIL

Chloracetic acid, CH,C1.COOH, is a crystalline solid, melting
at 62, Dichloracetic acid, UHC‘L, COOH is an oily llquld hoil-
ing at 191°, Both acids resemble trichloracetic acid in fDI‘]‘ﬂlﬂ“’
metallic and alkylic salts, and in their convertibility into acid
chlorides by phosphorus trichloride, but they behave with
alkalies in the same way as the mono- and di-chloro-paraffins,
a.nd 1aé1ie 1]2:%, drolysed to alcoholic and aldehydic derivatives

loral a-.nd Chloral Hydrate.—Trichloraldeliyde or chloral,
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the aldehyde of trichloracetic acid, is formed when aldehyde is
chlorinated in presence of marble. The marble serves to take
up the hydrochloric acid, which otherwise brings about conden-
sation (p. 119). 1t is more readily made, however, by chlorinat-
ing alcohol. Chlorine is passed into aleohol in a reflux apparatus,
the spirit at first being kept cool, but afterwards heated at 60°,
The chlorination is continued for many hours until ethyl chlo-
ride ceases to be evolved. The product is then heated with
concentrated sulphuric acid for several hours at the same
temperature, and the oily layer of chloral which separates is
removed and redistilled from ealcinm carbonate. The chloral is
finally converted into the erystalline hydrate by mixing it with
an equimolecular proportion of water.

Chloral, CCl;.CHO (Liebig, 1831), is a pungent, heavy liquid,
boiling at 97", and its hydrate, CCl,,CH(OH),, is a erystalline
substance melting at 57°. The latter has a peculiar sweetish
odour, resembling that of stale apples, and an acrid, unpleasant
taste. It is much used as a hypnotic (Liebreich, 1869).

Both chloral and chloral hydrate show the usual properties of
aldehydes. Their agueous solutions reduce ammoniacal silver
nitrate, and colour bleached rosaniline, and chloral itself forms
additive compounds with ammonia, hydrogen cyanide, and
sodium bisulphite. The hydrate is one of the few examples of
hydroxy-compounds in which two hydroxyl groups are linked
to the same carbon atom, and completely justifies the view that
aldehydes are dihydroxy-derivatives of the hydrocarbons.

When volatilised, chloral hydrate is dissociated into chloral
and steam, for its boiling point is about the same as that of
water or chloral, and its vapour density is the mean, instead of
the sum, of the vapour densities of its constituents. Neverthe-
less, it is an actual chemical compound when solid, for it is
converted into a diacetate, CCl,.CH(OAec),, by acetyl chloride.
Chloral forms a similar crystalline aleoholate, closely resembl-
ing the hydrate.

Although oxidisable to trichloracetic acid in the normal
manner, chloral is converted into ordinary alcohol when re-
duced with sodium amalgam, the chlorine appearing to be
replaced before the aldehyde group is affected; and as already
noted, when it is mixed with cold caustic alkali, it is hydrolysed

to chloroform and the alkali formate, just as the acid is resolved

into the haloid and the carbonate—
CH,.CH,0H<—>CCl,.CHO-CC1,.COOH—>CHCI,,

——

The formation of chloral from aleohol is somewhat complex,
but may be summarised by saying that the alcohol is first
oxidised to aldehyde, and the latter then chlorinated. Several
stages intervene, however, between the aldehyde and the final
product. The aldehyde combines at once with some of the un-

¥ -
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changed alcohol, forming acetal, and the latter is chlorinated to
dichloracetal—

CH, CH,0H—->CH,.CHO—~CH,.CH(OEt),—~CHCI,.CH(OEt),.
This, by further chlorination, at the higher temperature, is
resolved into chloral aleoholate and ethyl chloride, and finally,
the alcoholate is resolved by the sulphurie acid into ethyl
hydrogen sulphate and chloral—

CHCL,.CH(OEt),—>CCl,,CHOH.OEt->CC1,.CHO,

The formation of chloroform from alcohol aml bleaching
powder is probably parallel, the chloral first formed bheing
hydrolysed by the lime; and the formation of iodoform is also
pmlm'bh analogous, nltlmugh the iodal corresponding with the
chloral is unknown. It is quite possible, however, that it is
transiently formed in the action.

Butyl Chloral.—The condensation product which is formed
when aldehyde is chlorinated alone is a homologue of chloral,
and has much the same properties. The chlorine is passed into
cold paraldehyde, and after the action has moderated, the liquid
is heated at 100°, and the chlorination continued until action
ceases. The product is poured into alcohol and neutralised with
ealeium carbonate, and the alcoholate which is thus formed
is fractionated and decomposed with concentrated hydrochlorie
acid,

The action is again complex. Probably chloraldehyde is first
formed, and then, under the influence of the liberated hydro-
chlorie acid, a condensation product of this with a second mole-
cule of aldehyde (Pinner, 1875)—

CH,Cl.CHO+CH, CHO=CH,.CH:CCl.CHO + H,0.
This chlorocrotonaldehyde then takes up chlorine, forming the
trichlorobutaldehyde or butyl chloral.

Butyl chloral, CH,, CHCLCCl,,CHO (Pinner, 1870), is a
liguid which clnsely resembles ordinary chloral, but boils at
165°, and its hydrate, CH,.CHCLCCl,.CH(OH),, is a colourless
crystalline mllﬂ whmh melts at 78°, aml resembles camomile in
odour. Like nhlcrral hydrate, it is used as a hypnotic. Butyl
chloral reduces silver, and colours bleached rosaniline, but it is
hydrolysed by alkalies to the alkali formate and dichloropropy-
lene, CH;.CCl:CHCI, a liquid of aromatic odour; the trichloro-
propane that might be expected loses hydrogen chloride. The
chloral is oxidised by fuming nitric acid, however, to trichloro-
butyric acid, CH;CHCI.CCl,.COOH, and is reduced by sodium
amalgam to normal butyl alcohol.

Synopsis.—By the continued chlerination of the paraffins,
products such as chloroform and carbon hexachloride are formed,
and the corresponding bromine and iodine derivatives are known.
In the same way, chlorinated aldehydes and acids, such as
chloral and the chloracetic acids, are produced.
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CHAPTER XXI

HYDROXY-SUBSTITUTION PRODUCTS: THE GLYCOL-OXALIC
' SERIES

Glycollic Acid. —Since alcohol, aldehyde, and acetic acid are
derived from ethane by successive oxidation of the methyl
hydrogen atoms, compounds may be expected, in which the
second methyl group is thus oxidised. These compounds are
known. They are more complex than the compounds of simple
constitution which have thus far been under consideration, for
they behave in a dual manner. The hydroxy-compound cor-
responding with chloracetic acid, for example, is a primary
aleohol, as well as an acid, and has a set of derivatives in each
of these eapacities, and in the remaining members of the series,
the aleohol, aldehyde and acid groups are combined with each
other in every conceivable way.

Glycollie or hydroxy-acetic acid can be made in various ways.
It is formed when a solution of chloracetic acid is heated in a
sealed tube at 150°, and crystallises out on concentrating the
product. The action is hydrolytic, and parallel to the hydro-
lysis of the alkyl chlorides (Hofmann, 1858)—

CH,Cl.COOH + H,O=CH,0H.COOH 4+ HCI.
The acid is produced when formaldehyde hydrocyanide is
digested with concentrated hydrochlorie acid, in the same way
as lactic acid from aldehyde hydrocyanide (p. 143)—

CH,OH.CN+HC14+2H,0=CH,0H.COOH + NH (1,

and it occurs naturally in unripe fruit. It can also be made by
oxidising ordinary aleohol with nitric acid, and can be prepared
fairly readily by gently oxidising invert sugar (p. 175). Cane
sugar is hoiled for an hour with dilute sulphuric acid, and the
product, invert sugar, after neutralisation with barium car-
bonate, is warmed with a mixture of calcium carbonate and
freshly precipitated silver oxide. The sugar is converted partly
into carbon dioxide and oxalic acid, which remain in combina-
tion with the lime, and partly into silver glycollate, which can
be dissolved out with water. On precipitating the silver with
hydrochloric acid, the glycollic acid remains in solution. and
erystallises out on concentration. It was first obtained from
glycocoll (p. 222).

Glycollic acid, CH,OH.COOH (Strecker, 1851), is a deliques-
cent, erystalline substance, which melts at about 80°. That it
is hydroxyacetic acid is proved by various reactions. As an

acid, it forms various metallic salts, such as ethyl glycollate,
121
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whilst as an alcohol it forms with acids such salts as acetyl-
olycollic acid, CH.(OA¢).COOH. The presence of alkylic and
oxylic hydroxyl groups is confirmed by the action of phosphorus
pentachloride. In the cold, this agent yields glycollic chloride,
CH,OH.COC1l. This is a liquid which is reconverted into the
acid by simple digestion with water, and is therefore an acid
chloride. On heating the phosphorus chloride with the acid,
however, chloracetic chloride, CH,C1.COCI, is formed, a liguid
identical with that formed directly from chloracetic acid, and
convertible into the latter acid by hydrolysis with cold water. -

Glycollic acid can not only be made from formaldehyde, but
can also be converted into it, for when it is heated with con-
centrated sulphurie aecid at 150°, a brisk effervescence sets in,
and carbon monoxide escapes, whilst paraformaldehyde sub-
limes into the cooler parts of the vessel—

3CH,0H.COOH=(CH,0),+3C0+3H,0.

Glycol.—From its dual character the oxidation and reduction
products of glycollic acid are numerous. Thus, not only as an
acid is it connected with an aldehyde and alcohol—

CH,OH.COOH-=-CH,OH.CHO<-CH,OH.CH,OH,
but as a primary alcohol it is oxidisable to a second aldehyde
and acid—
CH,OH.COOH--CHO.COOH—COOH.COOH ;

whilst in its dual capacity it is related to a third, a double alde-

hyde—
CH,OH.COOH=<-CHO.CHO.

The double or diprimary aleohol, glycol, is made by hydrolysis
of ethylene bromide. The dibromide is boiled with potassium
carbonate solution in a reflux apparatus, until it is all dissolved,
an operation requiring many hours. The product is concen-
trated, and after separating the potassium bromide which ery-
stallises out, is extracted with alcohol, in which the residual
bromide is insoluble. The clear extract is then fractionated.
After the alcohol has passed over, the temperature rises slowly,
and fairly pure glycol distils at 170-200°. Much of the di-
bromide is converted into vinyl bromide and lost.

Glyecol or ethylene aleohol, CH,OH.CH,OH (Wurtz, 1856), is
a sweet syrupy liquid, which boils at 197°, and freezes at a low
temperature to a erystalline solid, melting at 11°. Its consti-
tution follows from its molecular formula and actions. Thus
there are two sodium derivatives, and the two hydroxyl groups
are successively replaceable by halogen. The alkylic character
of the hydroxyl groups is proved by the formation of two acetyl
derivatives when the liquid is boiled with acetic acid, and the
primary character of these aleohol groups is demonstrated by
the successive oxidation of the substance by nitric acid to the
corresponding aldehyde and acid, glyoxylic and oxalic acids.
The name glycol registers the double analogy to glycerine (p.
129) and aleohol.
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The dichloro-derivative of glycol, formed by the action of
phosphorus pentachloride, is identical with ethylene dichloride,
whilst the monochloro-compound, or glycol chlorhydrin, may
be regarded as chlorethyl alcohol. It is best formed by the
action of sulphur dichloride on glycol. The two liguids are
heated at 100° until hydrogen chloride ceases to be evolved, and
the chlorhydrin is extracted from the product with ether, and
fractionated, after neutralising any acid with meist potassium
carbonate.

Glycol chlorhydrin, or chlorethyl aleohol, CH,CL.CH,OH
(Wurtz, 1859), is a sweet tasting liquid, boiling at 128°. It is
reduced by sodium amalgam to ethyl aleohol, and oxidised by
chromic acid mixture to chloracetic acid, whilst it is hydro-
lysed by dilute sulphuric acid to glycol—

CH,OH.CH,0H<—>CH,CL.CH,OH->CH,C1.COOH

L S OH,CH,;0H:

Both glycol and its chlorhydrin may be directly prepared
from ethylene, When the hydrocarbon is shaken with aqueous
hypochlorous acid it is converted into the chlorhydrin, whilst
with strong potassium permanganate solution alyeol is pro-
duced. KEither substance is extracted from the product with
ether. Glyeol and its chlorhydrin are on this account termed
ethylene glycol and chlorhydrin. As will be seen later, all
ethvlene derivatives behave in this manner—

CH,CLCH,0H<CH,:CH,~CH,0H.CH,OH.

Ethylene chlorhydrin can be deprived of its halogen in the
same way as the dibromide, but the product thus formed is of a
different type to vinyl bromide. On mixing the chlorhydrin
with concentrated aqueous potash, a violent action sets in, and
a gas passes off, which after drying with calcium chloride can
be condensed in a freezing mixture. It is isomeric with alde-
hyde, and is termed ethylene oxide.

Ethylene oxide, gg"}{] is a mobile liquid, boiling at 1-1-" but

differing entirvely from aldehyde. Itisa strong base, and neutral-
ises hydrochloric acid almost as readily as ammonia, being re-
converted into ethylene chlorhydrin. Like the chlorhydrin _and
aldehyde, however, it is reduced to alcohol by sodium amalgam.
It may be regarded as a kind of internal ether of glycol.

Glyoxylic Acid and Glyoxal —Of the three aldehydic
derivatives of glycol, one 1s an alcohol-aldehyde, another an
aldehyde-acid, and the third a double aldehyde.

The first pmduct, glycollic aldehyde, CH,OH. CHO, a sweet,
syrupy substance, is obtained by the hy i]l olysis of brom-
acetaldehyde with baryta water, or better, by a simple decom-
position of dihydroxymaleic acid { p. 165). The others, glyoxylic
acid and glyoxal, were originally prepared by oxidation of
alcohol with nitric acid {cnmpme Glyceric Acid, p. 132).
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Glyoxylic acid, CHO.COOH (Debus, 1856), is conveniently
obtained by ]nﬂrn:-]‘.sn of dibromacetic acid, to which it bears
the same relation as aldehyde to eth}hdeue bromide. It is a
syrup which erystallises only with difficulty, As an acid, it
forms the usual metallic salts, but the ethereal salts are un-
known. As an aldehyde, it is oxidised by nitric acid to the
corresponding acid, oxalic acid, and reduced by zine dust and
water to the corresponding primary alcohol, glyeollic acid. It
is reconverted into dibromacetic acid by phosphorus penta-
bromide—

CH,OH.COOH<-CHO.COOH—>COOH.COOH.

(lvoxylic acid gives the usual aldehyde reactions, but with
caustic soda, it resembles valeraldehyde and formaldehyde, and
1s converted into glycollic and oxalic acids—

2CHO.COOH +3NaOH =CH,0H.COONa+ COONa.COONa +2H,0.

Glyoxal or glyoxylic aldehyde, CHO.CHO (Debus, 1856), is
conveniently made by oxidising aldehyde with nitric acid at
the ordinary temperature, and is separated from the product as
the bisulphite compound. It is an amorphous solid, or when
not quite free from water, a syrupy liquid. Ghnxal gives the
usual aldehyde reactions, and is oxidised by nitrie acid to aly-
oxylic or oxalic acid, according to the concentration. With
alkalis it resembles gl}'ﬂx:,-'lic acid, and is converted into the
alkali glyeollate, one of the aldehyde groups being oxidised at
the expense of the other—

('HO.CHO 4+ NaOH =CH,0H.COONa.

Oxalic Acid.—The end product of the oxidation of all these
substances, short of carbon dioxide, is oxalic acid, which also
results from the oxidation of many other 01"—"&111{3 compounds.
As already noted, for example, it is formed from acetic acid by
the action of alkaline permanganate. The acid occurs naturally
in the common sorrel (oxalis), and in rhubarb and other plants.
It was at one time thought to be a kind of acetic acid, and was
only recognised as distinet in the latter part of the eighteenth
century,

Most of the oxalic acid used is made from sawdust (cellulose,
P 181) by oxidation with air and caustic alkali. The sawdust
is made into a paste with caustic potash and soda, and heated
in open vessels at about 240°, and on extracting the product
with cold water, the potash is dissolved out, and the sparingly
soluble sodiumm oxalate left (Dale, 1856). The function of the
potash is not quite eclear, but it is indispensable to the action
The sodium oxalate is boiled with milk of lime, by which it is con-
verted into the insoluble caleium oxalate, and the alkali regene-
rated, and the calcium oxalate, after washing, is decomposed
with dilute sulphuric acid, and the oxalic acid reerystallised.

In the laboratory, oxalic acid is conveniently made by
oxidising sugar, ::;.tamh, ete.,, with nitric acid (Scheele, 1776).
When cane &u"al for instance, is warmed with a considerable
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excess of moderately concentrated nitric acid, a violent action
sets in, and dense nitrous fumes are evolved, and on concen-
trating the product and allowing it to cool, oxalic acid crystal-
lises out. The success of the operation depends on stopping the
concentration, and therefore the action, at the right point. If
the oxidation is not carried far enough, a syrupy intermediate
product, saccharic acid (p. 185), remains, whilst if it is carried too
far, the oxalic acid is converted into carbon dioxide and lost.
It is generally necessary in this and similar cases to start the
erystallisation by adding a small erystal of the substance, or if
this is not available, bx rubbing the sides of the vessel with a
glass rod to aftord nuclei for the cr ystals.

Pure oxalic acid, COOH.COOH +2H,0 (Scheele, 1776), cry-
stallises from water in colourless, well-defined prismns, which
lose their water of crystallisation at 100°. The anhydrous acid
is slightly volatile, and sublimes slowly in slender needles when
heated at 100°. It is soluble in concentrated sulphurie acid, and
crystallises from this solvent in large prisms.

The molecular formula of oxalic acid follows from the compo-
sition of the two elasses of metallic oxalates, and from the
vapour densities of its ethereal salts. Its gonstibution as the
simplest dicarboxylic acid is necessitated by considerations of
valency, but is also established by its relation to glveol and
glyeollic acid, from which, as previously stated, it is formed by
oxidation, and into the latter of which it is converted by

reduction with zine and dilute hydrochloric acid—
CH,OH.COOH<—COOH.COOH,

Further, the acid chloride, oxalyl chloride, COCLCOCI, a
fuming hqmd boiling at 70°, is formed when ethy] oxalate is
distilled with phn:.}:uhm us pent'ichlm ide. On distilling the acid
itself with either of the phosphorus chlorides, it is resolved into
a mixture of hydrogen chloride and the oxides of carbon. An
analogous result is obtained by heating it with concentrated
sulphuric acid, affording the well-known method of preparing
carbon monoxide—

COOH.COOH=C04 CO, + H,0.
The similar decomposition into carbon dioxide and formic acid
has been already noted. The acid probably forms an unstable
ethereal salt with the glycerol, which immediately splits up
into carbon dioxide and monoformin (p. 181), the formate of gly-
cerol analogous to glyeol acetate. The monoformin is then
hydrolysed by the water of erystallisation of the acid to formic
acid and glyeerol, or decomposed by a further quantity of oxalic
acid into formic acid and glycerol oxalate—
(', H,0,.0.00.CO00f—>C,H;0,.0.C0. H 4 CO,
_+G.3H303 + H.COOH.

Oxalie acid, as the end produect of the hydroxy-ethane series,
cannot be further oxidised without breaking up its molecule, so
that when it is warmed with acid permanganate, it is resolved
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into carbon dioxide and water, the permanganate being decolour-
ised. The action is rapid and quantitative, and the amount of
the acid in a solution may be estimated in this manner.

The Oxalates.—Of the metallic oxalates, potassium hydrogen
oxalate occurs in plants, and is very sparingly soluble in water ;
ferrous oxalate is buﬂﬂht yvellow in colour; calcium oxalate is
insoluble in acetic amd and hence serves for the detection and
estimation both of the metal and of the acid ; and silver oxalate
is somewhat explosive,

The alkali salts are made directly from the acid and the
caustic or earbonated alkalies. Ammonium oxalate, COONH,.
COONH,, for example, is prepared by simply neutralising a
solution of the acid with ammonia and evaporating to erystal-
lisation, whilst the acid salt, ammonium hydrogen oxalate,
COONH,.COOH, is made by neutralising only half the solution,
and adding the other half before evapor atmg——

CCID\H; COONH,+ COOH.COOH=2C00ONH,.COOH

Sodium oxalate also results, together with pure hydrogen,
when sodium formate is hea,teﬂ, and is directly synthesised from
carbon dioxide by heating metallic sodium in that gas—

2H.COONa—CO0ONa.COONa<Na, 4 2CO0,.

Of the ethereal salts, ethyl oxalate, COOEt.COOEt, is readily
prepared by heating the anhydrous acid with :-'thnlute aleohol
in a distilling flask at 100°, while a stream of aleohol vapour
is passed in from a second ﬂask, to remove the liberated water.
The temperature being gradually raised to 130°, the excess of
alecohol and the water distil over, and when the distillation
has ceased, the residue is fractionated.

Ethyl oxalate is a colourless liquid, boiling at 186°, and having
a specific gravity of 1'079 at 20°. When boiled with caustic soda
solution in a reflux apparatus, it is hydrolysed in the usual
manner to alcohol and sodium oxalate. Methyl oxalate, which
is formed in the _same way, is a colourless, clyatﬂ,llme solid,
which melts at 54°. It is often the case that methyl salts are
solid when their homologues are ligquid.

Some ethyl hydrogen oxalate, COOEt.COOH, is formed in
the preparation of the diethyl salt. It is a heavy, colourless
liquid, which is decomposed when distilled under ordinary
pressure, but can be distilled unchanged by diminishing the
pressure (p. 150) ; under 15 mm. pressure it boils at 117°.

Oxamide and Oxamic Acid: Oxalonitrile—When ethyl
oxalate is shaken with aqueous ammonia, oxamide is precipi-
tated. The action is the same as with ethvl acetate, and alcohol
can be separated from the filtrate by distilling it with excess of
dilute sulphurie acid—

COOEt.,COOEt+2NH,=CONH..CONH, +2EtOH.
The amide is also formed by heating normal ammonium oxa-

late, in the same way as acetamide from ammonium acetate—
COONH, COON H,=CONH,.CONH,+2H,0.
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Oxamide, CONH,.CONH, (Bauhof, 1817), is an insoluble
erystalline powder. Like all the amides it is hydrolysed by
boiling alkali to ammonia and the alkali salt of the acid—

CONH,.CONH,+42NaOH=C00Na.COONa+2NH,.

It is a diamide, however, and contains two amido-groups, so
that when ammonium hydrogen oxalate is heated, an inter-
mediate product is formed, which is both an amide and an acid.
Oxamic acid, CONH,COOH, is a crystalline powder, which
melts and decomposes at 2107, and is hydrolysed by alkalies in
the same way as oxamide. Its ethyl salt, ethyl oxamate,
CONH.,.COOEt (Boullay and Dumas, 1828), a crystalline sub-
stance melting at 115°, is formed by passing ammonia gas
into ethyl oxalate.

The oxalonitrile, CN.CN, obtained by heating oxamide with
phosphorus pentoxide, is a gas, which is identical with the
ecyanogen formed by heating mercuric cyanide (p. 207).
Similarly, from ethyl oxamate, ethyl eyvanoformate, CN.COOEt,
is produced. Both compounds are hydrolysed by alkalies and
acids to oxalic acid and ammonia in the manner characteristic
of nitriles—

CN.CN+2KOH +2H,0=CO0K.COOK +2NH,

Relation of the Glycol-Oxalic Series to Ethane.—The mem-
bers of the glyeol-oxalic series are thus the hydroxyethanes, or
their dehydration products, corresponding with the chlorethanes,
and the more stable of them can be made by direct hydrolysis of
the halogen eompounds.

CH,

CH, CH,0H . CH,0H L CH(OH),

N / CH,0H CH(OH), CH(OH),

CH (2) 4) (6) CH(OH),

CH,OH : C(OH),
CH, _CH, lenon / ¥ @
CH(OH), ~ C(OH), C(OH), C(OH),

(1) (3) (2) U{%Hja

1) Acetaldehyde or ethanal, CH,.CHO. &‘2} Glycol or ethanediol,
CH,OH.CH,OH. (3) Acetic or ethanoic acid, CH,.COOH. (4) Gly-
collic aldehyde or ethanolal, CH,OH.CHO. (5) Glycollic or
ethanolic acid, CH,OH.COOH. (6) Glyoxal or ethanedial,
CHO.CHO. (7) Glyoxylic or ethanalic acid, CHO.COOH. (8)
Oxalic acid or ethanedioic acid, COOH.COOH.

The existence of this extensive series affords a very striking
demonstration of the validity of the theory of structure and
valency.

Synopsis.—Corresponding with the halogen substitution
products of ethane, there is a series of hydroxy-derivatives, com-
prising alcohols, aldehydes, acids, and compounds in which these
functions are united in pairs. The chief of these doubly-
functioned compounds are the diprimary alcohol, glycol, and the
dicarboxylic acid, oxalic acid. ’
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SECTION VI
THREE-CARBON DERIVATIVES
CHAPTER XXII
THE GLYCEROL-MESOXALIC SERIES

Glycerol.—The alcohol, glyeerol, with which the acids are
combined in the natural fats is a trihydroxy-propane, analogous
to glyeol. = It is obtained by distilling with steam the alkaline
Iyve which remains after the saponification of fat., The solution
is boiled in a distilling flask while a brisk current of steam is
passed through it (p.241). The glycerol vapour mixes with the
steam, and is carried over and condensed with it, and on evapor-
ating the distillate on a water-bath, is left as a syrupy liquid.
~ This is dried by simply heating in an open vessel at about 175

The hydrolysis is also readily effected by boiling the fat with
litharee and water, the resulting solution being simply filtered
from the insoluble lead soap. Glycerol was originally obtained
in this way from olive oil. On a large scale the alcohol is pre-
pared by direct hydrolysis of fat with superheated steam or
dilute sulphurie acid—

CyH,(0.CO.Cy; Hy,)s +3H,0=CH,(OH), + 3C,; H,..COOH.

Glycerol, glveerine, or propane-triol, CH,OH.CHOH.CH,OH
(Scheele, 1779 ; ylvkus =sweet, kgpos=wax), is a sweet, viscid
liguid, which boils at 290°, without undergoing decomposition
when pure. It freezes at a low temperature to a crystalline
solid, melting at 20°. The specific gravity of the liguid is 1-28
at 20°,

The molecular formula of glycerol is C;H 0, The presence
of three alkylic hydroxyl groups is shown by the formation of
mono-, di- and tri-acetyl derivatives, and it is thus a tribasic
alcohol of the formula C;H,(OH);. By heating with hydriodie
acid and phosphorus it is reduced to propane, of which it is thus
the trihydroxide (Berthelot, 1854). and as it is a stable com-
pound, the three hydroxyl sroups must be attached to separate
carbon atoms.

Glycerol is, therefore, propane-triol, and is represented by the
constitutional formula

('H.OH
CHOH
C'HL,OH.

This is confirmed by its behaviour on oxidation (see below),
120
K
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and by its syuthesis from isopropyl alcohol. The latter alcohol
is converted into propylene and propylene dichloride in the
manner already described, and the dichloride is converted into
trichloropropane by energetic chlorvination in presence of iodine,
hydrogen being n-p]mc-ﬂ by chlorine. This chloro-paraffin is
Itleutua] with trie hlorhydrin, CH,CL.CHCLCH,CI, the tri-
chloro-derivative of glycerol {ﬁee below), and is readily hydro-
lyvsed to the latter by heating with silver oxide and water
(Friedel and Silva, 1873). As isopropyl alecohol can be made
from acetone, and thus from acetic acid and carbon, this con-
stitutes a complete synthesis of the glycerol—
C—CH,;CHOH.CH;—CH; CH: CH,—>CH,.CHCL.CH,CI
|
Yo i .
CH,C1.CHCL.CH,Cl--CH,0H.CHOH.CH,0H.

Ethereal Salts of Glycerol: the Glycerides. The ethereal
salts of glveerol are sometimes distinguished by the suffix -#n.
The hydrochloric acid salts or chlorhydrins are viscid or mobile
]umuh according to the proportion of chlorine, and like the
acetates are 1-?.;1(1111; hydrolysed to glycerol.

Mono- and di-chlorhydrin each exist in two isomeric forms,
differing in the position of the chlorine. The a-modifications, in
which the secondary alcohol eroup is unaltered, may be formed
by direct action of hydrochloric acid, but a-dichlorhydrin is
best made by the action of sulphur * monochloride.” The per-
fectly dry glveerol is heated on a water-bath with the mono-
chloride until hydrochloric acid ceases. to be evolved. The
dichlorhydrin is extracted from the product with ether, in which
it is freely soluble, and the insoluble ethereal solution is fraction-
ated, the fairly pure product passing over within a few degrees
of its beiling point— -

C,H,0(0H ), +25,Cl,=C,H,0Cl, 435480, +2HCI.

a-Dichlorhydrin, CH.CLCHOH.CH,C1 (Berthelot, 1854), is a
eolourless ethereal liquid, boiling at 176°. It is reduced to
isopropyl aleohol by mdmm amalgam, and is oxidised by
chromic acid to dichloracetone, CH,CL.CO.CH,Cl ; hence its con-
stitution. Itis an important stepping-stone in the synthesis of
citric acid (p. 169). By the action of phosphorus pentachloride,
both the dichlorhydrins are converted into the corresponding
trichloro-compound. Trichlorhydrin, CH,ClL.CHCI.CH Cl, —ox

1-2-8-trichloropropane, is a mobile liquid resembling chlmnfurm.
4111;1 boiling at 158°.

The chlorhydrins form internal ethers analogous to ethylene
oxide. When, for example, a-dichlorhydrin is slowly poured
into concentrated caustic soda, a vigorous action takes place in
the same way as with glycol ¢hlorhydrin, and epichlorhydrin
PASSes OVer,

Epichlorhydrin, UEECI__'LCHECI (Berthelot), is an oily ethereal
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liquid, boiling at 117°. Like ethylene oxide, it readily unites
with ]1},{110::11]0110 *u::icL and is reconverted into the di=
chlorhydrin. The corresponding alcohol, glycide aleoholy

aIOCH CH,OH, a liquid boiling at 162°, is obtained by the

action of potash on a-monochlorhydrin. It resembles glveerol,
and is easily hydrated to it.

Glycerol nitrate, formed by adding glycerol slowly to a mix-
ture of concentrated nitric and f:.ulp]nmc acids, 1s the well-
known explosive nitroglycerine. On pouring the solution thus
obtained into a quantity of cold water, the nitrate separates as
a heavy oil. This is washed until frec from acid, and dried
with calcinm chloride,

Glycerol trinitrate or trinitrin, C;H,(0.NO,); (Sobrero, 1847),
is a colourless oil, which is sweet in taste, but poisonous, eveln
when absorbed tlumlgh the skin. Although it burns quietly
in an open vessel, it explodes with great violence when struck
or suddenly heated. On account of its uncertain behaviour,
and for convenience of transport and handling, nitro-
elyveerine is usually mixed with an absorbent siliceous earth,
and in this form is known as dynamite (Nobel). Highly ex-
plosive substances, such as glyeerol trinitrate. cannot be
analysed by the usual methods. Asa a general rule, the compound
is sealed up in a hard glass tube with excess of copper oxide,
and the tube embedded in plaster of Paris and heated to redness.
The explosion is thus confined to the tube, so that the gaseous
products, thus fully oxidised, can be drawn off and analysed.

As an ethereal salt, glycerol trinitrate is hydrolysed by alkalies
to glveerol and the alkali nitrate, so that the name nitro-
glycerine is inappm riate (see Nitrobenzene)—

sH5(0.NO,);4+-3NaOH =C,;H;(OH), +-3NaNO.,

The salts nf zlycerol with Organic acids are sometimes termed
the glyeerides. The three acetates or acetins already mentioned
are viseid liquids of high boiling point. They are formed by
heating glycerol with n'lacm.l acetic acid, the number of acetyl
eroups entering into cmnhumtmn flependmg on the temper ature
and prupartichns. Mono- and di-formin are similar substances.
The tributyrate or tributyrin is the ethereal salt in which the
butyrie acid exists in butter fat.

As already stated, the common fats are ethereal salts of
glyeerol with the fatty and related acids®, and they can in some
cases be made by direct synthesis. Thus the stearin, or glycerol
tristearate —

— o maa PR et e

" L:z,u:}lm or wool fat, however, which is distinguished by its property of
passing thmugh the skin, is a mixture of the fatty acid ethereal salts of
cholesterol, CosHyy.0H, a ﬂryamlime aleohol of unknown constitntion, whicl
a.lsu oceurs free in the red blood corpuscles.
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CH,.0.C0.C,-H,.
. (H.0.C0.C,.H,,

CH,.0.00.C;;Hg;,
which can be isolated from mutton fat by fractional crystallisa-
tion from ether, is also formed by heating stearic acid with
glycerol at a lligh temperature, The prmlur:t from either source
crystallises in lustrous plates, melting at 66°. All three pal-
mitins and triolein have been synthesised in the same way.

Oxidation Products of Gl cerol.—As glycerol contains a

secondary aleohol group in ml({tmn to the two primary groups
of glycol, it is obvious that its oxidation products must be moie
co1mn plex—-

f 'HO
/LII\
CH.OH CH.OL ['IID
CO —>(0
(‘H,0H ('H,OH L‘l[{} { Ii 01 L UDH C{}DH
n:f:H-:}H / ﬁ 0
UHE{}II { H.OH {‘H.DH LOD]I COOH L‘DOH
L‘HDH—-H%-LHOH CHOH:
COOH \C LHDH
HOH
COOH

The majority of these are known, the most important being
zlyceric aldehyde and acid. and mesoxalic acid.

Glyceric aldehyde, or glyvcerose, CH,OH.CHOH.CHO, is a
sweet syrupy liquid, which resembles glycollic aldehyde, and is
formed by oxidising glveerol with cold bromine water. It is
analogous in constitution and behaviour to the sugars, and is
convertible into certain of them by polymerisation (p.191). Like
all aldehydes, glyceraldehyde is oxidised by silver oxide to the
corresponding acid, but the latter is better prepared by direct
oxidation of glycerol with nitric acid. A mixture of glycerol
and water is p]ﬂr*efl in a tall narrow eylinder, and a layer of
fuming nitrie acid introduced beneath it by means of a thistle
funnel. At the end of a week the nitric acid has inter-diffused
with and oxidised the glycerol, and the produet is evaporated on
a water bath to a syrup. The crude glyeeric acid is diluted and
hoiled with lead carbonate, and the recr vstallised lead salt
suspended in water and decomposed with ]Il(]l{'};_.f'll wll]p]uﬂﬂ
On evaporating the clear liguid the elyeeric acid remains as a
SVTUD.

Glyeerie acid, CH,OH.CHOH.COOH (Debus, 1858) is a syrupy
acid liguid which has not been made to crystallise. It is con-
verted by phosphorus diiodide into B-iedopropionic acid (p. 137).

The theoretical end product of the limited oxidation of glycerol,
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mesoxalic acid, can only be obtained from it by indirvect pro-
cesses, as it is not stable. It is prepared by hydrolysis of al-
loxan, an oxidation product of urie acid, with baryta water,
the resulting barium mesoxalate being decomposed with dilute
sulphuric acid.

Mesoxalie acid, COOH.CO.COOH +H.,O (Liebig and Wéhler,
1838) is a crystalline substance, melting at 119°. It loses its
water only with difficulty, so that the Iﬂtt{"l is ]‘lﬂ*:*-‘l-lﬂ\. COIN=
bined in hydroxylic form with the ketonic group in the
same way as in chloral hydrate. As a ketone the acid is re:
duced by sodium amalgam to the corresponding secondary
alecohol, tartronic acid, C OOH.CHOH.COOH, a similar erystals
line suh.-atnmzﬂ.

When mesoxalic acid is heated it decomposes into earbon
dioxide and glvoxyvlic acid, whilst by evaporating its agueous
solT;inn it is largely resolved into carbon monoxide and oxalie
acid—

(0, +CHO.COOH<COOH.CO.COOH—-COOH.COOH 4 CO.

By dehydration or dehyvdration and reduction, glveerol is con-
vertible into olefine derivatives. These are considered in the
following chapter. :

S]i'nﬂpﬂls.—t Iycerol i1s a trihydroxy-propane analogous to
olyeol, and its ethereal salts with the fatty acids ccrn-.tlhlte the
ordinary fats. It is prepared from the latter by saponification
or hydrolysis, but can also be made from its elements,
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CHAPTER XXIII
THE UNSATURATED ALCOHOLS AND ACIDS

Allyl Alcohol and its Derivatives.—Before passing on to the
remaining oxvgenated derivatives of propane, some compounds
related to propylene and the other unsaturated hvdrocarbons
must be considered. It has been already noticed that there are
no substitution products of ethylene and acetylene correspond-
ing with aldehyde and acetie acid, and that 11t]mu"]1 there is
an alcoholic derivative of the fl]llll'l-.t:'l h}dm{mlmn, this com-
pound is very unstable. With the addition of a third carbon
atom, however, the matter is different, for in both propylene
and allylene there is a methyl group which is convertible into
an alcoholic and acid group. Manyv compounds thus derived
from the unsaturated hvdrocarbons have been made, although
not by direct substitution, and these derivatives share the un-
saturated character of the parent substances.

The primary alcohol, CH,.CH.CH,OH, derived from propy-
lene, is termed allyl alcohol, its sulphide being identical with
the 011 obtained ln distilling garlic {ai’fmm} W 11:}1 steam (Wer-
theim, 1844). The corresponding iodide is readily prepared from
glyeerol by the action of iodine and phosphorus.

Yellow phosphorus, in small pieces, is slowly added to a mix-
ture of dry glycerol and powdered iodine, air being excluded
by a slow stream of carbon dioxide. There is a brisk action
aftEr each addition, and the iodide and water at once distil off,
heat being applied if necessary. Isopropyl iodide is formed if
the action is allowed to proceed further. On redistilling the
dried heavy layer of allyl iodide, it passes over within two or-
three degrees of its boiling point, and is fairly pure. To com-
pletely eliminate the isopropyl iodide, however, the product is
shaken with alcohol and metallic mereury, with which the
unsaturated iodide forms a erystalline additive compound
CyH-Hel. This is reerystallised from hot alcohol, and decom-
posed by shakinge the still moist crystals with the exact amount
of iodine required to combine with the mercury—

CH,OH.CHOH.CH,OH—[CH,I.CHI.CH,1]--CH.:CH.CH.I + L.

Allyl iodide, CH.:.CH.CH.I (Berthelot, 1854), is a heavy
colourless liquid, which boils at 101°, and has a pronounced
odour of garlic. Its constitution is established by its relation

to allyl aleohol, into which it is converted by warming with
135
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lead oxide and water, and from which it is formed by the
action of phosphorus and iodine. When warmed with hyduri-
odic acid, it is converted into isopropyl iodide, owing probably
ta the intermediate formation of propylene—

CH,.CHLCH,< [CH,:CH.CH,|<CH,:CH.CH,I<—>CH,:CH.CH,OH.

Allyl alcohol was originally prepared by the action of
- ammonia on allyl oxalate, formed by heating the iodide with
silver oxalate, but it is more easily made by the reduction of
glycerol with formic acid (Tollens, 1870). If in the preparation
of this acid the heating is continued after distillation has
ceased, the evolution of carbon dioxide recommences, and oily
drops of the unsaturated alcohol begin to run down 'the sides
of the flask, and presently distil over. The yield is much in-
creased by adding a trace of ammonium ehloride to convert the
small quantity of sodiwn oxalate, which is always present, into
the ammonium salt,

The portion of the liguid which distils whilst the tempera-
ture of the reacting mass is rising from 190° to 260° is partially
purified by fractionation, and then boeiled with solid potash,
to eliminate the accompanying acrolein. Finally it is dehy-
drated with barvta, and redistilled. The addition of oxalic
acid may be continued until the glyecerol is used up.

Allyl aleohol or propenol, CH..CH.CH,OH (Cahours a‘mﬂ.
Hofmann, 1857), is a colourless pungent liquid, which boils at
97°, and has a specific gravity of 0-871 at 0°. The presence of
alkylic hydroxyl is proved by the formation of an acetate, when
the liquid is heated with acetyl chloride, and that of the
primary alcohol group by its oxidation to an aldehyde and acid
containing the same number of carbon atoms. Finally the
presence of an ethylene linkage is established by the rapid
decolorisation of bromine water, and formation of an additive
compound with bromine. Allyl aleohol is thus hydroxypropy-
lene or propenol, and bears the same relation to propyl alecohol
as propylene to propane. This is confirmed by the direct oxida-
tion of the alcohol to glycerol by alkaline permanganate in the
same way as ethylene to glycol—

CH,:CH.CH, CIH-‘:’-—}{'HJ)H CHOH.CH,OH.

The first allyl mmpﬂuud obtained was the isothiocyanate or
oil of mustard (Lefebvre, 1660, p. 211).

Acrolein and Acrylic Acid. ---ThE: aldehyde formed by oxidi-
sing allyl aleohol w 1Lll chromic acid is more conveniently
prepaved by direct dehydration of glyeerol. The latter is
heated with twice its weight of potassinm hydrogen sulphate.
The impure aldehyde which distils over is kept in contact with
litharge and caleinm chloride for some time to purify and dry
it, and is then rectiied—

CH.,OH.CHOH.CH,OH =CH,:CH.CHO +2H,0.

Acrylic aldehyde or acrolein, CH,:CH.CHO (Redtenbacher,

1843), is a mobile liguid, which boils at 52°, and is intolerably
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pungent and irritating in odour. As an aldehyde, it shows the
usual reactions, reduces silver, colours bleached rosaniline, is
resinified by caustic soda, E't{L It is easily reduced to 1[13,1
alcohol by zine and dilute ]1_'..111'012-}1101'1'& acid, and is oxidised by
silver oxide to the corresponding acrylic acid. As an ethylene
derivative it combines directly with bromine. and the additive
compound, acrolein dibromide, CH,Br.CHBr.CHO, thus formed,
is converted by ice-cold baryta water into a sugar, a-acrose
(p. 191), which is elosely related and convertible into some of
the natural sugars.

When acrolein-ammonia is distilled with phosphorus pen-
toxide, it is converted into picoline (p. 389), a basic substance
cln‘selr related to the vecetable alkaloids.

As stated above, acrolein is readily oxidised to acrylic acid.
The agqueous solution is digested with silver oxide in the dark,
and the product is boiled and the silver precipitated from the
resulting silver acrylate with sodium carbonate. The sodium
m:r\late is distilled with dilute sulphuric acid, and the pure
acid obtained by decomposing the dry lead salt, which is formed
in the same way as lead formate, with hy dmmﬁu sulphide—

CH..CH.CH,OH—>CH,:CH.CHO—CH,:CH.COOH.

Aerylic or propenie acid, CH,:CH.COOH (letenhrwhm 1843),
18 a liquid which closely resembles acetic acid in appearance
and odour. It boils at 140°, and readily freezes to an ice-like
solid, melting at 7°. As an acid. acrylic acid forms the usual
salts, but the ethereal salts can only be formed indirectly., As
an ethylene derivative it unites dirvectly with bromine, forming
the additive compound, dibromopropionic acid, C H.Br CHBY.
COOH, a crystalline solid. When boiled with zine and dilute
hydrochlorie acid, acrylie acid takes up hydrogen and is reduced
to propionic acid. :

Acrylic acid also unites with hydriodic acid, forming $-iodo-
propionic acid, CH,ILCH..COOH, a crystalline substance which
is reconverted into the unsaturated acid by distillation with
litharge. @-Iodopropionic acid is also formed when phosphorus
diiodide is mixed with glyceric acid. There is a violent action,
and on heating the product it elears to a liguid which erystal-
lises on cooling. The crude acid is recrystallised from hot light
petroleum—

CH,OH.CHOH.COOH—-CH,LCH..COOH<—CH.:CH.COOH,

When aerylic acid is fused with caustic potash, it is oxidised
to potassium formate and acetate, the molecule being broken at
the ethylene linkage, as is usually the case with ethylene
derivatives—

CH, GH(U{}H-J—‘?‘]LDH -H.COOK +CH,.COOK + H..

The Acrylic Series: Oleic Acid. It has ‘been already noted
that one of the condensation products of acetaldehyde is a
similar aldehydic substance, erotonaldehyde. This is readily
formed by heating aldehyde with zinc chloride and a few drops
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of water, for a day or two, at 150°, and is purified hy fraction-
ating the product. It is also obtained by distilling aldol
[ 13, ]52]—
{;]{-H;}.{_'-HDH+C}IH.{‘HD%—t’_'H”.t’_‘H{}H.{‘HE.{‘1-10+('1[_.;.[‘H:{“H.L‘-H(g]+
H.0.

Crotonaldehyde, CH,CH:CH.CHO, is a liguid w hich re-
sembles acrolein, but hmls at 105", It is converted by silver
oxide into the corresponding crotonic or methyl-acrylic acid,
CH,.CH:CH.COOH, and the constitution of this as 2-butenic acid
fﬂliﬂws from its reduction to normal butyrie acid by zine and
hydrochlorie acid, and its oxidation to acetic acid alone by fusion
with potash—
CH,.CH,.CH,.COOH<-CH,.CH:CH.COOH->CH,.COOK + (H,.COOK.

There is a second crotonic acid of precisely the same consti-
tution, the existence of which, and other similar compounds,
Elﬂﬂl{lf)d to a further development of the theory of struecture

p. 160),

The most important of the higher members of the acrylie
series is oleic acid, a compound which bears the same relation
to stearic acid as acrylic to propionic acid. Tts glycerol salt,
triolein, is readily separated from olive oil by cooling it \nth
ice, the bulk of the accompanying stearin and palmitin at once
ery sta]llsmg out. The remainder separates on diluting the oil
with alcohol and again cooling. The aleohol is then distilled
off, and the olein washed with water, and fractionated under
low pressure. Almond oil, the non-volatile oil obtained hy
pressing sweet or bitter almonds, is almost pure olein. Oleie
acid itself is prepared from triolein by boiling the crude olein
with lead oxide and water, and extracting the lead oleate from
the mixed lead soaps with ether; in w hlch it is freely soluble.
The lead is precipitated from the ethereal solution with hydro-
chlorie acid, and the acid is left in a fairly pure state on
evaporating ‘the fltrate.

Oleie acid, CH,.CH:CH.|CH.],;.,COOH (Chevreul, 1811), is a
colourless oil, which solidifies at a low temperature to a crystal-
line solid melting at 14°. It is reduced by hydriodic acid and
phosphorus at 200° to stearic acid, whence its normal constitution.
It is oxidised by fusion with potash to potassinum palmitate and
acetate, so that the ethylene linkage is between the second and
third carbon atoms from the end of the chain. Palmitic acid is
convenientlv prepared in this way

CH,.[CH,],;.COOH<-CH,.CH:CH.[CH,],;.COOH
—>(CH,.CO0OK + CH,.[CH,],,.COOK,

As an ethylene derivative, oleic acid decolorises bromine,
forming an oily additive compound, dibromostearic acid,
CH,.CHBr.CHBr.[CH,],,,COOH, and it is oxidised by weak
alkaline permanganate in the normal manner to the correspond-
ing hydroxy-compound or glyeol, dihydroxy-stearic acid,
CH, CHOH.CHOH.[CH,),,.COOH.,
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Propargyl Alcohol and Propiolic Acid.=The aleohols and
acids of the acetylene series are of comparatively little import-
ance.- Only one aleohol i1s known, propargyl aleohol, which is
fmmul by heating bromallyl aleohol, CHBr:CH.CH.,OH, with

caustic llﬂt"lb]l solution, much in the same w ay as dlif".]i'tli_’
from vinyl bromide. The bromallyl alcohol is made by heating
tribromhyvdrin with alkali—
CH,Br.CHBr.CH,Br—CHBr:CH.CH,OH->CH : C.CH,OH.

Propargyl alcohol or propinel, CH:C.CH,OH (Henry, 1878),
15 a mobile liquid of pleasant odour, boiling at 115°. As an
aleohol, it forms ethereal salts, such as the bromide, CH : C.CH.Br,
and the acetate, and as an acetylene derivative, it forms metallic
compounds s:uc'h as the euprous compound, Cuy(C: C.CH,OH).. an
explosive yvellow solid. The salts of propargyl aleohol also form
metallic -compounds.

The aldehyde corresponding with propargyl alcohol has not
been prepared, but the corresponding acid is known,

Propiolie or propinic acid, CH:C.COOH (Bandrowski, 1880), is
a liqguid resembling acrylic and acetic acids, It boils at 144°,
and solidifies in the cold to silky erystals, melting at 6°. Its
potassium salt is formed when the acid potassium salt of
acetylene-dicarboxylic acid, COOH.C: C.COOH (p. 161), is heated
with water, and by prolonged treatment with the same agent is
converted into carbon dioxide and acetylene—

COOH.C:C.COOK—-CH :C.COOK—CH :CH.
As an acid, propiolic acid forms ethereal salts, such as ethyl
propiolate, CH:C.COOEt, a liquid boiling at 112°, and as an
acetylene deuvatwe it gives rise to explosive silver and copper
compounds. It is reduced to propionic acid by sodium
amalgam.

Several homologues of propiolic acid are known. The sodium
salt of tetrolic or 2-butinie acid, CH,.C: C.COOH, for example, is
formed by direct combination of sodium-allylene with carbon
dioxide—

CH;.C:CNa+C0,=CH,.C*C.COONa.
Like allene, it does not form metallic compounds.

Synopsis.—The higher olefines and acetylenes arve connected
with aleohols and acids, which are similar to the paraffin
aleohols and acids, but unsaturated. All vl aleohol and acrylic
acid are typical members of the first class, and propargyvl aleohol
and propiolic acid of the second.






CHAPTER XXIV
THE FOUR LACTIC ACIDS : STEREOISOMERISM

Fermentation Lactic Acid.—In addition to the oxidation
products of the propyl alcohols and glyeerol, which have been
fully dealt with, there should be, according to the theory of
substitution, two series of mixed compounds, analogous to those
of the glycol-oxalic series, and derived from the isomeric
propane-glyeols. These dihydroxy-propanes are known, and two
of their oxidation products are of importance, The ultimate
produect of the oxidation of B-propylene or trimethylene glycol,
CH,OH.CH,.CH.,OH, is malonic acid, COOH.CH.,.COOH, a
dibasie acid used in synthesis (p. 152), whilst the first product
from a-propylene glveol, CH,.CHOH.CH,OH., is identical with
the lactic acid of sour milk.

In the souring of milk, the milk-sugar is converted by a
microscopic fungus, bacillus lacti, into this lactic acid, which
bears the same relation to propionic acid as glycollic to acetic
acid. Lactic acid is conveniently prepared from ecane-suganr.
The sugar is dissolved in water and acidified with tartaric acid,
and after a few days sour skim milk and a little putrid cheese are
added, to provide and nourish the ferment. At the same time,
zine carbonate is stirred in to neutralise the acid as it is formed,
which would otherwise stop the action. The mixture is kept
warm for a-week, and frequently stirred, and on boiling and
filtering the =zemi-solid product, zine lactate crystallises out.*®
The free acid is obtained by decomposing the zine salt, suspended
in water, with sulphuretted hydrogen. The filtered solution is
concentrated, and the lactic acid separated from admixed man-
nitol (p. 186) by extraction with ether, in which the mannitol is
insoluble.

Laectie acid is also formed by heating various sugars with
caustic alkali. Thus when invert sugar (p. 175) is heated with
strong caustic soda solution for some hours at a moderate temn-
perature, the solution loses the characteristic reducing properties

* If the fermentation is continued, the lactate 15 converted by a second
ferment into the butyrate, with evolution of hydrogen and carbon dioxide.
For this purpose caleium earbonate is better than the zine salt. The mass
eventually becomes liquid, and as soon as the evolution ot gas has ceased,
the lime is precipitated with washing soda solution and the sodium butyrate
decomposed with dilute sulphurie acliﬁ.
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due to the sugar, and after neutralising the alkali, lactic acid
can be separated as the zinc salt (Hoppe- 593 ler, 1871)—

O H,,0,=2C,H,0,.
It is also formed synthetically in various ways (see below).

Fermentation or inactive lactic acid, CH,.CHOH.COOH
(Scheele, 1780), is a syrupy liquid, which is decomposed when
distilled, and has not been solidified. Its specific gravity is
1'248 at 15°. :

Constitution of Lactic Acid.—From the composition of its
metallic salts, such as zine lactate, Zn(C,H;0,),+8H,0, the
acid is a monobasic acid, whilst as hydrogen is displaced from
its sodium salt by metallic sodium, and from the acid itself by
acetyl chloride, it is also an aleohol.

Lactic acid was in fact the first compound which was recog-
nised as belonging to two classes. Its duality, like that
of glycollic acid, is made clear by the action of phosphorus
pentachloride, which converts it into a-chloropropionyl chloride,
CH,;.CHCLCOCI, This liguid is identical with that obtained by
chlorinating propionyl chloride. It is hydrolysed by water to
a-chloropropionic acid, CH,.CHCL.COOH, and is thus an acid
chloride, and it is hydrolysed by alkalies to the alkali lactate, so
that it is also an alky 11[.- compound (Wurtz, Kolbe, 1859),

Further, lactic acid is converted into a- hlmnnpmpmnm acid
by heatmtr with hydrobromic acid, and into the fatty acid itself
by ]1Eating with hydriodic acid and red phosphorus—

L‘-HE.C-HDH.EUDH—‘;i-{J}Iﬂ.CH(Z‘-I.GDQ]+GHﬁ.CHC].CDDH-%-CHS.CHE.CDDH
| | A
| [T it

Moreover, like ly ED”IG a.md it forms ethers and ethereal salts
both as an aleohol and as an aud as well as internal ethereal
salts.. Ethyl lactate, CH;,CHOH. CUDEt for example, a liguid
which is formed by saturating an alcoholic solution of the acid
with hydrogen chloride, contains alkylic hydroxyl, for it 1s
converted by sodium and ethyl iodide into ethylic ﬁthy] -lactate,
CH,;.CHOEt.COOEt, an insoluble liquid, boiling at 1547, The
latter is both an ether and an ethereal salt for by boiling with
caustic alkali it is resolved into alcohol and ethyl-lactic acid,
CH,.CHOEt.COOH. a syrupy liquid resembling lactic acid—

CH,.CHOH.COOH->{H, CHOH, LD{}Et.—}LHa CHONa.COOEt

CH,.]*GH{Oﬁt}ﬂODEt.—}{lHH,GH{UEt}.GODH.

The double ethereal salt, lactide, O{gglétﬁgf} >0,a Gl'vﬂtalli.ne-
substance, melting at 124", is obtained by ]1eatmg the acid.

There :-up lm“evm two hydroxy-propionic acids possible,
namely a-}n{ho‘u- or 2—1:1&11;1110110 acid, CH,.CHOH.COOH, and
ﬁ-]ndm\n- or 3-propanolic acid, LH..UH {‘H COOH. Lactic
acid is the first of these, for it can be converted into and
synthesised from aldehy n:le- and thus contains the ethylidene
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oroup, CH,.CH. When the acid is heated with dilute sulphuric

acid at 120°, it is hydrolysed to aldehyde and formic acid—
(H,.CHOFL.COOH—>CH, CHO[(OH),| + H.COOH,

and conv el-}eh, as previously -:.ta,ted_ it is formed when aldehyde
hydrocyanide is mixed with strong hydrochloric acid. It is
unnecessary to isolate the nitrile. A mixture of aldehvde with
strong hydrocyanic and hydrochloric acids is simply kept until
ammonium chloride ceases to separate, and the lactic acid
extracted from the product with ether (Wislicenus, 1863). The
constitution of the additive compounds of aldehyde follows from
this synthesis. Lactic acid was first synthesised by the action
of nitrous acid on alanine (Strecker, 1848, p. 223).
(H,.CHO-CH, CHOH.CN—CH,.C HOH.COOH.

t [

The constitution of lactic acid as a secondary alcohol is
further provel by its oxidation by dilute potassium perman-
canate to the corresponding ketone or ketonie acid, pyroracemic
acid, CH,.CO.COOH, and by its formation from 'this acid by
luluctmn with sodium amalgam. Pyroracemic acid is readily
prepared by distilling racemic or tartaric acid with twice its
weight of potassium hydrogen sulphate. The mass swells up
and darkens, and the liquid ketonic acid passes over. The
product is fractionated to se sparate acetic and pyrotartaric

acids—
qu_ﬂ:}‘-’ﬁ [-"_-J_H 40;1 -I'_ {:UE ‘+" HE{}'

Pyroracemic acid, CH,.CO.COOH, is a highly acid liquid, boiling
at 168°. As a ketone, it forms with phenyl-hydrazine a hydra-
zone, CH,.C:N.NHPh).COOH, a crystalline substance, melting
at 169°, and its constitution is further established by its for-
mation from acety] chloride by the eyvanide synthesis—

CH,.COCl-CH,.COCN—->CH,.CO.COOH—-CH,.CHOH.COOH.

As already stated lactic acid is formed by oxidation of propy-
lene glycol. The glyeol is a syrupy liqmd IEb"]llhIlﬂg ordinary
elycol. It is made from propvlene bromide in precisely the
same way, and when mixed with platinum black and exposed
to the air, is gradually converted into lactic acid (Wurte,
1857). The molecular weizht of the acid was first established

by this reaction—
CH,.CHBr.CH,Br-~CH,.CHOH.CH,0H->CH, CHOH.COOH.

Hydracrylic Acid.—The second ]ndm*m -propionic acid or
ethylene-lactic acid, CH.OH.CH,.COOH, is prepared by warming
g-iodopropionie acid with silver oxide and water, and evapor-
ating the filtered product in a vacuum over sulphuric acid—

('H,L.CH,.COOH-CH,0H.CH,.COOH.
It 15 also formed by the oxidation of B-propylene or trimethylene
olyeol: The glyeol is made from the trimethylene bromide
fﬂl:l{l&d by direct union of allyvl bromide with hydrobromie
acid—
CH,:CH.CH,Br—>CH,Br.CH..CH,Br->CH,0OH.CH..CH,OH.
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Hydracrylic or ethylene-lactic acid, CH,OH.CH,.COOH (Wis-
licenus, 1863), is a syrupy liguid resembling ordinary- lactic
acid. As an alecohol-acid, it is converted by phosphorus penta-
chloride into an alkyl-acid chloride, B-chloropropionyl chloride,
CH.,CLCH.,.COCI, but it differs from ethylidene-lactie acid in that
it is converted by oxidising agents into carbon dioxide and oxalie
acid. It resolved moreover by distillation, not into an internal
ethereal salt, but into amyll-;, acid and “atm and conversely
the latter is converted into sodium B-lactate by simply boiling
with agueous caustic soda—

CH,OH.CH,.COOH<—CH,:CH.COOH + H,0.

The constitution of B-lactic acid is fully established by its
formation from ethylene chlorhydrin by the cyanide synthesis—
CH,:CH.—>CH,OH. CH LC1->-CH, GH CH, RN—%PH OH. ("H,,P'DDH

The Active Lactic Acids: Optical Activity,—According to
the theory of structure there should be two hy drcnx;,pmpmnm
acids, and only two. But there are actually four. The third,
sarcolactic acid, is found in musecle, and therefore in extract of
meat. 1t is best isolated from the solution of the latter by pre-
cipitating the albumen, ete. with alcohol, and extracting the
acidified and aleohol- fl‘FE residue with ether (Liebig, 184-'}

Sarcolactic acid, CH,.CHOH.COOH (Berzelius, 1808], is a syrup
which resembles fermentation lactic acid in almost every re-
spect, and all its reactions show that it is a-hydroxypropionic
acid. With the exception of the solubilities of the salts, in fact,
the zine salt, for example, being more soluble than the zine =alt
of fermentation lactic acid, the two acids are chemically identi-
cal, and for a long time were thought to be absolutely identical.

Physically, however, they differ widely, for whilst fermenta-
tion lactic acid is without action on polarised light, sarcolactic
acid rotates the plane of polarisation of such light in a elockwise
or positive direction, or, as it is termed, is optically active, and
dextrogyrate.

The rotation of the plane of polarisation by an optically active
substance is proportional to the thickness of the layer traversed
by the light, and to the strength of the solution, and is usually
expressed in terms of the specific rotatory power, 7.e. the rotation
which would be caused by a layer 10 em. thick of a solution
containing 1 gram of the substance per e.c. The specific rotatory
power is nlenuterl by the symbol [a]p, sodium light being used,
and is constant for each substance, provided the temperature
and concentration arve constant., The specific rotatory power of
sarcolactic acid is [a|p = +5°5°

Sarcolactie acid can also lm made by fermentation. When,
for instance, common mould, penicillivm glaneum, is allowed to
orow on a solution of ammonium lactate, ammonium sarcolac-
tate is formed, and by means of a special ferment, micrococcus
paralacti, wm[}e sugar is directly convertible into sarcolactic
acid. But, however pmpmed, the optical activity is constant.
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The fourth lactic acid (Schardinger, 1890) is formed by the
action of bacillus lsevolacti on cane-sugar., It resembles sarcolac-
tic acid in every respect, with the exception that it is leevogyrate,
the specific rotatory power being [a]p=—85". It is therefore
termed lwevolactic acid, or l-lactic acid, as distingunished from
dextrolactie, d-lactie, or sarcolactic acid, and inactive, i-lactic, or
fermentation lactic acid.

Now, when dextrolactic and lmvolactic acids are mixed in
equal proportions, a product is obtained, which 1s not only inac-
tive, but is identical with fermentation lactic acid, and similarly,
when equal weights of the easily soluble zine salts of the op-
tically active acids are dissolved im water and the solutions
mixed, the sparingly soluble inactive zine lactate is precipitated
(Purdie, 1892).

Conversely, when a solution of the stryehnine salt of inactive
lactic acid i1s concentrated, the erystals which first appear con-
sist of strychnine lievolactate, whilst the more soluble salt re-
maining ,in the solution is the corresponding dextrolactate
(Purdie, 1892),

It is thus evident that fermentation lactic acid is either a mix-
ture or a molecular compound of dextro- and lmvo-lactic acids,
and that all three have precisely the same constitution.

The Asymmetric Carbon Atom: Solid Formulz. — The
difference between the three ethylidene lactic acids cannot be
represented by means of structural formulae, and a further de-
velopment is necessary. It will be noticed that the common
formula of the three acids differs from that of hydracrylic acid,
not only in the position of the hydroxyl group, but in that the
carbon atom, to which this group is attached, is linked to four
different groups or atoms, or is asymmetrically placed in the

molecule— CH,

H_J—UH,
l
COOH
and by assuming that the four valencies of this atom are dis-
tributed round this central atom at equal angles in space, instead
of in a plane, two different solid formula become possible (Le
Bel, Van't Hoff, 1874).
The, ]Ilﬂbtl.llﬂtﬁ is geometrically equwaleut to representing the
atom as a regular tetrahedron tc} the apices of which the four

eroups and atoms are linked *-

CH3 ct 3
i
COOH C{}(}H
Salul Formulm of the Active Lactic Amds.

* These formulm are best studied with the aid of models, See Appendix L.
L
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In both formulee the four groups are linked to the central car-
bon atom, as in the plane formula, so that the structures are
identical, but, nevertheless, the formuls are not identical. If
the right hand formula be imagined superposed on the left hand
formula in such manner that the two methyl groups and the two
carboxyl groups coincide, then the hydroxyl of the right hand
formula falls over the hydrogen of the left hand formula, and
vice versi. The two formulea are, in fact, mirror images of each
other. They are related, moreover, in the same way as the
rotatory powers of the two acids, for, looking from above, the
sequence, H, OH, COOH is elockwise in the left-hand formula
and anticlockwise in the right-hand formula.

There is a further analogy, which although not yet proven in
the case of the lactic acids, has been fully established in other
similar cases (see Tartaric acid). The crystals of optical isom-
erides are usually hemihedral, that is to say, only their alternate
faces are developed, and the faces which are developed in the
crystals of the one active modification, are those which are sup-
pressed in the other: the two kinds of crystals, therefore. like
the two formulee, are mirror images of each other.

The active lactic acids are thus adequately represented by the
single solid formulse, and the inactive acid by the two together.

Stereoisomerism.—Such isomerism, representable only by
solid formule, is termed stereoisomerism (orepeos=solid). All
optically active substances contain asymmetric carbon atoms,
and there is every reason to believe that all compounds con-
taining asymmetric carbon atoms are either optically active, or
capable of resolution into optically active stereoisomerides.

Thus secondary-butyl carbinol, CHMeEt.CH,OH, or active
amyl alcohol, and methylethylacetic acid, CHMeEt.COOH, or
active valeric acid, both contain asymmetric carbon, and are both
optically active. Glyceric acid also, CH,(OH).CH(OH).COOH,
contains asymmetric carbon, and can be resolved into optically
active constituents,

Stereoisomerides have thus the same constitution and
structure, and are said to differ in configuration. As the per-
spective views of the solid formulse are rather cumbrous, their
plane projections are used instead, the solid formulse of 1-lactic
and d-lactic acids being thus respectively represented by the
projection formulee

t::H_,, CH,
H.(:J.DH and OH.C.H
CO0OH COOH

the ordinary constitutional formula, CH, CHOH.COOH, being
reserved for the inactive or {d-1-) acid.

Directly two of the attached groups or atoms become identical,
the asymmetry, and with it the optical activity, vanishes. Thus
the lactic acids and glyceric acid are convertible into propionic
acid, but the two projection formulse
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C'H, CH,
H.C.H HﬁJ{
COOH COOH

are identical, the corresponding solid formulse superposable, and
the products identical and inactive. The essential condition
both for asymmetry and optical activity is the linking of four
dissimilar groups to the central carbon atom.

It is noteworthy that synthetic lactic acid is optically inactive.
and this is invariably the ecase with synthetic compounds, for
the chances of formation of the two asymmetrical confizurations
from vamﬁ-tl*iml configurations are equal—

CH,

JI.HHI < éibn: > £j>u

COOH Lol COOH

The phenomena of stereoisomerism were first studied in the
tartaric acids (Pasteur, 1853).

Synopsis.—There are four hydroxypropionic acids, instead of
the two required by the theory of structure, and three of these"
arve structurally identical, but differ in their action on polarised
light. As their molecules contain asymmetrical carbon, solid
formule can be constructed for them, identical in str l.lvl:ftu]«LT but
different in configuration, and the acids are therefore termed
stereoisomerides,
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SECTION VII
FOUR-CARBON DERIVATIVES

CHAPTER XXV
THE ACETOACETIC SYNTHESIS

Ethyl Acetoacetate and Acetoacetic Acid.—The four-carbon
hydrocarbons give rise to many derivatives, which differ from
their three-carbon analogues, as might be mpwtml mainly in
the complexity of their isomerism, and of course in their phy-
sical properties. With the addition of another earbon atom,
however, types appear which are not possible in the lower series,
and certain others come into prominence which were previously
unimportant.

The most conspicuous example of this last class 1s acetoacetic
acid, the next homologue of pyroracemic or acetoformic acid.
The ethy] salt of this acid is an agent of great utility in syn-
thesis. It is formed by the condensation of ethyl acetate in a
manner somew hat analogous to that of aldehyde to aldol. An
excess of the well-dried acetate is poured on sodium shavings in
a reflux apparatus, and the action which soon sets in is con-
tinued on a water-bath until the whole of the metal has dis-
solved. The warm product is acidified with moderately strong
acetic acid, and the ethyl acetoacetate thus set free is salted out
with hune with the addition of water if necessary.

The erude acetoacetate is fractionated on a water-h'ith, first
under ordinary pressure, when the excess of ethyl acetate passes
over, and then under very low pressure (Fig. 9). A little more
ethvl acetate first passes over, followed by some water and acetic
aﬂul and finally, the ethy] acetoacetate distils at an almost

-::mmtfmt temperature —
2CH,.COOEt—CH,.CO.CHNa.COOEt->CH,.CO.CH,.COOELt.

By nantmus hy dmlvwn of the ethereal *-::tlt the acid itself may
be obtained. The acetoacetate is digested for a day or two with
cold dilute potash, by which it is converted into the potassium
salt, and the acid is liberated by excess of dilute sulphuric acid,
anfi extracted from the solution with ether. It is separated
from the solvent by evaporation at a low temperature.

Ethyl acetoacetate, CH;. CO.CH.L.COOEt (Geuther, 1865 ; Frank-
land and Duppa, 1865), is a light, colourless liquid, having a

faint, but pleasant, fruity odour. It boils at 181° under ordinary
1489



150 INTRODUCTION TO ORGANIC CHEMISTRY

pressure, and at 74" under 15 mm. pressure. The boiling point
at very low pressures changes about 1° per mm. Acetoacetic
acid, or 3-butanonic acid, CH,;.CO.CH,.COOH, is an unstable
syrupy liguid, having a peculiar and characteristic adour. Both
acid and salt form a violet coloration with ferric chloride, and
the acid itself may be detected in diabetic urine by this means,
and by its odour.

The Acetoacetic Synthesis.— Ethyl acetoacetate is readily
resolved into acetone and acetic acid, and is as readily con-

i - &

iz, 9.—Distillation under Rednced Pressure.

verted into alkyl derivatives, which are resolvable in a similar
manner. Its synthetic importance lies in these transforma-
tions. When the ethereal salt is distilled with d ilute ecaustic
soda, sodinm carbonate is formed and acetone passes over,
whilst when it is heated with concentrated alecoholic potash, it
is hydrolysed to potassium acetate. On treating its alkyl deri-
vatives in this way, alkyl derivatives of acetone and acetic acid
are obtained—
2C0H,.COOH 4 EtOH—CH,.CO.CH,.COOEt
—(CH,.CO.CH,+CO, + EtOH.
The convertibility of ethyl acetoacetate into homologous alkyl
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derivatives is due to the mobility of its methylene hydrogen,
which is influenced 'by the adjacent carbonyl groups, in the
same way as the hydroxyl hydrogen of acetic acid. Metallic
sodium dissolves in the ethereal salt just as in aleohol, and the
replacement of hydrogen by sodium is even effected h;, sodinm
ethoxide.

Ethyl sodacetoacetate, CH,;.CO.CHNa.COOEt, is a crystalline
substance, which is reconverted into the acetoacetate by acetic
aeid, and is the initial product in the preparation of the latter—

(H,.CO.CH,.COOEt—CH,.CO.CHNa.COOE.

On boiling this sodium compound with ethyl iodide, the
sodium is replaced by the alkyl, and the ethereal salt of ethyl-
acetoacetic acid is formed. The aetion is precisely parallel to
that of ethyl iodide on sodium ethoxide, and the product is
isolated in the same w ay as the original ethyl acetoacetate—

CH,.CO.CHNa.( U'Dht%‘*LH* CO.CHEt.COOETt.

Ethylic eth-!. l-acetoacetate, CH,;.CO.CHEt.COOEt, is a liquld
which boils at 198° and resembles the simple acetoacetate in
every. respect. When boiled with dilute caustic soda, it 1s re-
solved into carbon dioxide and ethyl-acetone or lllﬂth}l propyl
ketone, CH;CO.CH,.CH,.CH,, whi ist with concentrated alco-
holic potash it is converted into the potassium salt of ethyl-
acetic or normal butyric acid (Frankland and Duppa, 1865)—

CH, P[}DH+{‘H_Et COOH +EtOH=<-CH,CO.CHEt.COOEt—
(H,.CO.CH,Et + EtOH.

The synthetic process can be carried still further, for the
resemblance of the derived salt extends to the mobility of the
hydrogen. It is thus converted into ethylic ethyl-sodaceto-
acetate by the action of sodium ethoxide, CH; CO.CNaEt.COOEt,
and this in turn interacts with alkyl iodides, forming com-
pounds containing two substituted alkyl groups.

Ethylic methy l-etln] acetoacetate, @H; LO CMeEt.COOE, for
example, is a liguid which resembles thE original acetoacetate,
and is resolvable in a precisely similar manner ‘into methyl-
ethyl-acetone, or 3-methyl-2-pentanone, CH,.CO.CHMe.CH,.CH,,
and methyl-ethyl-acetic or active valeric acid, CH,.CH,.CHMe.
COOH (Frankland and Duppa)—-

CH,.CO.CHEt.COOEt—>CH,.€0.CNaEt.COOEt

¥
CH,.COOH + CHMeEt.COOH 4- EtOH<-CH,.CO.CMeEt.COOEt

The acetoacetic synthesis is thus of peculiar importance, as
by its means any monalkyl or dialkyl substitution product of
acetic acid or acetone can be formed, of perfectly determinate
constitution. As will be seen later, also, practically any mole-
cule containing alkylic halogen can be linked on in this manner
(Wislicenus), and other important syntheses can also be effected.

It is unnecessary to isolate the intermediate compounds.
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Thus, in the preparation of methyl-ethyl-acetic acid, the sodium
required to replace one equivalent of hydrogen is dissolved in
alcohol, and mixed with the ethyl acetoacetate, and the mixture
is boiled in a reflux apparatus with the calculated amount of
ethyl iodide until the solution becomes neutral. The operation
is then repeated with sodium and methyl iodide, and the pro-
duct boiled with alcoholiec potash. Iinally the acetic and
methyl-ethyl-acetic acids are set free with dilute sulphuric acid,
and distilled off, and separated by fractional neutralisation. If
the ketone is required, the ethereal salt is boiled with dilute
aqueous potash, and the product salted out, and purified by
means of its bisulphite compound.

The decompositions by alkali are not quite quantitative. In
the “acid’ decomposition, for example, a certain amount of
ketone is always formed, and vice versi, in the * ketonic” de-
composition, a certain proportion of acid.

The mechanism of the formation of the acetoacetate is rather
obscure. The presence of a little aleohol is essential, sodium
having no action on the pure ethyl acetate. Probably a deriva-
tive of ortho-acetic acid is formed with the sodium ethoxide,
and subsequently decomposed by a further quantity of the ethyl
acetate-—

E]-I:i.?{}DEt +NaOEt—CH,.C(OE b}x.ﬂﬂui-CH 4+C0.CHNa.COOEt +2EtOH.

As a ketone, ethy] acetoacetate is reduced by sodium amalgam
to the secondary alcohol, ethyl 3-butanolate, CH,.CHOH.CH..
COOEt. The corresponding acid is a syrupy substance, which
is identical with that formed from aldol by oxidation with
silver oxide. The latter is therefore B-hydroxy-butyric alde-
hyde CH,.CHOH.CH,.CHO. As a ketone, also, ethyl aceto-
acetate forms a crystalline bisulphite cempound, which may
be used in its purification.

The Malonic Acid Synthesis.—A synthesis very similar to
the acetoacetic synthesis is effected by means of malonic acid,
COOH.CH,.COOH, the next homologue of oxalic acid. This
substance, although a three-carbon compound, is considered
here, as it behaves in the same manner as acetoacetic acid in
the ketonic synthesis, and ig, moreover, the type of an important
series of dibasic acids derived from the four-carbon and higher
paraffins.

Malonie acid was originally obtained by oxidation of malic
acid (p. 163) with chromic acid mixture, whence its name, but
1t 15 more conveniently made from acetic acid by the eyanide
synthesis, Warm chloracetic acid solution is neutralised with
sodium carbonate, and heated with the calculated amount of
pure potassium cyanide until the vigorous action has quite
subsided, and the cyanide has dissolved. The sodium cyan-
acetate thus formed is hydrolysed by boiling with concentrated
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hydrochlorie acid, and the malonic acid extracted with ether
and crystallised (Kolbe, Miiller, 1864)—
CH.CL.COONa—-CH,(CN).COONa—CH,(COOH).COOH.

Malonic or propanedioic acid, COOH.CH..COOH (Dessaignes,
1858), forms long colourless crystals, and melts at 132°. Its
constitution follows from its synthesis from acetic acid, and
from its direct resolution into carbon dioxide and the fatty acid
when heated a few degrees above its melting point—

COOH.CH,.COOH = CH,.COOH 1 CO..

The utility of the acid in synthesis depends on this decompo-
sition, and on the circumstance that the methylene hydrogen
of its ethyl salt is replaceable by metallic and alkyl radicles in
the same way as that of ethy]l acetoacetate (Conrad, 1880)—

; BT M COOE: e COOEt COOH

CH, <008 CHNa < (0op > CHEL < (oo~ CHEL < (00
—>(H,Et.COOH + CO,.

The ethyl malonate is conveniently made from the crude, dry
cyanacetate, a mixture of which with absolute alcohol is satu-
rated with dry hydrogen chloride gas. The cooled product is
poured into ice-w at,el, and the ethyl malonate extracted with
ether, and fractionated in the usual manner—

CH,(CN).COONa+2EtOH +2HCl1=CH,(COOEt),4+ NaCl+NH,C].

Ethyl malonate, CH.,{COOEt),, is a heavy, colourless liguid.
which has a pleasant aromatic odour, and boils at 198°, 1t is
converted without much difficulty into the alkyl-acetic acids.

On mixing the malonate with sodium ethoxide in alco-
holic solution, it is converted into ethyl sodiomalonate, CHNa
(COOEt),, a white erystalline substance resembing ethyl sod-
acetoacetate, and on boiling this substance with an alky] iodide,
such as ethyl iodide, an Etlnlm alkyl-malonate is obtained.
The ethyl iodide is poured into the crude sodium derivative.
and the whole boiled on a water-bath until neutral, in the
same way as in the acetoacetic synthesis, the ethereal salt
being extracted with ether and fractionated.

Ethylic ethyl-malonate, CHEt{COOEt), is a liquid boiling at
207",

To obtain the ethyl-acetic acid. the ethyl-malonic acid must
be isolated. The alkyl-malonate is first converted into the
sodinm salt by beiling with strong caustic soda solution, and
from this the sparingly soluble calcium salt is precipitated by
the addition of concentrated calcium chlovide. Enough dilute
sulphurie acid to exac tlv combine with the calcium is now
added, and the ethyl-malonic acid thus set free is extracted
with ether, and reerystallised from water—
CHEL(COOEL),~CHEC00Na),>CHEt(C00),Ca—>CHE{(COOH)..

Ethyl-malonic aecid is a erystalline *-_,uhht'm:,e melting at
111°, which resembles malonic acid in every 1E1.p[=r,t and when
heated- at 160° is resolved into carbon dioxide and ethyl-acetic
acid. The ethyl-acetic acid thus prepared boils at 163°, and is



154 INTRODUCTION TO ORGANIC CHEMISTRY

in every respect identical with normal butyric acid, a further
synthesis of which is thus afforded—
CH,.CH,.CH(COOH,=CH,.CH,.CH,.COOH + CO,.

Dialkyl-acetic acids, such as active valeric acid, can be syn-
thesised in the same way, the dialkyl-malonates being pre-
pared in precisely the same manner as the dialkyl-acetoacetates,
and converted into the corresponding malonic acids by the
method just deseribed—

CH,(COOEt);—CMeEt(COOEt),—CMeEt(COOH),
- CHMekt. COOH +CO..

The malonic synthesis is in some respects preferable to the
aceto-acetic synthesis. The yields are better, and the resulting
acids do not need purification.

Malonic acid may itself be made by the acetoacetic synthesis.
Ethyl acetoacetate unites with ethyl chloroformate, C1.LCOOEt
(p.196), forming ethylacetomalonate, CH..CO. GH[GDDEt]I COOEt,
a liquid which is converted into 1:-:::1;&&1.111111 acetate and malo-
nate by boiling with aleoholic potash—

CH;.CO.CH(COOEt).COOEt| = CH((‘D CH,)(COOEt),]

—>CH,.COOK + CH,(COOK),.

Synopsis.— By the action of sodium on ethyl acetate, ethyl
acetoacetate 1s formed, a ketonie ethereal salt which is direct]:r
convertible both into acetone and acetic acid. It is semi-acid
and forms alkyl derivatives, which are similarly convertible
into alkyl-acetones and alkyl-acetic acids. An analogous semi-
acid ethereal salt, ethyl mmalonate, made from cyanacetic acid,
j:i convertible in a similar manner into substituted acetic acids
alone.
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CHAPTER XXVI
THE DIBASIC ACIDS

Succinic Acid.—Malonic and oxalic acids are the lowest
members of a homolozous series of acids, the succinic or oxalic
series, the next member of which is suceinic acid, Sucecinie acid
is a crystalline substance which was originally obtained by
distilling amber (suceinum), and is formed also as a bye-product
in the alcoholic fermentation of sugar, and by oxidation of
many fats and fatty acids with nitric acid. It is conveniently
prepared, however, by fermentation of tartarie acid.

A solution of ammonium tartrate, to which small quantities
of magnesinm sulphate, calcium chloride and potassium phos-
phate have been added, to feed the ferment, is kept in a warm
place for some weeks. The ammonium succinate thus formed
is boiled with milk of lime until the ammonia is expelled.
the resulting calcium succinate is decomposed with dilute
sulphurie acid, and the clear solution of acid evaporated to
erystallisation. The fermentation starts more guickly in a
very dilute solution, a portion of which may be.added to the
stronger solution as soomn as turbidity appears. Caleium
succinate can also be made by fermenting calecium malate
(p. 163) with putrid cheese and water.

Suceinic or butanedioie acid, COOH.CH,.CH,.COOH (Agricola,
1550}, is a colourless erystalline substance, having an unpleasant
acid taste. It melts at about 185° and boils at 255°, at the same
time partially decomposing. When heated it burns with a blue
non-luminous flame. The relation of the acid to butane is
established by its direct reduction to the latter when heated with
hydriodic acid and phosphorus, and is confirmed by synthesis.

When ethylene bromide is boiled with alcohol and pure
potassium eyanide, ethylene cyanide or succinonitrile, CN.CH..
(CH..CN, is obtained, a colourless crystalline substance melting
at 54", portions of which can be seen in the reflux condenser
towards the end of the operation. This is hydrolysed in the
usual manner. Water and caustic soda are added to the erude
product, after filtering off potassium bromide, and the boiling
continued as long as ammonia is evolved. The product is
then acidified with dilute sulphuric acid and evaporated to
dryness, and the liberated succinie acid extracted from the
residue with boiling alcohol (Maxwell Simpson, 1861)—

CH,Br.CH,Br—CN.CH,.CH,.CN—>COOH.CH,.CH,.COOH,

156
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Suceinic acid can thus be prepared from ethylene. Con-
versely, it is converted into the unsaturated hydrocarbon by
~,|]111}h electrolvsing a strong solution of its potassium salt.
Hydrozen is set free at the kathode, and ethylene at the
anode

CH.COOK CH,
*CH..COOK  CH,

Derivatives of Succinic Acid: Butyrolactone. Succinic aciil
is a dibasic acid, and its derivatives are analogous to those of
oxalie acid. The alkali salts, however, are very soluble, and
even calecium succinate is soluble in water, and can only be
precipitated in presence of aleoholic ammonia. The basic ferrie
salt, formed by adding ferric chloride to a neutral solution of a
succinate, is a brown gelatinous prec ipitate.

On the other hand, el]n | succinate is an oily liquid boiling at
2167, and closely resembling the oxalate. It is formed by warm-
ing the acid and aleohol with a little concentrated sulphurie
acid, and isolated by extraction with ether. Like the oxalate,
it is converted by agueous ammonia into the corresponding
diamide, succinamide, C,H,(CONH,),, an insoluble erystalline
powder. On heating ammonium suceinate, however, or suecina-
mide itself, ammonia is given off and a product of a new type

formed.
CH..CO
CH..CO
stance melting at 126°, is a weak acid, and forms salts, such as
potassium %unruumnle C.Hi:(CO):NK, in which the imido-
hydrogen, rendered mobile by the carbonyl groups, is replaced
by the metal.
Similarly, when sueccinic acid is distilled, either alone, or
with a little phosphorus pentachloride, it loses water, and not
carbon dioxide, like malonic acid. The succinie anhydride,

CH,.CO
GHI; {,,D}D thus formed, is a crystalline substance, whose

+200, + K2KHCO, + H,).

Suecinimide, >NH (Fehling, 1844), a erystalline sub-

vapour is very suffocating.

The succinyl chloride, COCl.CH,.CH,.COCl, formed by the
action of phosphorus pentachloride on ethyl succinate is a
liguid which resembles oxalyl chloride, and is hydrolysed by
water in the normal manner to suecinie and hydrochloric acids.
On_reduction, however, it is converted, not into suceinic dialde-
h',"c'[e as mlght be expected, but into an isomeric derivative of
butyrie acid.

y-Butyrolactone, GI?:I C‘gi U[,F[-I o (Saytzeff, 1873), is a liguid
e g
boiling at 206°, which is formed both by reducing an ethereal

solution of succmjl chloride with sodium amalgam and elacial
acetic acid, and by distilling y-chloro-butyric acid, It is recon-
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verted into succinic acid by oxidation with chromic acid, but
when warmed with caustic baryta solution, is hydrolysed to
the barium salt of y-hydroxy-butyric acid. It is thus an in-
ternal ethereal salt of the latter—

CH,.COOH , _CH,COCI _CH,CH,_  CH,CH,0H _CH.CHCI
¢H,.COOH < (H,.COCI 7 (H,.CO ~  ~ CH,COOH ~ (CH,COOH

s S0 Loa T A

y-Valerolactone, CH, FH (“’HDCH {1 the next homologue of

butyrolactone, is formed 1}1 reducing ]evul inic or aceto-propionic
acid, an easily crystallisable liquid obtained by distilling
leyulose (p. 174) and other carbohydrates with hydrochloric acid..
It is only hydroxyl groups in the y- and more remote positions,
which interact in this manner to form lactones, a- and
B-hydroxy-acids scarcely ever forming such compounds. Hydra-
erylic acid, for example, is converted into the unsaturated
compound acrylic acid, and although glycollic and lactic acids
form internal ethereal sttlts two molecules enter into the action.

The Succinic Series of Acids.—Succinic acid is derived from
normal butane and ethylene, and there is an isomeric acid
similarly related to isobutane and ethylidene. This acid is
formed from both a-chloropropionic acid and ethylidene chloride
by the eyanide synthesis, and from malonic acid by the malonie
synthesis—

CH; CHCLCOONa—>CH,.CH(CN).COONa->)
CH,.CHCl,~>CH,.CH(CN), — | CH,.CH(COOH),
CHNa(COOE),~CHMe(COOEL), )

Isosuccinic or ethylidene-suceinic acid, CH,CH(COOH),
(Wichelhaus, 1867), is a erystalline suhstance, melting at 130°.
As a malonic acid, it is resolved by heat, not into water and
an anhydride, but into carbon dioxide and the correspond-
ing monacid, propionic acid., It is a general rule, that when
the carboxyl groups of dicarboxylic acids are attached to
adjacent carbon atoms, the acids are resolved into anhydrides
by heat, but that when the groups are attached to the same
carbon atom, 111nnm-mhr:::-n1m acids and carbon dioxide are
formed. Succinic acid is the type of the first class of com-
pounds, and malonic of the second—

CH,.CH(COOH),—CH,.0H,.COOH + CO,.

The isomerism of the higher members of the sucecinie series is
naturally very complex.. In the first place, in addition to the
alkyl derivatives of maloniec acid, which have already been
considered, there are similar derivatives of succinic acid.

Pyrotartaric acid COOH.CHMe.CH,.COOH, for example, is a
crystalline substance, which is formed, together with pyro-
racemic acid, by distilling tartaric acid, and can also be made
from propy lene bromide I;n. the eyanide sy 'nthesis.

But in addition to these, there are a number of acids in which
the carboxyl groups are attached to non- -adjacent carbon atoms.




THE DIBASIC ACIDS 159

The most prominent of these is adipic acid. a crystalline sub-
stance which is formed by the oxidation of the higher fats
and fatty acids with nitric acid, and is closely related to the
Sugars.

Adipic or hexanedioic acid, COOH.CH..CH..CH,.CH,.COOH
(Laurent, 1839, is a crystalline substance, melting at 14%°. It
can be synthesised by heating @-iodopropionic acid with re-
dueced silver in the same way as butane from ethyl iodide and
sodium—

COOH.CH,.CH,I +Ag,+CH,I.CH,.COOH=COOH.[CH,],.COOH +2A¢T,
and its ethyl salt is formed when ethyl potassium succinate is
f-leatéoh;;ed (metg{;‘md ;-.Eg}cm I{[H:J.Eﬂ -

COOEt.CH,.CH,.COOK. COOEt.CH,.CH,

COOEt.CH,.CH,.COOK =COOEt.CH, CH, | 200 T K(2KOH + 1)

The principal members of the oxalic-succinic series are
tabulated below—

Oxalie acid {:"{}DH
COOH

) : - COOH
Malonic acid. . . . . . {"II'-*"‘:{T(]UH
Sueeinie acid. [:!H‘-*'{’DDH
CH..COOH

; : : 'H..COOH
Glutaricacid . . . CH. {EH "COOH

CH,. CH,.COOH

¢ 'H,.CH,.COOH
Pimelic acid . . {?Hz{fﬁﬂ CH;:COOH

The Unsaturated Dibasic Acids: Maleic and Fumaric
Acids.—Corresponding with the succinic series of acids, there
are a number of dibasic acids similarly related to the higher
olefines and acetylenes. The chief of the olefine acids are
maleic and fumaric acids.

When maliec or hydroxy-succinic acid (p. 163) is distilled, it
loses water, in the same way as hydraerylic acid ; but instead of
a single unsaturated acid being for med, two isomeric comnpounds
are pm{luceﬂ Maleic acid and its anhj,'drlde pass over, whilst
fumarie acid remains behind. By heating the mahc aecid
cautiously at 130-140°, the fumar mHa,:af}‘ g'offf med alone,

d, H.6.COOH (Lassaigne, 1819),
is a exystalline substance of disagreeable acid taste, and is very
soluble, even in cold water. It melts at 130°, and boils at 160",
at the same time partially decomposing into water and its

Eggg >0, is a erystalline sub-

Adipie acid

Maleic or cis-butenedioic acic

anhydride. Maleiec anhydride,

stance, melting at 60°.
H.C.COOH

Fumaric or trans-butenedioic acid, COOH.GH

(Lassaigne,
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1819), is also a erystalline substance, but of agreeable acid
taste, and is ]n*u:lu_mlhf insoluble in cold water. It oceurs also
in the common fumitory (fumaria). Fumaric acid melts only
with difficulty, but sublimes to some extent at about 2007, and
at the same 1E1um is partially converted into maleic anh.}duﬂe
and water. This decomposition becomes quantitative when the
acid is heated with phosphorus pentoxide. Conversely, when
maleic acid is heated at 130°, it is gradually converted into
fumaric acid. Both acids are reconverted into malie acid when
heated with water at 200" —
H.C.COOH H.C.CO CH(OH).COOH
COOH.G.H 7~ H.G.00~° 7 (0H.COOH.

Maleic and fumaric acids are dibasic acids, and both yield
acetylene when the aqueous solutions of their alkali salts are
electrolysed. Fumarie acid can also be made from acetylene
iodide, CHI:CHI (from acetylene and iodine) by the cyanide
synthesis. They are both, therefore, ethylene-dicarboxylic acids,
and of identical constitution—

CH:CH->CHLCHI->CN.CH:CH.CN—->COOH,.CH:CH.COOH

4 , el

This is confirmed by their relation to suecinie acid. They
are reduced to this acid by sodium amalgam or hydriodic acid,
and fumaric acid is formed by heating mmwhmmo -suceinie a,md
with aleoholic potash—

COOH.CH,.CH,.COOH—>COOH.CHBr.CH,COOH<—>COOH.CH:CH.COOH
(IR |5 ISR L
Further, both acids, as ethylene derivatives, combine with
hydrogen bromide, forming bromosuccinic acid, and with brom-
ine, fmmmﬂ dibromo-suceinie acid, COOH. CHBr.CHBr.COOH.
This undoubted structural u'lemlt} of maleic and fumarie acids
(Wislicenus, 1887) necessitates a further development of the con-
ception of stereo-isomerism. If carbon atoms be represented as
regular tetrahedra, the nucleal tetrahedra in ethylene derivatives
must be linked edne to edge, and formulse thus become possible
for compounds of the maleic and fumaric type, which are
structurally identical but stereometrically different. The pairs
of groups which are on the same side of the tetrahedra in the
one formula are on opposite sides in the other (Van't Hoff)—

) CGDH

In the case of these dicarboxylic acids, that in which the two
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carboxy] groups are nearest, termed the plane-symmetrical or
eis modification, will obviously form an anhydride the more
readily, and is therefore maleic acid, whilst the axial-sym-
metrical or frans modification is fumarie acid. Maleic acid is
thus eisbutene diacid, and fumaric acid transbutene diacid.

As in the case of the optically active compounds, it is con-
venient to use the plane projections of the formule—

H.C.COOH H.C.COOH
H.0.COOH  COOH.C.H

The two crotonie acids are represented by similar formule,

and many such pairs of stereoisomerides are known—
CH,.C, H C l[:,.lf“1 H
COOH.C.H H.C.COOH

The Unsaturated Dibasic Acids: Acetylene- :11carboxyl1n
Acid. —The acetylene derivative cor responding with maleie and
fumaric acids is formed by boiling dibromo-suceinic acid with
alcoholic potash, in the same way as acetylene itself from
ethylene dibromide—

COOH.CHBr.CHBrCOOH=COOH.C :C.COOH +2HBr.

Acetylene-dicarboxylic or butine-dioic acid, COOH.C:C.COOH
(Bandrowsky, 1887), is a crystalline substance, melting at 179",
It is convertible into derivatives both of maleic and fumaric
acids. The ethyl salt unites with bromine, forming ethyl
dibromo-maleate, whilst the acid itself unites with hydrogen
bromide, forming bromo-fumaric acid—

COOH

Br.C.COOEt 3= () Br.C.COOH

Br..COOEt < ¢ 7 COOH.C.H
COOH

Potassium hydrogen acetylene-dicarboxylate, COOH.C: C.COOK
is a sparingly soluble substance, which, as already mentioned,
is resolved into carbon dioxide and potassium propiolate,
CH : C.COOK, when hoiled with water.

Synopsis.—Succinic acid is ethylene-dicarboxylic acid, and
belongs to the oxalic-succinice series of acids. The members of
this series are divided into three classes—derivatives of malonie
acid, derivatives of succinie acid, and acids in which the two
carboxyl groups are united to non-adjacent carbon atoms.
Maleic‘and fumaric acids are the ethylene derivatives corre-
sponding with succinic acid. They are structurally identical,
but their spacial configcurations are different. Acety lene-
dicarboxylic acid is the cm'l-e:q]mnding acetylene derivative.

M
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CHAPTER XXVII
THE VEGETABLE ACIDS

The Malic Acids.—The sourness of unripe fruit is almost
always due to tartarie, citric, or malic acids, which together
with oxaliec acid and a few others, may be termed the vegetable
acids. Malic and tartaric acids are hydroxy-derivatives of
suceinie acid. Sour apples contain a considerable quantity of
malic acid, but the substance is most economically obtained
from rhubarb, or unripe mountain ash berries.

The juice expressed from the stalks or berries is concentrated,
and the aecid mneutralised with boiling milk of lime. The
normal calcium malate thus precipitated is dissolved in hot
dilute nitric acid, and reerystallised as the acid salt, which
forms much better defined crystals. The free acid is lal‘epaled
by decomposing the lead salt with hydrogen sulphide.

Malic or butanol-dioic acid, COOH.CHOH.CH,.COOH (Scheele,
1785). is a deligquescent, semi- l::rw, stalline substance, which forms
soft, warty masses, melting at 100°. It is a dibasie acid, as it
forms two classes of salts, such as the caleium salts nmntlmmd
above. The lead salt, precipitated by lead acetate from a
neutral solution of a mainte, is characteristic, as it is insoluble
in ammonia, and melts to a sticky paste when boiled with
water,

Malic acid is an aleohol, for, by the action of acetyl chloride,
ethyl malate is converted into ethylic acetyl-malate, COOLEL.
CH(OAe).CH..COOEt, a liquid boiling at 258°. Its constitution
as hydroxy-suceinic acid is fully proved by analysis and syn-
thesis. vIt 18 reduced to succiniec acid when heated with -
hydriodic acid, and its inactive modification (see below) is
formed when monobromo-suceinic acid is heated with silver
oxide and water. The latter is made by heating succinic acid
in a sealed tube with hromine and water—

CH,COOH ___, CHBr.COOH ___,_ CHOH.COOH
CH,.COOH  ~ (H,COOH (‘H,.COOH
i
Like oxalic acid, malic acid forms two amides, namely,
malamide, C;H,(OH)(CONH,),, and malamic acid, CONH..C.H,
(OH).COOH. They are both crystalline substances.

168
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The malic acid inolecule contains an asyvmmetrical earbon

atom—

H

(OOH.C.CH,.COOH,

OH
and the acid, therefore, like lactic acid, assumes three stereo-
isomeric forms, in two of which it is optically active; and
similarly with the exception of differences in the solubilities
pf their salts, the three acids are chemically identical,

COOH
Natural malie acid, H.C.OH, is leevogyrate, [a]p =-33".
CH,.COOH
COOH
The complementary dextromalic acid, OH.C.H, [a] =+58,
CH,.COOH

is formed ln the partial reduction of tartaric acid, and by the

action of nitrous acid on aspartic acid (p. 224). The inactive
acid, CHOH.COOH

'CH..COOH
weights of the active acids, is formed, not only synthetically,
hut also by the partial reduction of racemic acid, and as already
stated, from fumaric and maleic acids. Like inactive lactic
acid, it can be resolved into its components by fractional
erystallisation of its cinchonine salt.

Tartaric Acid.—Ordinary tartaric acid is a dihydroxy-
derivative of succinic acid. Its chief source is argol, or potas-
sium hydrogen tartrate, which is a constituent of grape juice,
and separates as a crystalline “crust” in the preparation of
wine, as it is insoluble in alcohol. The brownish argol is
decolourised by digesting its hot solution with animal char-
coal, and recrystallised from hot water. The colourless produet,
termed cream of tartar, is boiled with water and chalk, and is
thus converted, half into the insoluble caleium tzutmte and
half into the soluble potassium tartrate. The filtered En]ul:mn
of the latter is mixed with calcium chloride solution, and the
second moiety of the acid thus precipitated, and finally the
washed calcinm tartrate is decomposed with the ecalculated
amount ef dilute sulphuric acid, and the clear solution of tar-
taric acid recrystallised until pure.

Tartaric or butane-diol-dioic acid, COOH.CHOH.CHOH.
COOH (Scheele, 1769), crystallises in larne colourless prisms, o
pure and agreeable acid taste. It melts at 170°, but at a
slightly higher temperature, chars, giving off fume&lesemh]mg
those of burnt sugar. Tartaric acid is a dibasic acid, for it
forms a diethyl salt, ethyl tartrate, Et.,C,H,0;, the mo]e-::u]ar
weight of which follows from its vapour density. The mole-
cule contains two alkylic hydroxyl groups, for the ethyl salt

, formed by mixing the solutions of egual
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15 converted by acetyl chloride into a erystalline ethyl diacetyl-
tartrate, COOELC H{ﬂ Ac).CH(OAce). COOEt, llleltlur" G T
Finally, that the acid is dihydroxy-suceinic acid is plmetl by
its successive reduction to malic and succinic acids, when
heated with hydriodic acid, and by various syntheses (see Race-
mic Acid)—

CHOH.COOH CHOH.COOH CH..COOH

CHOH.COOH ” CH,.COOH ~~ CH,.COOH

The tartrates are substances of great antiquity. Cream of
tartar was known to the ancient Greeks, and tartar emetic,
K(ShO)C,H, 04 a basic, but soluble antimony salt, made by
‘boiling eream of tartar with antimonious oxide and water, was
used in the middle ages. Sodium potassinum tartrate or
~ Rochelle salt, KNaC,H,0,4+4H,0 (Seignette, 1672), is a well-
defined crystalline substance, formed by dissolving cream of
tartar in sodium carbonate solution.

Tartaric acid is best isolated and identified by means of the
caleium salt, which, as stated above, is thrown down when
caleium chloride is well stirred with a neutral solution of a
tartrate. It is soluble in acetic acid, and in caustic soda, and
is thus easily distinguished from calecinm oxalate. It is repre-
cipitated on warming the alkaline solution.

The tartrates are further distinguished by two other pro-
perties. They arve readily oxidisable, and thus reduce silver in
the same manner as formic acid ; and like other poly-hy droxy-
compounds, they prevent the plﬂ;lpltﬂtlﬂl’l of copper and iron
by alkalies. When a neutral solution of a tartrate is warmed
with ammoniacal silver nitrate, a silver mirror is deposited on
the sides of the vessel, the acid being oxidised to carbonic and
oxalic acids, and on adding caustic soda to a solution of copper
sulphate containing Rochelle salt, a deep blue alkaline solution
is obtained (Fehling, 1849). This is very valuable in the detec-
tion and estimation of substances, such as the sugars, which
reduce copper only in alkaline solution.

When a strong solution of Rochelle salt is mixed with a little
ferrous salt, and exposed in an open dish to direct sunlight, it
OH.C.COOH

\ " OH.C.COOH’
vellow substance, which is coloured violet by caustic alkalies.

This is resolved into glycollic aldehyde and carbon dioxide when
heated with water

COOH.C(OH):C(OH).COOH—>[CH(OH):CH(OH)—>|CH,OH.CHO.

Racemic and Meso-Tartaric Acids.—Ordinary tartavic acid
is optically active and dextrogyrate [a]p = 4+ 147, its formula
containing asymmetric carbon. But as there are two asyim-
metric carbon atoms, there are four stereo-isomerie acids,
namely, dextro- and levo-tartarie, and racemic and meso-
tar tfum acids, the last two being optically inactive.

Racemic acid, the inactive acid corresponding with inactive

iz rapidly oxidised to dihydroxy-maleic acid,
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malic and lactic acids, is formed when tartaric acid is heated,
and was first obtained from tartaric mother liquor. The liguor
is boiled with chalk, and the insoluble racemic acid liberated
from its calcium salt with dilute sulphurie acid. The racemic
acid erystals are readily picked out from the accompanying
crystals of tartaric acid, as they are efflorescent. The best way
of making the acid is to heat tartaric acid with a little water
in a sealed tube at 175°, for a day or two. The product is
simply recrystallised to separate the small quantity of the
more soluble meso-tartaric acid which is formed at the same

time.
CHOH.COOH

"CHOH.COOH
water, which it slowly loses, even at the ordinary temperature.
The anhvdrous acid melts at 206°.

Racemic and tartariec acid were the first isomeric compounds
recognised (Berzelius, 1829). The metallic racemates differ from
the tartrates much in the same way as the inactive from the
active lactates. Caleium racemate, for example, is insoluble in
acetic acid. The chemical relations of the acid, however, are
practically identical with those of tartaric acid, and its consti-
tution is therefore the same.

Racemie acid and the second inactive acid, mesotartarie acid,
are the products obtained in all syntheses of the tartaric acids.
Thus calcium racemate is formed when caleium dibromo-
succinate is boiled with lime water (Kekulé and Perkin, 1861).
Ethyl racemate is obtained when ethyl oxalate is reduced
with sodinmm amalgam (Debus, 1872), and racemic and meso-
tartaric acids themselves can be made from glyoxal by the
evanhydrin synthesis—

OEt.CO.COOEt CHBr.COOH CHOH.COOH +CHOH.GN +CHO
OEt.CO.COOEt CHBr.COOH~ CHOH.COOH CHOH.CN CHO
e A |

The second inactive or meso-tartaric acid differs from racemie
acid in that it cannot be resolved into active isomerides. It is
made by heating racemic acid with water, and conversely, is
converted into the latter by the same process, the direction of
the action depending on the temperature. The two acids are
separated by fractional erystallisation. :

Mesotartaric acid, COOH (Pasteur, 1851), is a crystalline
H.C.OH
H.C.OH

COOH
substance, melting at 143°, or at a lower temperature than
racemic acid. As already noted, it is much more soluble in

water, and the same applies to its salts, potassium hydrogen
mesotartrate, for example, being freely soluble.

Racemic acid (Kestner, 1822), crystallises with
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Lavo-Tartaric Acid.—Just as inactive lactic and malic acids
can be resolved into the corresponding active compounds, racemic
can be resolved into dextro- and lmvo-tartaric acids. This
separation was the first of the kind effected, and has been the
model for all similar work (Pasteur, 1851). Thus, by growing
mould on a solution of racemic acid, the dextro-acid is alone
destroyed, and the solution L‘.’L]lt-l.lcl-ll_} contains only the levo-
acid. E:muhrh' cinchonine racemate, like str'r-:}nnue lactate,
can be separated into its components by fractional crystallisa-
tion.

The most interesting method of separating the two acids is
based on the asymmetry of the erystals. On evaporating a
solution of sodinm ammonium racemate, prepared by satur-
ating a cooled solution of sodium racemate with ammonia gas,
two kinds of erystals separate, which are recognisable as mirrvor
images of each other, and can be picked out by hand (Pasteur).
The separation is eflected with less trouble by introducing a
erystal of either salt into the super-saturated solution, when the
erystals of that particular kind alone appear.

The erystals are hemihedral, that is to say, only their alter-
nate faces are developed, and the faces which are developed in
the crystals of the one kind, are those which are suppressed
in the other. Moreover, the El‘yﬂtﬂ]s of the dextro-gyrate acid
are dextro-hemihedral, and those of the levogyrate acid, levo-
hemihedral. It was this actual asymmetrical structure of the
salts, which first led to the suggestion that their molecules are
asymmetrical (Pasteur), and thus, eventually, to the theory of
stereoisomerismn. ;

Lieevo-tartaric acid (Pasteur, 1851) resembles ordinary tartaric
acid in every respect, with the exception that it is levogyrate
[a]lp = — 14°, and that its crystals are the mirror images of
those of the dextro-acid. By mixing its solution with that of
ordinary active tartaric acid racemic acid is reproduced, and as
the action is exothermic, much heat being evolved, the inactive
acid is an actual eo>mpound of the active modifications.

The Isomerism of the Tartaric Acids.—The isomerism of
racemic acid and its constituents is analogous to that of the
lactic acids, but more complex, owing to the presence of two
asymmetric carbon atoms in the molecule. In the active acids,
the groups are similarly arranged around these two atoms, in
the dextro-acid in one cyclic sense, and in the lwvo-acid in the
opposite sense, and racemic acid is represented in the same way
as inactive lactic acid, by the two formuls together, or simply
by the ordinary structural formula, COOH.CHOH, CHOH.COOH.
The solid formule ave again conveniently represented by their
plane projections—
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COOH ' 00
HE——S O OH H
V COOH CO0OH
' or H.C.OH or OH.C.H
A OH.C.H H.C.0H
OH&—=H COOH H OH COOH
COOH COOH

In mesotartaric acid, however, the groups must be assumed to
be arranged round the two tetrahedra in eyeclically opposite
directions, so that the effect of the one set of groups is neutra-
lised by that of the other. Mesotartaric acid is thus an inter-
nally compensated compound, and it is evident that a substance
having a simple formula of this kind cannot be converted into
isomerides without actual chemical change—

COOH

BN G COOH
v or H.C.OH
1 H GO
A COOH
H OFH
COOH

These configurations are confirmed by the chemical relation-
ships of the acids. All four are reduced by hydriodic acid,
ilir:-ct- to malic acid, and ultimately to succinic acid; but whilst
. every case the same succinie acid is produced, the active
acids yield the active malic acids, and the inactive acids, inac-
tive malic acid. Similarly, the acids formed by synthetic
methods are invariably inactive, the chances of formation of
the two active varieties being equal, as already indicated.

The formule, moreover, are in agreement with those of
maleic and fumarie acids, These acids, as ethylene derivatives,
are oxidised by dilute permanganate to the corresponding
dihydroxy-compounds, as might be expected. But whilst
malete dcid is converted into mesotartarie acid, fumarie acid

}'ig]d:‘; only racemic acid, 7.c. equal quantities of the two active
acids (Kekulé, 1880)—

H

VN
(1L
L] [l COoH
CO0H H OH
-;;f"'"" 5 CO0H =

Muleic _ - Mesotartaric
acid acid ;

coc '—'J-\L_\ H e = e an :
9 A JH Catn
aH n
" Ladm
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o Codn
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Fumarie _ €oom together
acid = 00 L forming
-m._\_* cote o M racemic
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Citric Acid.—The acid of lemons and sour gooseberries is a
hydroxy-polybasic acid, which bears to glycerol a relation some-
what analogous to that of malic acid to glycol, and may be con-
veniently considered in this place. The acid is readily obtained
from lemons. The juice having been boiled, and filter ed from the
coagulated albumen, 1s neutralised with chalk and milk of
lime, and again hﬂiled, and the insoluble calcium citrate thus
precipitated is decomposed with dilute sulphuric acid, as in the
isolation of tartaric acid,

f} H.,.COOH
Citric or 3-methyl-3-pentanol-tricic acid, C(OH).COOH + H.,0

CH..COOH

(Scheele, 1784), forms large crystals, of pure and very agreeable
acid taste. The hydrated acid melts at 1007, and the anhydrous
acid at 153°, The acid is tribasic, as it forms three classes of
salts, such as the mono-, di- and tri-potassium citrates, which
are prepared in the same way as the ammonium oxalates (Lie-
big, 1838), and its molecular weight further follows from the
vapour deuﬂt:,' of its triethyl salt. That the acid contains
alkylic hydroxyl, is proved by the conversion of this salt
by acetyl echloride into triethylic acetyl-citrate, C;H,(OAc)
(COOEt);, a erystalline substance, resembling the corresponding
tartrate.

As regards nucleal constitution, citric acid is a derivative of
glycem], for it is reduced by hydriodic acid to tricarballylic
acid, C;H(COOH),, a erystalline substance, which can be made
frmn tribromhydrin by ‘the cyanide sy nthe-ns (Simpson, 1863)—

C,H,Br,~-C,H,(CN),~C,H,(COOH),.

Citric acid is therefmﬂ represented by one of the two consti-

tutional formule—

CH,.COOH CHOH.COOH
C(OH).COOH or CH,COOH
CH,.COOH (H..COOH.

The first formula must be chosen, for the acid is readily con-
verted into acetone by distillation with manganese dioxide and
dilute sulphurie acid, carbon dioxide being evolved. Further,
when it is heated with concentrated sulphuric acid on a water-
bath, earbon monoxide is evolved, and on pouring the product
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into a little water, acetone dicarboxylic acid, COOH.CH..CO.
CH,.COOH, separates,a crystalline substance which melts at 130°,
and immediately decomposes into carbon dioxide and acetone—
COOH.CH, .. ~ EUDH'[ Hq CH- <
Synthesis of Citric ﬂ{-id —Cltlm ﬂud can he synthesised
from dichloracetone and both from acetoacetic acid.
Dichloracetone, CH.CL.CO.CH.Cl, a ecrystalline substance
formed by oxidising ae-dichlorhydrin with chromic acid, is
converted by the cyanhydrin synthesis into dichloracetonic

acid, CHﬁDlgé}%}E'GHﬂm' This substance is converted into

1: Ll . .2 CN.CH,.C(OH).CH,CN

t']. Y 1 x 1 £ et d il = !
1e corresponding dicyanacetonic acid, COOH

by boiling with concentrated potassium cyanide solution, and
on saturating the product with hydrogen chloride, the cyanide
is hydrolysed to citrie acid (Grimaux, 1880)—
CN.CH..C{(OH).CH..CN CDOH CH,.C(OH).CH,.COOH
COOH COOH

The acetoacetic synthesis is effected by chlorinating ethyl
acetoacetate, and heating the y-chloro-compound, CH,CL CO.
CH..COOEt, with potassium eyanide solution. On digesting the
y-cyanoacetoacetate, CHy(CN). CO.CH, .COOE®, thus formed, with
hydrocyanic and hydrochloric acids, it is converted into citric
acid (Haller, 1891)—
CH,(CN).CO.CH,.COOEt>CH,(CN).C(OH).CH,.COOEt

CN

(:Hf(UO%H).i;:{DH ).CH,.COOH
COOH.

The formula of citric acid does not contain asymmetric carbon,
and the acid, therefore, unlike the other hydroxy-acids, is opti-
cally inactive, and cannot bz resolved into active constituents.

As a tertiary alcohol, it is broken up by oxidising agents,
acetic and oxalic acids being formed.

Synopsis.—The vegetable acids, malic and tartarie acid, are
hvdroxy-succinic acids. They are optically active compounds,
but whilst there is only one inactive malic acid, there are two
inactive tartaric acids, the second of which is accounted for by
the mutually compensating action of the two asymmetric carbon
atoms. Citric acid is a hydroxy-tricarboxylic derivative of
glycerol. :
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SECTION VIII
SIX-CARBON DERIVATIVE>

CHAPTER XXVIII
TilE CARBOHYDRATES: SUGARS

Cane Sugar.—The last of the oxygenated paraffin derivatives
to be considered are the sugars, and related natural produects,
which are either substitution derivatives of hexane, or conden-
sation products of such derivatives. The well known substance,
cane sugar, is of great antiquity. Originally introduced from
India in the time of Alexander the Great, the sugar-cane gradu-
ally spread through Southern Europe, and was introduced into
the West Indies in the fifteenth century, soon after the discovery
of America. About half the sugar of commenrce is obtained from
this source, the rest being prepared from the sugar maple in
in North America, and from the sugar beet on the Continent,

The process of extraction is much the same in all cases. The
sap or juice, which may contain as much as 20 per cent. of
sugar, is expressed mechanically, and boiled down to a thin
syrup. The accompanying vegetable acids are then neutralised,
and the albumen coagulated, by the addition of milk of lime, and
the concentration continued in steam-heated vacuum pans until
crystallisation begins. The crude erystalline product is ordinary
brown sugar, and is converted into white sugar by recrystal-
lising and ﬂemlﬂunsm"' with animal charcoal. The mother
liquid from the brown sugar yields a second crop of still darker
erystals, and the residual unerystallisable syrup is partly used
as molasses or treacle, and partly worked up into aleohol—rum.

Commercial cane sugar is a bmgularh' pure product, and prob-
ably no other organic cmnpﬂund is prepared on so lalge a scale
and in so pure a state. Ordinary loaf sugar is crystallised
quickly, and from hot solutions, whilst sugar candy is prepared
by allowing cold syrup to crystallise SID"I.TI\ on nuelei of string,
and, as stated above, the various brown sugars arve simply pro-
ducts more or less t*n::-utaummted with mother liquor. In the

laboratory, sugar is readily extracted from cane or beet hy
hoiling with muderateh Hch:-ng alecohol.

Cane sugar or sucrose, (',H.0,,, by eryoscopic method, forms
transparent, hard Ll‘\'bt"llh,, melting at 160° (saccharum, from

Sanscrit=sand y). The colourless melt does not at once TecIy S-
: 172
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tallise on cooling, but remains for a time in a transparent,
amorphous condition—barley sugar. At a somewhat higher
temperature the sugar is converted into caramel, a dark brown,
1n~1m‘u1€~nil~. .unm‘phmh substance, w hu,h is still soluble in
water. Sugar itself is very anluhlﬂ, forming the well-known
sweet syrup, but it is practieally insoluble in absolute alcohol.
The aqueous solution is dextrogyrate, [a|p = + 66"

When sugar is heated to redness, it swells up and blackens,
eiving off the characteristic fumes of burnt sugar, and it even-
tually loses most of its hydrogen and oxygen as water, and is
converted into charcoal. The elements arve, in fact, in exactly
the proportion to form water, and sugar and other similar com-
pounds are on this account termed carbohydrates. Concentrated
sulphuric acid has partly the same effect, a mixture of strong
syrup and the acid blackening and swelling up enormously.
(Cane sugar 1s also distinguished from the other sugars by the
action of sulphurie acid, and by the absence of action with
caustic alkalies, alkaline copper tartrate, yeast, and phenyl-
hydrazine.

When oxidised with nitric acid, sugar yields prineipally
oxalic acid, as already noted, but tartaric and saccharic acids
(p. 185) are also formed.

Glucose.—There are many sugars besides that of the cane
and beet. Honey, for example, which was known long before
cane sugar, slowly deposits, when kept, a sweet crystalline sub-
stance which is quite distinet from that of the sugar-cane. The
same substance is obtained by concentrating the juice of ripe
grapes, and can be prepared by hydrolysis of cane sugar and
starch with dilute acids.

On dissolving powdered cane sugar in warm spirit acidified
with hvdrm-hlnrm acid, a clear syrup is obtained, which after a
week or two deposits cr_x stals of this glucose. The cx ystallisa-
tion can be eflected in twenty-four hours if the syrup is sown
with a ready-formed crystal of the product.

Similarly, on digesting starch on a water bath with very
dilute qulphurm acid, it is dissolved, and after a time entirely
converted into llt__,]-.lr.::-::w,e. On removing the acid w:th powdered
chalk, antl concentrating the clear qnlutmn, the glucose even-
‘I;l.l.all;,,r separates (Kirchhoft, 1811). As in all such cases, the
erystallisation is hastened by introducing a ready - formed
erystal into the syrup. If anhydrous glucose crystallised from
aleoholic solution be used, and the syrup is warmed, anhydrous
crystals at once separate.

Glucose is also formed in diabetes, and is excreted in rela-
tively enormous quantities, sometimes as much as half a
kilogram a day, in the urine of persons suffering from that
disease.

Glucese, dextrose, or grape-sugar, C;H,.0; (Glauber, 1660), is
a colourless substance, which crystallises from cold solutions
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with 1 mol. of water of crystallisation, but from hot solutions
in the anhydrous state. It melts at 146°, and like cane sugar
is dextrogyrate, [a]p= + 53"

Glucose differs, however, in many respects from the more
complex sugar. It is soluble in aleohol, and is not charrved by
sulphuric acid. It is coloured brown when warmed with
caustic soda solution, and strongly reduces ammoniacal silver
nitrate, and alkaline copper tartrate (p.165) when warmed with
these agents. In the first case metallic silver is deposited in
mirror form, and in the second, the cuprie salt is reduced to red
cuprous oxide. The latter action is quantitative as well as
qualitative, one molecule of glucose reducing five atoms of
copper. The amount of glucose in a solution such as urine
may thus be estimated by running the liguid into a known
amount of the boiling copper SDlllt-iDll until the colour is just
discharged (Fehling, 1849). An emulsion of bismuth hydroxide
in eaustic soda is similarly reduced to black metallic bismuth
when heated with glucose.

Glucose is further distinguished from cane sugar in that it is
readily fermentable by yeast (p. 176), and that when heated on
a water-bath with phenyl-hydrazine acetate it is converted into
colden-yellow erystalline compound, glucosazone (p. 189). The
microscopic appearance of the erystals is very charaecteristic,
and their formation affords a conclusive proof of the presence of
glucose in liguids such as urine (Fischer, 1884).

Fructose.- Besides glucose, honey and grape-juice contain an
isomeric sugar, fructose or levulose, which is much more
difficult to erystallise. It is also formed, in equal amount
- with glucose, in the hydrolysis of cane-sugar. The sugar is
hydrolysed by heating on a water bath with dilute sulphurie
acid, and the acid is removed with powdered chalk. Slaked
lime is now slowly stirred into the ice-cold produet without
allowing the temperature to rise, and the resulting precipitate
of the insoluble lime compound of fruetose is filtered oft and
washed. The precipitate is suspended in water, and washed
carbon dioxide passed in until the lime is converted into caleium
carbonate; and on evaporating the clear solution, the fructose
remains as a syrup (Dubrunfaut, 1848). After deh} drating by
shaking with cold absolute alcohol it slowly crystallises, and
can then be recrystallised from hot aleohol.

Fructose is also readily obtained in a pure state from inulin
or dahlia starch (p. 180), in the same way as glucose from ordi-
nary starch.

Fructose, levulose or fruit sugar, C;H,.0; (Lowitz, 1802), is a
colourless crystalline substance melting at 95°. Like cane sugar
and glucose, it is optically active, but levogyrate, [a]p=—T1"
Fructose reduces metallic salts in the same way as glucose, but
more slowly, and it is less easily fermentable by veast. But it
is converted by phenyl-hydrazine into the same yellow osazone,
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The products of the hydrolysis of cane sugar are simply
glucose and fructose. The equimolecular mixture, which is
obtained in semi-crystalline form on evaporating the product
after elimination of the acid, is known as invert sugar, as
owing to the higher optical activity of the fructose it is levo-
gyrate. The cane sugar, or more correctly, its rotatory power,
is said to bz inverted. Invert sugar is of eourse not a chemical
individual—

Cy.Hg0y + HO=C;H, ,0; + C;H, .0,

Milk Sugar and Malt Sugar: Galactose.—The sweetness of
milk is due to a suzar, milk sugar or lactose, which is isomeric
with cane sugar. It is obtained by EE'EI—]}E.ﬁl‘Eitillj.,T clear, fresh
whey.

Lactme (C:H0,, (Bartoletti, 1619), is a somewhat gritty,
mierocry stalline substanc e, which melts when anhydrous at
905°. It is less sweet and less soluble than cane sugar, but like
the latter, is dextrogyrate. It differs from cane sugar, however,
in that it reduces metallic solutions even in the cold, and forms
a yellow osazone. It is not fermentable by yeast, but is con-
verted by the lactic ferment into lactic acid. Sodinm lactate
is formed also by fusing lactose with caustic soda.

Like cane sugar, however, lactose is hydrolysed by dilute
mineral acids into two simpler sugars, one of which is glucose,
and the other a third isomeride, galactose. The lactose is hoiled
with dilute sulphuric acid, and the acid eliminated in the
manner already described, the new sugar crystallising out from
the resulting syrup on aﬂdmg acry stal of glucose. It is washed
with cold aleohol and recrystallised from boiling alcohol.

Galactose, C;H,,0; (Erdmann, 1855), is a sweet crystalline
substance melting at 144°, It n:*l::-wh resembles ;:Iumw, and
easily reduces alkaline metallic solutions. Its specific rotatory
power is greater, however, and its osazone melts at a lower
temperature than that of its isomeride.

The conversion of starch into glucose is preceded by the for-
mation of a third isomeride of cane sugar, which is readily
prepared by the action of malt extract. A mixture of the extract
with 20 pex cent. starch paste is heated at 60° for an hour, and
then boiled and filtered. The solution is evaporated to a syrup,
and the sugar erystallised from hot alcohol.

Maltose or starch sugar, C;;H..0,, + H,O (Kirchhoff, 1811), is
a crystalline substance somewhat resembling glucose. The
anhydrous substance, obtained by drying the hydrated sugar at
100°, is wvery hygroscopic, Maltose is strongly dextrogyrate,
la]p = +141°, but it is less easily soluble in aleohol, and reduces
alkaline metallic solutions less easily than glucose. It forms a
characteristic osazone, however, and is directly fermentable hy
veast. When boiled seisl A3 e sulphuric acld it is hydrolysed

D - EUEHT EOU .
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A fourth complex sugar of the type of cane sugar and lactose
is found in eucalyptus manna, and in beet molasses. Raffinose,
CysH30046, 15 a crystalline substance, which is hydrolysed by
dilute sulphuric acid to glucose, fructose and galactose.

The Glucosides.—A variety of crystalline substances accur in
plants, which are hydrolysed by accompanying enzymes (p. 177)
to glucose and various products, and are termed on this account
the glucosides. Amygdalin, C,,H.,;NO,,, for example, a soluble
crystalline substance, melting at 200°, found in bitter almonds,
is hydrolysed by the enzyme emulsin, or by dilute sulphuric
acid, to grape sugar, benzaldehyde (p. 267) and hydrocyanic acid.
It 1s on account of the formation of the latter that bitter
almonds are poisonous. Phloridzin, C,,H,,0,,, a similar erystal-
line substance, is formed in the root bark of apple and other
trees of the same order, and is hydrolysed hy acids to glucose,
phloretic acid and phloroglucinol (p. 297). It is of interest as
producing artificial diabetes in animals. Potassium myronate,
CoH s KO NS, the crystalline glucoside of black mustard seed,
i3 hydrolysed by alkalies, or the accompanying enzyme myrosin,
to glucose, allyl mustard oil (p. 211), and potassium hydrogen
sulphate. -

Some of the glucosides can be made synthetically. Thus
helicin, C;3H,;0,, a glucoside obtained by the oxidation of salicin,
the natural glucoside of the willow, can be made from salicylic
aldehyde (p. 303) and glucose. Amnalogous but simpler com-
pounds, such as methyl-glucose, C;H,,0,.0Me, have heen formed
by saturating alcoholic solutions of glucose with hydrogen
chloride. ' .

Fermentation.—The various processes of fermentation, which
are so frequently used in preparing organic substances, consist
essentially in decomposing them with the aid of mieroscopic
fungi. The alcoholic fermentation of glucose, fructose and
maltose, for example, is induced by the yeast fungus, saccharo-

.myees cerevisige, an oval unicellular organism about 0.01 mm
in diameter, propagated by budding. The action only proceeds
within certain limits of temperature, 4-34°, and most quickly
within much narrower limits, 25-30°, and in solutions of appro-
priate concentration. It stops as soon as a certain percentage
of aleohol is formed, the fungus being killed by strong alecohol,
‘as well as by heat and acids, and the ordinary antiseptics.
Certain mineral and ammonium salts must also be present to
afford food for the ferment.

The greater part of the sugar (95 per cent.) is converted into
aleohol and carbon dioxide, the latter gas being evolved in
abundance. The decomposition is apparently simple, and is of
historical interest, as the equation of weight between the sugar
and the resulting products afforded the first instance of the law
of conversation of mass (Lavoisier, 1790)—

C;H,50,=20C,H;0+2C0,.
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The vesidue of the sugar is converted into glycerol (3 per
cent.), succinic acid (05 per cent.), and iuael oil, the con-
stituents of which, as already incidentally stated, are mainly
isopropyl, isobutyl, isoamyl, and active amyl aleohols, togethet
with normal 1}1‘01}5‘1 and butyl and higher alecohols. The foi-
mation of the fusel oil, at all events, is due to the presence of
foreign organisms, as its amount diminishes as the yeast is
freed from such impurities by bacteriological methods. It is
probable that each organism has but one action on any particu-
lar substance.

The lactic fermentation of sugar and the destruction of tar-
taric acid by mould are effected by similar organisms, and the
natural oxidation of aleohol to acetic acid is lrlt:-u;.-;ht about by
a fungus, mycoderma aceti, which will thrive even in a 14 per
cent. solution of alcohol. bnmlﬂr]y urea in urine (p. 196) is
hydrolysed by micrococcus ures, and putrefaction itself is due
to the action of such ferments, the ptomaines being formed in
this manner from albumen and proteids in general.

Very little is known of the mechanism of fermentation by
micro-organisms. It cannot be a mere breaking down process,
for butyric acid is formed from lactic acid, the chain of which
is shorter, and the amyl alcohols in fusel oil are actually
branching-chain compounds, whilst, as will be seen presently,
the glucose from which they are formed i1s a derivative of a
normal hydrocarbon. The ferments do not simply act as
carriers or “‘catalysts,” for they increase in number enormously
during the process. Possibly the fermenting substance is di-
gehted by the organism, and the fermented products excreted. _

Besides these actions, however, due to organised and living
ferments, there are many similar den;mnlmﬂtmm-, chiefly ln{{sﬂ-
lytic, which are brought about by chemical ferments or en-
zymes. These substances are Lmr]:le:a compounds of albuminoid
character, which usually occur in plants in proximity to the
substances that it is their function to hydrolyse. Germinating
seeds, for example, contain an enzyme, diastase, which is pre-
sent in large quantity in malt, and can be precipitated from
malt infusion by aleohol. When a little diastase is added to
some warm starch emulsion, the latter clears up with great
rapidity, and is hydrolysed to maltose, even when the diastase
has b&en prempltateﬂ b}r alcohol and dried. The starch of food
is hydrolysed in a similar manner by the ptyalin of saliva, an
enzyme which resembles diastase in function.

The action of diastase is utilised in brewing. The germinat-
ing barley is malted or heated, to destroy the germ, and to
hydrolyse the starch to dextrin [p. 180). The nmlt mixed with
unmalted grain, is erushed and mashed up with 1.\-'at{-:-1', and the
whole of the starch and dextrin thus hydrolysed to maltose by
the diastase. Yeast is then added to the warm mash, and the

maltose and dextrin in presence of the diastase are converted
N
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into alcohol and carbon dioxide, the yeast being separated
mechanically as soon as enough alcohol is formed. The product
is then flavoured with hops “and coloured with charred malt.
Beer rarely contains more than 5 per cent. of aleohol.

In the manufacture of grain spirits, such as whisky, the pro-
duct is of course distilled without the addition of hops or
colouring matter. In the preparation of potato spirit much
the same procedure is followed, but the hydrolysis of the starch
is partially effected by steaming the potatoes under pressure at
150°, before adding the water and malt. Pure cultivated yeast
is usually used in making potato spirit.

Another enzyme of practical importance is the invertase of
veast, which hydrolyses cane sugar, and thus allows of its
direct fermentation by the yeast, after the lapse of sufficient
time for the hydrolysis. The enzymes mentioned in connection
~with the glucosides are substances of similar character.

Synopsis,—The natural sugars ave six-carbon or twelve-
carbon saturated compounds. They are termed carbohydrates
as they contain hydrogen and oxygen in the proportion to form
water. The twelve-carbon sugars are hydrolysed by enzymes
and dilute acids to the six-carbon sugars, and the latter are split
up by living ferments in varions ways. The most important
decomposition of this class is that of glucose and fructose into
alcohol and carbon dioxide by the yeast fungus.

THE NATURAL SUGARS,
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CHAPTER XXIX
TiE CARBOHYDRATES ! STARCH AND CELLULUSE

The Starches.— From the ready manner in which glucose and
maltose are prepared from ordinary starch, and fruectose from
inulin, it 1s obvious that the starches are very closely related
to the sugars. Like the latter, in fact, they are carbohydrates.

The starches are the veserve material of plants, and are
probably formed from the sugars when the amounts of the
latter synthesised by the plant are in excess of immediate
requirements. Bulbs and tubers contain very large quantities
of starch, and this is why bulbous plants can grow and mature
at a much earlier period of the year than others. Seeds, as a
rule, contain only enough for the development of the seed-
lr:a,ves

Starch is usually obtained from grain or potatoes, When a
stift paste of wheaten flour, for example, is tied up in a cotton
bag, and kneaded under cold water, the finely divided starch
passes through the fabrie, leaving the gluten and other con-
stituents of the flour behind, and on keeping the milky liquid
the starch gradually subsides, and may be dried at the ordinary
temperature. It is separated on a manufacturing scale on
much the same plan, the interstitial material being previously
softened and disintezrated by allowing the coarsely-crushed
and moistened grain to ferment.

Starch or amylum (C,,H,,0,,)x, 15 a white, pulverulent sub-
stance, which has been known from very early times (apvlor
=unground [flour]). It consists of amorphous, microscopic
ceranules, of characteristic oval or ecircular shape. These
gmnules are cmupnsed of concentric layers, showing organised
structure, and vary in size from 0:002mm. in rice to as much as
O-lmm. in sago and potato starch. They are quite insoluble in
cold water, but are converted by boiling water into an opal-
escent and sticky paste or emulsion. The starch is, in fact,
resolved into two constituents, an insoluble starch cellulose,
which constitutes the outer layers of the granules, and a soluble
starch or granulose, which forms the nuclei (Naegeli, 1864).
The granulose is precipitated on the addition of alcohol to the
clear filtered solution.

The empirical formula of starch of all kinds is C;H,,0;, but
the molecular formula must at least be double this, for the

substance forms a hexacetate when heated with acetic
179




180 : INTRODUCTION TO ORGANIC CHEMISTRY

anhydride and sodium acetate. Trom the manner in which
it 1s hydrolysed (see below), it is probable that its molecular
formula of granulose is Cs,Hu604, and this is roughly con-
firmed by Lhe cry GEEDPIE method.

Soluble starch is blackened by concentrated sulphurie acid,
but it does not give any other of the sugar reactions, Except
of course, after h;. drolysis. Most forms of starch, however, are
characterised by the formation of an intensely ‘blue additive
compound with iodine, the colour of which is temporarily dis-
charged by heating.

Other starches are known, but all have the same empirical
formula. Glycogen or animal starch (Bermard, 1857) is found
in the livers of animals, and is probably stored there as a
reserve material for use in periods of fasting. It is conwverted
by ferments into maltose, and by dilute acids dirvectly into
dextrose. It differs from the ordinary starches in that it
coloured red by iodine. Inulin, the starch of dahlia and like
tubers, is coloured yellow by iodine, and, as already stated, is
gquantitatively hydrolysed to fructose by dilute acids.

The Dextrins and Gums.—As already stated, the ultimate
product of the hydrolysis of starch is either g‘hlﬂﬂ::& or maltruae,
according as the hydrolytic agent is malt or a dilute acid.™ A

pnumber of intermediate compounds, the dExtl ins, are formed

however when starch is heated at 200°, either alone or with
a little dilute sulphuvie acid.

The dextrins (C;H,,0;)x, which are isomeric with starch, are
transparent. amorphous substances, devoid of taste or odour.
They are freely soluble in water, to sticky gummy solutions—
British gum—and are dextrogyrate, whence the name. They
are all precipitable by aleohol. TLike starch, they are not
fermentable by yeast except in presence of diastase, nor do
they reduce alkaline copper solutions until after hydrolysis
with dilute acid.

The wvarious dextrins are distinguished by their behaviour
with iodine. Amylodextrin, the first and most complex product,
still forms a blue compound with iodine. The next, erythro-
dextrin, formed by the partial hydrolysis of the mnylo&extrin,
oives a red colour. The succeeding compounds, the achroo-
dextrins, give no colour at all. y-Achroo-dextrin or malto-
dextrin, is the product immediately preceding maltose. The
dextrins are probably formed by the gradual hydrolysis of the
cranulose, a molecule of maltose being detached at each stage—

{U]"_"HED{}‘I I'I}UT + HEDZ{GIEHEUD! U.:IE.'F + {-:JEHE',{DI 1
(C12H 30040 )0+ HoO=(C s HyyOy)s + C1oH. 0y
(C12H200,0)e 4+ HiO=C,oHyOy9+ CsHyy0yy
20010+ H0=C,.H,.0,,

The natural gums are probably sugar condensation products

allied to the dextrins. The principal constituent of gum arabic,

ST
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for example, is the caleinum salt of arabie acid, C;H,,0;, an acid
which is isomeric with starch and the dextrins, and yields
galactose on hydrolysis. Other gums are hydrolysable to five-
carbon sugars (p. 193). Cherry gum, for example, yields
arabinose, and beech gum, xylose.

The Celluloses. The cell walls of plants are composed of a

carhohydrate termad cellulose, isomeric with starch, and elosely
related to the sugars. Simple cell aggregates, such as cotton and
flax, consist almost entirely of this '-sul.‘-lritd.ll{[‘ whilst even in
cmnplet structures, such as wood, in which the chains of cells
are cemented tn;.,»ethm by interstitial mater ial, it forms the
chief constituent.
- The isolation of cellulose from cotton and the like is simple,
The Swedish filter paper, for example, made from linen rags,
is almost pure cellulose, and after dissolving out the small
amount of iron and lime salts and silica, with hydrochloric
and hydrofluoric acids, leaves practically no Ak

'Woml cellulose is more difficult to isolate, the interstitial
material having to be dissolved out. In the manufacture of
wood pulp, the chopped wood is digested with caustic soda
solution, at a high temperature and under pressure. In some
processes, to avoid loss by oxidation, acid sulphites are used,
such as those of lime or magnesia. By the end of the operation
the wood is reduced to a soft grey pulp, which, after washing
with water and bleaching with ordinary bleaching solution
withont addition of aeid, is fairly pure cellulose.

Cellulose, (C.H.04,)s, is a white substance which is insoluble
in all ordinary golvents. It dissolves freely, however, in an
ammoniacal solution of copper oxide (Schweizer), When simply
isolated from cotton or wood it retains the tubular structure
of the cell, the product from coniferous wood, for example,
showing the characteristic pits; but when reprecipitated from
the copper solution with dilute acids, it forms a colourless jelly,
which dries to a horny amorphous mass.

When cellulose is immersed in concentrated sulphurie aecid
it quickly swells up and becomes transparent, and is eventually
disintegrated ; but if paper thus treated is quickly washed,
hefore disintegration has commenced, it is converted into a
tough substance, vegetable parchment. By diluting the sul-
phurie acid solution of the cellulose immediately after dis-
inteeration, a gelatinous isomeric substance is obtained which
forms a blue iodide, and is hence termed amyvloid. By longer
digestion with the acid, however, the cellulose is converted into
sulphurie acid derivatives, and these are hydrolysed to glucose
on boiling with water. Cellulose is thus a dervivative of
elucose, and it is therefore possible to make aleohol from wood
and from rags (Braconnot, 1811).

It will be seen later that the carbohydrates are complex
aleoholie substances, and form salts with acids in much the
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same way as glycerol. The cellulose nitrates, formed by
digesting cellulose with a mixture of nitric and sulphurie acids,
in the same way as glycerol nitrate, are of great practical
importance.

Cellulose hexanitrate or gun-cotton, C.H;;0,(0.NO,),
(Schénbein, 1846), is made by immersing dry cotton wool,
previously washed with potassium ecarbonate solution and
water, in a mixture of nitric acid with three times its volume
of concentrated sulphuric acid for a few minutes. The produect,
which retains the form and appearance of the ecotton, is
thoroughly washed with water—on the large scale, in a pulp-
washing engine—and dried in air.

Gun-cotton burns quickly but quietly in the open-air, but
when detonated in a confined space ‘explodes with great
violence. It partially dissolves in nitro-glycerine to a
selatinous mass, which, when mixed with castor-oil as a
moderant, or with vaseline as a lubricant, forms a waluable
“high” explosive—maximite, cordite. It is used instead of gun-
powder in quick-firing guns, as it is smokeless.

Cellulose hexanitrate is insoluble in alcohol-ether, but by
digesting the cellulose for many hours with a large excess of
the mixed acids, a soluble pentanitrate i1s formed. The solution
of this, which is termed collodion, is used in photography and
surgery, as it leaves a thin waterproof film of the nitrate on
any surface to which it is applied. A mixture of camphor and
collodion-cotton is the * celluloid,” of which imitations of
starched linen, ivory, and tortoiseshell are made. It burns
with almost explosive violence when ignited. :

Synopsis.—The starches and celluloses are insoluble or
partially soluble carbohydrates, which arve ultimately converted
into glucose by hydrolytic agents. The gums are probably
intermediate products. The nitrates of cellulose are used as
explosives, and in photography.
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CHAPTER XXX
THE CONSTITUTION OF THE SUGARS

Reduction of Glucose to Sorbitol and Hexane.—In its power
of reducing metals, glucose resembles the aldehydes and hydroxy-
acids, but although it forms compounds with metallic oxides,
such as caleinm oxide glucose, CgH,:0,,Ca0, it is not an aeid,
for these compounds are additive. It forms a erystalline
oxime, however, and, under certain conditions, a hydrazone,
and therefore contains an aldehydic or ketonie group; and the
presence of five alkylic hydroxyl groups is proved by its con-
version into a crystalline pentacetyl derivative in the usual
manner. Its