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ORGANIC CHEMISTRY,

OR THE CHEMISTRY OF THE HYDROCARBONS AND THEIR
DERIVATIVES.

PART IIL

COMPOUNDS CONTAINING DIVALENT
RADICALS.

DYAD ALCOHOL RADICALS.

THESE compounds differ from the monatomic alcohol radicals
inasmuch as many exist in the free state. They form a homo-
logous series, the first term being ethylene, C,H,, formerly called
olefiant gas. For this reason, at Gufhrie’s suggestion, the
hydrocarbons having the general formula C,Hy, are termed the
olefines.!

451 General properties of the Olefines. The lower members of
this series are, like the lower paraffins, gases at the ordinary tem-
perature. The next members are volatile liquids, whose boiling-
points rise regularly with every increment of CH,, until the higher
members are reached ; these are solid bodies, crystallizing at the
ordinary temperature. The olefines are at once distinguished
from the paraffins by their reaction with chlorine and bromine, as
they combine directly with these elements, even in the dark, with
evolution of heat, to form dichlorides or dibromides, and these
latter bodies are readily transformed, by double decomposition,

! Journ. Chem. Soc. [1], xii. 109,



4 COMPOUNDS CONTAINING DIATOMIC RADICALS.

into other compounds of the dyad alcohol radicals. For effecting
these conversions methods are used similar to those employed
for the preparation of the compounds of the monad alcohol
radicals from their haloid ethers.

Attempts to prepare other compounds of dyad radicals
from the haloid ethers were first made in 1840 by Lowig and
Weidmann. They acted upon ethylene chloride with potassium
sulphide and potassium hydrosulphide, obtaining ethylene
sulphide and ethylene hydrosulphide! the true relationships
of which were however at that time not fully recognised.?

In 1855 Buff? and at the same time Sonnenschein and
Meyer,* prepared ethylene thiocyanate, whilst a year afterwards
Wurtz made the memorable discovery of the existence of ethy-
lene alcohol (see part i..p. 27). He and several of his pupils
then showed that this body is the first term of a series of homo-
logues, and soon made us acquainted with a large number of
very interesting derivatives.

The olefines also combine directly with the hydracids of the
chlorine group. Ethylene and hydriodic acid formn ethyl iodide,
whilst the olefines containing more than two atoms of carbon
yield secondary or tertiary haloid ethers, as has already been
stated (part i. p. 182). Some olefines also combine directly with
water, with formation of the tertiary alcohols (part i. p. 186).
Moreover they combine with hypochlorous acid, bodies termed
chlorhydrates or chlorhydrins being thus formed, such as ethylene
chlorhydrin, C;H,CL.OH, and these may be considered to be
monochlorinated alcohols of the monad radicals. The olefines
likewise combine with nitrogen tetroxide.

4532 Constitution of the Olefines. Owing to the readiness
with which the olefines undergo direct combination, they have
been termed non-saturated hydrocarbons, an expression which
points to the assumption that they contain free combining
units, This view was formerly accepted by some chemists,
whilst others adopted the idea that the olefines are saturated
compounds, but that they contain one atom of carbon which
acts not asa tetrad but asa dyad. According to a third hypothesis,
now generally adopted, two of the carbon atoms in the olefines
are linked together by two combining units, and this double
linkage is changed into a single linkage by the action of the
elements of the chlorine group or their hydracids. According to

1 Pogg. Ann. xlix. 123. ? Kekulé, Lehrb, i. 648.
8 Ann. Chem. Pharm. c. 229, 4 Journ. Prakt, Chem. 1xv, 259.



CONSTITUTION OF THE OLEFINES. 5

the first of these hypotheses, the simplest olefine, ethylene,
C,H,, ought to exist in two forms:

CH, —(i’tHz
I
—CH. —CH,.
We are however acquainted with only one ethylene, and all
experiments made for the purpose of obtaining an isomeric
hydrocarbon have proved abortive.! That the well known
body ethylene is not represented by the first of the above two
formule, and therefore also that it is not represented by the
formula CH;—CH, which assumes the existence of a dyad

carbon atom, is proved by the fact that the above named
ethylene chlorhydrin yields on oxidation chloracetic acid :

Ethylene Chlorhydrate. Chloracetic Acid.
(|)H,Cl CH,CI
CH,OH. b0.0H.

Hence ethylene possesses the constitution assigned to it by
the second formula, or it contains the two carbon atoms doubly
linked.

A further argument against the existence of either free com-
bining units or dyad carbon is found in the fact that only unc
propylene, C;H,, is known, whilst according to the first of these
hypotheses the four following are possible :

CH, _(I:H, ?Hs CH,
|
—CH CH, —_-<|3 (:JH,
-éH, _cLH,. CH,  =CH

If, on the other hand, we assume that the hydrocarbon contains
a dyad carbon atom, the atoms can only arrange themselves
according to the third or fourth formula. That, however, this
is not the case follows from the fact that propylene is obtained
by the withdrawal of the elements of hydriodic acid from both
primary and secondary propyl iodide, and that consequently on
the assumption of free combining units, only the first of these
formule can explain its constitution.

Again, whilst we are acquainted with only one ethylene and

1 Tollens, Ann. Chem. Pharm. exxxvii. 311; L. Meyer, ¢5. exxxix. 2%5;
Frankland and Dobbin, Journ. Chem. Soc. 1878, i. 545.
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one propylene, three butylenes, C,H,, exist, and the assumption
that the olefines each contain two carbon atoms doubly linked
stands in complete accordance with this fact, whilst on the
other hypotheses a larger number of butylenes are possible.
These three butylenes are obtained by removing the elements of
hydriodic acid from the well known butyl iodides. The normal
primary iodide yields a butylene different from that obtained
from the secondary iodide. Both olefines however unite with
hydriodic acid to form the secondary iodide. A third butylene
is formed both from isobutyl iodide and from the tertiary iodide,
and it combines with hydriodic acid to form the latter body.
If we now assume that these olefines contain free combining
units, their constitution can only be represented by the following
formulse :

CH, cH, CH,
(':H, —CH —(L,—CH,
e - m

bu, lu,

In other words it is proved in this as in all other cases that
the carbon atoms which are not saturated with hydrogen are
the two neighbouring ones and the simplest, and, therefore, the
most probable hypothesis is that these two atoms are connected
together by double linkage.

When the olefines are oxidized by potassium bichromate and
dilute sulphuric acid, they decompose in a similar way to the
secondary or tertiary alcohols, and the division of the molecule,
except in the case of ethylene, always takes place where the
double linkage occurs. Potassium permanganate in aqueous
or acid solution acts in a similar way, but at the same time
bibasic acids are mainly produced.

As examples the following may be quoted :

Propylene. Isobutylene. Propyl-ethylene,
CH,CH—=CH, (CH,),C—=CH, CH,CH,CH,CH—CH,
Methyl-propyl-ethylene, Ethyl-dimethyl-ethylene.
CH,CH, CH, CH=CH.CH,, CH,.CH,CH=C(CH,),

Tetramethyl-ethylene.
(CH,),C—C(CH,),.
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Of these, the two first yield on oxidation carbon dicxide, acetic
acid, and formic acid, isobutylene yielding acetone in addition.
Propyl-ethylene yields normal butyric acid and formic acid, and
the first of these acids is formed together with acetic acid from
methyl-propyl-ethylene, whilst ethyl-dimethyl-ethylene yields
propionic acid, and acetone or acetic acid. On the other hand,
tetramethyl-ethylene yields only the two latter compounds.

The above examples serve to illustrate the nomenclature of
the olefines, their names being obtained by the addition of the
syllable -ene to the name of the corresponding monad radical.
Another nomenclature which is sometimes adopted is to change
the vowel a in the terminal syllable of the paraffin into e,
ethane thus becoming ethene, &c. As all the olefines may
be looked upon as derivatives of ethylene, propylene may
be termed methyl-ethylene, and isobutylene, dimethyl-ethylene.
This form of nomenclature is especially useful for the distinction
of isomeric olefines, as the above examples indicate.

453 Formation of the Olcfines. Olefines are formed in several
ways. They are obtained from the alcohols of the monad radicals
by the action of dehydrating agents, such as sulphuric acid,
phosphorus pentoxide, zinc chloride, &c.

The haloid ethers of the alcohol radicals are converted into
the olefines when they are heated with alcoholic potash :

C,H,I + KOH = C,H; + KI + H,0.

The secondary and tertiary compounds readily undergo de-
composition in this way, some of the latter class even decom-
posing spontaneously at temperatures considerably above their
boiling-points. The primary haloid ethers which are attacked
by potash with greater difficulty, always yield, together with the
olefines, a mixed ether, whilst, secondary chlorides yield with
potassium acetate and glacial acetic acid urder pressure, not
only the acetic ethers but also an olefine (Schorlemmer). The
baloid ethers are likewise converted into olefines by heating
with oxide of lead to 220°1

The olefines, moreover, may be prepared synthetically. For
example, the butylene termed ethyl-ethylene may be obtained
by the action of zinc-ethyl on monobrom-ethylene :

2C,H;Br + Zn'C,H,), = 2C,H,.C,H; + ZuBr,

Allyl iodide, C;H,I, similarly treated yields a pentylene,

CH,—CH.CH,CH,CH,, which is propyl-ethylene.

1 Eltekow, Journ. Russ. Chem, Ges. p. 89.
165
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The production of the olefines in various preparations of
the paraffins, as well as by heating the solid paraffins under
pressure, has already been mentioned (see part i. p. 137).

The hydrocarbons which are evolved when cast-iron is
dissolved in dilute acids also contain olefines;! and lastly,
these bodies are found amongst the productsof the destructive
distillation of many organic compounds, and hence occur in
coal-gas, coal-tar, wood-tar, &c.

Zinc chloride or sulphuric acid easily converts the olefines
into polymeric modifications, and hence when they are prepared
from the alcohols by means of these bodies, polymeric hydro-
carbons are generally formed. In this formation a double de-
composition between the olefine and unattacked alcohol takes
place.? Thus, for example, by the action of sulphuric acid on
trimethyl-carbinol, di-isobutylene and tri-isobutylene are formed :

CcH; + CH,0 =CH,, + H,O.
CgH,; + C,H,,0 = C,H,, + H,0.

The same products are obtained by heating isobutylene,
tertiary-butyl iodide, and lime to 100°2 The constitution of
these and other polymeric olefines will be discussed under their
several heads,

454 Substitution-products of the olcfines. Inasmuch as the ele-
ments of the chlorine group unite directly with the olefines, these
bodies naturally do not directly give rise to substitution-products,
although such compounds may be obtained indirectly. For
example, the four atoms of hydrogen in ethylene may be replaced
successively by chlorine, by combining the olefine with chlorine,
and then heating the ethylene dichloride with alcoholic potash :

C,H,Cl; + KOH = C,H,CI + KCI + H,0.

The monochlor-ethylene thus formed again combines with
chlorine to form monochlor-ethylene dichloride, and this is con-
verted by alcoholic potash in dichlor-ethylene, and so on.

455 Glycols. This name is given to the class of diatomic
alcohols, the first term of which series is ethylene alcohol or glycol,
C;H(OH);. This was first obtained in 1856 by Wurtz, a discovery

! Hahn, 4nn. Chem. Pharm. cxxix. 57 ; Williams, Silliman’s dmer. Journ.
[8], vi. 863; Cloéz, Compt. Rend, 1xxviii. 1565.

2 Butlerow, Ann. Chem. Pharm. clxxxix. 47.

3 Lermontow, Ib. cxcvi. 116,
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which was soon followed by that of several of its homologues.
Up to that time, only the alcohols of monad radicals were known,
with the single exception of glycerin, C;H,(OH),, which, as
Berthelot had pointed out, is an alcohol of a triad radical. It
appeared therefore to Wurtz not uulikely that an alcohol might
exist intermediate between alcohol and glycerin. This was
borne out by experiment, and the body thus obtained he termed
glycol, “pour marquer la double analogie qui les relie & la
glycérine d’une part, & I'alcool de I'autre.” !

The glycols may be obtained from the haloid ethers of the
dyad radicals, in a similar way to that by which the common
alcohols are obtained from their corresponding ethers. Several
other modes of preparation will be described hereafter.

After Wurtz had prepared the four first glycols, he made
the singular observation that the boiling-points of these bodies,
in opposition to those of members of the other homologous
series, do not rise but, on the contrary, diminish for every
increment of CH,, as follows:

B.P.
Ethylene glycol, C,HO0, 1975
Propylene glycol, C,H,O, 188°
Butylene glycol, CH,,0, 183°
Amylene glycol, C;H,0, 177°

This apparently anomalous fact has since been very satis-
factorily explained, for the constitution of the above-named
bodies are, in fact, not analogous.~ That this is the case is seen
from the following :

1

Ethylene glycol. Propylene glycol.
CH .OH (':H,
JJH,.OH. CH.OH

(]JH,.OH.

Butylene glycol Amylene glycol.

CH; CH, CH,; CH,
oo %/ ’
C.OH I.OH
éH,OH. CH.OH

i,

1 Ann. Chim. Phys. [3], 1v. 402,
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Ethylene glycol, according to this, is a primary alcohol;
propylene glycol, on the other hand, is a primary-secondary
compound ; whilst the third alcohol, also termed isobutylene
alcohol, is a primary-tertiary alcohol ; and amylene glycol is a
secondary-tertiary alcohol.

The primary alcohol, trimethylene-glycol, CH,(OH).CH,CH,-
(OH), isomeric with propylene-glycol boils at 216°, from which
it appears that, in the case of the normal primary glycols, the
boiling-point rises in exactly the same ratio as it does in the
case of the corresponding alcohols of the normal series.

456 Pinacones. In addition to the foregoing, we are also
acquainted with glycols which are only secondary, or only
tertiary, alcohols. The tertiary glycols, which are termed pina-
cones, are easily obtained synthetically from the ketones by
bringing them in contact with nascent hydrogen, when, of
course, a part of the ketone passes over into the secondary
alcohol, a result which may be to a great extent prevented
by keeping the ketone out of solution. Common acetone yields
the simplest pinacone or tetramethyl-ethylene alcohol :

CH, C CH, C
o on o
H C.oH
T + = I
o H GomH
CH, CH, CH, CH,

The glycols yield on oxidation, according to their constitu-
tion, different products. Those which are only primary alco-
hols, are converted first into monobasic, and afterwards into
dibasic-acids :

Ethylene Alcohol. Oxyacetic Acid. Oxalic Acid.
?Hz.OH CIH,OH (|30.0H
CH,OH CO0.0H CO.0OH.

Primary-secondary, and primary-tertiary glycols yield, as first-
product, a monobasic oxyacid :

Lactic Acid, or
Propylene alcohol. a- Oxypnﬁlonic Acid.

I 3
CIH.OI-I JIJH OH
CH,OH CO.0H.



GLYCOLS AND PINACONES. 11

Isobutylene Alcohol, Oxyisobutyric Acid.
CH; CH CH,; CH.
Hj S, 3 \3/ 3
C.0OH C.OH
JJH,OH bo.ou

The oxyacids thus obtained are considered in the following
chapter.

The secondary glycols yield on oxidation two molecules of a
fatty acid, whilst the tertiary alcohols or pinacones are first
reconverted into the ketones from which they originated.

457 Oxides. The first product obtained by the action of hydro-
chloric acid on a glycol is a chlorhydrin, one of the hydroxyls
being replaced by chlorine. These compounds which are half
chlorides and half alcohols, and which, as has been stated, may
also be obtained by the direct union of the olefines with
hypochlorous acid, are easily attacked by caustic potash, and
thus the oxide is formed :

CH,Cl C '
é + KOH = | >0 + KCl + H,0.
H, OH CH,

The oxide in the above case is isomeric with acetaldehyde
which, as we have seen, may be regarded as the oxide of a dyad
radical ethidene, —CH.CH,.

The ketones, like the aldehydes, behave in many respects
like oxides of dyad radicals, and hence in the propylene series
we have the following four oxides: ’

. . Acetone,
Prplee  Tipelylee  Propiomidebyde or pimerhyimathyions
CH, CH, CH, CH,
| é AN é |
CH | H, O H, Co
te/°  bw/ | ¢
H, H, CHO H,.

It is a remarkable fact that the giycols are not converted into
the corresponding oxides by the removal from them of the
elements of water, but that aldehydes or ketones are thus
formed. For example, when ethylene glycol is heated with
zinc chloride, acetaldehyde is formed,! and this is also produced
when ethylene alcohol is heated with water to 220°—230°.%

1 Wartz, Compt. Rend. xlvii. 346 ; Ann. Chem. Pharm. cviil. 84,
2 Nevolé, Compt. Rend. lxxxiii. 228.
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In the case of the glycols richer in carbon the change takes
place at a lower temperature, and it is not necessary first
to prepare the glycols, inasmuch as if the dibromide of the
olefine be heated with water and oxide of lead to 140°—150°,
the glycols which are formed to begin with, decompose in
various ways according to their constitution.! Thus compounds
containing the group — CHBr - CH,Br, form an aldehyde and
a ketone, the glycol undergoing two distinct decompositions.

CH, CH,

I |
CHOH = CH, + H,0

| I
CH,0OH COH

CH, CH,
éH.OH - o + H0
(lJH,.OH LlHa.

If the group — CBr—CH,Br be present, the aldehyde only
is formed ; isobutylene dibromide, (CH,),CBr.CH,Br, yields
isobutyl aldehyde (CH,),CH.COH. If the compound contain
the group —CHBr.CBr.— or —CBr.CBr— the ketone only is
formed. Hence the pinacones decompose very readily into
water and the ketones, to which the name of pinacolines is
given. The formation of the ketones is seen in the following
equations :

CH, CH, CH, CH,
\7/
C.0H CH
| = | + H,0
(IBH.OH Co
|
CH, CH,
CH, CH
mom, o
COH = CH,—C—CHj o
l l + .
C.0OH Cco H
/\ |
CH, CH, CH,

1 Eltekow, Journ. Russ. Chem. Ges. x. 211,




ETHEREAL SALTS OF DYAD RADICALS. 13

458 Ethereal Salts of the Dyad Radicals. It has already been
stated that the olefines readily combine with chlorine and
bromine and, less easily, with iodine to form the haloid ethers,
amongst which also ethereal salts are known, such as ethylene
chloriodide, C,H,CII, obtained by the union of ethylene and
chlorine moniodide. Haloid ethers of dyad radicals are also
formed by the action of chlorine or bromine on the chlorides
or bromides of the monad radicals and these are, therefore,
the second substitution-products of the paraffins. The com-
pounds thus obtained are some of them identical with and
others different from those obtained from the olefines. Thus,
for instance, ethane yields ethidene chloride, CH;.CHCIL, iso-
meric with ethylene chloride, but propane yields propylene
chloride, CH,.CHCL.CH,CI (Schorlemmer).

Bodies isomeric with the ethereal haloid salts are formed by
the action of phosphorus pentachloride or phosphorus bromide
on the aldehydes and ketones. Acetaldehyde or ethidene oxide
yields ethidene chloride, and ordinary acetone, or dimethylme-
thylene oxide yields dimethylmethylene chloride, CH,.CCl,.CH,.

Other ‘compounds may easily be obtained from the haloid
ethers by double decomposition. As these reactions are analo-
gous to those yielded by the haloid ethers of the monad radicals
it is not necessary to enlarge on this subject here. Only one
point must be mentioned, namely that the haloid ethers which
are derived from aldehydes or ketones, cannot be converted
into alcohols, although they can be converted into ethers or
ethereal salts. Thus, for instance, aldehyde yields :

Ethidene Diethyl Oxide. Ethidene Diacetate.
CH,.CH(OG,H,), CH,.CH(OG,H,0), ;

but if we attempt to convert the last named body into the
corresponding alcohol, aldehyde is again formed. It appears,
however, not unlikely that ethidene alcohol and its homologues
do exist in aqueous solution ; for if aldehyde be mixed with water
an evolution of heat, and contraction takes place, facts which
seem to indicate the occurrence of the following reaction :

CH, CHO + H,0 = CH,.CH(OH),.

This is rendered probable by another circumstance, namely
that the aqueous solution of aldehyde boils higher than the pure
compound (see part i. p. 477). As, however, water and aldehyde
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may, be completely separated by fractional distillation, or by
means of calcium chloride, there is no doubt that ethidene
alcohol, if it exists at all, must be a very unstable body.

Although alcohols containing two or more hydroxyls in
contact with the same carbon atom have not been prepared in
the pure state, the substitution-products of such compounds are
known. Of these we have chloral hydrate, CCI;CH(OH),,
which has already been mentioned, and will hereafter be
described as trichlorethidene glycol

According to theory the compounds of the dyad radicals are
more numerous than those of the monad ones, not only because
in the first place a much larger number of cases of isomerism
may occur, but also because, in addition to the simple com-
pounds, that is those which contain two similar atoms or radi-
cals, a large number of mixed compounds may exist in which
two different atoms or radicals are present. Several examples
of this kind have already been, and others will hereafter be,
mentioned.

MONOBASIC ACIDS OF THE SERIES (,H, 0,

459 It has already been stated that these monobasic acids,
called the lactic series, from the long well known body lactic acid,
are obtained by the moderate oxidation of those glycols containing
an hydroxyl in the primary position. They may be more easily
and simply obtained by replacing the halogen in the mono-
substituted fatty acids by hydroxyl, and hence they are also
termed the Aydroxy- or oxy-acids. Thus for example, glycollic
or oxyacetic acid is obtained by boiling an aqueous solution of a
monochloracetate with an excess of water:

CH,CI CH,OH
é + HO = é + HCL
0,H 0H

In a similar way a-monobrompropionic acid is converted into
lactic acid :

a-Brompropionic Acid. Lactic, or a-Oxypropionic Acid.
CH, (fH,
CHBr CH.OH

Jzo,H (IBO,H.
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The acids of this group may also be obtained synthetically in
a variety of ways:

(1) Their nitrils are formed by the direct combination of an
aldehyde with hydrocyanic acid, and these are readily decom-
posed into the oxyacid by heating with a dilute mineral acid.
Thus from acetaldehyde, lactic is prepared :

CH,
CH, |
| + HCN = CHOH
CHO L
N.
i |
CHOH + 2H,0 + HCl = (IJH.OH + NHCI
CN -CO.0H.

(2) The ketones behave in an exactly similar way to
the aldehydes. Thus acetone yields oxyisobutyric acid,
(CH,),C(OH)CO,H, and this may also be easily obtained from
monobrom-isobutyric acid.

(3) The nitrils of the oxyacids are also formed by heating the
chlorhydrin with potassium cyanide. Ethylene chlorhydrin thus
yields a nitril from which ethylene lactic acid can be obtained, a
body isomeric with ordinary lactic acid or ethidene lactic acid :

Ethylene Cyanhydrate. Ethylene Lactic Acid.
CH,OH CH,OH
I l
CH CH,
|
ZTN CO.0H.

(4) Ethercal salts of the oxyacids are also formied when a
normal ether of oxalic acid is treated with the zinc-compound of
an alcchol-radical, or heated with zinc and the corresponding
iodide, the product of the reaction being treated with water.!
Thus for example the methyl ether of oxyisobutyric acid is
obtained by the following reactions :

CH, CH,
CO.0CH, N/
@ | + Zn(CH,), = CO.ZnOCH,
CO.0OCH,
0.0CH,,

1 Frankland and Duppa, Proc, Roy. Soc. xiii. 140,
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CH, CH, CH, CH,
V4 N/
® clo.znocn, + 2H,0 = C|O.H + HO.CH, + Zn(OH),
C0.0CH, CO.0CH,

The oxyacids are at once alcohols and monobasic acids, and
therefore exhibit the properties of both groups. When they
are heated with the hydracids of the chlorine group their haloid
ethers or monosubstituted fatty acids are formed :

CH,.OH CH,Br
& + HBr = & + HO.
0,H 0,H

This reaction is in exact correspondence to that which occurs
by the action of hydrobromic acid on alcohols. The moniodo-
acids, formed in an analogous way, are reduced to fatty acids if
a sufficient quantity of hydriodic acid be present :

CH,I CH,
COH CO,H

If lactic acid be heated with ethyl alcohol, ethyl lactate is
obtained, a neutral liquid which is also an alcohol, and there-
fore contains one atom of hydrogen replaceable by sodium.
If the sodium compound be treated with ethyl iodide diethyl
lactate is formed, a neutral liquid which is decomposed
by caustic potash with formation of potassium ethyl-lactate.
From this salt ethyl-lactic acid itself can be obtained and this
is isomeric with ethyl lactate, but differs from it widely, in-
asmuch as it is as powerful an acid as lactic acid itself. The
constitution of these ethers and compound ethers is shown in the
following formule :

Ethyl Lactate. Diethyl Lactate. Ethyl Lactic Acid.
(I:H3 CH, CH,
CH.OH (IJH.OC H (lJH.OC H,
| | 2185 | 26
C0.0C,H, C0.0C,H, CO.0H.

As the acids of this group are at once alcohols and acids,
they may unite with themselves to form ethers, two molecules
acting upon one another, one acting as the acid and the other
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as the alcohol. On heating lactic acid the following reaction
takes place :

CH, CH,

| l
CHOH COOH  CH.0.CO + HO

(IJO.OH * (]JH.OH - é0.0H !JH.OH

(BH, Cli,.

The body thus obtained, is at once an ethereal salt, an alco-
bol and an acid, and on further heating, gives up water and is
converted into a compound which is only an ethereal salt :

CH, CH,

bH.0.00 troco
boor bror ~ doods * °

bm, bu,

Concentrated nitric acid acts upon the oxyacids in a similar
way as upon the alcohols, a nitric ether being formed. Lactic
acid thus yields so-called nitro-lactic acid :

CH,
EH.NO,

E0.0H.

Heated with phosphorus pentachloride two hydroxyls of the
acid are replaced by chlorine, compounds being formed which are
at once alcoholic chlorides and acid chlorides. ¥rom lactic acid
lactyl chloride, CH;.CHCL.COC], is obtained which on treatment
with water is decomposed into hydrochloric acid and a-chlor-
propionic acid.

460 The Amido-acids are formed by the action of ammonia
on the monosubstituted fatty acids. Thus chlorpropionic acid
is converted into amidacetic acid :

CH,0I CH, NH.
b + NH, = é * + HOL
o,H 0,H

This reaction is analogous to that of the formation of the
amines from the haloid ethers, and as in that case so also in this
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the reaction easily passes beyond this point, diglycolamidic and
triglycolamidic acids being formed together with glycolamidic
acid.

The amido-acids are perfectly neutral. They combine, how-
ever, like the compound ammonias, with acids, and, at the same
time, contain one atom of hydrogen capable of replacement by
a metal. As these acids are at the same time bases they may
more properly be considered as being ammonium salts, and the
constitution of the amido-acids may, therefore, be represented
by the following formulz :

CH,NH, CH,(NH,)0.CO
(Izo.J) * Eo.o (NH,) éH, '

The latter of these appears to be the more probable, as amido-
acetic acid forms two salts with hydrochloric acid, whose consti-
tution is most simply represented by the following :

CH,NH,Cl CH,(NH,) .0 CO
boon bo.on (ClNHx)bH,

Metals which form powerful bases yield salts which have an
alkaline reaction as they are at the same time amines; thus, for
example, potassium amido-acetate, CHy(NH,)CO,K.

The amido-acids also form compounds with salts, constituting
a peculiar class of double salts, such as:

CH, NH,NO,
CO.OK.

461 Amades of the Oxyacids. These bodies are isomeric with
the amido-acids and are obtained in a similar way as the corre-
sponding compounds of the fatty acid series. They act as weak
bases but at the same time also as alcohols. If on the other
hand, the hydroxyl be replaced by the amido group, powerful
bases are formed. Hence glycollic acid yields the following
amido compounds:

Glycolamide, lycolamide, or
or Oxyacetamide. ?i‘n;icfo-aoetamide.

CH,OH CH, NH,
O.NH,, CgO.NH,.
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The above examples suffice to show the double character of
the oxyacids. They are at once monobasic acids and alcohols.
Like the latter they may be divided into primary, secondary, and
tertiary compounds, and on oxidation they comport themselves
exactly in a similar way to the corresponding simple alcohols.

It may also be mentioned that the aldehydes of these acids are
known, as also aldehydic acids and ketonic acids, these being
monobasic acids which at the same time are aldehydes or ketones.
These will be mentioned under the special headings.

DIBASIC ACIDS OF THE SERIES C,Hj,_:0..

462 These acids contain the carboxyl group twice, and hence
they are related to the primary glycols as the fatty acids are to
the primary alcohols. They are therefore formed by oxidation of
these glycols as well as of those oxyacids in which the alcoholic
hydroxyl is contained in the primary position :

Ethylene glycol. Glycollic Acid. Ozxalic Acid.
CH,O0OH ?H,.OH '(l’}0.0H

l

CH,.OH. CO.0H. CO.0H.

They can be prepared synthetically by a variety of methods.
(1) Their nitrils are formed when the haloid ethers of the
olefines are heated with potassium cyanide. By the action of
caustic potash or a mineral acid on these, the homologous acids
are obtained of the series of which oxalic acid is the first term.
Ethylene can thus be easily converted into succinic acid :

Succino-nitril. Succinic Acid.

CN (T0.0H

(lJH, CH,

| © + 4H,0 = |  + 2NH,
2 H,

| |

CN CO.0H.

When a solution of the potasium salt of succinic acid is
electrolysed, ethylene, carbon dioxide, and water are formed :

CO,H
C’H4<CO§I:I = CH, + 200, + H,
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The higher homologues are decomposed in an analogous way,
the corresponding olefines being produced.

(2) The halogen in the monosubstituted fatty acids may be
replaced by cyanogen, compounds being formed which are at
once monobasic acids and nitrils, and these may be converted, by
well known reactions, into the dibasic acids :

a-Brompropionic Acid. a-Cyanpropionic Acid. Iso-succinic Acid.
CH, CH, CH,
berge buon tJ:Roo,H
&OZH. (EO,H. (1302H.

(3) The dibasic acids may also be obtained from the simple
iodated fatty acids by heating with finely divided silver:

B-Iodpropiounic Acid. Adipic Acid.
CO,H CO,H
b, dn,
CH,I H,
+ 2Ag = | + 2AgL
CH,I CH,
o, o,
(lJO,H éo,H

a-Brompropionic acid is converted by the same reaction into
dimethyl-succinic acid, CO,H.CH(CH,).CH(CH,).CO,H.

(4) The synthetic preparation of these acids by means of the
aceto-acetic ether reaction is of special importance, being
capable, as the following 'examples show, of general applicability.
By the action of ethyl chlorcarbonate on sodium aceto-acetic
ether, aceto-malonic ether is obtained :

CH, e,
&o co .
] + CLCO,CH, = | + NaCl
‘HNa CH.CO,C,H,

JJO,.C,HG éO,.C,H,

If ethyl monochloracetate be employed, the homologous
aceto-succinic ether is produced ; and the ethyl ether of
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a-brompropionic acid yields the acetic ether of pyrotartaric acid
or methyl-succinic acid. This latter ether is also obtained from
sodium-methyl-aceto-acetic ether and ethyl chloracetate as well
as when one atom of hydrogen in aceto-succinic ether is replaced
by sodium and the compound thus obtained treated with methyl
iodide.

Concentrated potash decomposes these ethers in a similar way
to aceto-acetic ether:

C0.0C,H, C0.0K
b, tn, :
L +8KOH = | '+ CH,COOK + 2HO.C/H,
I H.CO.CH, H,

C0.0C,H, 0.0K

Diluted caustic potash or baryta-water on the other hand
chiefly yields a ketonic acid :

CH, CH,
bo bo
JIH—C0.0C,H, + 8KOH = (!JH, + CO(OK), + 2HO.C.H;
ba, o,
&0.00,1'-[, CO.OK.

In this way Methyl-ketone-propionic Acid, or a-Acetopropionic
actd, is produced.

(3) A no less important method is that in which malonic acid,
CH,(CO,H),, isthe starting point.! If the ethyl ether of this
acid be treated with a solution of sodium ethylate, scdium-
malonic ether, CHNa(CO,C,H,),, is obtained, and in this the
metal may easily be replaced by an alcohol radical when
presented in the form of iodide:

CO.0C,H, CO.0CH,
bava 4 ICH,CH, = ('I:H.CH,CH, + Nal
0.0C.H, CO.0C,H,

1 Conrad, Ann, Chem, Pharm. cciv. 127.
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One atom of hydrogen in the ethyl-malonic ether thus formed
can again be replaced by sodium, and the latter by an alcohol
radical.  If ethyl be again introduced, the ethyl ether of diethyl
malonic acid is formed, an acid having the following constitution :

CO.0H

CH, CH,.CH, CH,

(!0.0H

The salts and the free acid can readily be obtained from the
ethyl ether.

The acids of the oxalic series, as they are named from their
first term, can be prepared in many other ways, as by oxidizing
the olefines with permanganic acid, when to begin with the
fatty acids are formed, and then the methyl group converted
into carboxyl.

They are also obtained by oxidizing fatty acids with nitric
acid, and, therefore, may be obtained from the monatomic alco-
hols and fats. Thus butyric acid yields succinic acid. In the case
of the higher members of the series, the dibasic acid is easily
further oxidized into one or more of its lower homologues.

The acids of the series CuHam-10; and CoHgy-4O: are also
converted by nitric acid into dibasic acids.

The acids of this group are solid at the ordinary temperature,
more or less soluble in water, and when pure they crystallize
well. At a higher temperature they decompose. Those which
contain the two carboxyls connected with two different carbon
atoms are resolved into an anhydride and water; thus succinic
acid yields succinic anhydride :

CH,C0.0H CH,.CO

= No 4+ 0.
})H,C0.0H &H,co/ s
Oxalic acid is an exception to this rule, asit, on heating, partly
sublimes as unaltered acid and is partly decomposed into formic
acid and carbon dioxide. An analogous decomposition occurs in
the case of all the homologues, such as malonic acid, isosuccinic
acid, &c., in which the carboxyls are linked to one carbon atom:

Co
& CH,

|

CH, = | + CO
C, = lout
CO,H
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O, | CH,
?H—CO,H = (lJH, + CO,
CO,H CO,H

It is unnecessary to mention in detail the other chemical
reactions of these acids. Being dibasic they form two series of
ethers and of amido-compounds, as well as other compounds both
simple and mixed. The following serve to illustrate this:

Ethyl Ethyl-oxalic Ethyl-oxalyl
Oxalate. Acid, Chloride.
CO.0C,H, (fo OH COCl
0.0C,H,, C0.0C,H, nJJO.oc,H,.
8uccinamide. Succinamic Acid. Succinimide.
,CO.NH 0.0H
CHLGoNE:  CHKCONE, C.HSGoONE.

In each of the normal acids of this series, the melting-
point decreases with every increase of CH, when the body
contains an even number of carbon atoms. In the case of those
containing uneven numbers, on the other hand, the melting-
point of the acids increases with the increment CH,, but it
always remains lower than that of the acid next following which
contains an even number of carbon atoms:

M.P.
Succinic acid, CHO, 180
Glutanic acid, = C;H,O, 97
Adipic acid, CH, 0, 148
a-Pimelic acid, C,H,,0, 100
Suberic acid, CH, 0, 130
a-Azelaic acid, C, 117
Sebacic acid, Clo 1304 127
Brassic acid, C,H,0, 108

It has however not yet been ascertained whether the two last
named acids belong to the normal series.

166
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THE METHYLENE COMPOUNDS.

463 The radical methylene or methene, CH,, appears incapable
of existing in the free state. Various chemists have endeavoured
to prepare it, but in vain. Perrot passed methyl chloride
through a red-hot tube and obtained hydrochloric acid and
ethylene together with other products.! Butlerow has moreover
shown that it is not produced by the action of sodium or potas-
sium on methylene iodide (di-iodomethane),? for on heating
this latter compound with copper and water to 100° he obtained
carbon monoxide, carbon dioxide, marsh gas, and ethylene, with
some of its higher homologues.?

Hence it would appear that methylene in the nascent state
combines with itself forming chiefly ethylene or dimethylene.
This fact is a further confirmation of the conclusion that the
hydrocarbons contain neither a dyad atom of carbon nor free
combining units (see p. 5).

Although, however, the free radical methylene is unknown,
many of its compounds have been prepared, of which some,
such as the haloid ethers, &c., have alrcady been described, being
formed by the replacement of two atoms of hydrogen in methane
by the elements of the chlorine group or by radicals (see
part i. p. 253). .

The oxide of methylene is formyl aldehyde, and, as h
been stated, its aqueous solution probably contains methyl
glycol, CH(OH),, a body not known in the free state, and
probably not capable of a separate existence (part i. p. 268).

Of the other methyl compounds the following may be
mentioned :

Methylene Dimethyl Ether, or Methylal, CHy(OCHL),, is formed
together with formic acid and methyl formate, when wood-spirit
is oxidized with manganese dioxide and dilute sulphuric acid.*

1 Ann. Chim. Phys. [3], xlix. 94; Ann, Chem. Pharm. ci. 875.

2 Ann. Chem, Pharm. cxi. 250. 3 Ib. cxx. 856.
¢ Malaguti, dan. Chim. Phys. [2], 1xx. 890 ; Ann. Chem. Pharm. xxxii. 65.
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In order to explain the formation of this body, we may assume
that the methyl alcohol is first oxidized to methylene glycol, and
that this is then acted upon by the excess of wood-spirit as
follows :

cH, { i} + 2HO.CH, = CH, { ggg: + 2H,0.

Methylal is an aromatic smelling liquid boiling at 42°, and
having at 18° a specific gravity of 0855, that of its vapour
being 2:625. It dissolves in three parts of water, and is con-
verted, on further oxidation, into formic acid.

Methylene Thiocyanate, CHy(SCN),, is formed by heating
alcoholic solutions of methylene iodide and potassium thiocyanate.
It crystallizes in fine prisms melting at 102°, and scarcely soluble
in cold, though tolerably soluble in boiling water, and im-
parting to steam a pungent smell, the vapours acting violently
on the mucous membrane. Nitric acid oxidizes it to methylene
disulphonic acid (see part i. p. 264).

Methylene Acetate, CH,(OC,H 0),, is formed by heating
methylene iodide with silver acetate. It is an oily liquid
boiling about 170° and having a strong aromatic pungent taste
and smell. When heated with water to 100° it is converted into

acetic acid and paraformaldehyde.!

Methylene Aceto-methyl-Oxide, CHQ{ 88% o Monochlor-
2ty

inated methyl oxide may be regarded as the methyl ether of the
unknown methylene chlorhydrin. It is easily decomposed by
potassium acetate as follows:

cH, { O + K0.0,H,0 = CH, { 882%30 + KCL

The acetate thus obtained is a liquid boiling at 117°—118°.2

Metlylene Acetochloride, or Methylcne Chloracetin,CHz-{ 85 H.0
2013V,

is the first product of the action of chlorine on methyl acetate.
It is a mobile liquid possessing a suffocating pungent smell, and
a burning taste. It boils at 115°—116°, and at 14° has a specific
gravity of 1-1953, and is converted on heating with sodium
acetate into methylene acetate.?

1 Butlerow, Ann. Chem. Pharm, cvii. 111 ; oxi. 245.

2 Friedel, Compt. Rend. 1xxxiv. 247.
3 Henry, Ber. Deutsch. Chem. Ges. vi. 739.
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464 Hexmethylenamine, (CH,),N,, was prepared by Butlerow'
by acting with dry ammonia on paraformaldehyde. It is also
formed in an analogous way from meonochlormethyl oxide and
other methylene compounds. It is easily soluble in water, and
with difficulty in cold alcohol, crystallizing from hot saturated
solution in glistening rhombohedrons or short prisms which
begin to sublime at 100°, evolving an unpleasant smell like
mice and salt-fish. Hexmethylenamine has an alkaline re-
action and is a monacid amine. Its salts crystallize in long
needles and yield the compound (C.H,N, CIH),PtCl, with
platinum chloride, which is almost insoluble in water. Hex-
methylenamine is formed by the replacement in two molecules
of paraformaldehyde or trioxymethylene of six atoms of oxygen
by four atoms of nitrogen. It has, therefore, probably the
following constitution :

N

/1N

CH, CH, CH,

ca’ cH
s N

N\\CH /N

By the action of ethylamine on methylene oxide a base is
formed having the composition N (CH,),(C;H;), or N,(CH,),
(C,Hy, It is an oily liquid whose salts do not crystallize, and
even the platinichloride which has the composition 2N,(CH,),
(C,H;),HCl1+ PtCl,, is uncrystallizable.

If methylene iodide be heated with triethylamine to 100° an
iodide, N (C,H;),(CH,I}I, is formed, crystallizing in fine tetragonal
tables. That the compound has the above constitution is proved
by the fact that silver acetate only removes one half of the iodine.
When its solution is treated with silver chloride, and platinic
chloride added to the evaporated liquid, the tolerably soluble
salt 2N(C,H,),(CH,I)Cl + PtCl, is formed, crystallizing in
splendid octohedrons. The free base is not known.?

) Ann, Chem. Pharm. cxv. 322 ; Hofinann, Ber. Deutsch. Chem. Ges. ii. 153,
3 Julie Lermontoff, Ber. Deutsch. Chem. Ges. vii, 1252,
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THE ETHYLENE COMPOUNDS.

ETHYLENE, CH,

465 Becher appears to have been the first to observe that a
combustible vapour is given off by the action of sulphuric acid
upon alcohol. In his Physica subterranea he says: “Evidens de-
monsiralio tgnis est in spiritu vint et oleo vitrioli, utroque probe
rectificato. Quam primum enim confunduntur, tgnem concipiunt,
qui vase obstructo extinguitur, aperto rursus incenditur.”

These remarks can only apply to a combustible gas, or to the
vapour of ether ; and, although he does not mention it, there can
be little doubt that there was a flame in the neighbourhood.

The next information we possess concerning a combustible
gas produced in this way, is given by Ingenhouss,! who states
that be saw such a gas evolved in the house of a certain Ende
in Amsterdam. It was then considered to be identical with the
so-called inflammable air, and was thought to be a good kind of
this air, because when burnt with ordinary air it exploded so
violently. This view was held by Deimann and Paets van
Troostwyk in 1781, who together with Bondt and Lauwerenburgh
examined the properties of this gas more thoroughly in 1795.
They showed - that it consists only of carbon and hydrogen and
approximately determined its specific gravity.? They found that
it unites with chlorine, yielding an oily compound, and they
named it gas huileus, a designation which was afterwards changed
by Fourgroy to olefiant gas.

That this body is a substance differing from marsh gas, was
first shown by W. Henry of Manchester, and his view was
soon supported by the investigations of Dalton, Humphry
Davy, Berzelius, and others.

1 Priestley, Observations and Experiments Relating to Various Branches of

Natural Philosophy, i. 1779.
2 Crell. Ann. 1795, 2, 195, 810 and 430.
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As these two were the only hydrocarbons known at that time
they were distinguished as light and heavy carburetted hydrogen,
whilst Berzelius gave to the latter the name of Elayl, as it plays
the part of a compound radical.

It has already been stated in the introduction to the organic
portion of this treatise that for some time a belief prevailed that
the laws of combination in constant and multiple proportion do
not hold good in the case of organic compounds, and hence it
appears remarkable that it was by the investigation of the com-
position of two organic bodies, namely marsh gas and olefiant
gas, that Dalton was led to the establishment of these very
laws, and thence to his atomic theory.

The four Dutch chemists above named prepared ethylene by
heating strong alcohol with three to four parts of sulphuric acid.
In this case, a tolerably pure gas is evolved to begin with, mixed,
however, with the vapour of alcohol and ether, which impurities
can be removed by passing the gas through concentrated
sulphuric acid.! It may also contain carbon dioxide mixed with
it, and this may be easily removed by caustic potash. At a
later period of the decomposition sulphur dioxide and carbon
monoxide,? and probably also marsh gas 3 are given off, the black
mass frothing strongly and passing out of the flask. In order to
prevent this, at Wohler’s ¢ suggestion, sand is added to the liquid
until a thick pasty mass is obtained, but thisleaves a hard residue
which cannot be removed from the vessel without breaking it.
To avoid this, and to obtain a pure gas, many other suggestions
have been made. Thus some time ago Magnus ® suggested that
one part of spirit of wine and sixteen parts of sulphuric acid
should be heated, and as soon as the mass becomes black a
further addition of alcohol should gradually be made. According
to Mitscherlich ® a mixture of three parts of water and ten parts
of sulphuric acid is heated to its boiling point, which lies about
160°—165°, and the vapour of eighty per cent. alcohol led in at
this temperature. The gas, which is then quietly evolved, only
contains as impurities the vapours of water, alcohol, and ether.

The method now generally adopted is that suggested by Er-
lenmeyer and Bunte,” or rather the improved process suggested
afterwards by Erlenmeyer.® A mixture of 25 grams of alcohol

1 Liebig, Ann. Pharm. xiv. 150.

3 Vogel, Journ. Prakt. Chem. xxv. 300,

3 Faraday, Bibl. Univ, lix. 114. ¢ Ann. Chem, Pharm. xci. 127,

8 Pong. Ann, xlvii. 524. 8 Ann. Chim, Phys. [3], vii. 12,
7 dnn, Chem. Pharm, clxviii. 64. 8 Ib. cxcii. 244,



PREPARATION OF ETHYLENE. 29

and 130 grams of sulphuric acid is brought into a flask (Fig. 99)
of two to three liters capacity, and this heated until a rapid
evolution of gas occurs, and at this point a mixture of one part
of alcohol and two parts of sulphuric acid is allowed to drop
in, the gas which is evolved being washed through sulphuric acid
and then through caustic soda.

Gladstone and Tribe found that when their copper-zinc couple
is brought in contact with ethylene bromide and water, pure
ethylene is given off, and in presence of alcohol this reaction is
brought about by zinc alone.! This last reaction may be used

Fig. 99.

for lecture purposes for the quick preparation of small quantities
of ethylene, but the decomposition must be assisted by heat.

It has already been stated that ethylene is formed, together
with its homologues, in the dry distillation of many organic
bodies, and coal gas contains on an average from four to five
per cent.

The formation of ethylene, according to a method pointed out
by Tollens, viz. that of heating ethidene chloride, CH,CHCI,,

1 Journ. Chem. Soc. 1874, 406, i
. 3 Sabanejew, Journ. Russ. Chem. Ges ix. 33; Ber. Deutsch. Chem. QGes. ix.
810.
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with sodium, is of interest. And its production from acetylene,
C,H,, a body which can itself be obtained by direct union of
its elements, is of importance as being the first step in the
synthesis of alcohol. Acetylene combines with nascent hydro-
gen to form ethylene, and this latter is also formed when
di-iodmethane is treated with water and copper, or methyl
chloride passed through a red-hot tube,

466 Properties. Ethylene is a colourless gas, possessing a faint
but peculiar and rather suffocating odour and having a specific
gravity of 0:9709 (Th. Thomson). It may be condensed to a liquid
either by means of pressure or by cocling it down to—110° in
a mixture of ether and solid carbon dioxide. Faraday deter-
mined the tension of this liquid, but did not always obtain
constant results inasmuch as his different. preparations of
ethylene were not perfectly free from marsh gas.! Its solubility
in water is represented by the following : 2

c = 025692 — 0-00913631t + 0:000188108t2

Alcohol, of specific gravity 0792 at 20°, dissolves it as
follows :
¢ = 359498 — 0:057716t + 0-0006812t2,

Ethylene is easily inflammable, burning with a very luminous
flame. With air or oxygen it forms an explosive mixture, the
action being, of course, most powerful when three volumes of
oxygen are present to one volume of the gas. If ethylene be
brought in contact with strongly ozonized oxygen, a spontaneous
detonation takes place. In order to exhibit this fact safely, a
current of the hydrocarbon is led through a tube 10mm. in
diameter whilst ozonized air is allowed to pass through a narrow
tube which passes to the-depth of 1 cm. inside the wide one.
Each bubble produces an explosion which is usually accompanied
by the formation of a white vapour.® Fuming nitric acid easily
oxidizes ethylene to oxalic acid. Chromic acid solution converts
it at once into aldehyde,* the ethylene first combining with water
to form ethyl alcohol, and this undergoing oxidation. The process
may be carried on further, acetic acid, and oxalic acid, together
with carbon dioxide and formic acid, being produced.® Concen-

1 Loc. cit. * Bunsen, Gasometry, 150, 152.

3 Houzeau and Renard, Compt, Rend. 1xxvi. 572.

¢ Berthelot, Compt. Rend, Ixviii, 334 ; Ann. Chem. Pharm. cl. 878.
8 0. and F. Zeidler, Ann. Chem. Pharm. cxcvii. 246.
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trated sulphuric acid absorbs ethylene with formation of ethyl
sulphuric acid (Faraday, Hennel ; see part i. p. 296), combination
taking place quickly if the two bodies be shaken together, and
still more easily if the ethylene is passed into sulphuric acid
heated to 160°—170°.!

Ethylene combines with chlorsulphonic acid to form ethyl
chlorosulphate. If it be heated for some time with hydriodic
or hydrobromic acid to 100°, the corresponding ethyl-haloid
ether is formed, but no combination takes place under these
circumstances with hydrochloric acid.?

Ethylene also combines with hydrogen, in the presence of
platinum black, to form ethane.?

467 Ethylene Boron Fluoride, C,H BF,, is formed when a mix-
ture of ethylene and boron fluoride, warmed to a temperature of

25°—30°, is exposed to sunlight. It isa fuming liquid which
boils at 124°—125°, and at 23° has a specific gravity of 1-0478.
It burns with a fine green flame and decomposes on contact with
water into boric acid and a volatile pleasantly smelling liquid,
boiling between 10° and 15°, and burning with a brighf. green
flame. This is probably ethyl fluoride.*

The existence of ethylene boron fluoride is a further proof
that in certain compounds boron can act as a pentad element
(part i. p. 448).

Ethylene Ferrous Chloride, C;H FeCly+2H,0, is formed when an
ethereal solution of ferric chloride is heated for some hours to
140°—150°, and the compound is more easily obtained if, at the
same time, a solution of phosphorus in bisulphide of carbon is
added. It forms flat colourless scales or prisms which are easily
soluble in water®

The corresponding bromide, C,H,FeBr,+2H,0, is produced by
passing ethylene in the sunlight into a concentrated aqueous
solution of ferrous bromide, when pale green very deliquescent
crystals are deposited.®

Ethylene Platinous Chioride, C,H PtCl, was discovered by
Zeise 7 in 1831, and termed inflammable chloride of platinum.
It is obtained by boiling alcohol with platinic chloride and

1 Berthelot, Ann. Chim. Phye. [8], xliii. 885.

2 Berthelot, Compt. Rend. xliv, 1350 ; 1. 612; 4Ann. Chem. Pharm. civ. 184 ;
“:&llfde,&r Deutsch. Chem. Ges. vii. 354.

4 Landolph, Ber. Deutsch. Chem. (Fes. xii. 1586,

3 Kachler, Ber. Deutsch. Chem. Ges. ii. 510.

¢ Chojnacki, Zeitsch, Chem. 1870, 420.
T Zeise, Pogg. Ann. xxi. 497, 542 x!, 234,
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evaporating in a vacuum. Its formation, leaving out the by-
products, is shown in the following equation (Birnbaum) :

PtCl, + 2C,H,0 = C,H,PtCl, + C,H,0 + H,0 + 2HCL

It is also formed when ethylene is passed through a hydro-
chloric acid solution of platinous chloride.!

It isa light lemon yellow powder difficultly soluble in water, and
when heated it burns rapidly. When warmed with an excess of
caustic potash it is converted into a black powder which when
dry explodes on heating. From its solution and that of its double
salts, ammonia precipitates a bright yellow unstable compound,
consisting of C,H PtCl;, NH,, which unites with hydrochloric
acid to form ethyl platinous ammonium chloride or detonating
chloride of platinum, C,H PtCl,, NH,Cl1+H,0, a body crystalliz-
ing from water in lemon-yellow oblique rhombic prisms and
obtained easily by the direct combination of sal-ammoniac with
ethylene platinous chloride. This substance serves for the pre-
paration of ethylene platinous chloride in the pure state. For
this purpose a concentrated solution of platinic chloride is added
to a concentrated solution of ethylene platinous ammonium
chloride so long as a precipitate of ammonium platinichloride is
formed, and the filtrate evaporated in a vacuum over sulphuric
acid.

Ethylene Platinous Potassium Chloride, C,H PtCL,KCl + H.,O.
This resembles the ammonium salt, and decomposes at about
200°, with evolution of ethylene.

The references at the foot may be consulted for further infor-
mation respecting these platinum ethylene compounds.?

ETHYLENE ALCOHOL, OR ETHYLENE GLYCOL,
C,H,(OH),

468 This alcohol is the first member of the group of alco-
hols containing dyad radicals. It was discovered by Wurtz in
1856 (see p. 9). He obtained it by treating ethylene di-iodide
with silver acetate,and decomposing the ethylene diacetate thus
obtained with caustic potash.? He afterwards employed ethylene

1 Birnhaum, 4Ann. Chem, Pharm. cxly. 67.

2 Martius and Griess, Ann. Chem. Pharm. cxx. 326 ; Chojnacki, loc. cit. ;

Bchiitzenberger and Fontaine, Bull, Soc, Chim. xviii. 103 ; Sadtler, i, xvii. 54.
3 Compt, xliii. 199 ; 4nn, Chem. Pharm. c. 110,
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dibromide, a body more readily obtained, and he decomposed the
acetic ether with caustic baryta.!

Atkinson then found that when potassium acetate is heated in
closed vessels to 100° with ethylene bromide and alcohol until no
further potassium bromide separates out, the mono-acetate is
obtained according to the following equation : 2

C,H‘{g: + 2C’H3§}O + Cﬂ%}o -

OH

This decomposnlon also occurs when the mixture is heated in a
flask with a reversed condenser.’

The mono-acetate is afterwards converted into glycol either
by treatment with caustic baryta, or by heating with water in
closed tubes.t

According to Erlenmeyer a mixture of 600 grams of ethylene
dibromide, 700 grams of fused potassium acetate and 1500—1800
of alcohol of specitic gravity 0-83, is boiled in connection with a
reversed condenser until the liquid does not precipitate ethylene
dibromide on the addition of water. The well-cooled liquid is
then placed on a vacuum-filter to remove the potassium bromide,
and the filtrate submitted to distillation. The portion passing
over above 140° is treated with an excess of caustic baryta dissolved
in the necessary quantity of water, and then heated for twelve
hours on the water-bath. The free baryta is next precipitated
by carbon dioxide, and the filtrate evaporated on a water-bath to
one-third. The residue is then treated with a mixture of equal
parts of strong alcohol and ether, and the liquid poured off from
tke saline mass which is deposited, the residue being thrown on
to the filter and washed with alcobol and ether. The solutions,
which are now mixed together, are distilled on a water-bath so
as to separate alcohol and ether, and the residual liquid subjected
to fractional distillation. The portion coming over below 186° is
afterwards concentrated on the water-bath, and the residue,
united with the higher portions, yields pure glycol on further
distillation.® If strong alcohol be used, and only half the theo-
retical quantity of potassium acetate, no monacetate is formed,

! Ann, Chim. Phys. [3), lv. 400.

3 Phil. Mag. [4). xvi. 433 ; Ann. Chem. Pharm. cix. 232,
3 M. S8impson, Proc. Roy. Soe. ix. 725.

4 Debus, Ann. Chem. Pharm. cx. 316,

$ Erlenmeyer, Adnn. Chem. Pharm. cxcii. 244.
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according to Demole, but glycol itself, and this may then be
separated from the unattacked ethylene bromide by distilla-
tion.! This mode of preparation has given discrepant results
in the hands of different experimenters,® and the condi-
tions under which the largest yield is obtained have not been
determined.?

According to Hiifoer and Zeller,* glycol is obtained readily by
boiling 138 grams of pure potassium -carbonate with 188 grams
of ethylene bromide dissolved in one liter of water, with a
reversed condenser, when the following reaction takes place :

C,H,Br, + H,0+CO(OK), = C,H,(OH), + 2KBr + CO,.

The solution is then concentrated on a water-bath, and after
cooling poured off from the deposited potassium bromide, the
crystals being brought on to a filter pump and washed with
absolute alcohol. From the united solutions the ethylene alcohol
is separated by fractional distillation. In this preparation a
certain loss takes place from the formation of monobromethylene,
C,H,Br, and here, too, the conditions of best yield have as yet
not been exactly worked out.5

Ethylene bromide may also be converted into glycol by heating
it to 170° in contact with water and oxide of lead.® The lead
oxide may be omitted if sufficient water be added to prevent the
formation of concentrated hydrobromic acid, and this reaction
takes place, though slowly, at 140°—150°.7

Ethylene alcohol is also formed when a solution of hydrogen
dioxide is allowed to remain for some time in contact with
ethylene.®

469 Properties. QGlycol is a colourless liquid having the con-
sistency of a thin syrup, and possessing no smell but having a
sweet taste. It boils at 197°—197°5, and at 0° has a specific
gravity of 1-125, that of its vapour being according to Wurtz
2:164 at 292°. Ethylene glycol is miscible with water and alco-
hol in all proportions, but is not soluble in ether. It dissolves

1 Demole, Ann, Chem. Pharm. clxxiii. 117 ; clxxvii, 45.

2 Zeller, Journ. Prakt. Chem. [2], x. 286 ; Bornstein, Ber. Deutsch. Chem, Ges.
ix. 480 and 917.

8 Erlenmeyer, loc. cit.

4 Journ. Prakt. Chem, [2], x. 270 ; xi. 229.

8 Lietzenmayer, dnn. Chem. Pharm. clxxx. 282 ; Stempnewsky, 1. cxcii. 240;
Erlenmeyer, loc. cit.

8 Jeltekow, Ber. Deutsch. Chem. Ges, vi. 558.

7 Niederist, Ann. Chem. Pharm. clxxxvi, 393.

8 Carius, Ann. Chem. Pharm. cxxvi. 195,
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various salts in small quantities, especially chlorides, and also
potassium carbonate, caustic potash, and lime.

Oxidizing agents convert it into glycollic acid, CH,(OH).CO,H;
glyoxylic acid, CH(OH),.CO,H ; and oxalic acid, CO,H.CO,H.

When glycol is heated with zinc chloride, acetaldehyde and
crotonaldehyde, C,H O, are formed together with other products;
acetaldehyde is also formed when ethylene glycol is heated with
water to 220°-230°!

Sodium Mono-ethylenate, C,;H,(OH)ONa, is a white crystal-
line body obtained by the action of sodium on glycol. When
heated with sodium in an oil-bath to 190°, disodium ethylenate,
C,H,(ONa),, is formed.

Ethylene Ethyl Ether, C;H,(OH)OC,H;, is formed by treating
the mono-sodium compound with ethyl iodide. It has however
not been obtained in the pure state, as some disodium ethylenate
is at first formed. It is a very pleasantly smelling liquid boiling
at 127°

Ethylene Diethyl Ether, C,H,(OC,H,),, is readily obtained
when the foregoing compound is treated with one-fourth its
weight of potassium, and the cold mass warmed with ethyl
iodide. The whole is then distilled, and again rectified over
potassium. This compound is a pleasantly ethereal-smelling
liquid boiling at 123°5, and having a specific gravity at 0°
of 07993.2

ETHYLENE OXIDE, C,H,0.

470 This interesting compound was also discovered by Wurtz.?
It is formed directly from glycol by the withdrawal of the
elements of water. In order to prepare it concentrated caustic
potash must pe gradually added to ethylene chlorhydrin, when
a violent reaction at once occurs, but after a time the reaction
must be aided by heat:

CH,CI CHg
L + KOH = | 0 + KO + HO.
H,0H CH/

1 Nevolé, Compt. Rend. 1xxxiii. 228.
* Wurtz, Ann. Chim. Phys. [3], 1v. 400 ; Ann. Chem. Pharm. cviii. 84.
3 Comptes Rendus, xlviii. 101 ; Ann, Chem. Pharm. cx. 125.
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Ethylene oxide is evolved as a gas, which is first passed
‘through a tube filled with chloride of calcium, and then into a
well-cooled receiver, where it condenses. In order to prepare
it perfectly pure it must be allowed to stand over calcium
chloride and afterwards be rectified.

Ethylene oxide isa pleasantly smelling ethereal liquid boiling
at 13°'5, and at 0° having a specific gravity of 0'8945, whilst
that of the vapour is 1422, It mixes with water, alcohol and
ether, in every proportion. When sodium amalgam is added to
its aqueous solution it is reduced to ethyl alcohol! Although
it possesses a neutral reaction it acts as a very strong
base, and hence forms “a link between organic and mineral
chemistry.” 2 Thus for example, it unites so easily with hydro-
chloric acid to form ethylene chlorhydrate that when equal
volumes of the gases are brought together over mercury, the
combination takes place as quickly as between hydrochloric acid
and ammonia. It unites with acetic acid directly, forming,
according to the quantity added, either monacetate or diacetate.
Brought in contact with magnesium chloride, it yields a preci-
pitate of magnesia which forms slowly in the cold but quickly
when warmed :

2C,H,0 + 2H,0 + MgCl, = 2C,H, { Ol + Mg(OH),

It acts in a similar way with the salts of copper, iron,
aluminium, &c.3?

471 Diethylene Dioxide, (C;H,),0, If ethylene oxide be
brought in contact with well-cooled bromine, and if the mixture
be allowed to remain in a freezing mixture for a day, orange-
yellow or ruby-red prisms separate out, possessing the composi-
tion (C,H,0),Br, These melt at 65°, and are again formed on
cooling. The constitution of this singular compound has not
a8 yet been satisfactorily ascertained. It contains bromine only
loosely combined, as it gradually parts with this eement in the
cold in contact with mercury, when, instead of ethylene oxide
being formed, the bimolecular compound is set free. This isa
pleasant but faintly-smelling liquid, boiling at 102°, and having a
specific gravity at 0° of 1-0482, whilst that of its vapour is 3-10.
On cooling, it solidifies to a crystalline mass, melting at 9°.4

1 Waurtz, Comptes Rendus, liv. 277 ; Ann. Chem. Pharmn. cxxii. 854,
3 Wurtz, Journ. Chem, Soc. xv. 387.

% Comples Rendus, 1. 1195 ; Ann. Chem. Pharm. cxvi. 249.
§ Comples Rendus, Jiv. 277 ; Ann. Chem. Pharm. cxxii. 354.
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Diethylene dioxide bas doubtless the following constitution :
CHLOCH,

Para-ethylene Oxide. Ethylene oxide on standing for some
time is converted into a polymeric modification, which is a
white crystalline mass, melting at 56°2

POLYETHYLENE ALCOHOLS.

472 If ethylene oxide be heated with water to 100° these sub-
stances combine to form ethylene glycol, and this, in its turn,
combines with the free ethylene oxide to form polyethylene
alcohols. These bodies are also obtained by heating glycol with
ethylene oxide? or ethylene bromide.3

The following are known :

B.P.

Diethylene alcohol, O<gg 8% 250°

o ,C.H,OH
Triethylene alcohol, >C',I:'[4 290°
\C,H, OH

o /((':: ,H,OH
.H, 230° under a pressure of
Tetrethylene alcohol, 0< Som, 25 mm.p °
ol
\C,H,0H

O /C H,OH

C H,
O/C2H 281° » ”»
02Ot

\C,H,OH

Pentethylene alcohol,

! Compt. Rend. Ixxxiii, 1141.

? Wurtz, Compt. Rend. xlix. 813 ; L 1195; Ann. Chem. Pharm. cxiii. 255 ;
cxvi. 249,

3 Lourengo, Ann. Chem. Fharm, cxvii. 269 ; 4nn. Chim. Phys. [3], Ixvii 288,
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o/ CHOH

Hexethylene alcohol, C.H, 325° under a pressure of
2

25 mm.

These are all thick, viscid liquids, soluble in water. Their pro-
duction from ethylene oxide and glycol is readily understood,
and their formation from ethylene bromide and glycol is repre-
sented by the following equations: i

B OH B
CHSp, + CGHLS o = 26H o1

. /B g_CHT
/Br R
cB oy + CGELOR = G QO+ B

. . ¢ H
Polyethylene alcohols are also formed when glycol is heated with
ethylene chlorhydrin, this reaction taking place at about 120°.
‘When heated more strongly, the chlorhydrins or bromhydrins of
the polyethylene alcohols are formed. The ethers of these same

alcohols are produced by heating ethylene oxide with the acids
or anhydrides.

ETHEREAL SALTS OF ETHYLENE.

473 The number of these is very large, as not only one or both
of the hydroxyls in glycol can be replaced, but two different
radicals may be introduced.

Ethylene Chlorhydrin, or Chlorhydrate, C,H,CI(OH). This
compound was first obtained by Wurtz by saturating ethylene
alcohol at the ordinary temperature with hydrochloric acid gas
and then heating the solution in closed tubes to 100°, opera-
tions which must be several times repeated in order to convert
the glycol completely into chlorhydrin. The product is then
treated with potassium carbonate and purified by fractional
distillation! It is also formed when glycol is warmed with
sulphur monochloride : 2

2C,H,(OH), + 28,Cl, = 2C,H,CI(OH) + 2HCI + SO, + 3S.

) Ann. Chim. Phys. [8), lv. 400 ; Ann. Chem. Pharm. cx. 125.
. ? Carius, Ann. Chem. Pharin. cxxvi. 195.
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It is likewise produced by the direct combination of ethylene
and hypochlorous acid.! In order to prepare it according to
this reaction, a large balloon is filled with olefiant gas, and
the hypochlorous acid obtained from 6 grams of mercuric
oxide added for every 1 liter of the gas. This is then allowed
to stand for some days and the liquid diluted with water, any
hypochlorous acid which may be present being destroyed by
the addition of sodium thiosulphate. The liquid is then dis-
tilled until the distillate ceases to have a sweet taste, saturated
with sodium chloride, and the chlorhydrin removed from the
liquid by shaking with ether.?

Ethylene chlorhydrin is a colourless, sweet-tasting liquid,
boiling at 128°, its vapour having a density of 2:797. When
brought in contact with water and sodium amalgam it is con-
verted into ethyl alcohol, and it yields chloracetic acid on
oxidation. Hence it may be regarded as monocklor-ethyl-
alcohol.

Ethylene Dichloride, C;H,Cl,. This compound is known, from
its discoverers, as Dutch liqguid. It is easily formed when
ethylene and chlorine are brought together, but the combina-
tion takes place slowly, inasmuch as the double linkage of the
carbon has first to be replaced by single linkage. If one volume
of ethylene and two volumes of chlorine are equally mixed and
the whole ignited, a deep red flame passes through the mixture,
bydrochloric acid is formed and thick clouds of soot are
deposited (Deiman, &c.).

At the time of the discovery of Dutch liquid, chlorine was
considered to be oxidized muriatic acid, and hence it was
assumed that in the formation of the oil the oxygen united
with the hydrocarbon, and the product was looked upon as a
body resembling some of the fatty oils. It was recognized by
Colin and Robiquet® to be analogous to hydrochloric ether
(ethyl chloride), and its composition was afterwards determined
by Liebig,* Dumas?® and Regnauit® who investigated the
compound more closely.

3 Carius, tb. cxxiv, 257.

3 Butlerow, 4nn. Chem. Pharm. cxliv. 40. The solution of hypochlorous
acid must be pre from moist, freshly-precipitated mercuric oxide, in which
the amount of dry oxide must be determined. To four grams of the latter so
much water and ice is added that 15 parts of the mixture contain one part of dry
oxide. This is then saturated in the dark with chlorine gas, and afterwards half
a8 much moist oxide added, and the mixture used directly.

3 Ann. Chim. Phys. (2}, i. 337. 4 Ann. Pharm. i. 213 ; ix. 20.
% Ann. Chim. Pkys. xlviii, 185 ; 1vi, 145, ¢ Ib. lviii. 301 ; lxix. 151.
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In order to show the formation of Dutch liquid, the apparatus
employed by Colin and Robiquet and since improved upon may

‘be used. In the tubulated balloon (Fig. 100) equal volumes of
dry ethylene and chlorine are brought. The ethylene dichloride
which is formed condenses on the sides of the glass and falls
into the flask, which is kept cool by water, as heat is of course
evolved during the reaction.

In order to obtain larger quantities of ethylene dichloride,
Limpricht’s method may be employed. For this purpose ethyl-
ene is passed into a slightly-warmed mixture of 2 parts of
manganese dioxide, 3 parts of common salt, 4 parts of water,
and 5 parts of sulphuric acid until the black colour of the man-
. ganese has disappecared, and then the chloride is distilled off.

Fig. 100.
Coal-gas may also be employed as a source of ethylene, but in
this case propylene chloride and higher homologues are formed,
along with other chlorinated products. Nearly pure ethylene
dichloride may, however, be separated from this mixture by
fractional distillation.!

The latter compound is also formed by the action of ethylene
on antimony pentachloride, chromium oxychloride, and cupric
chloride. If the latter salt be fused in an atmosphere of the
gas, large bubbles are evolved, which ignite and burn with a
red flame with formation of hydrochloric acid and deposition
of soout.?

1 4nn. Chem. Pharm, xciv. 245. ? Wohler, Pogg. Ann. xiii. 297.
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Ethylene dichloride is also obtained by treating glycol with
pentachloride of phosphorus (Wurtz), or by heating ethylene
alcohol with an excess of fuming hydrochloric acid to 100°2 It
is also found in large quantity, together with ethyl chloride and
other bodies, in the by-products in the manufacture of chloral
(see part i. p. 539). According to Krimer,? it is here produced,
together with its isomeride ethidene chloride, by the action of
chlorine on ethyl chloride; whilst according to Stiidel® this
latter compound only yields ethidene chloride as a further
substitution-product.

Ethylene dichloride is & thin oily liquid, insoluble in water
and possessing a pleasant smell and sweet taste. It boils at
835, and at 0° has a specific gravity of 1:28082,* whilst that of
its vapour is 3-44 (Gay-Lussac).

CHLORINE SUBSTITUTION-PRODUCTS OF
ETHYLENE.

A description of these compounds may here follow, as ethy-
lene dichloride serves as their point of departure.

Monochlorethylene or Vinyl Chloride, C;HyCl, was discovered
by Liebig and afterwards investigated by Regnault.® In
order to prepare it, ethylene dichloride is brought in contact
with alcoholic potash and allowed to stand .for some days until
no further chloride of potassium separates out. The mixture
is then warmed gently and the gas led through a vessel cooled
with ice, and passing, for the purpose of purification, through
sulphuric acid and caustic potash. Monochlorethylene is a gas
having an ethereal smell, and condensing in a freezing mixture
to a mobile liquid boiling between —18° and —15°. It is also
formed by the action of alcoholic potash on ethidene dichloride,
CH,.CHCl, Exposed to sunlight it is converted into a viscous
amorphous insoluble mass.

If the gas be passed into antimony pentachloride it is
quickly absorbed, monochlorethylene dichloride, CH,Cl-CHCI,,
being formed. This same body is also produced when ethylene

1 Schorlemmer, Journ. Chem, Soc. 1881, i,
2 Ber. Deutsch. Chem, Ges. iii. 259.

3 Ann. Chem. Pharm. cxcv. 188.

4 Thorpe, Journ. Chem. Soc. 1880, i. 182.
8 Ann. Chim. Phys. lviii. 808.
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dichloride is treated with chlorine in the sunlight. It is like-
wise found in the by-products of the chloral manufacture! It
is a liquid smelling like ethylene chloride, boiling at 115° and
having a specific gravity at 0° of 1-4223.2

Dichlorethylene, CH,—CCl,, is produced by the action of
alcoholic potash on the last-named compound (Regnault). It
is a mobile liquid boiling at 37° (Krimer), and baving a specific
gravity at 15° of 1250. Dichlorethylene passes very quickly
into a white amorphous polymeric modification, insoluble in the
ordinary solvents. It unites with chlorine to form dichlorethyl-
ene dichloride, CH,C1-CCl;, a body which, however, has not
been prepared pure in this way. It is formed, together with
its isomeride acetylene tetrachloride, CHCl,—CHCI, (a body
which will be described further on), by the action of chlorine on
ethylene dichloride and monochlorethylene dichloride, and is a
liquid boiling at 127°5.3

T'richlorethylene, CHCI—CCl,, is obtained by acting with
alcoholic potash on either of the isomeric chlorides, C,H,Cl,, as
well as by treating tetrachlorethylene or hexchlorethane with
zinc and dilute sulphuric acid.* It is a liquid, boiling at 90°,
and combines with chlorine to form ¢richlorethylene dichloride,
CHCl,— CCl,, which is also formed by the continued action of
chlorine on the foregoing bodies or on ethyl chloride. For this
reason it is also termed pentachlorethane. It is readily prepared
by the action of phosphorus pentachloride on chloral® It is a
liquid having a sweet burning taste and a pleasant honey-like
smell, boiling at 159° and having at 0° a specific gravity of
1°7089.¢

Tetrachlorethylene, C,Cl,. This compound, which was formerly
called protochloride of carbon, was obtained by Faraday, in
1821, by passing the vapour of hexchlorethane, C,Cl,, through
a red-hot tube.” Regnault prepared it from the latter com-
pound by acting upon it with alcoholic solution of potassium
hydrosulphide :

C,Cly + 2KSH = C,Cl, + 2KCl + SH, + S.

1 Krimer, Ber. Deulsch. Chem. Ges. iii. 259.

2 Pierre, Ann. Chem, Pharm. 1xxx. 127,

3 Stidel, dnn. Chem. Pharm. cxcv. 187.

4 Fischer, Jahresb. 1864, 481.

5 Paterno, Comptes Rendus, 1xviii. 450 ; Ann. Chem. Pharm. cli. 117.
¢ Thorpe, Journ. Chem. Soc. 1880, i. 192.

7 Phil, Trans. 1821, 47.

8 Ann, Chem. Pharm. xxx. 350 ; xxxiii, 324.



HEXCHLORETHANE. 43

It is also formed from hexchlorethane by the action of reducing
agents, such as zinc and dilute sulphuric acid or zinc filings in
presence of alcohol.! The reduction in this way may readily go
further, and, according to Bourgoin, a pure product is obtained
by dissolving hexchlorethane in double its weight of aniline and
heating this to 170°. The distillate, which still contains some
of the higher chlorinated compound, is distilled with an equal
weight of aniline at 130°—140°, and the distillate then freed
from aniline by dilute sulphuric acid.?

It is a highly refracting mobile liquid, boiling at 121°, and at
0° having a specific gravity of 16595, whilst that of its vapour
is 582 (Regnault).

It again combines with dry chlorine in the sunlight to form
hexchlorethane, but when placed under a layer of water, trichlor-
acetic acid is also formed. When tetrachlorethylene is heated
with sulphur trioxide to 150°, trichloracetyl chloride is formed :

CCL—CCl, + SO, = CCL—COCI + SO,

Hexchlorethane, C,Cl;, was first prepared by Faraday by the
continued treatment of ethylene chloride with chlorine. It is
the final product of the action of this element on ethyl chloride
and on all the foregoing substitution-products. It may be formed
synthetically by passing a mixture of hydrogen and tetrachlor-
methane vapour through a red-hot tube :3

ccl, H (IiECl, HCl
+ - +
cay, k ccl,  HCL

Hexchlorethane crystallizes in rhombic prisms and has a strong
aromatic camphor-like smell. It is tolerably soluble in alcohol,
still more so in ether, but scarcely dissolves in water. When
heated, it sublimes at a temperature below its melting point,
which lies at 185°—187°. In order to bring the liquid to the
boiling point it must be heated under pressure. When the
pressure is reduced to one atmosphere a sudden solidification
takes place, from which it appears that the melting point of
this compound lies somewhat higher than its boiling point.4

Ethylene Bromhydrin, C;H Br(OH), is obtained by saturating
ethylene glycol with hydrobromic acid, and heating the solution to

1 Geuther, . cvii. 212,
2 Bourgoin, Bull. Soc, Chim. xxiii. 244.

3 Stadeler, Ann. Chem. Pharm. Suppl. vii. 168.
4 Hahn, Ber. Deutsch, Chem. Ges. xi. 1735.
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100°. It is a thickish pleasantly smelling liquid which has a
bitter taste. It boils at 147°, and has at 8° a specific gravity of
1'66, that of its vapour being 4-3025.1

474 Ethylene Dibromide, C,H Br,, was first prepared by Balard.2
It is easily formed by passing ethylene into well-cooled bromine
which is covered by a layer of water. In order not tobe incon-
venienced by the bromine vapours which are evolved, the
arrangement suggested by Hofmann? is employed. A strong
glass bottle of two to three liters capacity is filled with
ethylene under water, and 120 grams of bromine together with
the same quantity of water are poured in, and the cork quickly
replaced by one carrying a glass tube which passes nearly to
the bottom of the vessel, and being connected by a caoutchouc
tube with a gas-holder containing ethylene. The gas is now
allowed to pass in, the whole being shaken until no more
absorption takes place. More bromine is then added, and the
operation repeated until a sufficient quantity of the dibromide
is obtained.

In order to prepare larger quantities, the method described
by Erlenmeyer and Bunte, and shown in Fig. 101, may be used.
The ethylene is prepared by the method already described,
and, in order to obtain it as pure as possible, it is passed
through an empty bottle (@) to condense any vapours of ether
and alcohol which may be present; the bottle (b) containing
sulphuric acid retains any of these products which are not
condensed in (@), whilst (c) and (d) contain caustic soda.

The air is first driven out of this part of the apparatus, and
the bottle (¢) two-thirds filled with bromine and water, and con-
nected on one side with the upright tube R, and on the other
side with the bottle (), which is filled to a height of five cm.
with broken glass, and then with lumps of dry soda-lime. The
air is now driven out so that the tube R is half filled with
bromine, and the tube counected with the bottle (d), and
ethylene is passed in until the colour of the bromine has dis-
appeared. The crude product is purified by washing with caustic
soda and water, then dried over calcium chloride, and rectified.

Ethylene bromide is a mobile pleasantly smelling liquid, having
a sweet taste, boiling at 131*5, and having a specific gravity at 0°
of 22132 (Thorpe), whilst that of its vapour is 6485 (Regnault).
It solidifies in the cold to crystals which melt at 9°5 (Regnault).

1 Henry, Ann. Chim. Phys. [4], xxvii. 250. 3 b, [1), xxxii. 875.
3 Journ. Chem. Soc. xiii. 67.
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When heated with water to 150°—160° it is converted, as Carius
has shown, into hydrobromic acid and aldehyde! 1In this
decomposition glycol as we know now is first formed (p. 34).

475 Monobromethylene, or Vinyl Bromide, C;H,Br, is formed by
the action of alcoholic potash on ethylene bromide,? or ethidene
bromide® It is a liquid which boils at 18° and has a specific
gravity of 156, and in the sunlight is converted into an
amorphous polymeric modification. When treated with very
concentrated hydrobromic acid, it unites to form ethylene
bromide. With a weak acid, on the other hand, it forms
ethidene bromide.* It combines alsowith chlorine and bromine
to form a dichloride and dikromide, and from these a series of
substituted ethylenes and additive-products may be prepared,®
of which the following may be mentioned.

Tetrabromethylene, C,Br,, is not only formed from pentabrom-
ethane,® but also together with other products by the action of
bromine on alcohol or ether.” It crystallizes from alcohol in
laminae which melt at 53° and have an aromatic smell and a
sharp burning taste.

Heabromethane, C,Brg, crystallizes from solution in carbon
disulphide in thick transparent tetragonal prisms which decom-
pose at 200°—210° without previously melt.mg, giving rise to
the foregoing compound and bromine.® It is distinguished from
tetrabromethylene, inasmuch as it is not vola.tilized in a current
of steam.?

Ethylene Chlorbromide, C,H,IBr, is obtamed by passing
ethylene into a well-cooled aqueous solution of bromine
chloride.’® It is also formed by the action of bromine on
ethylene chloriodide, and is a liquid resembling ethylene dibro-
mide, boiling at 107°—108°, and having at 0° a specific gravity
of 1'79. Alcoholic potash converts it into monochlorethylene.

Ethylene Iodhydrin, C.HJI (OH), was prepared by Butlerow
and Ossokin, by heating the chlorhydrin with potassium iodide.
Itis a heavy oily liquid having a burning taste and characteristic
smell, and can be distilled in a vacuum without decomposition.?

1 Ann. Chem. Pharm. cxxxi. 178. 3 Regnault, Ann. Pharm. xv. 63.
3 Beilstein, Bull. Soc. Chim. 1861, 121,

4 Reboul, Comptes Rendus, liv. 1229 Ann. Chem. Pharm. cxxiv. 267,

® See Denzel, Ann. Chem. Pharm. cxev. 205.

¢ Lennox, Proc. Roy. Soc. xi. 257.

7 Lowig, Pogg. Ann xvi. 877, & Reboul, loc. cit.
9 Merz and Weith, Ber. Deutsch. Chem. Ges. xi. 2289.

10 Simpson, Proe. Ray Soc. xxvii. 118,

11 Henry, Arn. Chem. Pharm, clvi. 14, 12 Ib, exliv. 42.
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476 Ethylene Di-iodide, C,H,]1,, was first prepared by Faraday
in 1821, by acting on ethylene with iodine in the sunlight.! It
is also formed when the gas is passed into iodine warmed to
50°—60°* It is, however, best prepared according to the
process of Semenoff, by passing ethylene into finely-powdered
iodine mixed with alcohol so as to form a thin paste. When a
considerable quantity of the compound has been separated out,
the iodine solution is poured off, mixed again with iodine, and
the operation repeated. The crystals thus obtained are pure
after they have been washed with cold alcohol.® It crystal-
lizes in colourless tables or prisms melting at 81°—82°.¢ It
Ppossesses an aromatic smell, and the vapour attacks the eyes and
produces headache. It is a very unstable compound, being
easily converted in the presence of light into iodine and
ethylene. When heated it also decomposes, though a portion
of it sublimes, and it may be sublimed without decomposition
in an atmosphere of ethylene.

When ethylene iodide is heated with alcohol to 70°, the com-
pound C,H,O.CHI.CHy is formed. This is moniodethyl oxide,
and is a yellow oily liquid having a sharp overpowering smell.
Sodium ethylate converts it into acetal.®

Alcoholic potash converts ethylene di-iodide into moniodethylene
or vinyl todide, C,H,1® a decomposition which may easily pass
on further, when much acetylene is evolved.” It is a colourless
liquid having an alliaceous smell, boiling at 56° and at 0°
having a specific gravity of 2-08.

Ethylene Chloriodide, C;H,ClI, is formed when ethylene is
passed into an aqueous solution of iodine monochloride.® It is
an oily liquid boiling at 140°, and at 10° having a specific gravity
of 21644 (Thorpe). Alcoholic potash converts it into mono-
chlorethylene, and when heated with finely divided silver to
160° ethylene and ethylene-dichloride are formed.®

Ethylene Bromiodide, C;H Brl. This body is formed, according
to Simpson, by passing ethylene into an aqueous solution of
iodine bromide. It is deposited in white needles resembling

! Quart. Journ. Science, xiii. 429, 3 Regnault, Ann. Pharm. xv. 67.
3 Zeitsch. Chem. 1564, 673.

¢ Aronstein and Kramps, Ber, Deulsch, Chem. Ges. xiii. 489.

5 Baumstark, Ber. Deutsch. Chem. Ges. vii. 1172.

¢ Regnault, Ann. Pharm. xv. 63.

7 Gustavson, Journ. Russ, Chem. Ges. vi. 164,

¢ Simpeon, Proc. Roy. Soc. xii. 278.

? Friedel and Silva, Bull, Soc. Chim. Xvii. 242,
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ethylene iodide, melts at 28°, and boils between 162° and
167°.2

477 Sulphates of Ethylene. When ethylene alcohol is heated
with concentrated sulphuric acid to 150°, it forms ethylene-hydroxy-
sulphuric acid, C;H,(OH)SO,H, a body which is not known in
the pure state. The barium salt is easily soluble, it forms a
white solid mass which decomposes readily in aqueous solution
with formation of glycol, sulphuric acid, and barium sulphate.?

Ethylenesulphuric Acid, C,H (SO, H),, is formed when glycol
is allowed to fall drop by drop into chlorsulphonic acid which is
cooled by ice :

al OH 0S0,0H
2502{011 +CH{ Qg =CH {oso OH *+ 2HCL

It is a thick liquid, which decomposes only at 160°; on heating
with water is resolved into sulphuricacid and glycol. Its barium
salt, C,H,(SO,),Ba + 2H;0, crystallizes in slender interwoven
needles3

Ethylene Nitrite, C,H(NO,), This compound was first
obtained by Semenoff by passing ethylene into liquid nitrogen
tetroxide. An oily, very poisonous body is formed at the samo
time, but this has not been further investigated. The nitrite
may be obtained in the purer state by passing ethylene into
pure ether, and at the same time allowing nitrogen tetroxide to
drop in. Ethylene nitrite crystallizes in tables or prisms which
fuse at 37°5, and sublime at a higher temperature with partial
decomposition.* It has not yet been ascertained whether this
compound is a nitrous ether or dinitro-ethylene, though the
former of these views is the more probable, as amyl nitrite
prepared in a similar way is doubtless a nitrous ether.

When tetrachlorethylene is heated with nitrogen tetroxide to
110°—120°, dinitro—tetrachlorethylene C,CL(NOy),, is formed,
a body crystallizing from alcohol in feathery needles. It smells
like chlorplcrm and is easﬂy decomposed on heating, but
sublimes in a current of aqueous vapour.®

Ethylene Nitri-nitrate, C,H {81%8 , is formed when ethyl-
ene is passed into a well-cooled mixture of concentrated nitric
and sulphuric acids. It is a colourless oily liquid having a

1 Simpson, Proc. Roy. Soc. xxii. 51, 1 Ib. ix, 725,
3 Claesson, Journ. Prakt. Chem. [2], xx. 2.
4 Zeitsch. Chem. 1864, 673, 8 Kolbe, Ber. Deutsch. Chem. Ges. ii. 326,
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spiritnous and pungent smell, the vapour attacking the eyes
and producing headache. On heating, decomposition takes
place. Alkalis, as well as dilute hydriodic acid, convert it into
ethylene alcohol, a reaction which shows that it is not a nitro-
compound.!

Ethylene Nitrate, C;H,(ONO,),, is produced when ethylene
glycol is gradually added to a well-cooled mixture of concen-
trated nitric and sulphuric acids. It is a colourless oily liquid
havmg an unpleasant sweet taste, and taking fire readily, burn-
ing qulckly with a bright flame. It decomposes on percussion,
is poisonous, and is converted into ethyl alcohol in presence of
caustic potash.?

In a similar way Ethylene Chlornitrate, C;H ,C1. NO;, is obtained
from ethylene chlorhydrin, and this substance is also a heavy
oily liquid (Henry).

478 Borate of Ethylene. By the action of boron trioxide on
ethylene alcohol the monoborether is obtained :

Cl 0.C,H, OH
B{Cl + 3C,H,(OH), = B{O C, H .OH + 3HCL
Cl o C, " {OH
It separates -out from its solution in chloroform in yellowish-
white microscopic lamins which are decomposed by water into
boric acid and glycol. It is not combustible, but colours the
luminous gas flame of a bright green.?

Ethylene Thiocyanate, C,H, (SCN),, is formed by heating
ethylene bromide with alcoholic solution of potassium thiocyan-
ate. It is slightly soluble in cold water, and more easily soluble
in hot water and in alcohol. It crystallizes in needles or rhom-
bic tables, melting at 90°, and having a sharp taste. Its smell
is peculiar. When boiled with water it volatilizes, its vapour
attacking the eyes.*

Ethylene Selenocyanate, C;H (SeCN),, is obtained in a similar
way to the foregoing, from potassium selenocyanate. It crystal-
lizes from boiling water or alcohol in fine white needles, which
melt with decomposition at 128°.°

Ethylene Diformate, C,H (CHO,),, is formed by boiling glycol

1 Kekulé, Ber. Deutsch. Chem. Ges. ii. 329.
57’1 L. Henry, Ber, Deulsch. Chem. Ges. iii. 529 ; Champion, Compt. Rend, 1xxiii.
3 Councler, Ber. Deutsch. Chem. Ges. xi. 1106,
¢ Buff, Aan. Chem. Pharm. xcvi. 862; c. 228 ; Sonnenschein and Meyer,
Journ. Prakt. Chem. Ixv. 257.
¢ Proskauer, Ber. Deutsch. Chem. Ges. vii. 1280,
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with 3 to 4 parts of 75 to 80 per cent. formic acid in connection
with an inverted condenser. The product is then distilled, and
a liquid obtained which boils between 170°—180°, and this also
contains monoformate. In order to remove this latter compound
it is again heated with formic acid, and the pure ether is
obtained by rectification of the product. It is a mobile liquid
having a peculiar smell and boiling at 174°!
OH

479 Ethylene Monacetate, or Ethylene Monacetin, CZH‘{ OC.H.O
278 .

The formation of this compound has already been described
under glycol. It is obtained by fractional distillation as an oily
liquid having a neutral reaction, a faint smell resembling acetic
acid, and boiling at 182°. It is heavier than water, and miscible
with this liquid. The ether is also formed when glycol is heated
to 200° with the necessary quantity of acetic acid.? If acetic
anhydride be employed in place of acetic acid, the reaction
takes place at 170°.3

Ethylene Diacetate, or Ethylene Diacetin, C,H,(OC,H,0),, is
best obtained, according to Wurtz, by mixing 5 parts of ethylene
bromide and 9 parts of silver acetate with acetic acid until they
form a thin paste, and heating this for some days to 100°. It is
then washed out with ether, the latter distilled off, and the
residue fractionated. It is also obtained by heating glycol with
excess of acetic acid to 200° (Laurengo). Ethylene diacetate
is a colourless liquid, having a specific gravity at 0° of 1128,
and boiling at 186°—187°. On heating it has a faint smell of
acetic acid, and it dissolves at 22° in 7 parts of water, separating
out again on addition of calcium chloride.

Bthylens Chloracetin, or Blhylene Aetochloride, CyH, { 8¥C,H30.
isobtained by heating a mixture of glycol and acetic acid satu-
rated with hydrochloric acid, or better by passing hydrochloric
acid gas into ethylene monacetin heated to 100° (Simpson). It
is also formed by the action of acetyl chloride on glycol
(Laurengo). It is a liquid boiling at 145°, and having at 0° a
specific gravity of 1-1783.

Ethylene Todacetin, C,H, { 0.0 Hor it formed in a similar
way to the foregoing compound by the action of hydriodic acid
1 Henninger, Bull. Soc. Chim. [2], xxi. 242.

? Laurengo, Ann. Chim. Phys. {8], Ixvii, 267
3 Simpson, Proc. Roy. Soc, x. 114.
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on the cold monacetin. It is an oily, sweetish liquid, which
on cooling crystallizes in tables (Simpson).

Besides these ethers the following may be mentioned. They
have been prepared by Laurengo, Simpson, and Wurtz:

B.P.
Ethylene monobutyrate, C,H, { 8% H,0 about 220°,

Ethylene acetobutyrate, C,H { 8 8 H,CO) 208 to 215°.
s
Ethylene dibutyrate,  C,H {8 g 0 8 239 to 241°.

Ethylene monovalerate, C,H { 0.C,H,0 about 240°.
s

Ethylene acetovalerate, C,H‘{ 8 8 gog »  230°
5
Ethylene divalerate, ‘{ 0Cs 91,8 . 255,

SULPHUR COMPOUNDS OF ETHYLENE.

480 Ethylene Hydroxysulphide, Czﬁ‘{ %g, was obtained by

Carius by acting on potassium hydrosulphide with ethylene chlor-
hydrin. It is a colourless liquid heavier than water, having a
faint smell of mercaptan. Its alcoholic solution gives precipitates
with many metallic salts,!

FEthylene Dihydrosulphide, or Ethylene Mercaptan, C;H (SH),.
The existence of this compound was observed so long ago as
1840 by Lowig and Weidmann, but it was first prepared in the

pure state in 1862 by Werner. It is easily formed by the action -

of cthylene bromide on potassium hydrosulphide in alcoholic
solution. It is a colourless highly refracting liquid, boiling at
146°, and having a specific gravity of 11123 at 23°5. It dis-
solves easily in ammonia and other alkalis, and forms insoluble
mercaptides with the heavy metals.?

Ethylene Sulphide, C,H,S, is obtained by the action of an
alcoholic solution of potassium sulphide on ethylene bromide,

1 Carius, Ann. Chem. Pharm. cxxiv. 2857,
3 Zeitsch. Chem. 1862, 584.
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and was first prepared by Lowig and Weidmann as a white
amorphous powder, and termed by them sulphetherin.!

The body was then examined almost simultaneously by
Crafts,? Werner,® and Husemann,* and obtained by the action of
an alcoholic solution of potassium sulphide on ethylene bromide.
According to Crafts the product contains bromine, but if it be
submitted to a careful dry distillation, a white crystalline body
of the above composition is obtained, and this is purified by
heating the first product for some days in contact with ether,
alcobol, or carbon disulphide to 150°—160°. Husemann found,
moreover, that this compound may be obtained by heating
mercury ethylene mercaptide with ethylene bromide :

S
CH(SHg + CHBr, = CHJISCH, + Hgbr,

Hence this compound is diethylene disulphide, and its consti-
tution is analogous to that of diethylene dioxide. Its vapour
density was also found to correspond to this, being 4-28.

Diethylene disulphide crystallizes from hot alcohol in white
glistening needles, and from ether in hard, glassy, monoclinic
prisms. It has a powerful smell and pungent taste, sublimes at
111° and boils at about 200°.

It unites directly with the elements of the chlorine group.
The compound with iodine is comparatively stable, crystallizing
in monoclinic tables, having the formula (C,H,),S,I,, or perhaps
C,HSI, The crystals appear red by transmitted light, but
have a metallic or an iron-black lustre by reflected light.

Concentrated nitric acid converts the disulphide into
(C,H,);S;0,, a body crystallizing from hot water in white
needles. Heated under pressure, (C;H,),S,0,, or C,HSO,, is
produced, a body which forms crystals insoluble in water.

Ethylene Thiocarbonate, C,H,.CS,, is formed by the action of
sodium thiocarbonate on ethylene bromide. It crystallizes from
ether-alcohol in fine golden-yellow prisms, melting at 36*5.
It is oxidized by dilute sulphuric acid to ethylene oxythiocarbonate,
C,H,.COS,, which crystallizes from alcohol in thin needles,
melting at 31° ‘

481 Ethylene Thiochlorides. These bodies, discovered by

1 Pogg. Ann. xlix. 123,

2 Ann. Chem. Pharm. cxxiv. 110 ; cxxviii. 220.
3 Zeitsch. Chemm. 1862, 584.

4 Ann. Chem. Pharm. cxxvi. 269,
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Guthrie,! are formed by the direct union of ethylene with the
chlorides of sulphur.

Ethylene Thiodichloride, C,HSCl, is formed by passing
ethylene into well-cooled sulphur dichloride, which must be
afterwards heated to 100°. It is a liquid having a taste and
smell resembling mustard-oil. It produces blisters when brought
on the skin, and at the ordinary temperature gives off a small
amount of vapour which attacks the mucous membranes. It
decomposes easily on heating.

Ethylene Dithiodichloride, (C,H,);S,Cl,, is formed by heating
ethylene with sulphur monochloride to 100°. It is a light-
yellow liquid having a sweet pungent odour and taste, the
vapours of which attack the eyes powerfully.

Chlorethylene Dithiodichloride, (C,H,Cl),S,Cl,, is formed by
the action of ethylene on boiling sulphur monochloride. It isa
light-yellow liquid havinga sweet biting taste and a pleasant
odour resembling that of lemons and peppermint.

SuLPHO-ACIDS OF ETHYLENE.

482 Regnault, in 1837, was the first to point out that ethylene
unites with the vapour of sulphur trioxide, forming the crystal-
line compound C,H,S,0, to which he gave the name of sul-
phacetylic acid.? The same body was obtained by Magnus by
acting with alcohol on sulphur trioxide. He termed it carbyl
sulphate, and found that, in contact with water, it gives rise to
a dibasic acid, to which he gave the name of c¢thionic acid,
C,H,S,0,H,, but that when boiled with water it is converted
into monobasic isethionic acid, C;H,;SO H, and sulphuric acid.®
Later investigations have proved that the last-named acid is a
sulphonic acid, and that these compounds have the following
constitution :

Carby] Sulphate. Ethionic Acid. Isethionic Acid.
L0 50, ,080,0H OH
Cz N | 2, 2
\S0,—O. SO,.0H. SO,.0H.

Isethionic Acid or Hydroxyethylene Sulphonic Acid. Before
the discovery of carbyl sulphate, this substance was prepared by
1 Journ. Chem, Soc. xiii. 35 ; 6. 129 ; xiv. 128,

3 Ann. Chem. Pharm. xxv. 32.
3 Poyy. Ann. xlvii. 509,
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Magnus from ethionic acid, a compound which he had obtained
by treating alcohol or ether with sulphur trioxide and dissolving
the product in water. Magnus thought at first that the two
acids were isomerides and, as Sertiirner had suggested for sul-
phovinic acid (ethyl sulphuric acid), the name of oenothionic
acid, Magnus adopted the above names for his acids, as both
might be considered to be compounds of ether and anhydrous
sulphuric acid.!

Isethionic acid is also formed in an analogous way to the
other sulphonic acids by oxidizing ethylene hydroxysulphide
(p. 51) with nitric acid, and its potassium salt is formed when
an aqueous solution of acid sodium sulphite is heated with
ethylene oxide to 100°? It is also found, in an analogous way,
from normal sodium sulphite and ethylene chlorhydrin at a
temperature of 170°—180°.3

In order to prepare it, the vapour of sulphur trioxide is passed
into well-cooled absolute alcohol or ether, the product diluted with
four times its volume of water and boiled for some hours, the
evaporated water being from time to time replaced. It is then
saturated with barium carbonate and filtered. The liquid is
concentrated by evaporation until crystals of barium methylene
disulphonate (Part I.p. 264), separate out, whilst the rest of the
salt is thrown down on addition of alcohol. The filtrate is then
concentrated to the consistency of a thin syrup, and, on standing,
barium isethionate separates out, and this is decomposed by
dilute sulphuric acid. On evaporating the solution, isethionic
acid remains as a syrup but crystallizes to deliquescent needles
having a strongly acid taste, when allowed to evaporate over
concentrated sulphuric acid.

The salts of isethionic acid are readily soluble and crystal-
line. Potassium Isethionate, C;H (OH)SO4K, crystallizes in glis-
tening laminae or rhombic prisms. Admmonium Jscthionate,
C,H,(OH)SO,NH,, is deposited in transparent prisms or pyra-
mids. Barium Iscthionate, [C,H,(OH)SO,],Ba, crystallizes in
transparent six-sided tables, or is formed in large semi-transparent
crystals.

Isethionic acid also acts as an alcohol, and hence it exhibits
elations similar to the hydroxy-acids of the lactic serics.
Thus, on oxidation, it is converted into sulphonacetic acid,

1 Pogg. Ann. xxvii. 878.

2 Erlenmeyer and Darmstidter, Zeitsch. Chem. 1868, 842,
3 Collmann, Ann, Chem. Pharm. cxlviii. 101,
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CH,(SO,H)CO,H,! a body which will be described under the
glycolyl compounds.

Tsethionyl Dickloride, C;H C1(SO,CI), is obtained by the action
of phosphorus pentachloride on potassium isethionate. It is a
heavy colourless oil, smelling like oil of mustard, and boiling at
about 200°.

Chlorisethionic Acid, C,H,CCI(SO,H). The chloride is only
slowly attacked by water at the ordinary temperature, and in
order to prepare this acid the mixture must be heated for some
days in closed tubes. Chlorisethionic acid crystallizes in deli-
quescent needles and forms salts which crystallize well. On
boiling with water, especially in presence of an alkali, isethionic
acid is again formed.?

AmipiseraioNic Acip, orR TAURINE, C,H (NH,)SOH.

483 This body was discovered in 1824 by Leopold Gmelin * in
ox-bile, and afterwards investigated more completely by Demar-
qay,* and by Pelouze and Dumas.® These chemists, however,
overlooked the fact that taurine contained sulphur, and gave to
it the formula C,H,NO,. Its correct composition was, however,
ascertained by Redtenbacher.®

Taurine occurs in bile in the free state, but chiefly in combina-
tion with cholic acid as taurocholic acid. It is also found in
the kidneys, lungs, muscles, &c.

In order to prepare it from ox-bile an excess of hydrochloric
acid is added, the whole filtered and evaporated until a treacly
resinous mass separates out. The watery liquid is then poured
off and evaporated, when common salt separates out, formed
from the sodium salts of the bile acids. The solution which is
poured off, is mixed with strong alcohol, and set aside until the
whole of the taurine crystallizes out. Alcohol is then added
and the whole purified by recrystallization.

Kolbe first obtained taurine artifically by heating ammonium
chlorisethionate with an excess of aqueous ammonia to 140°.7

Taurine is tolerably soluble in cold, and very soluble in hot
water, crystallizing in large transparent monoclinic prisms.

1 F. Carl, Ber. Deutsch. Chem. Ges. xiv. 68.

2 Kolbe, Ann. Chem. Pharm. cxii. 241 ; cxxii. 83.

3 Tiedemann and Gmelin, Dis Verdauung, i. 43, 690,

4 Ann. Pharm. xxvii. 286, $ Ib. xxvii. 292.

¢ Ib. lvii. 170 ; 1xv. 37.
7 Ann. Chem. Pharm. cxxii. 83,
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The crystals grate between the teeth, and have a cooling but
not otherwise characteristic taste. Its aqueous solution has a
scarcely preceptible acid reaction, and, from this solution, alcohol
precipitates it in the form of small crystals, which under the
microscope are seen to possess the characteristic prismatic form.
It does not combine with acids, nor does it form salts of definite
composition with bases. That it acts, however, as a weak acid
is seen from the fact that it is not precipitated from its solution
in alkalis by alcohol, but that it is thrown down when carbon
dioxide is passed through the solution.

Like other amido-acids (Part I. p. 460) taurine must be con-
sidered as an ammonium salt, having the following composition :

CH,—NH,

(lJH SO(S

If nitrogen trioxide be passed into its solution in dilute nitric
acid it is converted into isethionic acid.?

Tauro-carbamic Acid, C;H,(NH.CO.NH,)SO,H, is found in
the urine when taurine is administered. It crystallizes in
glistening quadratic lamine, easily soluble in water. The
potassium salt of this acid may be artificially prepared by
evaporating mixed solutions of taurine and potassium cyanate.
If the acid be heated with ba.ryta solution to 130°—140° it
decomposes into taurine, ammonia, and carbon dioxide.?

484 Carbyl Sulphate and Ethionic Acid. From the foregoing
constitutional formula it is clear that ethionic acid is the
sulphate of isethionic acid and carbyl sulphate the corres-
ponding anhydride. To prepare this latter compound, sulphur
trioxide is brought into a vessel well cooled with ice, and then
a tube filled with absolute alcohol lowered into the flask
and the whole tightly closed. When the sulphur trioxide has
been absorbed, the tube is brought into another vessel containing

* trioxide, and the operation repeated until a sufficient quantity
of the crystals have separated out, the fuming sulphuric acid
which is produced at the same time being poured off. The
crystals are brought on to a porous plate contained in a vacuum
over sulphuric acid, and allowed to stand until they no longer
fume. Carbyl sulphate forms a radiated mass of crystals, which
meltat 80°; the fused mass crystallizing on cooling. It absorbs

1 Gihbs, Sillim. Am. Journ. [2], xxv.
3 Saikowsky, Ber. Deutsth. Chem. Ges. n. 744 and 1191,
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moisture with great avidity, being converted into ethionic acid,
which is only known in aqueous solution. Its salts usually
crystallize well, but they also are very unstable.

Di-isethionic Acid, 0SSO  The galts of this acid

* Y 1C,H,SOH
are formed by gently heating the isethionates. The acid pre-
pared from the barium salt has only been obtained as yet in
the form of a thick syrup.

Ammontum Di-isethionate, (C,HSO;NH,);O. By heating
ammonium isethionate, Strecker obtained a body which he
believed to be taurine.! Seyberth showed that this is not the case,
and he considered this compound to be the amide of isethionic
acid.? Its exact composition was, however, first determined by
F. Carl. In order to prepare ammonium di-isethionate, am-
monium isethionate is heated for some hours to 210°—220°, and
the residue crystallized from boiling alcohol. It forms pearly
glistening lamin® which melt at 196°—198°. When boiled
with baryta water, the corresponding barium salt, C,H S,0,Ba
+ H,0, crystallizes out in thin six-sided tables. It is also
formed when barium isethionate is heated for some time
to 200°.

485 Ethylene Disulphonic Acid, C;H, (SOH),, was first pre-
pared by Hofmann and Buckton ¢ by heating propionamide or
propionitril with fuming sulphuric acid, and termed by them
disulphetholic acid :

cH,

EH, sso0m), = | %" L oo { ONH, . oo
+ = ,

L =" CcH,s0,0H  (OH ?

Almost simultaneously, Buff® obtained it by oxidizing
ethylene thiocyanate with nitric acid. It may also be obtained
in the same way from ethylene dihydrosulphide and ethylene
thio-carbonate. 1t is likewise easily formed by acting on acetic
anhydride with concentrated sulphuric acid.® The free acid is a
very deliquescent crystalline mass which yields easily soluble

1 Ann. Chem. Pharm. xci. 97,

? Ber. Deutsch. Chem. Ges. vii. 391.

3 Jb. xii. 1604 ; xiv. 65.

4 Proc. Roy. Soc viii. 168.

5 Ann. Chem. Pharm. c. 232.

¢ Franchimont, Compé. Rend. xcii. 1054,
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salts which usually crystallize well. These have been completely
studied by Husemann.!

Hydroxy-ethylene Disulphonic Acid, C;H(OH)(SO,H),, is
formed by heating potassium isethionate with fuming sulphuric
acid. It forms a thick strongly acid syrup. Its salts are very
stable and crystallize well.2

NITROGEN BASES OF ETHYLENE,

486 The action of ammonia on ethylene bromide was first in-
vestigated by Cloéz, who obtained three different bases, termed
by him, Formyliac, N(CH)H;; Acetyliac, N(C,HgH,; and
Propyliac, N(CgH;)H,.® At the same time Natanson examined
this reaction and obtained similar bodies, but did not discover
their chemical nature# A clear light was, however, thrown
upon this subject by the investigation of Hofmann,® who
showed that the action of ethylene bromide upon ammonia
is similar to that of the haloid ethers of the monatomic
alcohol radicals, with this difference, that one molecule of
ethylene bromide acts upon two molecules of ammonia, and
that the bases thus formed are then further attacked by the
ethylene bromide, as shown by the following reaction, in which
graphic formule are used in place of Hofmann’s typical

formule :
KEthylene-diamine.

CHBr, + 2NH, = CZH‘<§E’ + 2HBr.

Dnethylene diamine.
s/NH
C,HBr, + C H,\NHs = CH <NH/C H, + 2HBr.
Triethylene-triamine.

N

IZUN RN

C.HBr, + C,H, CH, = CGH, C,H, C,H,+2HBr.
\NH” °

N
The last compound unites with ethylene bromide to form
tetraethylammonium dibromide, Ny(C,H,),Br,.
L Ann. Ch»m. Pharm. cxxvi. 269. 2 Meves, Ann. Chem. Pharm. cxliii. 196.
3 Jahresb. 1853, 468 ; b, 1858, 344 ; Comutcs Rendus, xlvi, 344.

4 Anu. Chem, Pharm. xcii. 48 ; xeviii, 291.
5 Cumpt. Rend. xlvi. 256 ; xlix, 781 ; Proc, Roy. Soc. x. 224.
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At the same time other reactions take place in which poly-

ethylamines corresponding to the polyethylene alcohols are

formed :
) Diethylene-triamine.
/C,H‘.Nﬂg

2C,H,Br, + 3NH; = NH + 4HBr.
\

C,H,NH,
Triethylene-triamine.
CH.NH, CH.NH

C,H,Br, + NEI - Nu :C,IL + 2HBr.
C.H,.NH, }},H‘.NH ‘
Triethylene-tetramine.
/C,H‘.NH,

NH
AN

3C,H,Br, + 4NH; = C,H, ~ + 6HBr.
Ku
AN
C,H,.NH,
&e.

In the case of diamines containing the groups NH, or NH
the hydrogen in these groups may be replaced wholly or partially
by alcohol radicals, by heating the diamines with the haloid
ethers. Similar compounds are also formed when ethylene
bromide is heated with the primary or secondary amines.

The tertiary amiues, on the other hand, exhibit a different
behaviour towards ethylene bromide. Apparently an addition-
product of the two bodies is formed, but the substance produced
is the monobromide of an ammonium containing the group
C,H,Br, as for example, trimethyl-bromethyl-ammonium bromide,
N(CH,)4(C,H,Br)Br. Silver salts precipitate only one half the
bromine from this substance, whilst ammonia withdraws hydro-
bromic acid, trimethyl-vinyl-ammonium bromide, N(CH,),(C,H,)
Br, being formed. If moist silver oxide be used instead of
ammonia, both bromine atoms are removed, and the hydroxide
of the vinyl base, N(CHj),{C,H;)OH, is produced.

From the foregoing, it is seen that the number of compounds
of this group is numerous. As, however, these bodies resemble
the compound ammonias and ammonium compounds in their
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chemical relations, it will here be sufficient to describe the more
important of them.

487 Ethylene Diamine, C,H (NH,),, is formed together with
other of the above-named diamines when ethylene bromine acts
for some time on alcoholic ammonia at 100°. The cooled liquid
is then poured off from the ammonium bromide which separates
out, evaporated to dryness, and the residue distilled with caustic
potash. The distillate is dried over solid .caustic potash, and
then fractionated and the bases thus separated.

For the preparation of large quantities of ethylene diamine
the by-product obtained in the manufacture of chloral, and
boiling between 70° and 100° can be utilized.! This is a
mixture of ethylene chloride, ethidene chloride, and higher sub-
stitution-products, of which the two first-named are attacked
by alcoholic ammonia at 100°—120°. As soon as the reaction is
complete, the liquid is separated from the sal-ammoniac and the
unaltered chlorine compounds distilled off. From the residue the
hydrochloride of the base having the composition C;H,(NH,CI),
separates out in needles, and this is obtained in the form of
silver-white needles after frequent recrystallization and washing
with alcohol, in which it is insoluble. The brown mother-liquor
is distilled with caustic potash, and the first distillate treated
with hydrochloric acid, when another yield of the hydrochlorate
is obtained. The later fractions contain the higher diamines,
triamines, &c.

The compound obtained by distillation with caustic potash
from the salts is not the anhydrous base but the hydrate
C,H,(NH,), + H,0, and from this the water cannot be with-
drawn even by barium oxide, and it boils at almost the same
temperature as the anhydrous base. Although the water is so
intimately combined, the compound does not exist in the
gaseous form. Cloéz found the specific gravity of the vapour
to be 1-427, and hence he concluded that formyliac which he
believed to be contained in the salts had the formula N(CH)H,,

Anhydrous ethylene diamine can only be obtained by repeated
distillation of the hydrate over sodium. It is a thick liquid
having a faint ammoniacal smell, and a burning taste. It is
strongly alkaline and easily soluble in water. It boils at 117°
and has a vapour density of 2:07.

Ethylene Diethyl Diamine, C,H, { gggg g‘;, is formed not

} Besr. Deutsch. Chem. Ges. iv. 666.
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only by the action of ethylamine on ethylene bromide, but also
by that of ethyl iodide on ethylene diamine. If the product be
distilled with water and silver oxide, and the distillate allowed
to evaporate in a vacuum, the hydrate N,C,H,(C,H,),H, + H;,O
is obtained. It is a solid mass resembling stearic acid, having
an ammoniacal smell, and losing water in contact with caustic
baryta. The anhydrous base is a colourless oily liquid.?

Drethylene Diamine, No(C,H,),H,, is a liquid boiling at 170°
which unites with water to form the crystalline hydrate. By
the action of ethyl iodide, the hydriodide of diethylene diethyl
diamine, N, (C,H,),(C;H,), is formed. The free base boils
at 185°.

Triethylene Diamiune, Ny(C,H,),, boils at about 210° and is
easily soluble.

Diethylene Triamine, No(C,H,).H;, is an oily liquid soluble in
water and boiling about 208°. Treated with an excess of hydro-
chloric acid it yields the salt Ny(C,H,),H,Cl;, which crystallizes
well and combines with platinum chloride to form the compound
[Ny(C,H D,HgJo(PtCly),, crystallizing in golden yellow needles
which decompose, however, on recrystallization.?

Triethylene Triamine, Ny(C,H,),Hj, boils with partial decompo-
sition at about 216°, and forms, in strongly acid solution, well
crystallizable salts containing three equivalents of acid. When
only a weak acid solution is used, salts are formed which contain
only two equivalents of acid, and, if the free base be added to
this solution, salts containing a still smaller quantity are formed.
The platinichloride [N,(C,H,) Hy], (PtCly),, is tolerably soluble
in water, and crystallizes in long golden-yellow needles. Besides
this, another compound, [Ny (C,H),H,]; PtCl,, is known, crystal-
lizing in large prisms.

Triethylene Tetramine, N, (C,H,);H, is a thick syrup. Its
platinum compound, N (C;H)H,,(PtCly),, is a pale yellow
amorphous almost insoluble precipitate.

1 Proc. Roy. Soc. x. 104 and 590,
3 Ib. x. 619 ; xi. 418,
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ETHYLENE OXIDE Bases.!

488 Ethylene oxide combines with aqueous ammoma with
evolutlon of heat, when the following bases are formed :

Oxyethylamine.
cHO + NH, = CHJ(YH
Dioxyethylamine.
N N
/7 H’ /7 s
GHO + GH_ = GH_
© /7
CH,
OH.
Trioxyethylamine,
NE, OH[
CHO + CH, ®
AN /
o = GH,

o %
e of

\
OH.

These bodies remain on evaporation as syrupy liquids having
a strong alkaline reaction. In order to separate them, they are
neutralized with hydrochloric acid, evaporated, and the residue

exhausted with absolute alcohol, when hydrochloride of tri-
" oxyethylamine remains behind. The solution is evaporated
again to a syrup, and from this the salt of oxyethylamine is
allowed gradually to crystallize and the crystals are then washed
with alcohol. A more complete separation is effected by means
of the platinichlorides. For this purpose a concentrated solution
of platinum chloride is added to the alcoholic solution, when the
salt of dioxyethylamine crystallizes out. Ether is then added to
the mother-liquor, which precipitates some more of this salt,

1 V:urtz, Comptes Rendus, xlix. 898 ; liii. 838 ; Ann. Chem. Pharm. cxiv. 51;
xxi. 226
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until at last golden-yellow scales of the monoxyethylammonium
platinichloride make their appearance. By decomposing these
compounds with sulphuretted hydrogen, the hydrochlorides of the
two bases are again formed. These are formed together when
ethylene chlorhydrin is heated with ammonia to 100°,

The bases are obtained from the hydrochlorides by decompo-
sition with silver oxide. They are thick strongly alkaline liquids
which have not been further examined.

Oxyethylammonium Chloride, C,H (OH)NHC], forms small
crystals melting at 100°.

Dioxyethylammonium Chloride, (C,H,),0(OH)NHLCI, is very
easily soluble in water and alcohol, and on the addition of
platinum chloride deposits the platinichloride [(C,H,);0(OH)
NH,],PtCl,, in large crystals resembling those of potassium
dichromate. ‘

Trioxyethylammonium Chloride, (C;H,);0,(OH)NH,C], crys-
tallizes from water in large rhombohedrons.

When trioxyethylamine is warmed with ethylene oxide, higher
polyoxyethylamines are formed, their basic properties decreasing
with increase of oxygen. They have not been separated from
one another, as neither they nor their salts crystallize.

Ethylene oxide and ethylene chlorhydrin combine together
with amines to form oxy-bases or their hydrochlorides. Of
these the following compounds have the greatest interest.

CHOLINE AND NEURINE,

489 In the investigation of the constituents of ox and swine's
bile Strecker discovered a base to which from analysis of its salts
he gave the formula C;H,(NO, and termed it Choline,® (xo\s),
bile). Liebreich at a later period obtained a basic compound as
a decomposition-product of protagon, a body possessing a com-
plicated constitution and forming the chief constituent of the
materials of the brain and nerves. This basic substance he
termed Neurine (vedpov, nerve),? and from analysis gave to it the
formula C;H,,N. The same compound was further investigated
by Baeyer, who found that it is oxyethyl-trimethyl-ammonium hy-
draxide, N(C;H,,OH) (CHy,OH. Hydriodic acid converts it
into the compound N(C,H,I) (CH,)l, and this when treated

2 Ann. Chem. Pharm, cxxiii. 853. 3 Ib. exxxiv, 29,
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with silver oxide and water yields the vinyl base, N(C,H,)(CH,),
OH! The same body was also obtained by Hofmann in a
similar way from the corresponding bromine compound, which
latter compound is obtained by the action of ethylene bro-
mide on trimethylamine. Baeyer then suggested that neurine.
is probably identical with choline as well as with sincaline,
a base formerly prepared by von Babo and Hirschbrunn as a
product of decomposition of sinapin, a compound occurring in
white mustard-seeds (sinapis alba).?2 The truth of this sug-
gestion was soon afterwards proved by the investigations of
Dybkowski,® and of Claus and Keese.*

Wurtz then prepared the base synthetically. He obtained
the chloride by heating ethylene chlorhydrin with trimethylamine
and prepared the base itself by bringing a concentrated solution
of this amine together with ethylene oxide, and allowing the
mixture to stand for a day :

C,H,0 + H,0 + N(CH,), = N(C,H,OH)(CH,),0H.

Further experiments of Liebreich then showed that the oxyethyl
base is only formed when an alcoholic or ethereal extract of
brain is used. Pure protagon on the other hand yields on
boiling with baryta-water, the vinyl base to which he restricts
the name of neurine, suggesting that the oxethyl base should be
termed Bilineurine.

Choline, Bilineurine, or Oxyethyl-trimethyl-ammonium Hy-
droxide, N(C;H,OH)(CH,);OH, is formed as a decomposition-
product of lecithin, a compound which will be described under
Glycerin, and which occurs in gall, the yolk of egg, &c. The
best method for preparing choline is according to Diakonow?
to extract the yolk of egg repeatedly with ether and after-
wards with warm alcohol. The ether and alcohol are afterwards
distilled off, the residue boiled for an hour with baryta and
the excess of baryta precipitated with carbon dioxide, and the
filtrate evaporated. The residue is extracted with absolute
alcohol, and the solution precipitatéed with platinum chloride.
The precipitate is then dissolved in water, and the platinum

1 Ann, Chem. Pharm, cxl. 306 ; cxlii. 822.
3 Ib. 1xxxiv. 10,

3 Journ. Prakt, Chem. c. 151,

4 Ib. cii, 24.

8 Ann. Chen. Pharm. Suppl. vi.

$ Ber. Deulsch. Chem. Ges. ii. 12,

¥ Chem. Centralb. 1868, 140, 169, 575.
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thrown down with sulphuretted hydrogen. By the action of silver
oxide on the choline hydrochloride thus obtained, a strongly
alkaline solution of the free base is produced, and this, on
evaporation, remains behind as a syrupy liquid.

Oxyethyl-trimethyl-ammonium Chloride, N(C,H ,OH) (CH,),Cl
Like most of the choline salts this is a deliquescent substance,
crystallizing from absolute alcohol in fine needles. The platini-
chloride, [N(C,H,OH) (CH,),],PtCl,, crystallizes from hot water
in orange-yellow rhomblc prisms or tables, and is insoluble in
alcohol. The aurichloride, N(C,H,OH)(CH,);AuCl,, is precipi-
tated from the hot saturated aqueous solution in long yellow
prisms. The sulphate is amorphous and very soluble in water
but scarcely dissolves in absolute alcohol. The carbonate is very
deliquescent, and also amorphous; it has an alkaline reaction,
and its aqueous solution is not precipitated by alcohol. The
sodethyl-trimethyl-ammonium todide, NC,H,1(CH,),], has already
been mentioned. It crystallizes from alcohol in large glistening
imperfectly formed crystals resembling those of potassium iodide.

Choline is not only an ammonium hydroxide, but also
an alcohol. On oxidation it is converted into oxy-choline,
N(CH,.CO,H) (CH,);0H, a body which will be described under
the glycol compounds.

Neurine, or Vinyl-trimethyl-ammonium Hydroxide, N(C,H,)
(CH,),OH. This, as has been mentioned, was first discovered
by Hofmann.! The free base is only known in aqueous solu-
tion, and has a strongly alkaline reaction. The platinichloride,
[N(C,H,)(CHy'],PtCl,, is easily soluble in water, and crystallizes
in yellow octohedrons, or in five-sided tables which soon become
opaque, and then on solution in water leave a residue, whilst
choline platinichloride remains in solution (Liebreich).

PHOSPHORUS BASES OF ETHYLENE.

490 The tertiary phosphines of the monad radicals act readily
on ethylene bromide, giving rise to two series of compounds, the
relative quantities of which depend upon the proportions in
which the bodies are mixed. The compounds obtained from

1 Ann. Chim. Phys. [8], liv. 356.
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triethyl-phosphine will here only be described. ~With this,
ethylene bromide yields the following bodies:?!
P(C,H,); + C,H Br, = P(C,H,Br){C,H), Br.
2P(C,Hy); + C,H,Br, = P,(C,H,)(C,H,)Br,.

Bromethyl-triethyl-phosphonium Bromide, P(C,H,Br)(C,H,),Br,
is formed by heating an ethereal solution of triethyl phosphine
with excess of ethylene bromide. The product, which also con-
tains the above-mentioned dibromide, is washed with ether, and
crystallized from absolute alcohol. It is soluble in water and
alcohol, and crystallizes in rhombic dodecahedrons. - When its
solution is treated with silver chloride, and platinum chloride
added to the hot filtrate, long orange-yellow prisms of the
compound [P(C,H,Br)(C,H,),],PtCl, are deposited.

Ozxyethyl-tricthyl-phosphonium Hydroxide, P(C,;H , OH)(C;Hy),
OH, is obtained by boiling the bromide solution with silver
oxide. The strongly alkaline solution. dried over sul-
phuric acid yields a syrup. The base yields with acids well
crystallizable salts. The hydroxide decomposes, on heating, into
ethylene, water, and triethylphosphine. When treated with
phosphorus pentachloride, the crystalline compound, cklorethyl-

" triethyl-phosphonium chloride, N(C,H,CI)(C,H,);Cl, is formed.

Vinyl-triethyl-phosphonium Compounds. When bromethyl-
triethyl-phosphonium bromide is boiled with water and silver
acetate, and the silver bromide filtered off, and platinum chloride
added to the concentrated solution, octohedrons of the vinyl salt,
[P(C,H,)(C;H;),],PtClg, are deposited.

Ethylene- hexethyl-phosphonium Dibromide, P,C,H,(C,H;),Br,, is
contained in the mother-liquor of the above monobromide.
It is best obtained in the pure state by heating ethylene bromide
with an excess of triethylphosphine. It crystallizes in white
needles. Treated with silver oxide and water it yields a strongly
alkaline hydroxide having a bitter taste, and dryingin a vacuum
to a syrupy mass. Its salts crystallize well. The chloride is
very soluble in water, and crystallizes in large tables. The
iodide is difficultly soluble in cold water, and separates from
hot solution in fine white rhombic needles. As it crystallizes so
easily, and therefore can be easily obtained pure, this salt is well
suited for the preparation of other diphosphonium compounds.
The platinichloride is almost insoluble in water, and separates
from hot hydrochloric acid in monoclinic crystals.

1 Proc. Roy. Soc. x. 100 ; Ann. Chem, Pharm. Suppl. i. 151.
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ARSENIC BASES OF ETHYLENE.

491 These compounds are closely allied to the foregoing
phosphorus bases.

Bromethyl-triethyl-arsonium Bromide, As(C,H, Br)(C,H,),Br,
is formed by heating ethylene bromide with triethylarsine. It
crystallizes from hot water in rhombic dodecahedrons, and yields
afinely crystalline platinichloride. By warming the monobromide
with water and silver oxide a strongly alkaline solution of vinyl-
triethyl-arsonium hydroxide, As(C,H,)(C;H;),OH, is obtained.
The platinichloride of this body crystallizes in fine octohedrons.

Ethylene-hexethyl-arsonium Dibromide, As,C,H (C,H,),Br,, is
obtained when the above monobromide is heated with triethyl-
arsine to 150°. It is converted by silver oxide and water into the
hydroxide, the salts of which crystallize well.1

Hofmann has obtained, besides these, a large number of mixed
ethylene bases containing nitrogen and phosphorus, nitrogen and
arsenic, or phosphorus and arsenic. These budies are very
similar in their properties to those already described.?

ETHIDENE OR ETHYLIDENE COMPOUNDS."'

492 The radical ethidene or ethylidene does not exist in the free
state. The oxide has already been described as acetaldehyde,
CH,.CHO, and it has been stated that the corresponding alcohol
or ethidene glycol is not known, but that it probably exists in
aqueous solution (p. 13). Trichlorethidene glycol, or chloral
hydrate, is, however, known, together with a number of other
ethidene and trichlorethidene compounds which are hereafter
described. '

Ethidene Diethyl Ether, or Acetal, CH,CH(OC,H,),, In ex-
amining the products of the slow combustion of alcohol over
platinum-black Dobereiner found, amongst other products, a
liquid to which he gave the name of heavy oxygen ether.
This was afterwards investigated in 1833 by Liebig, who termed
itacetal® Stas then found that the same substance is formed when
chlorine acts upon alcohol, and he it was who first gave to this

! Fofmann, Proc. Roy. Soc. xi. 62 ; Ann. Chem. Pharm. Suppl. i. 808,
2 Ib. i. 289. 3 Ann. Pharm. v. 25; xiv. 156,
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body its correct formula.! Its constitution was determined by
Wurtz and Frapolli. They obtained it by treating aldehyde with
phosphorus pentabromide, and by then acting upon the product,
which according to their views (p. 72) contained ethidene
bromide, with sodium ethylate.

It is also formed by heating alcohol with aldehyde : 3

CH, CHO + 2HO.C,H, = CH,CH(OC,H,), + H,0.

This reaction takes place slowly in the cold, and hence acetal
forms one of the constituents of crude spirit and is contained
in the faints obtained in the process of rectification * (Part I.
P- 295). According to Dibereiner it isalso contained in old wine.

In order to prepare acetal, a mixture of two parts of alcohol,
three parts of manganese dioxide, two parts of water, and three
parts of sulphuric acid is distilled in a capacious flask until three
parts have passed over, the distillate dried over chloride of
caleium and rectified, and the portion boiling above 60° collected ;
this is again dried and then further rectified. On heating with
strong caustic potash, the aldehyde and ethyl acetate, which it is
difficult to separate from the acetal, are destroyed; then the
whole is treated with fused calcium chloride, and lastly purified
by fractional distillation.®

Acetal is a mobile liquid having a pleasant fresh smell and a
nutty after-taste. It boils between 104° and 106°, and has at
22°4 a specific gravity of 0-821. It is easily converted into
aldehyde and acetic acid by means of oxidizing agents. When
heated with acetic acid it is converted into ethyl acetate and
aldehyde.®

Chlorine gives substitution-products similar to those which
are obtained by the action of chlorine upon alcohol.

493 Monochloracetal, CH,CL.CH(OC,Hj),, is not obtained pure
in this way, as the substitution easily goes further. It is best
prepared by treating dichlorether (Part I p. 339) with sodium
ethylate or absolute alcohol :

CH,CL.CHCLOC,H, + NaOC,H, = CH,CLCH(OC,H,), + NaCl.

1 Ann. Chim. Phys. [3], xix. 146.

2 Comptes Rendus, xIvii. 418 ; Ann. Chem. Pharm, cviii, 223.

3 Geuther and Alsberg, th. cxxvi. 62.

¢ Krimer and Pinner, Ber, Deutsch. Chem, Ges. ii. 401,

5 Wurtz, Ann. Chem Pharm, c. 116 ; Ann. Chim, Phys. [3], xlviii. 870,
¢ Bellstem and Hofacker, Ana, Chem. Pharm. cxii. 239,
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Monochloracetal is a pleasantly-smelling liquid boiling at
136°'8, and having a specific gravity of 10418 at 0°! When
heated with sodium the following reaction takes place :

ocH,
CH,CICH  + 2Na=CH,—CH.OC,H, + NaOC,H + NaCl.
N
0C,H,

Vinyl-cthyl ether thus obtained is a mobile liquid boiling at
35°5, possessing a peculiar ethereal smell, and having at 145
a specific gravity of 0:7625. It unites with chlorine again
to form dichlorether, and it is decomposed by the action of
dilute sulphuric acid into alcohol and aldehyde.?

Dichloracetal, CHCl,.CH(OC,Hj),, is formed easily, together
with trichloracetal, by the action of chlorine upon alcohol
(Lieben) and acetal® It is an aromatic-smelling, oily liquid,
boiling at 183°—184°, and having at 14° a specific gravity of
1-1383. When heated with sulphuric acid it forms dichloracet-
aldehyde, CHCL,.COH, a heavy, mobile liquid, boiling at 88°—
90°, and converted into acetylene tetrachloride by the action of
phosphorus pentachloride.

Trichloracetal will be described further on.

Monobromacetal, CH,Br.CH(OC,H,),, is formed by the action
of bromine upon acetal. It isaheavy not unpleasantly-smelling
liquid boiling at 170° with partial decomposition.®

The above named vinyl-ethyl ether combines with bromine to
form the dibrom-ether which decomposes on heating and which
when heated with sodium ethylate ylelds monobromacetal,

By heating with alcoholic potash it is converted into Hydroxy-
acetal, CH,.OH.CH(OC,H,),, a pleasantly-smelling liquid boiling
at 167°. The ethyl ether, CH,(OC,H;)CH(OC,H,),, corresponding
to this alcohol, is formed when bromacetal is heated with sodium
ethylate, and is a liquid boiling at 164°, and having an ethereal
smell (Pinner).

Ethidene-ethylene Dioxide, (C,H,),0,, is formed, according to
Wourtz, when aldehyde is heated for several weeks with glycol to
100°:

1 Lieben, Ann. Chem, Pharm. civ. 11%; cxlvi. 193 ; Paternd and Mazzara,
Ber. Deutsch. Chein. Ges. vi. 1202; Klien, Jahresb. 1876, 336,

2 Wl.shcenus, Ann. Chem. Pharm. cxcii. 106,

3 Pinuer, 1. clxxix. 33 ; Krey, Jakresb. 1876, 474,

4 Paternd, Compta Rendua, 1xvii. 456.
8 Pinner,  Licbig's Ann. clxxix, 83 ; Krey, Jakresd, 1876, 474,
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CH,.OH

b, 0m

It is a pungent but not unpleasantly-smelling liquid, boiling at
82°5, and at 0° having a specific gravity of 1:0002, whilst that
of the vapour is 3-103.}

Ethidene Methyl-ethyl Ether, or Methyl-ethyl Acetal,

CH,CH { 88}11{:, was obtained by Wurtz by oxidizing a mixture

CH,.0\
+ CHO.CH,; = EH, O/CECH, + H,0.

of alcohol and wood-spirit with manganese dioxide and sulphuric
acid. It is a liquid smelling like common acetal, boiling at 85°,
and having a specific gravity at 0° of 0-8535.

Ethidene Dimethyl Ether, or Dimethyl Acetal, CH, CH(OCH,),,
is formed together with the foregoing compound. It hasa strong
ethereal smell, boils about 65°, and at 0° has a specific gravity of
0'8556. Dancer found this compound in crude wood-spirit.?

ETHEREAL SALTS AND ETHERS OF
ETHIDENE.

494 Ethidene Dichloride, or Dichlorethane, CH,CHC,, was
first prepared by Regnault by acting with chlorine upon ethyl
chloride.? By treating aldehyde with phosphorus pentachloride
both Geuther* and Wurtz5 obtained a compound having
the same composition but believed to be a body differing from
Regnault’s éther hydrochlorique monochlorée, until Beilstein®
showed that the two are in reality identical. Ethidene chloride
is also formed by the action of phosphorus chloride on
paraldehyde.”

For the purpose of preparing it from ethyl chloride, the
vapour of this substance is passed, mixed with chlorine, over
animal charcoal heated to 250°—400°% It isstill more simply
obtained by fractional distillation from the by-products of the
chloral-manufacture.?

Ethidene chloride is an ethereal-smelling liquid having a sweet
and biting taste. It boils at 599, and at 0° has a specific

1 Comptes Rendus, liii. 878 ; Ann. Chem, Pharm, cxx. 828,

3 Chem. Soc, Journ, xvii. 222, 3 Ann. Chim, Phys. [2). 1xxi. 853.
¢ Ann. Chem. Pharm, cv. 321. 8 Compt, Rend. xlv. 1018.
8 Ann. Chem. Pharm. cxiii, 110. 7 Geuther, Zeitsch, Chem, 1865, 24.

8 Damoiseau, Bull, Soc. Chim, xxv. 118,
® Kriimer, Ber. Deutsch, Chem, Ges. iii. 257,
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gravity of 1:2044 (Thorpe). It is a very stable compound, and
may be distilled without alteration over potassium. Heated
with sodium to 200° chlorethylene, acetylene, ethane and ethylene
are formed.! It is attacked by alcoholic potash with difficulty.
Heated with sodium ethylate, it forms chlorethylene, C;H,Cl,
and a little acetal. By the further action of chlorine it yields
first ¢richlorethane or dichlorethyl chloride, CH,CCl,, and mono-
chlorethylene dichloride, CH,C1.CHCl; (p. 41).* The first of
these is a body resembling ethidene dichloride, boiling at 74°'5
and having at 0° a specific gravity of 1'3465. It is attacked by
alcoholic potash only with difficulty on heating with formation of
potassium chloride and potassium acetate :

CH, CH,
| +4KOH = | + 3KCI + 2H,0.
ccl, C0.0K

Higher chlorine substitution-products of these bodies have
already been described (p. 42).

Ethidene Dibromide, CH; CHBry, was prepared by Hofmann 3
by heating ethyl bromide with bromine, and afterwards examined
by Caventon,* Reboul,® and Tawildarow.®

It is formed also by the action of phosphorus bromochloride,
PBr,Cl,, on aldehyde,” as well as by heating monobromethylene
with hydrobromic acid (Reboul). It is a liquid which boils at
110°, and at 10° has a specific gravity of 2:129.

Ethidene Di-iodide, CH;.CHI,, is formed, according to Gus-
tavson, when ethidene chloride is heated with a solution of
aluminium iodide in carbon disulphide. It is a liquid boiling
with decomposition at 177°—179°, and having a specific gravity
of 2:84 at 0°.8

E'thidene Chlorethylate, CHs.CH{ 810 H Was obtained by
iy

Wurtz and Frapolli by passing a current of hydrochloric acid
into a mixture of aldehyde and absolute alcohol. This compound
is identical with monochlorether and by treatment with sodium
ethylate is converted into acetal.

495 Lthidene Oxychloride, (CHyCHCI),0. This compound,

1 Tollens, Ann. Chem. Pharm. cxxxvii. 311. 2 Stiidel, 6. cxcv. 183.

3 Proc. Roy. Soc. x. 619, 4 Compt. Rend. lii. 1330.
8 15, 1xx. 398. ¢ Ann. Chem. Pharm. clxxvi. 12,
7 Paternd and Pisati, Ber. Deutsch. Chem. Ges. v. 289,

8 1b. vii. 731.
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metameric with dichlorether, was obtained by Lieben,! by the
action of hydrochloric acid on well-cooled aldehyde. According
to Geuther and Cartmell,? the compound C4H,,CLO, is first
produced, and this may be considered to be paraldehyde in which
one atom of oxygen is replaced by two of chlorine, and the
following reaction taking place :

OCHCIL.CH,

3CH,.CHO + 2HCl = cn,cn( + H,0.
OCHCI.CH,

This body decomposes on distillation into aldehyde and ethidene
oxychloride :

OCHCLCH, _CHCLCH,
CH,CH = CH,CHO +§
OCHCLCH, CHCLCH,,

Ethidene oxychloride is a liquid boiling at 116°—117°, and
having at 12° a specific gravity of 1'1376. When heated with
water it decomposes into hydrochloric acid and aldehyde, and by
the action of zinc-ethyl it is converted into secondary butyl

oxide.?

Ethidene Chloracetin, CHyCH { oo, G, Wes obtained by
Waurtz, together with acetyl chloride, by the action of chlorine
upon aldehyde.! Maxwell-Simpson prepared it also by heat-
ing aldehyde with acetyl chloride.® It is a liquid boiling at
120° —124°, having an aromatic smell, is lighter than water and
only slowly decomposed by this liquid. It dissolves in dilute
caustic potash with formation of aldehyde, potassium acetate and
potassium chloride.

Ethidene Bromacctin, CHy.CH { ngOCHs’ was first prepared

by Wurtz and Frapolli by treating aldehyde with phosphorus
pentabromide, and was considered to be ethidene bromide until
Tawildarow pointed out its true constitution, inasmuch as he
obtained it by heating aldehyde with acetyl bromide.® It is
formed according to the equation :

1 Ann, Chem. Pharm. cvi. 336, 2 1b. cxii. 18.
3 Kessel, Ann. Chem. Pharm. clxxv. 44.
4 Ann, Chim. Phys. [3), xlix, 58. 8 Phil. Mog. [4], xvii. 185,

¢ Ann. Chem. Pharm. clxxvi. 12
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2COH.CH, + PBr, = O { 8%%[5}13 + HBr + PBr,

It boils between 135° and 145° with partial decomposition.

Ethidene Diacetate, CH,. CH(OC,H,0),, is formed by heating
aldehyde with acetic anhydride,' to 180°, and when alcoholic
solutions of potassium acetate and chioracetin are mixed together.?
It i3 a liquid having a peculiar smell resembling onions, and
boils at 168°-8, whilst its specific gravity at 12°is 1-061. It is
only slowly decomposed by water ; caustic potash decomposes it
into aldehyde and acetic acid.

ETHIDENE SULPHITE COMPOUNDS.

496 In the year 1853 Bertagnini made the observation that
benz-aldehyde unites with the acid sulphites of the alkali-metals
to form crystalline difficultly-soluble compounds, and that the
other aldehydes do the same.® Later on Limpricht found that
many ketones yield similar compounds,* and as these bodies are
easily decomposed by acids or alkalis with separation of the
aldehyde or ketone, they are often employed for the purification
of the latter bodies.

It remained doubtful whether common aldehyde yielded such
compounds, until Bunte showed in 1873 that they exist, and gave
to them the name of aldehyde sulphurous acid salts.® These are
distinguished from those of the a!dehydes having a higher mole-
cular weight, inasmuch as they are very soluble in water, and as
‘they decompose at 100° they can only be obtained by slow
evaporation over sulphuric acid in an exsiccator. They may be
looked upon as the salts of ethidene sulphurous acid.

Potassium Ethidene Sulphite, CH,. CH{ 0S0,K When alde-

hyde is added to a concentrated solution of h)drocren potassium
sulphite a combination takes place with considerable evolution
of heat. The salt crystallizes in hard mlcroscoplc radiating

necdles.  Sodium Ethidene Sulphite, CH,{ 0 So,Na *+ HO,

crystallizes from water in fine lamin® having a fatty lustre,
and is precipitated by alcohol in tke form of glistening needles.

I Geuther, Ann. Chem, Pharm. cvi. 249.

2 R. 8chill, Ber. Deutsch. Chem. Ges. ix. 304.
3 Ann, Chem. Pharm. lxxxv. 179, 268.

4 Ib, xciii. 238, s Ib. clxx. 308.
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The ammonium salt appears only to exist in aqueous solu-
tion. On evaporation, small needles are obtained having the
formula C,H,NOS; these are, therefure, probably the amide

CH;CH 8};0 NH, The same compound was also formerly

obtained by Petersen by the action of sulphur dioxide on
deliquesced aldehyde-ammonia.}

COMPOUNDS OF ETHIDENE WITH NITROGEN.

497 Ethidenc Hydramine, CHs.CH-{ IQIIH{, This compound was
first observed by Dibereiner, but investigated more closely by
Liebig, who termed it aldehyde-ammonia (Vol. I11. Part I. p. 476).
When an ethereal solution of aldchyde is saturated with .
ammonia, crystals of this compound are deposited. These have
an alkaline reaction, and are soluble in all proportions in
water; they are also very soluble in alcohol but dissolve only
slightly in ether. When ether is added to the alcoholic solu-
tion and this allowed to stand, transparent hard glassy rhom-
boledrons are deposited. These melt at 70°—80°, and may
be distilled at 100°. The specific gravity of the vapour at
160° has been found to be 30:36,2 compared with hydrogen
as unity., Above 183° decomposition begins. Dilute acids
decompose it with liberation of aldehyde. It is therefore much
more unstable than its isomeride oxyethylamine (p. 62). It
possesses a peculiar ammoniacal yet turpentine-like smell, and
it is decomposed in contact with air, especially in presence of
light, becoming first yellow, then brown, and after a time deli-
quescing. On heating it evolves a smell like that of burning
animal matter. On passing su'pbur dioxide into its aqueous
solution Redtenbacher ® obtained small needles of the compound
C,H,NO,S, which is isomeric with taurine, and with the above
nained ethidene sulphamide. This body is much more easily
soluble in water than the last compound, and much less stable.
It decomposes when heated to 100° (Bunte), and on recrystalliza-

1 Ann. Chem. Pharm. cii. 317.
3 Schroder, Ber, Dew’sch. Cliem, Ges. iv. 470.
3 dun. Chem, Pharm. 1xv. 40,




ETHIDENE AND NITROGEN. 75

tion. Its constitution is probably represented by one of the
following formule :

OH 0—

CH, CH { NHSOH CH,CH { NH, SO

Ethidene Imido-Silver Nitrate, 2(CH, CH.NH),AgNO; + H,o,
was first prepared by Liebig,! and its composition was ascertained
by Liebermann and Goldschmidt,? and by Mixter.® It is obtaincd
when an ammoniacal alcoholic solution of aldehyde is precipi-
tated by silver nitrate. The crystalline precipitate is not very
soluble in water, and deposits a metallic mirror on boiling. If
this compound be dissolved in ammonia and allowed to evaporate
in a vacuum over sulphuric acid, it separates in monoclinic
crystals.

Silver sulphate gives a variety of crystalline compounds with
aldebyde-ammonia.*

An alcoholic solution of aldehyde-ammonia undergoes altera-
tion when allowed to stand for some time, and this takes place
quickly on heating, a series of bodies being formed to which
the name of aldchyde lases or aldines has been given, and of
which the following have been described :

Hydracetamide, C4H,,N,,.

Oxytrialdine, Cg,H,,NO.
Oxytetraldine, CgH,,NO.
Oxypentaldine, C,,H,;NO.

These bodies are amorphous, and form salts of which only a few
are characteristic.®

498 Thialdine, C;H (NS, was discovered in 1847 by Wohler
and Liebig, who obtained it by the action of sulphuretted hydrogea
on an aqueous solution of aldehyde-ammonia.® It crystallizes
from ether containing alcohol in large highly-refracting mono-
clinic prisms (Rammelsberg) melting at 43°, and having a
peculiar aromatic smell, which after a time becomes unpleasant.
It volatilizes slightly at the ordinary temperature, and is
readily volatile in aqueous vapour. When heated by itself it
undergoes decomposition. It is a monacid base. Its salts

1 Ann. Pharm. xiv. 146.

2 Ber. Deutsch. Chem. (es. x. 2179 ; xi. 1198.

3 Sillim. Amer. Journ. (3], xiv. 195,

4 Mixrer, . (3], xvii. 427.

8 8chiff, Ann. Chrm. Pharm. Suppl. vi. 1; Von Babo, Journ. Prakt. Chem.

1xxii. 838 ; Heintz and Wislicenns, Pogg. Ann. cv 577.
¢ Ann. Chem. Pharm, lix, 296.
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crystallize well, and have been investigated by Wghler and
Liebig,' as well as by Brusewitz and Cathander.?
Methyl-thialdine Hydriodide, CgH,,(CHy)NS,, HI, is a crystal-
line body obtained by the action of methyl iodide on thialdine.
It is slightly soluble in water, and dissolves more readily in
alcohol
Thialdine has probably the following constitution :

CH,
¢u

CH,——J}H éH—CH,
N/
NH.

Selenaldine, CyH,,NSe,, is obtained by the action of selen-
iuretted bhydrogen on a solution of aldehyde-ammonia. It
forms small crystals, and the solution gradually decomposes on
exposure (Wohler and Liebig). ’

Carbothialdine or Diethidenc-ammonium  Thiocarbamate,
cs{ ISqIEI{(CH.CH ), separstes out in glistening white crystals
on evaporating sulphide of carbon with an alcoholic solu-
tion of aldehyde-ammonia. These are difficultly soluble in
alcohol, and scarcely soluble in water.* It is also formed by the
action of aldehyde-ammonia on ammonium thiocarbamate.b It
acts as a weak base. Its solution in hydrochloric acid easily
decomposes, with formation of sal-ammoniac, aldehyde, and
carbon disulphide. If its solution be treated with ferric chloride,
ferric thiocyanate is formed slowly in the cold but quickly on
warming. If, however, hydrochloric acid be present, then not
only ferrous chloride and aldehyde are formed, but a white
crystalline powder is thrown down, having the composition
S,(CS.NH,),.* This is identical with the compound discovered
by Zeise, and termed hydranzothin, obtained by him by acting
upon ammonium thiocyanate with chlorine water or a mixture of
hydrochloric acid and ferric chloride.”

1 Ann. Chem. Pharm. Ixi 1. 3 Journ. Prakt. Chem. xcviil 315,

3 Hofmaun, Ann, Chem. Pharm. ciii. 93.

4 Liebig and Redtenbacher, b, 1xv. 43.

8 Mulder, 4b. clxviii. 235.

¢ Guareschi, Ber. Dewtsch. Chem, Ges. xi. 13883,
7 Ann. Chem. Pharm, xlvii. 36.
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499 Ethidene Acetamide, CH, CH(NH.C,H,0),, is formed by
heating aldehyde with acetamide. It crystallizesin large prisms,
which are decomposed by acids with formation of aldehyde.!

Ethidene Cyanuramide, CgN,(N.CH.CHy), + H,0, is obtained
by the action of cyanamide on aldehyde. It forms a resinous
mass, which is precipitated from alcoholic solution by chloroform
in scales. It is insoluble in bisulphide of carbon, and possesses
the same coefficient of refraction as that liquid, and for this
reason it cannot be seen when it is suspended in it.*

Ethidene-Biuret, C.H;N,O,, was discovered by Waohler and
Liebig, and obtained by passing the vapours of cyanic acid
into aldehyde. It was first called trigenic acid, probably
because it contained three moleculés of cyanic acid. The
action of these bodies on one another is extremely energetic ;
carbon dioxide is evolved with almost explosive violence unless
ice be added. The cyanic acid in the latter case is, however, but
slowly absorbed, and then if the liquid be allowed to remain at
the ordinary temperature, a quiet evolution of carbon dioxide
takes place, which, like that of a fermenting liquid, lasts for
some days, until at last the half-solidified mass forms a syrup
from which crystals are deposited. The product, which contains
cyamelide (Vol. L. p. 671) and aldehyde-ammonia, is boiled with
hydrochloric acid until aldehyde is evolved. It is then filtered
off, when on cooling trigenic acid separates out. It has a
slightly yellow colour, and is purified by re-solution and warming
with animal charcoal. It crystallizes in small white stellar
needles, which have a faint acid taste and smell. When silver
nitrate is added to the solution, and then ammonia gradually,
the silver compound, C,H,AgN,O,, separates out as a crystalline
powder 3 (Liebig and Wohler). Trigenic acid probably possesses
the following constitution :

NH—CO

/ N\ -
CH N
e \NH—CO/

1 Tawildarow, Ber. Deutsch. Chem. Ges. v, 477,
2 Knop, Ann. Chem. Pharm. exxxi. 253,
3 Ib. lix. 296,
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COMPOUNDS OF TRICHLORETHIDENE.

§00 T'ricklorethidene Alcohol, CCl,, CH(OH),, has already been
described as chloral hydrate (Vol. III. Part 1. p. 339). This body
is obtained by the union of chloral (trichlorethidene oxide) with
water. Although it appears to undergo no change on distillation,
it is converted by heating into its constituents, as is proved by
the specific gravity of its vapour. Various chemists have, however,
questioned this fact ; and it has been the subject of a lively dis-
cussion in which the question of the constitution of this chloral
hydrate was of less consequence than the question of the truth
of the general applicability of Avogadro’s law, according to
which equal volumes of different gases contain, at the same
temperature and pressure, equal numbers of molecules.!

The result of this experimental discussion has been to prove
that the vapour of chloral hydrate is a mixture. That this is
the case is shown by the following facts. In the first place
Wurtz found that the vapours of chloral and water may be
brought together without any evolution of heat being noticed,
and hence undergo no chemical combination? Then Wiedeman
and Schulze® showed that the vapour of the hydrate when allowed
to diffuse, behaved as a mixture of aqueous vapour and chloral
vapour, and not as a homogeneous gas. Lastly Naumann has
proved the dissociation of chloral hydrate, inasmuch as he
has shown that the substance partially decomposes, on frac-
tional distillation, into chloral and water. According to these
facts, then, it might be supposed, according to the old idea,
that chloral hydrate is a molecular compound, that is to say,
a compound in which the water is contained in the same
state of combination as the water of crystallization in ealts,
That this is, however, not the case is seen from the reactions of
the following similarly constituted compounds and of other
bodies.

Trichlorethidene Ethyl Ether, 001,.0H{8gn. This body,

2*%8

which is usually termed Chloral Alcoholate, is, as has been stated,
the last product of the action of chlorine upon alcobol (Vol. 111,
Part I. p. 538), and is formed with evolution of heat when

1 Vol. 1. 88-70. 3 Compt. Rend, 1xxxix, 190.
3 Pogg. Ann. [2] vi. 203,
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chloral and alcohol are brought together. It is difficultly
soluble in cold water, but dissolves readily in alcohol, and
crystallizes in white prisms which according to Liebig melt at
46°, but according to Jacobsen at 56°. It boils at 115°—116°,
decomposing into chloral and alcohol, as is shown by the specific
gravity of the vapour, which is 3-49,! and hence it behaves like
chloral hydrate. That it is not, however, a molecular compound
in which the alcohol plays the part of water of crystallization
has been shown by Henry. If the supposition were correct,
it must, when treated with phosphorus pentachloride, decompose
into a mixture of pentachlorethane and ethyl chloride, whereas
tetrachlorether is in fact formed.?

Chloral not only combines with common alcohol, but also
with other alcohols, with mercaptan, with the glycols, with chlor-
hydrins,?® &ec.

Trichlorethidene Diethyl Ether or Trichloracetal exists in the
two following modifications :

CCLCO(OCH,),  CCl,CH(OC,H,),

The first of these is formed by the continued action of chlorine
upon alcohol or acetal, and crystallizes from alcohol in white
monoclinic prisms melting at 83°, and volatilizing in the vapour
of water, and boiling with slight decomposition at 230°.4

The second compound was discovered by Wurtzand Vogt, who
obtained it by heating tetrachlorether and alcohol together : ®

CCl,CHCI(OC,H,) + HO.C,H, = CCl,CH{OC,H,), + HCL

1t is also formed in the preparation of chloral,® and is a liquid
boiling at 204°:8, and havinga specific gravity at 0° of 1-2813.7
Concentrated sulphuric acid decomposes it with evolution of
chloral.

Pentachloracetal, CCl,CH 88:}}:012, was found by Friedel in

the residues of the preparation of chloral. Itisa liquid boiling at
186°—189°, and is not attacked by caustic potash. When heated

1 Ber. Deutsch. Chem. Ges. iii. 909,

3 Jb. iv. 101 and 435.

3 Martius and Mendelssohn, b, iii. 445 ; Henry, b, vii. 762 ; Jacobsen, Ann.
Chem, Pharm. clvii. 243.

¢ Paternd, tb. cl. 253 ; Krey, Jahresh. 1876, 474.

$ Compt. Rend. Ixxiv. 777, .

¢ Lieben, Ann. Chem, Pharm. civ. 114 ; Byasson, Compt. Read. 1xxvii, 26,

7 Paternd and Pisati, Jahresh. 1872, 803.
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with solid caustic potash, the compound CCl, — C { 88‘-’%;01
2 2

is obtained, boiling between 153° and 159°.!

Trichlorethidene Ethyl Acetin, CClE, CH { 88:%:0, is formed
by acting upon acetyl chloride with chloral-alcoholate, and it is
a pleasantly smelling liquid boiling at 198°, and having at 11° a
specific gravity of 1-327.2

. , . Cl . .

Trichlorethidene Chloracetin, CCl, CH { 0C,H,0’ is obtained
by the action of acetyl chloride on chloral or chloral hydrate. It
is a liquid boiling at 185°, and having at 17° the specific gravity
1'4761 (Meyer and Dulk).

T'richlorethidene Diacetate, CCl CH(OC,H;0),, is obtained by
heating togcther chloral and acetic anhydride for many hours to
150°. It is a peculiarly smelling liquid, boiling at 221°—222°,
and having a specific gravity of 1-422 at 11° (Meyer and Dulk).

501 Trichlorethidene Sulphite Compounds. Like other alde-
hydes, chloral also combines with the acid sulphites of the
alkali-metals to form crystalline compounds. The potassium salt,
C,CLH(OH)SO,K, crystallizes in glistening laminza,? difficultly
soluble in cold water. This salt is also formed when the normal
sulphate is used, but the solution must then not be warmed, as
compounds free from chlorine are then produced.*

T'richlorethidene Thiohydrin, (CCLL.CH.OH),S, is formed by
the action of sulphuretted hydrogen on an ethereal solution of
chloral, or on an aqueous one of chloral hydrate. It is insoluble
in water, crystallizes from chloroform in rhombohedrons, has a
peculiar mercaptan-like smell, and melts at 127°—128°, with
partial decomposition.

OH

Trichlorethidene Hydramine, CCIS.CH{ NH. This body,
2

commonly called chloral-ammonia, is formed by the action of
ammonia on well-cooled chloral.® In order to prepare it, chloral
is dissolved in chloroform, and ammonia led into this liquid, well
cooled in a mixture of ice and common salt.” It crystallizes in
white needles which melt at 62°—64°. It is almost insoluble in

1 Ber. Deutsck, Chem. Ges. viii. G42.

2 Meyer and Dulk, Ana. Chem. Pharm. clxxi. 69,

3 Stideler, . cvi. 253. ¢ Rathke, . clxi. 154.
5 Hagemann, Ber. Deutsch. Chem. Ges. v. 154 ; Wyss, 75, vii. 211,
6 Stiideler, loc. cit. ; Personne, Ann. Chem. Pharm. clvii. 113,

7 R. Schiff, Ber. Deutsch. Chem. Ges. x. 165,
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cold water, and hot water decomposes it with formation of
chloroform and ammonium formate.
OH

Trichlorethidene Ethylhydramine, CCl,CH { NCH)H, 18
275, ’

formed by the action of anhydrous ethylamine on chloral. A
white crystalline mass is thus produced, which, on heating, decom-
poses into chloroform and ethyl formamide! (Vol. III. Part I.

p- 406).
Trichlorethidene Hydracetamids, CCl,CH { g?c oy Ace-
2778

tamide and chloral combine together with evolution of heat-
giving rise to the above-named body.? It also occurs when
chloral-ammonia is treated with acetyl chloride (Schiff). It
crystallizes from hot water in rhombic tables, which melt at
156°. When heated with acetyl chloride for some hours to 120°,
the compound, CCL.CH { g(()égi,,OO)H’ is formed. This crys-
tallizes from hot acetic acid in transparent prisms, which melt at
117°—118°, and are decomposed by hot water into the foregoing
compound and acetic acid (Schiff).

Tricklorethidene Diacetamide, CCl,. CH { ggg:g:ggg, is formed
by heating chloral with acetonitril. It is difficultly soluble in
water and alcohol, and crystallizes from acetic acid in glistening
needles, which, when heated, sublime without previous fusion.3

Tricklorethidene Urea, co{ gg.’cn(on)ccg This sub-
stance is formed by the action of chloral on a solution of urea.
It forms hard rhombic crystals, easily soluble in hot water.
When an excess of chloral is added to a saturated solution of

NH.CH(OH)Cl, . .
urea, the compound, CO { NH.CHEOH;CI:’ insoluble in water,
is produced. This crystallizes from alcohol in small six-sided
tables, or in large flat pearly needles.

The amido-compounds of trichlorethidene are not attacked by
dilute acids, but are easily decomposed by alkalis, with formation
of the same products as are yielded by the substances from which
they have been obtained. Thus, for example, the acetamide
compound yields chloroform, ammonia, potassium formate, and
potassium acetate (Jacobsen).

! Hofmann, Ber. Deutsch. Chem, Ges. v. 247.

3 Jacobeen, Ann. Chem. Pharm. clvii. 244 ; Wallach, Ber. Deutsch. Chen. Ges.
v. 251, 3 Hiibner, . vi. 109 ; Hepp, ib. x. 1651.
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THE GLYCOLYL COMPOUNDS.

GrycoLLIc AcID oR OxyAcETIC Acip, CH,(OH)CO,H.

502 This substance was obtained by Strecker in 1848, by
acting with nitrogen trioxide on glycocoll (amido-acetic acid).? It
was afterwards more carefully examined by himself and Socoloff,
having been prepared by them from hippuric acid (benzoyl
amido-acetic acid).® Although Strecker must be looked upon as
the discoverer of glycollic acid, it is interesting to learn that so
early as the year 1806 it had been noticed by Berzelius, who
found it in the acid residues obtained in the preparation of ethyl
nitrite by Black’s method (Part I. p. 357). He, however, thought
that this acid was malic acid. The next step in the history of
glycollic acid was made by Debus, who showed that it is produced
together with oxalic acid, its aldehyde, and other products by
the moderate action of dilute nitricacid on alcohol.8 Wurtz then
obtained this acid by the oxidation of ethylene alcohol,* and
Kekulé found that it can be readily prepared by heating aqueous
potassium chloracetate.®

Glycollic acid also occurs in unripe grapes, but it disappears
during the process of ripening,® being, in all probability, trans-
formed into tartaric acid. It is also found in the green leaves of
the Virginian creeper.”

Debus’s method for preparing glycollic acid has been improved
by Lautemann® and Drechsel.’ Instead of exposing alcohol to
gradual oxidation with nitric acid, it is better to use the mother-
liquors from the manufacture of fulminating mercury. Cloéz
was the first to observe that an acid occurs in this liquid, to
which he gave the name of homolactinic acid.!® Dessaignes sug-
gested that this was glycollicacid,! an idea confirmed afterwards
by Fahlberg.®* According to this latter authority, the mother-
liquor contains at first little or no glycollic acid, but this is
formed in large quantity when the liquid is allowed to stand for
some time at a temperature of 25°. The mercury which is still

1 Ann. Chem. Pharm. Ixviii, 55, ? Ib. Ixxx, 84. 3 Ihoe 1.
¢ Comples Rendus, xliv. 1306 ; Ann. Chem. Pharm, ciii. 367. % Ib. cv. 286.
¢ Erlenmeyer and Hoster, Jakresd. 1864, 359 ; b, 1866, $73.
7 Gorup Besanez, Ann. Chem. Pharm. clxi, 229,
8 Kolbe, Lehrb. Org. Chem. i. 678.
- 9 Ann, Chem. Pharm. cxxvii, 150, 10 75, 1xxxiv, 282,
1 15, 1xxxix. 839. 13 Journ. Prakt. Chem, vii. 329,
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contained in solution is then thrown down by sulphuretted
hydrogen, a large excess of milk of lime added to the filtrate,
this boiled and filtered hot, and the filtrate treated with carbon
dioxide in order to separate the lime. On concentrating the
solution, calcium glycollate is obtained, and this can be purified
by recrystallization. In order to obtain the free acid, the lime
salt is decomposed by ah excess of oxalic acid and the boiling
liquid saturated with lead carbonate, the solution of the lead
salt precipitated by sulphuretted hydrogen, and the acid solution
filtered off from the lead sulphide.

The two glucoses, dextrose and levulose, are easily oxidized
in aqueous solution by silver-oxide, with formation of carbon
dioxide, glycollic acid, and oxalic acid. This reaction may be
employed for the preparation of glycollic acid. For this pur-
pose a mixture of the two glucoses is prepared by boiling one
part of cane sugar with twenty parts of a 2 per cent. sulphuric
acid for two hours with a reversed condenser, and then re-
moving the sulphuric acid by barium’ carbonate. The filtrate
is added to a warm moist mixture of two parts of calcium
carbonate and the oxide prepared from ten parts of silver
nitrate. After a few minutes an evolution of carbon dioxide
begins, and as soon as this has ceased, the mixture is warmed
to 50° as long as any gas is evolved. It is then filtered, and
the glycollate allowed to crystallize. One hundred parts of
sugar give thirty parts of the dry salt. The addition of calcium
carbonate at the commencement of the operation serves the
purpose of keeping the solution neutral, as, if it becomes acid,
the glycollic acid is readily further oxidized to oxalic acid.!

503 Glycollic acid may also easily be obtained from monochlor-
acetic acid, as, on boiling this with caustic soda, sodium glycollate
is formed :

CH,CL.CO,Na + NaOH = CH,(OH)CO,Na + NaCl.

A concentrated solution of sulphate of copper is added to the
hot solution, and the difficult!y soluble copper glycollate thrown
down. This may be purified by recrystallization, and decomposed
by sulphuretted hydrogen.

According to Fittig, glycollic acid is most easily prepared by
heating a 5 per cent. solution of chloracetic acid for some days
in connection with a reversed condenser, and concentrating the
product by evaporation.?

1 Kiliani, 4nn. Chem. Pharm. ccv. 191. Liebig's Annalen, ccv. 101,
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Glycollic acid separates from syrupy solution in stellated
needles, and from solution in alcohol or ether in fine laminee,
which melt at 80°, and are unalterable in the air. If the aqueous
solution be evaporated too far, some glycollic anhydride, a body
which will be afterwards described, is formed, and if it be crystal-
lized from alcoholic ether, some ethyl glycollate is also produced.
Both of these products either prevent the crystallization of the
acid, or render it deliquescent in moist air, and hence it was
formerly assumed that two isomeric glycollic acids exist.!

By the action of phosphorus pentachloride on glycollic acid,
glycolyl chloride is formed, a body which has been already
described as monchloracetyl chloride (Part I. p. 535).

THE GLYCOLLATES.

504 The salts of oxyacetic acid are easily soluble in water,
and crystallizable. Of these the following are the most
characteristic.

Calcium Glycollate, (CH 0,),Ca, crystallizes by spontaneous

evaporation of its solution in stellar silky needles, containing
4 molecules of water, and dissolving at 15°in 80 and at 100°
in 19 parts of water. It separates from the hot solution on
cooling in crystals which contain 3 molecules of water, and
on evaporating at 100° large transparent hard crystals are
obtained, which are only soluble with difficulty in water.
* Lead Glycollate, (C,H;O,),Pb, is obtained from acid solution in
glistening monoclinic crystals, which dissolve at 17° in 31 parts
of water. When the neutral solution is boiled, or if a glycol-
late be precipitated with acetate of lead, a basic salt, having the
formula (C,H,0,Pb),0, separates out in stellar needles which
require more than 10,000 parts of water to dissolve them.

Copper Glycollate, (CgH;0,),Cu, forms blue crystals, which
dissolve in 134 parts of cold, and are more easily soluble in
hot, water.

Silver Glycollate, C,;H;0,Ag, is a curdy precipitate, which after
a time becomes crystalline. It dissolves in hot water, with partial
decomposition and blackening.

1 Kolbe, Ann. Chem. Pharm. cxxvii. 159,
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ETHERS AND ETHEREAL SALTS OF GLYCOLYL.

so5 Ethyl Glycollate, CH,0,(C;H,), is formed by heating

ethyl chloracetate with anhydrous sodium acetate and alcohol : !
CH,CLCO,C,H, + C,H,O,Na + C;H,OH =
CH,(OH)CO,C.H; + C,H,04C,H,) + NaCl

In place of sodium acetate, sodium glycollate may be used
when of course no ethyl acetate is formed.?

It may be more readily obtained by distilling a mixture of
calcium glycollate and potassium ethyl sulphate (Fahlberg).

It is a pleasantly smelling liquid, soluble in water, and de-
composing quickly in contact with this liquid, especially on
heating, into glycollic acid and alcobol. According to Heintz it
boils at 155°, whilst Fahlberg gives the boiling point at 150°
and Schreiner at 160°. At 0° it has a specific gravity of
1-1074.

The following ethers have also been prepared: 3

B.P. 8p. Gr. at 0.
Methyl glycollate, C,;H;04(CH,) 151° 11862
Propyl glycollate, C,H,04(C;H;) 170° 1-0837

- Ethyl-glycollic Acid, CH,(OC,H,)CO,H. This body, isomeric
with ethyl glycollate, is also termed oxyethylacetic acid and
dhozdcetic acid. In order to prepare it 30 grams of sodium are
dissolved in 500 grams of absolute alcohol, and an alcoholic
solution of 60 grams of chloracetic acid added to it, and the
whole heated to boiling. The liquid is filtered from the sodium
chloride which separates out, the alcohol removed by distillation,
and the residue warmed with 69 grams of copper sulphate. The
residue, obtained on evaporation, is a mixture of sodium sul-
phate and copper ethyl-glycollate, [C,H,(C,H,)O,],Cu+2H,0,
from which the latter salt is obtained on extraction with hot
alcohol, it geparating out on cooling in small blue needles. It
iseasily soluble in water, and crystallizes in large rhombic prisms.
On treating its aqueous solution with sulphuretted hydrogen
and distilling the filtrate, ethyl-glycollic acid passes over at about
190°, this being mixed with a small quantity of glycollic acid,
paraformaldehyde, and ethyl-glycollic ethyl ether. It is a
colourless, strongly acid liquid boiling at from 206°—207°

1 Heintz, Ann. Chem. Pharm. cxxiii. 325. 3 Pogg. Ann, cxiv, 440,
3 dnn, Chem. Pharm. cxcvii. 1.
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(Henry). On heating it with phosphorus iodide, glycollic acid
and ethyl iodide are formed.* Phosphorus trichloride does not
attack it in the cold, but, on heating, ethyl-glycolyl chloride is
formed, CH,(OC,H,)COCL. This is a mobile, heavy liquid,
boiling at 127°—128°, fuming slightly in the air, and attacking
the eyes violently.?

Ethyl Ethoxacetate, CH,(OC,H;)CO,(C,H,), is obtained by
heating sodium ethyl-glycollate with ethyl iodide and alcohol,®
as well as by allowing ethyl chloracetate to drop into an alcoholic
solution of sodium ethylate.* The ether, obtained by fractional
distillation, is an easily mobile liquid, having a pleasant mint-
like smell and a sweetish taste. It boils at 158°4, and at 0° has
a specific gravity of 0°9996, that of its vapour being 4°56.

- In addition to these, many other compounds® and ethers
(Schreiner) having an analogous constitution to ethyl-glycollic
acid are known.

Acetoglycollic Acid, or Acetoxacetic Aeid, CH,0(C,H0).CO,H,
is not known in the free state. Its ethyl ether is formed by
heating ethyl chloracetate with anhydroussodium acetate. It is
a liquid having a faint fruit-like smell, and boiling at 179°
When it is treated in the cold with milk of lime, it forms the
easily soluble calcium acetoglycollate, (C,H,0,),Ca+ 2H,0, crystal-
lizing in small prisms, and yielding on boiling with milk of lime
the calcium salts of acetic and glycollic acids.®

The hydrogen in the alcoholic hydroxyl of glycollic acid may
be replaced by other acid radicals, and in these cases also the
ethers and salts but not the free acids are known.”

As glycollic acid is at once an alcohol and an acid, two mole-
cules of it can unite with elimination of water and formation of
compound ethers (p. 84).

506 Glycoglycollic Acid, CH,(OH)CO,.CH, CO,H. This com-
pound, which is at the same time an acid, an alcohol, and an
ether, is usually called glycollic anhydride. 1t is formed on
heating glycollic acid, or by exposing this for many days to the

1 Heintz, Pogg. Anx. cix. 331 ; exi. 552 ; cxiv. 469.

3 Henry, Ber. Deutsch. Chem. Ges. 1i. 276.

3 Heintz, 4Ann. Chem. Pharm. cxxix. 39 ; Geuther and Wackenroder, Zeitsch.
Chem. 1867, 705.

4 Schreiner, loc. cit.

8 Heintz, loc. cit. and 4nn. Chem. Pharm. cxxx. 257 ; Journ. Prakt, Chem.
lxxvm 124, 174 (9 ; Ixxix. 233 ; Siemens, Chem. Centralb. 1862, 17.
- Hf(l)lg&z Ann (me Pharm. cxxm. 825 ; Gal, 1b. cxlii. 370 ; Comptes Rendus,

ii

7 Heintz, Ann, Chem. Pharm. cliv, 257 ; Gal, loc. cit.
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action of the vapours of sulphur trioxide. On washing it with
water it remains as a white powder which is insoluble in ether,
alcohol, and cold water, whilst on boiling it forms glycollic acid.
It is also dissolved by fused glycollic acid, and this explains the
fact, noted on page 84, of the anomalous behaviour of fused
glycollic acid (Fahlberg).

Glycolide, CH,O,, was first prepared by Dessaignes by the
dry distillation of tartronic acid, CH(OH)(CO,H),.! Tt is also
formed on strongly heating glycollic acid, but most readily by
heating potassium monochloracetate to 150°.2

CHCl  NaOCO CH,—0—CO

| + | J} (]: + 2NaCl
CO.ONa =~ CICH, 0—0—CH,

It is also formed by the action of bromacetylbromide on
sodium acetate.® It is a white amorphous powder, insoluble
in cold water, melting at 220°, and combining with water to
form glycollic acid, and with alcohol to form the ether.

Glycolide, as is seen from its mode of formation, is a double
ether in which the radical glycolyl is contained twice, and both
of these act at once as alcohol radicals and as acid radicals.

Diglycollic Acid, O(CH; COH), This dibasic acid, which
also acts as an ether, was first known as paramalic acid,
as it is metameric with malic acid. Heintz was the first to obtain
it, together with glycollic acid, by heating chloracetic acid with
caustic soda,* and Wurtz afterwards showed that it is obtained
by oxidizing diethylene glycol.® The same substance is formed in
large quantity when chloracetic acid is heated with the hydroxides
of the alkaline earths, whilst caustic alkalis and other metallic
hydroxides chiefly yield glycollic acid.®* In order to prepare it in
this way, monochloracetic acid is boiled with an excess of milk of
lime, and the filtrate treated with carbon dioxide and concentrated
somewhat ; on addition of alcohol the calcium salts of glycollic
and diglycollic acids separate out, and these may be readily
separated by recrystallization, calcium diglycollate being less
soluble in water than the glycollate. In order to prepare the
free acid, the calcium salt is converted into the insoluble lead

! Ann. Chem. Pharm. Ixxxix. 839,

* Kekulé, . cv. 286 ; Tscherniak and Norton, Bull. Soc. Chim. [2], xxx. 102,

3 Naumann, Ann. Chem. Pharm. cxxix. 276.

¢ Pogg. Ann. cix. 470 ; cxv. 230.

b Comptes Rendus, li. 162 ; Ann. Chem. Pharm. cxvii. 136.

Q:j&gitiber, Journ. Prakt. Chem. [2), xiii. 486 ; Heintz, Ann. Chem. Pharm.
v. 91,

170
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salt, and this decomposed by sulphuretted hydrogen! It crystal-
lizes from water,in which it is easily soluble, in large transparent
rhombic prisms containing one molecule of water, which is
driven off completely at 100°. The anhydrous acid boils at 148°,
and solidifies again to a crystalline mass on cooling. On heating
with hydriodic acid, it is decomposed into acetic and glycollic
acids, which latter, when an excess of hydriodic acid is present,
is reduced to acetic acid.

Diglycollic acid forms both acid and normal salts. Those of
the alkali metals are soluble ; those of the other metals dissolve
only with difficulty.

Calcium Diglycollate, C,;H,O,Ca, is scarcely soluble in cold
and only slightly soluble in hot water. On cooling the solution
it crystallizes in long glistening needles, which contain 6 molecules
of water. On allowing the solution to evaporate slowly, a salt
crystallizes out containing 3 molecules of water, and it can also
be obtained with 1, 4, or 5 molecules of water.?

SULPHUR COMPOUNDS OF GLYCOLYL.

507 Thioglycollic Aeid, or Mercapto-acetic Acid, CHy(SH)CO,H,
is obtained by the addition of chloracetic acid to an aqueous
solution of potassium hydrosulphide. The potassium salt,
separated from potassium chloride by crystallization and treat-
ment with alcohol, is decomposed by sulphuric acid, and the acid
extracted with ether. It is an oily colourless liquid, soluble in
water, and having but little smell. As an acid and a mercaptan
it can form three series of salts,® as well as different compound
etherst  Thiodiglycollic Acid, S(CH,.COzH),, and Dithioglycollic
Acid, S,(CH,.CO,H),, have also been prepared.®

508 Thetine Compounds. These bodies, which correspond to
the sulphine compounds (Part I. pp. 158 and 384), have been
investigated by Crum-Brown and Letts.® Their bromides are
formed by heating bromacetic acid with the sulphides of the
alcohol radicals :

1 Ann, Chem. Pharm. cxliv, 91.

3 Mohs, Zeitsch. Chem. 1866, 495.

3 Claesson, Ann. Chem. Pharm, clxxxvii. 118,

4 Erlenmeyer and Lisenko, Zeitsch. Chem. 1862, 184 ; Claesson, Ber. Deulisch.
Chem. Ges. viil. 120.

5 Schulze, Zeitsch, Chem. 1865, 78 ; Schreiber, Journ. Prakt. Chem. [2], xiii
472 ; Andreasch, Ber. Deutsch. Chem. Ges. xii. 1390 ; Claesson, 1. xiv. 409,

6 Edin. Phil. Trans. xxviii. [2], 571.
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Dimethyl Thetine Bromide.
CH,Br CH,S(CH,),Br
| +S(CH), = |
CO,H CO,H.

The compounds thus obtained are easily soluble in water,
and crystallize from alcohol in large transparent rectangular
tables.

CH.

/
Dimethyl Thetine, CO /S(CH,,),l + H,0, is obtained by
N\

o

acting with moist silver oxide on a solution of the bromide. It
forms large deliquescent crystals, which are less soluble in alcohol
than in water. It possesses a burning saline taste, and unites
with acids, but not with weak ones such as carbonic or hydro-
cyanic, and this is easily understood as the substance is itself a
salt. If it be allowed to stand for a week over sulphuric acid
in a vacuum, it loses its water and becomes opaque.

The bromide has an acid reaction like all thetine salts. Its
warm solution dissolves oxide of lead, and on cooling, lamina of
a double salt separate out, whilst dimethyl thetine remains in
solution :

CH,S(CH,),Br CH,S(CH,),Br
y [ PO +2Pb(OH),=|H2 o + PbBr, +
C0.0H C0.0PbBr
/0
3cJ  S(CH,), + 4H,0.
No”

The other dimethyl thetine compounds are obtained from
the bromide by decomposing it with soluble silver salts, and the
same compounds are obtained by the action of acids upon
dimethyl thetine.

The chloride, which is crystalline but very deliquescent,
combines with platinum chloride to form the salt (C,H;SO,),
PiCl,+2H,0, a body crystallizing from hot water in orange-
needles.,

The ethyl ether, Br(CH,),SCH,CO.0C,H,, is formed by the
union of ethyl bromacetate with methyl sulphide. Itcrystallizes
in pearly glistening hygroscopic laminz.

Letts has prepared several other thetine compounds with other
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alcohol radicals, and these are less easily formed than dimethyl
thetine, and with the greater difficulty the more carbon the
radical contains, whilst the power of crystallization diminishes
in the same ratio.!

509 Sulpho-acetic Aeid, CHy(SO,H)CO,H, was discovered by
Melsens in 1842, who gave it the above name. He obtained it
by the action of sulphur trioxide and fuming sulphuric acid on
acetic acid.? Tt is also formed by treating acetamide or aceto-
nitril with the fuming acid,® or by heating acetic acid with
chlorsulphonic acid.* Its sodium salt is easily obtained by
boiling chloracetic acid with a solution of normal sodium
sulphite.® The sulphur compounds already described also yield
this acid on oxidation with dilute nitric acid.® It remains
‘ behind as a syrup, on evaporation of the solution in a vacuum.
This gradually solidifies to a needle-shaped mass which is very
deliquescent. Sulphone-acetic acid is a strong dibasic acid,
of which, however, only the normal salts have as yet been
prepared.

s10 Thiocyanacetic Acid, or Rhodacetic Acid, CHy(S.CN)CO,H.

The ethyl ether of this body was obtained by Heintz, by acting
with potassium thiocyanate on ethyl chloracetate.” On heat-
ing this with strong hydrochloric acid, he believed that he had
obtained the free acid, but Claesson has shown that the substance
which is then liberated is its isomeride, thiocarbimidacetic
acid (p. 91). In order to prepare thiocyanacetic acid, powdered
potassium thiocyanate is added to a concentrated solution of
sodium chloracetate. The crystalline magma which is formed is
then treated with boiling alcohol, when potassium chloride
remains behind, and crystals of sodium thiocyanacetate are de-
posited from the filtrate. The well-cooled aqueous solution of
this salt is then decomposed by sulphuric acid and at once
extracted with ethers

Rhodacetic acid is a colourless and odourless oil which, when
gently warmed, changes into a porcelain-like mass difficultly
“soluble in water, and crystallizing from this solution in groups
of stellar needles. It forms with the metals of the alkalis and

1 Edin. Phil. Trans. xxviii, [2], 583.

3 Ann. Chem. Pharm. xliv. 97 ; lii. 275.

3 Buckton and Hofmann, Proc. Roy. Soc. viii. 158 ; Ann. Chem. Pharm. c. 141.

4 Baumstark, tb. cxl. 75.

8 Collmann, tb. cxlviii. 101,

¢ Carnis, tb. cxxiv. 52.

7 Ib. cxxxvi. 223.
8 Claesson, Ber. Dewtsch. Chem. Ges. x. 1346,
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the alkaline earths crystallizable salts, whereas those of the
other metals are readily decomposed with formation of the
thioglycollates. When sulphate of copper is brought into a
solution of rhodacetic acid, a black amorphous precipitate is
formed after some time, consisting of cuprous thioglycollate,
(CH,),S,Cuy(CO,),Cu,.  This reaction is very characteristic
(Claesson).

Thiocarbimidacetic Acid, or Mustard - 0il - acetic Acid,
CH,(N.CS)CO,H, was obtained by Volhard by boiling glycolyl
thio-urea (p. 97) with hydrochloric acid :

CH,.NH CH,.N.CS
|H’ CS + HOl + H,0 = J’ + NH,CL
CO.NH 7

It is soluble in hot water, difficultly soluble in cold, and crys-
tallizes in rhombic tables, melting at 125°—126°. As an amido-
compound it acts as a weak acid, the salts being many of them
partially decomposed by water.!

Nitroacetic Acid, CHy(NO,)CO,H. This body is not known in
the free state. When attempts are made to form the potassium
salt by heating a solution of potassium chloracetate with potas-
sium nitrite, carbon dioxide and nitromethane (Part I. p. 227)
are obtained.

The ethyl ether is however known, and this is obtained by
the action of ethyl bromacetate on silver nitrite. This liquid
boils, not without decomposition, at 151°—152°, and on treat-
ment with tin and hydrochloric acid is converted into amido-
acetic acid.?

AMIDO-COMPOUNDS OF GLYCOLYL.

511 Many of these compounds are of great physiological
interest, inasmuch as they and several of their derivatives occur
both in the animal and in the vegetable kingdoms, as thé
products of decomposition of higher and more complicated
compounds. In addition to those now described, others exist
which will be noticed in the further course of this work.

Glycolamide, CH,(OH).CO(NH,), is obtained by the action
of ammonia on ethyl glycollate or glycolide. It forms colourless

1 Journ. Prakt. Chem. [2], ix. 6.
% Forcrand, Bull. Soc. Chim. xxxi. 536.
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crystals which fuse at 120°. Aqueous hydrochloric acid con-
verts it into glycolic acid and sal-ammoniac.

Amido-acctic Acid,or Glycocoll, CHy(NH;)CO,H, was first pre-
pared by Braconnot in 1820, being contained amongst the
products of the action of sulphuric acid on glue, and received
from him the name of Sucre de gélatine, on account of its sweet
taste.) Dessaignes found later on that the same body occurs
as a product of decomposition of hippuric acid.? This latter
chemist as well as Laurent,® Mulder,* and Horsford  determined
its composition, and the last-named chemist gave to it the
name of glycocoll, by which it is usually known (yAvis, sweet ;
x0\Aa, glue). Strecker then found that it is a decomposition
product of glycocholic acid, one of the constituents of bile,® and
since that it has been obtained from various other complicated
carbon compounds, According to Chittenden it is found in the
muscle of the edible Pecten irradians.”

Amido-acetic acid was first artificially obtained by Perkin and
Duppa, by acting with ammonia on bromacetic acid.® Cahours
then showed that chloracetic acid may also be used for this
purpose.? Its formation from cyanogen is peculiar.® If this gas
be led into a boiling solution of concentrated hydriodic acid, the
following reaction takes place :

CN CH, NH,
| +5HI+2HO = | + NH[I + 2L,
CN CO0.0H

The method proposed by Braconnot was formerly employed
for the preparation of glycocoll. According to Mulder a better
yield is obtained when the glue is boiled with hot caustic potash
instead of sulphuricacid.’ It is most conveniently prepared from
hippuric acid (benzoyl-amido-acetic acid), a body occurring
in the urine of graminivorous animals. This substance, when
warmed with four times its weight of fuming hydrochloric acid,
undergoes the following change :

CH,NH(CH,.CO) CH,NH, -
+HO0 = ‘13 + C,H,CO,H.
COH Oo,H

1 Ann. Chim. Phys. [2], xiii. 114.
3 Dessaignes, dnn, Chem, Pharm. lviii. $22.

3 Compt. Rend. xxii. 789, ¢ Journ. Prakt, Chem, xxxviii, 294,
8 Ann, Chem. Pharm. 1x. 1. 6 Jb. 1xv. 130 ; lxvii. 16,
7 Ib, clxxviii, 2C6. 8 Quart. Journ, Chem. Soc. xi. 22.

® Compt. Rend. xlvi, 1044 ; cvii. 147,
1 Emmerling, Ber. Deutsch. Chem. Ges. vi. 1352.
1 Journ. Prakt, Chem. xvi. 290,
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The solution is then diluted with water and allowed to cool,
when a large portion of the benzoic acid which is formed crys-
tallizes out. The filtrate is evaporated almost to dryness and
then boiled with water for some time, in order to drive off the
remaining benzoic acid. In this way glycocoll hydrochloride
is obtained, and this is decomposed with oxide of lead or silver
oxide.

The preparation of amido-acetic acid from chloracetic acid or
bromacetic acid is not economical, because large quantities of
diglycolamidic acid, NH(CH; CO,H),, and triglycolamidic acid,
N(CH,.CO,H),, are produced.!

Glycocoll dissolves in 4'3 parts of cold, and more readily in
hot water. It is insoluble in absolute alcohol and spirit of wine.
It crystallizes in large hard monoclinic tables which grate be-
tween the teeth, have asweet taste and fuse at 170°, undergoing
decomposition with separation of carbon when heated to a higher
temperature. Its solution is coloured deep red by ferric chloride
and deep blue by copper salts.

As an amido-acid glycocoll is at once a base and an acid, or
rather, as it has a neutral reaction, a salt (p. 18). Of its numer-
ous compounds, only the more important can here be mentioned.

512 Metallic Compounds of Glycocoll. Amongst these the copper
slt is very characteristic. It is obtained by boiling a glycocoll
solution with copper oxide. On cooling or addition of alcohol,
the compound, having the formula (C,HNO,), Cu + H,0,
crystallizes in fine blue needles. These dissolve in caustic
potash, yielding a deep blue solution. If glycocoll and caustic
potash be added to a solution of copper sulphate the solution
also becomes dark blue, and the above salt is separated on
addition of alcohol. The silver salt, C;HNO,Ag, difficultly
soluble in water, is deposited in granular crystals

Acid Compounds of Qlycocoll. Of these, two series are known
(p. 18), and all crystallize well.

Saline Compounds of Glycocoll. It has already been stated
that glycocoll combines with many salts, and these compounds
are also readily obtained crystalline.

Ethyl Amido-acetate, CHy(NH,)CO,C,H;. When glycocoll is
beated with ethyl iodide and alcohol, the compound, CHy(NH,I)
C0,C,H,, is formed, crystallizing in rhombic prisms. When
its aqueous solution is heated with silver chloride, the correspond-
ing chloride is formed. This crystallizes in fine needles and

1 Heintz, Ann. Chem. Pharm. cxxii, 257 ; cxxxvi, 2183.

-
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when treated with water and silver oxide yields the ethyl ether,
which is deposited in small crystals, and in aqueous solution easily
decomposes into glycocoll and alcohol.

Amido-Glycolamide, CHy(NH,))CO(NH,). This is formed
together with the above-named compound by the action of a
large excess of alcoholic ammonia on ethyl chloracetate, and it
is formed, though in less quantity, in a similar way from
glycocoll. On evaporating the solution a syrup remains which
gradually crystallizes. Boiling water decomposes it into glyco-
coll and ammonia. on

2
4

513 Methyl-glycocoll, or Sarcosine, CO \N(CHS)H,. This
N\ 7/

o

body, which was first believed to be an alkaloid, was obtained by
Liebig in 1847 as a product of the decomposition of creatine
(E. 98), a body occurring in the muscular tissue.! Volhard then
showed that this compound is formed when ethyl chloracetate
is heated with aqueous methylamine.? It is very soluble
in water, has a sharp but sweet taste, and crystallizes in
transparent rhombic prisms. 1In its chemical relations it closely
resembles glycocoll. Its platinum salt is especially characteristic.
This is soluble in water, and crystallizes readily in large honey-
yellow octohedrons.?

By the action of ethylamine on chloracetic acid, ethyl-glycocoll
is formed, whilst diethylamine yields diethyl-glycocoll.* Both
deposit in deliquescent crystals.

The following compounds are metameric with ethyl glycocoll
and ethyl amido-acetate.

Ethyl Glycolamide, CHy(OC,H)CO.NH,, is formed by the
action of ammonia on the ethyl ether of ethyl glycollic acid,® and
crystallizes from water in large prisms having a cooling taste.
These melt below 100°, the liquid boiling at 225°, and on heat-
ing with phosphorus pentoxide, the nitril, CH,(OC,H,)CN, is
formed, an aromatic smelling liquid boiling at 134°—135°8

Glycol-ethylamide, CH,(OH)CO.NH(C,H,), is formed by
acting with ethylamine on ethyl glycollate. It is a thick
liquid soluble in water, boiling at about 250° (Heintz).

1 Ann. Chem. Pharm. lxii. 810. $ Ib, cxxiii. 261.
3 Heintz, tb. cxxix. 33. . )
4 Heintz, . cxl. 218. 8 Heintz, b, cxxix. 27,

;Henry, Ber, Deutsch. Chem. Ges. vi. 259 ; Tscherniak and Norton, ¢b. xii.
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CH,
7 N\
514 Trimethyl-glycocoll, or Betaine, CO\ /N(CH,),. This

o

weak base was first obtained by Liebreich by careful oxidation of
choline.! He then artificially prepared it by acting upon tri-
methylamine with chloracetic acid,® and termed it oxyneurine,
Before this Scheibler had noticed a base which occurs in the
juice of the sugar-beet (Befa vulgaris), which he afterwards in-
vestigated, and to which he gave the name of Befaine® The
identity of this substance with oxyneurine was proved both by
kimself and by Liebreich.4

Trimethyl-glycocoll is found in Lycium barbarum,and the body
got from this was formerly believed to be a peculiar alkaloid,
described under the name of Lycine. Its identity with betaine
was shown by Husemann.®
- In order to prepare betaine a slight excess of lead acetate is
added to the beet or the molasses diluted with water, the pre-
cipitate filtered off and this decomposed by dilute sulphuric
acid The acid solution gives with phosphotungstic acid a
precipitate which is then decomposed with milk of lime.8

Betaine crystallizes from alcohol in large glistening deliques-
cent crystals containing one molecule of water, which is evolved
at 100°. In its chemical relations it resembles glycocoll. The
chloride, C;H,;NO,Cl, forms large stable monoclinic crystals.
It combines with platinum chloride to form the compound
(C;H,,NO,),PtCl; + 2H,0, a body deposited in large yellow
crystals which effloresce on exposure.

Muscarine, CH(OH), CH,N(CH,),OH, is found together with
choline in a toadstool, fly agaric (dgaricus muscarius),” and is
formed by the oxidation of the latter base with strong nitric acid.8
The free base has a strongly alkaline reaction and crystallizes
in thin deliquescent laminsg. The hydrochloride is also very
deliquescent, and forms the platinichloride (C;H,,NO,),PtCl; +
2H,0, which is difficultly soluble in water. Muscarine is the
poisonous constituent of the toadstool.

1 Ber. Deutsch. Chem. Ges. ii. 18, $ I3 ii. 167.

3 Ib. ii, 292. 4 1b. iii. 155 and 161.
S Arch. Pharm. [8], vi. 216 ; Jahresd. 1875, 828. :

¢ 8ce Frithling and Schulz, Ber. Dcutsch. Chem. Ges. x, 1070,

7 Schmiedeberg and Koppe, Jahresb. 1870, 875,

3 Schmiedeberg and Harnack, ib. 1876, 804.
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CARBAMIDE COMPOUNDS OF GLYCOLYL.

NH—CH,
515 Glycolyl-urea, CO | , was first obtained by
\NH—CO
Baeyer as a product of decomposition of uric acid and allantoin,
and termed by him Hydrantoin. He also obtained this com-
pound artificially by heating alcoholic ammonia with bromacetyl
urea, a body prepared by acting on urea with bromacetyl
bromide : ?

NH, _NH.CH,
+NH, =007 | '+ NHB.
\NH.CO.CH2Br \NH.CO

Glycolyl-urea is easily soluble, especially in hot water,
depositing in large but not well-formed crystals. These have
a slight sweet taste, and melt at 206°.

Glycoluric Acid, or Hydrantoic Acid,(NH,)CO.NH.CH,.CO,H.
The barium salt of this acid is obtained from the foregoing
compound by boiling it with baryta-water. This, when
decomposed with dilute sulphuric acid, yields glycoluric acid,
a body crystallising from hot water in monoclinic prisms.2 It
is also formed when an aqueous solution of glycocoll sulphate is
evaporated with potassium cyanate,® or when glycocoll and urea
are boiled for some time with baryta-water.*

N(CH,)—CH,
Methyl-kydrantoin, CO | , was first obtained as
\NH —CO
a product of decomposition of creatinine (p. 99), and is also
formed when sarcosine is fused with urea.®! It forms clear
crystals which have a faint acid reaction and melt at 145°.

Methyl-hydrantoic Acid, (NH,)CO(NCH,)CH,CO,H. If, in
addition to its usual food, such a quantity of sarcosine be given
to a dog that the amount of nitrogen which it contains be
exactly equal to that which the dog excretes daily, uric acid
and urea completely disappear, and in their place methyl-
hydrantoic acid and other nitrogenous compounds make their
appearance.®

1 Ann. Chem. Pharm. exxx. 158 ; Ber. Deutsch. Chem. Ges. viii. 614.
2 Herzog, Ann. Chem. Pharm, cxxxvi. 278.

3 Wislicenus, 1. clxv. 103.

¢ Baumann and Hoppe-Seyler, Ber. Dewlsch. Chem. Ges. vii. 34.

5 Huppert, . vi. 1278. ¢ Schultzen, . v. 578.
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The same acid is formed when sarcosine, potassium cyanate,
and ammonium sulphate are allowed to stand together in
aqueous solution, or when a mixture of sarcosine and urea is
boiled with baryta-water.! It crystallizes from alcohol in trans-
parent needles. When heated alone it is converted easily into
methyl-hydrantoin, and when heated with baryta-water under
pressure it decomposes with formation of carbon dioxide,
ammonia, and sarcosine.

,NH—CH,

Glycolyl Thio-urea, or Sulphohydrantoin, CS | . The

\NH—CO
chloride of this body is obtained by heating thiocarbamide
with chloracetic acid. It crystallizes in fine prisms, and yields,
on treatment with alkalis, the thio-urea which crystallizes from
hot water in long glistening needles.? When boiled with
baryta-water, barium thioglycollate together with dicyandi-
amide is produced® According to Liebermann and Lange it
appears probable, from this decomposition as well as for other
reasons, that the constitution of sulphohydrantoin and of
mustard-oil acetic acid (p. 91) is represented by the following
formule : ¢

Glycolyl Thio-urea. Mustard-oil Acetic Acid.
CH
, /
HN=CS (00) 0=CSs (00)
A4 AN H/
NH N

The formation of the latter compound from thiocyanacetic acid
is in this case easily understood.

GUANIDINE COMPOUNDS OF GLYCOLYL.

516 Glycocyamine, or Guanidoacetic Acid, CgH;N,0,;, was
obtained by Strecker by heating together for some days aqueous
solutions of glycocoll and cyanamide, to which some ammonia had
been added.® It is also formed when glycocoll is heated with
guanidine carbonate.® It is deposited in small crystals which are

1 Baumann and Hoppe-Seyler, loc. cit.

2 Volhard, 4nn. Chem. Pharm. clxvi. 383.

3 Andreasch, Ber. Deutsch. Chem. Ges. xii. 1385. ¢ Ib. xii. 1588.
5 Compt. Rend lii. 1212 ; Juhresb. 1861, 530.

¢ Nencki and Sieber, Journ. Prakt. Chem. (2], xvii. 477.
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difficultly soluble in cold and more easily in boiling water and
insoluble in alcohol. It acts at once as a weak base and as an
acid,! and hence in the free state it may be considered to be

a salt:
CH,NH.C =NH CH,NH.C —NH

bo.om 1!:11, - éo—o—xlma.

GQlycocyamidine, or Qycolyl Guanidine, C;H N0, is formed when
glycocyamine hydrochloride is heated to 160°. Its constitution
is, therefore, represented by the following formula :

CH,NH
|H’ N0 = NH

CO.NH 7/

The free base is obtained from this hydrochloride by boiling
it with lead hydroxide. It crystallizes in small lamins, easily
" soluble in water, and having an alkaline reaction. The hydro-
chloric acid compound is also very soluble, and forms a platini-
chloride, (C;HN;O),PtCl,, crystallizing in yellow needles. The
zinc double salt, (C;HgN;0),ZnCl,, is a characteristic one, being
difficultly soluble, and also crystallizing in needles.

CREATINE, OR METHYL GUANIDOACETIC Acip, C,H,N,O,.

517 Creatine was first found by Chevreul,? in 1835, in the juice
of flesh (kpéas, flesh), and examined most minutely by Liebig, in
1847, in his celebrated research on the constituents of the liquids
of flesh.# It is found in the flesh of all vertebrates and also in
small quantity in the brain and blood. The flesh of game and
of poultry is best suited for its preparation, as this appears to
contain about 0-35 per cent. The flesh is finely cut up, freed
from fat as much as possible, well kneaded several times with
its own weight of water, and the liquid well pressed out in a
coarse linen bag. The liquid is then heated to boiling to
separate the albumen, &c., and filtered. The phosphoric acid
which is present is next separated by the addition of baryta-
water and the filtrate evaporated to one-twentieth its bulk.
The creatine crystallizes out on standing, a small quantity of
creatinine present being removed by washing with alcohol.

As the extract of meat is prepared now on the manufacturing

1 Engel, Bull. Soc. Chim. [2], xxiv. 274.

2 Ann. Chem. Pharm. iv, 298.
8 Ib, 1xii. 267.
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scale, this may conveniently be employed for preparing creatine.
It is dissolved in 20 parts of water and acetate of lead added
so long as a precipitate forms, the filtrate treated with sul-
phuretted hydrogen and the solution operated upon as above
described.!

Creatine has been artificially prepared by Volhard by heating
an alcoholic solution of sarcosine with freshly prepared cyanamide
for some hours to 100°.?

CH,. N(CH,)H, =N CH,N(CH,)C — NH
boob tdm, T doodm,

Creatine dissolves in 75 parts of cold water and more readily
in bot water, crystallizing in bright glistening transparent
monoclinic prisms which contain one molecule of water., When
heated to 100° they become opaque from loss of water. It has
a faintly bitter taste and is not soluble in absolute alcohol or
ether.,  When boiled with baryta-water it decomposes into sar-
cosine and urea, and when its aqueous solution is heated with
mercuric oxide, oxalic acid and methyl-guanidine are formed.

Creatine has a neutral reaction, but combines with acids as
well as with a variety of salts, in this respect resembling
glycocoll. The compounds thus obtained usually crystallize well.

CREATININE, oOR METHYL GLYCOLYL GUANIDINE, C,H,N;O.

518 This body was first obtained by Liebig, who heated creatine
in a current of hydrocbloric acid to 100°, when the bydrochloride
of a “true organic alkaloid ” is formed. Creatinine sulphate is
easily formed when creatine is evaporated to dryness with the
calculated quantity of dilute sulphuric acid. By decomposing
this with baryta-water, or by boiling the hydrochloride with an
excess of oxide of lead in order to form an insoluble basic lead
chloride, a solution of the free base is obtained.

Creatinine occurs in nature in human urine and in that of
various animals, and from the first source it can be readily
obtained (Liebig). The liquid is neutralized with milk of lime,
chloride of calcium added in order to precipitate the phosphates,
and the whole evaporated until salts begin to crystallize out. A
concentrated solution of zinc chloride is then added to the

! Mulder and Mouthaan, Zeitsch, Chem. 1869, 341. 2 Jahresb, 1868, 685.

»
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mother-liquor, when the zinc chloride compound already
described slowly separates out and is decomposed on boiling
with water and an excess of lead hydroxide.!

It is perhaps simpler to make use of mercuric cblonde, which
also forms an insoluble compound with creatinine, which is
easily decomposed by sulphuretted hydrogen. Instead of human
urine that of the horse may be employed.?

Creatinine is tolerably soluble in water, difficultly soluble in
alcohol, and deposits in anhydrous monoclinic crystals which
have an alkaline reaction. When boiled with baryta-water,
ammonia and methyl hydrantoin (p. 96) are formed :

CH,N.CH, CH,N.CH,
>0_—_ NH + H0 = >co + NH,
co.Nu co.NE

Creatinine in aqueous solution readily undergoes change,
passing into creatine. This takes place more quickly if ammonia,
lead oxide, or other bases be present.

8alts of Creatinine. Creatinine is a strong base decomposing
ammonium salts. The hydrochloride, C,H;N,OCl, crystallizes
from hot alcohol in short transparent prisms, and from water,
in which it is very soluble in transparent scales. The platini-
chloride, (C,H;N,0),PtCl,, forms yellowish-red granular crystals,
or orange-red prisms. The sulphate, (C;H;N;0),SO,, crystallizes
from hot alcohol in transparent quadratic tables.

Creatinine Zinc Chloride, (C,H,N,0),ZnCl,, forms oblique
rhombic prisms or small needles that form warty concretions
It is difficultly soluble in water and almost insoluble in strong
alcohol. It forms with hydrochloric acid an easily soluble
compound, (C,H;N,;OCI),ZnCl,, which crystallizes well.

Creatinine also forms well crystallized compounds with other
salts. These bave been especially studied by Neubauer.

Creatinine forms with ethyl iodide the compound, C,H,N,O
(CHYI, crystallizing in long glistening needles, and this is con-
verted by the action of moist silver oxide into the corresponding
strongly alkaline hydroxide.?

! Neubauer, Ann. Chem. Pharm. cxix. 87.

3 Maly, . clix. 279.
3 Neubauer, 1. cxx, 257.
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PHOSPHORUS COMPOUNDS OF GLYCOLYL.
519 Phosphortrimethyl Glycocoll, or Phosphor - Bet
~CH\ ,
CO\ o /P(CH,),. The hydrochloride, CO,.CH,. P(CHj),
of this body is formed by the action of trimethyl phosphir
monochloracetic acid. It is very deliquescent, as is the
obtained from it by means of silver oxide. The pls

chloride separates out from hot water in large orang:
rhombic crystals.!

/C
Phosphor-Ethyl-Betaine, CO\ :’>(C,H,)3, was first

pared by Hofmann by the action of triethyl phosphin
chloracetic acid,? and afterwards exactly investigated by L
It is also very deliquescent, and contains water of crysta!
tion, which it gives off slowly in a vacuum over sulpl
acid. If the aqueous base be heated, it is transformed
the isomeric acid-carbonate of methyl-triethyl phosphon
co{ Op;
OP(C,Hy,CH,.

The nitrate crystallizes in needles, has an acid reac
and is not deliquescent ; the platinichloride forms large cry
tolerably soluble in hot water. The salts decompose on he:
into carbon dioxide, and the salts of methyl-triethyl-phos
nium, and in this respect they resemble the thetine salts,
not those of betaine, which either sublime or are decomy
into trimethylamine and substituted acetic acid.

THE OXALYL COMPOUNDS.

THE ALDEHYDES OF OXALIC AcID.
520 Oxalic acid, being a dibasic acid, forms two aldehyde

1) (2
Glyoxal, Glyoxylic Acid.
COH COH
éOH. &0.0H.

1 A, H. Megyer, Ber. Deutsch. Chem. Ges. iv. 734.
* Proc. Roy. Soc. xi. 530.
3 Ib, Edin. 1830-1881, 40 ; and Neubauer, 4nn. Ckem. Pharm. cxix. 37 ; cxa
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These bodies, discovered by Debus, are formed together with
oxalic and glycollic acids when alcohol and various other com-
pounds, such as glycol, aldehyde, &c., are oxidized with nitric
acid.!

Glyozal, or Ozalaldehyde, C,H,O According to Liibawin the
following is the best mode of preparing this body. Into a glass
cylinder, having a capacity of 250 cc., are poured in separate
layers, by means of a tube-funnel which reaches to the bottom,
first 64 cc. of nitric acid, of specific gravity 1-37, which has
been mixed with 25 cc. of the fuming acid, then 20 cec. of
water, and lastly 60 cc. of aqueous aldehyde of 50 per cent.
The whole is allowed to remain at the temperature of the air
for four to five days, and then the liquid evaporated on a water-
bath, when almost perfectly pure glyoxal remains. In order to
purify it further, it is shaken with a concentrated solution of
hydrogen sodium sulphite, when a compound, having the com-

CH(OH)SO;Na tormed. d 1 bard

ition is formed, depositing in sm

pos |CH(OH)SO,,N:;,, posting
crystals, which may be purified by crystallization from solution
in water. By double decomposition with barium chloride, the
corresponding barium salt is obtained. This is but difficultly
soluble in water, and yields, on decomposition with dilute sul-
phuric acid, a solution of glyoxal, this compound remaining on
evaporation as an amorphous deliquescent mass. Glyoxal pos-
sesses the characteristic properties of an aldehyde, and reduces
ammoniacal silver. By the action of lime or baryta it is easily
converted into glycollic acid :

COH.COH + H,0 = CH,(OH).CO.OH.

Hence both oxidation and reduction occurs. The aldehydes
of the monobasic acid exhibit a similar reaction, but in this case
one molecule of alcohol and one of monobasic acid are produced.
If an acetic acid solution of glyoxal be saturated with hydro-
chloric acid, hexglyoxal hydrate, C,;H,,0,,, or C,,H,,0,, + H,0,
is formed. This is an amorphous powder resembling starch,
dissolving in strong acids or boiling alcohol.?

If glyoxal be warmed with aqueous ammonia to from 60° to
70°, the following two singular basic compounds are formed
(Debus):

1 Debus, Ann. Chem. Pharm. c. b ; cii. 20; cvii. 199; cx, 819 ; exviii. 253 ;

chiff, 4. clxxii. 1; Liibawin, Ber. Deutach Chem. Ges, viil. 768 ; x 1366.
2 H. Schiff, Ann, Chem. Pharm. clxxii, 1.
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521 Glyoxalin, C;H,N(NH), is the chief product; it is a body
easily soluble in water, and crystallizes in fine prisms, possess-
ing a faint fish-like smell; it fuses at 88°—89° and boils at
266°, and its vapour density is 235! With acids it forms
neutral crystallizable salts. It contains one atom of hydrogen
capable of replacement by silver as well as by alcohol radicals.
It is not oxidized by a solution of chromic acid, and reducing
agents are also without action upon it. Bromine converts
it into tribromoxalin, CyBr,N(NH), crystallizing from alco-
hol in silky needles, possessing a distinctly acid character,
and remarkable as being, with the exception of hydrocyanic
acid, the only acid containing carbon which does not contain
oxygen or sulphur. In the formation of glyoxalin, formic acid
is produced, and hence it is produced according to the following
reaction :

2C,H,0, + 2NH; = C;H,N, + CH,0, + 2H,0.
Its constitution is not positively known, but it is probably
represented by the following formula :

+CH
NCH

aN—Cm

Glycosin, C;HGN,, is formed in smaller quantities than the
preceding compound. It crystallizes in needles which on heat-
ing volatilize without melting; it is scarcely soluble in cold
water, and is difficultly soluble in hot, and forms salts which
crystallize well. Its constitution is probably similar to that of
bexmethylenamine (p. 26), but with the difference that in-
stead of the six diad methylene groups it contains three tetrad
groups, C;H,.

522 Glyoxylic Acid, or Glyoxalic Acid, CHO.CO,H + H,0, or
CH(OH),.CO,H. Debus gave to this body the first of these
formulz, but the latter formula is, as Duppa and Perkin ? have
shown, the more probable, as the acid and all its salts (with the
exception of the ammonium compound, which does not behave
as a salt), must, according to the first formula, contain one
molecule of water which cannot be removed without decom-
posing the compound. Glyoxylic acid has, accordingly, a con-
stitution similar to that of chloral hydrate.

1 Wyss, Ber. Deutsch, Chem. Ges. ix. 1543 ; x. 1365.
3 Journ. Chem. Soc. xxi. 197.
171
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In order to prepare glyoxylic acid it is best to start from
dibromacetic acid, which is easily obtained by the action of
bromine upon acetic anhydride. When its silver salt is boiled
with water, equal molecules of glyoxyhc acid and dibromacetic
acid are formed :

2C,HBr,0,Ag + 2H,0 = C,H,0, + C,H,Br,0, + 2AgBr.

If the liquid be now neutralized with silver carbonate, and
again boiled, the following reaction takes place : !

C;H,0,Ag + C;HBr,0,Ag + 2H,0 = 2C,H,0, + 2AgBr.

Bottinger has fully described the preparation of this acid
from alcohol and nitric acid.?

Glyoxylic acid is very easily soluble in both water and alco-
hol, and crystallizes in small, ill-defined, probably monoclinic
prisms, which taste like tartaric acid, melt on heating, but
cannot be distilled without decomposition. This body possesses
all the properties of an aldehyde. It forms crystalline com-
pounds with the sulphites of the alkali metals, such as the
sodium salt, CH(OH)SO,Na.CO,Na; it reduces ammoniacal
silver solution, and when brought in contact with strong bases, it
forms a mixture of oxalic acid and glycollic acid, whilst nascent
hydrogen reduces it to glycollic acid.

Potassium Glyoxylate, C;H,KO,, is an easily soluble crystalline
powder, which begins to decompose at 100°.

Calcium Glyoxylate, (C,H,0,),Ca, is difficultly soluble in cold
water, and crystallizes in hard prisms.

When decomposed by ammonium oxalate, or when glyoxylic acid
is neutralized by ammonia, and the solution obtained by either
method allowed to evaporate in a vacuum, it becomes acid, and
small prisms separate out, which also have an acid reaction after
recrystallization. Debus considers this compound to be the
normal ammonium salt, but according to Perkin it is an acid,
the constitution of which corresponds to that of aldehyde-
ammonia :

,OH ,OH
CH CH
J: \NH, or \NH,
0.0H CO—A.

1 Perkin, Journ. Chem. Soc. 1877, ii. 90.
? Liebig's Ann. cxcviii. 206,
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Silver Glyoxylate, C;H;AgO,, is a difficultly soluble crystalline
powder, which soon blackens on exposure to light.

Diethyl Glyoaylic Aeid, CH(OC,H;), CO,H. The sodium
salt of this acid was obtained by Fischer and Geuther' by
heating tetrachlorethylene with sodium ethylate, when ethyl-di-
chloracetate is formed as an intermediate product, so that the
galt is most simply got by heating dichloracetic acid with an
alcoholic solution of sodium ethylate.? When it is decomposed
by dilute sulphuric acid, and the liquid shaken with ether, the
acid is taken up, and on evaporating the ethereal solution, it
remains behind as an oily liquid which, in contact with water,
is easily converted into alcohol and glyoxylic acid.

The ethyl ether, CH(OC,H,),CO,(C,H,), is obtained by heat-
ing with ethyl iodide, and it is also formed when glyoxylic acid is
heated with absolute alcohol (Perkin). It is a highly refracting
liquid, possessing a fruity smell and burning taste, and boiling
at 199°.

OXALIC ACID, C,H,0,

523 This acid occurs as the hydrogen potassium salt in a variety
of plants, such as the wood-sorrel, Ozalis acctosclla, and in other
species of oxalis and rumex. From the older names of these
(acetosa, acetosella) it would appear that in former times they
were believed to contain acetic acid.

At the beginning of the seventeenth century the salt obtained
from the above plants was considered to be a kind of tartar,
and its preparation was minutely described by Boerhave in his
Elementa Chemize® It was afterwards more completely inves-
tigated by F. P. Savary, whose Dissertatio de sale acetoselle
appeared in 1773, but still the nature of the acid which it con-
tained remained a matter of doubt. Its special characteristics
were first pointed out by Wiegleb in 1779, who discovered the
fact that it has the power of rendering lime-water turbid.

In 1776 Scheele obtained an acid by acting with nitric acid
upon sugar ; and this was further investigated by Bergman, and
described in his Dissertatio de acido sacchari, published in 1776.
Amongst other remarks he there states that this acid cannot

! .llggaer Zeitsch. Chem, i. 54 ; Geuther and Brockhoff, Journ. Prakt. Chem. [2],
vii. 102,

* Schreiber, Zeitsch. Chem. 1870, 167. 3 Tomus secundus, p. 87,
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only be obtained from a variety of bodies containing sugar, but
also from meal, gum, and other vegetable matters, and that, on
heating, a part of the acid sublimes, whilst another part yields a
gas, half of which consists of fixed air, and the other of an air
which burns with a blue flame.

The acid obtained from sugar, and that obtained from the
various varieties of oxalis were usually supposed to be different
substances, until Scheele in 1784 showed that they are identical.

Oxalic acid was first naturally considered to be an organic
acid, but as it was found that many of its salts contained no
hydrogen, this acid was for a long time classed as an inorganic
compound, and looked upon as the hydrate of the hypothetical
carbon sesquioxide, C;0, which was termed anhydrous oxalic
acid.

Various salts of oxalic acid occur in nature, and these will be
mentioned in their proper place. In the free state it occurs in
Boletus tgniarius, and also, according to some observers, in the
juice of the chick-pea.

Oxalic acid is obtained synthetically in a variety of ways.

(1) In the first place it occurs when the formate of an alkali-
metal is gently heated : !

H.CO.0K H CO.0K

I + |
H.CO.0K H CO.0K.

(2) Its ammonium salt is formed, together with other pro-
ducts, when an aqueous solution of cyanogen is allowed to stand
for some time :

CN CO.ONH,
é + 4HO = |
N CO.ONH,.
Hence cyanogen is the nitril of oxalic acid, or of dicarboayl

(dioxalyl).

(3) The formation of oxalic acid from carbon dioxide 2 is of
special interest. If this gas be passed over sodium heated to
360°, and finely divided with sand, sodium oxalate is formed :

2C0, + Na, = C,0,Na,.
The potassium salt may be obtained in the same way by

! Dumas and Stas, Ann. Chem. Pharm. xxxv. 187; Péligot, Ann. Chim.
Phys. (2], 1xxiii. 220 ; Erlenmeyer and Gitschow, Chem. Centralb. 1868, 420.
3 Drechsel, Ann. Chem. Pharm. cxlvi. 140.
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making use of a boiling potassium amalgam containing 2 per
cent. of this metal.

524 Oxalic acid is not only an oxidation-product of glycollic
acid, but also of most of the members of the group of
fatty bodies, as also of the allied group of bodies containing
lesshydrogen. These bodies all yield oxalic acid as a final product
when treated with nitric acid. Next to carbon dioxide, oxalic
acid is the carbon compound which contains most oxygen.
Many organic bodies also yield oxalic acid when they are fused
with caustic potash. Acetic acid is only difficultly oxidized ty
nitric acid, but in alkaline solution it yields large quantities
of oxalic acid when treated with potassium permanganate.

Manufacture. Scheele first obtained oxalic acid by precipitating
salt of sorrel with acetate of lead, and decomposing the product
with sulphuric acid. In place of this method, the oxidation of
cane-sugar was afterwards employed for the preparation of oxalic
acid on a large scale. For this purpose 8 parts of nitric acid of
specific gravity 1'38 are gradually added to 1 part of sugar, the
mixture heated to the boiling point, and the liquid then evaporated
to one-sixth of its bulk, and allowed to cool. The acid, which
crystallizes out, is purified by re-crystallization. Instead of refined
sugar, a cheaper material, such as brown sugar, molasses, starch-
sugar, or starch, may be employed, and the fumes of the oxides
of nitrogen evolved may be utilized either by passing them into
a sulphuric acid chamber, or they may be again converted into
nitric acid by contact with air and water.

This mode of making oxalic acid is, however, no longer in use.
In the year 1829, Gay-Lussac found that when cotton-wool,
sawdust, sugar, starch, gum, tartaric acid, and other bodies are
fused with caustic potash, oxalic acid is formed.! The first
experiments for utilizing this reaction on the large scale were
made by Mr. John Dale of Manchester, by whose skill and
perseverance the practical difficulties inherent in the working of
the process were successfully removed, leading, in 1856, to the
patenting by his firm of a process for the manufacture of oxalic
acid from sawdust. Gay-Lussac suggested that cream of tartar
should be employed for the preparation of oxalic acid, and at
the time this suggestion was a practical one, as this substance
was much cheaper than oxalic acid. Mr. Dale found that saw-
dust was the best material, and that the caustic potash cannot
be replaced in the reaction by its cheaper substitute, caustic

1 Ann. Chim, Phys, xli. 898.
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soda, as this latter alkali gives but a very small yield. Caustic
potash was, however, then too dear to permit its employment on
the large scale. If, however, one molecule of potash and two
molecules of soda be used, one part of the crystallized acid
can be prepared from two parts of sawdust. For this purpose a
solution of the alkalis, having a specific gravity of 135, is used,
and to this sufficient sawdust is added to produce a thick paste,
which is then spread on to iron plates and gradually heated. At
first, water is given off, the mass then swells up and disengages
a quantity of inflammable gas, consisting of hydrogen and
hydrocarbons, a iar aromatic smell being at the same time
noticed. After the temperature has been maintained at 200°
for from one to two hours, this part of the process may be con-
sidered to be complete. The whole of the woody fibre is
decomposed, and the mass, which has a dark-brown colour, is
entirely soluble in water, but it contains only from 1 to 4 per cent.
of oxalic acid, 0°5 per cent. of formic acid, and no aceticacid. The
mass is now exposed still longer to the same temperature, great
care being taken to avoid any charring, which would cause a loss
of oxalic acid, and as soon as the mass has become dry the
operation is complete. The product, which contains about 20 per
cent. of anhydrous oxalic acid, combined of course with alkali,
is then treated with warm water, when the excess of alkali and
the salts of potash and soda are dissolved with the exception of
the difficultly-soluble oxalate of soda, which falls to the bottom.
The purpose served by the soda is here apparent. The super-
natant liquor is drawn off and evaporated to drymess, and the
residual mass heated in a furnace in order to drive off the
organic matter and recover the alkalis which it contains, and
which are again employed, after having been causticized, for
acting on fresh sawdust.! The oxalate of soda is decomposed

1 The proportion between the two alkalis in this material is of course different
from that contained in the original mixture, In order to bring them quickly into
work aguin, it is necessary to have a rapid method by which their relative amounts
can be determined. A series of experiments led Dale to the following simple method
of analysis. A given volume of the solution is neutralized with tartaric acid of
known strength, and then an equal volume of the acid afterwards added, when
acid potassium tartrate is thrown down, its precipitation being aided by stirring.
In order to obtain exact results, the solution thus ohtained of the acid sodium tar-
trate must be nearly saturated, or its specific gravity must be 1°09. Aceording
to Dale, cream of tartar does not dissolve apfreciab]y in a solution of acid sodium
tartrate if the specific gravity does not fall below 1:03. If perfectly accurate
results are required, the precipitate must be washed with dilute alcohol. When
the acid potassium salt (cream of tartar) is separated out, it is filtered off and
washed with a small quantily of water. The filtrate is treated with standard
soda, the amount of this alkali used being cqual to that contained in the original
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by boiling with milk of lime, when caustic soda and insoluble
calcium oxalate are formed. The calcium salt is then decom-
posed by sulphuric acid, the liquid separated from the gypsum
and evaporated to crystallization.!

Other manufacturers use a mixture of equal molecules of the
two alkalis, or, as is now common, only caustic potash, as potash
salts are now so much cheaper than formerly. A complete
series of experiments made by William Thorn® have shown
that when spread in thicker layers, the yield is larger the greater
the proportion of potash to soda. When thinner layers are em-
ployed the yield is still better, but this remains constant whether
Dale’s proportions are employed or caustic potash alone is used.
This observation was, however, made long ago by Mr. Dale.
The kind of sawdust employed is of importance. Hard woods
yield less acid than soft woods, such as poplar and the coniferas,
and as pine sawdust is common, this is almost universally
employed.

535 Properties. Oxalicacid, C;H,0, + 2H,0, crystallizes readily
in monoclinic prisms. It is easily soluble in water and alcohol,
and its acid taste is more powerful than that of any of the other
organic acids. It decomposes calcium fluoride, many chromates,
and the phosphates and arsenates of several of the heavy metals
(Berthollet). When heated with common salt, hydrochloric acid
is given off ; sodium nitrate is likewise attacked by oxalic acid,
acid sodium oxalate being formed in both cases.

Like all strong acids, oxalic acid acts in large doses as a poison.
Accidental poisoning with oxalic acid usually results from its
being mistaken for Epsom salts, In small doses, however, it is
quite harmless, as is seen from the fact that it is contained in
garden rhubarb, and many other plants frequently used as
articles of food. Doses up to one gram given to a dog did not
produce any visible evil effects,® nor was any effect noticed in a
dog to which twelve grams of normal potassium oxalate were
administered for several days (Dale).

liquid. The acid tartrate of potash is next thrown into water, together with the
filter paper, and the whole titrated with caustic potash, and the amount of
caustic potash contained in the mixture thus directly obtained. Comparative
experiments with mixtures containing known quantities of the two alkalis showed
that this process, which is & very quick one, yields accurate results, (We are
itlilgeb)ted to Mr. Dale for these particulars, which are now published for the first

e,

! Schunck, Smith, and Roscoe, Report Brit. Assoc. 1861, 120,

! Ber. Entw. Chem. Ind. ii. 410.

! Pleiffar, Arch. Pharm. [3), xiii. 544.



110 OXALIC ACID.

The crystallized acid gradually loses its water of crystalliza-
tion when placed over sulphuric acid ; and when heated to 100°
it falls to a white powder which sublimes in white needles at
165°, a portion, however, undergoing decomposition into carbon
dioxide and formic acid, or into carbon monoxide and water, the
products of decomposition of the latter acid. At higher temper-
atures this decomposition is complete. If the crystallized acid
be allowed to remain in contact with sulphuric acid, glistening,
strongly-refracting rhombic pyramids of the anhydrous acid
separate out, and these must be quickly dried with filter paper,
and washed with ether, as they quxckly take up water and fall

to powder.!

The commercial acid always contains alkalis. In order to
purify it, the solution is warmed for some time to 40°, allowed
to stand for six hours in a cool place, filtered, the filtrate
evaporated to two-thirds, and well stirred during the cooling.
The acid which separates out is then washed with cold water
and crystallized a second time from boiling water.? An acid
perfectly free from alkali is best obtained by sublimation, or by
the decomposition of the pure methyl or ethyl ether with water.

526 The anhydrous acid is not attacked by chlorine® but
it decomposes if water be present, hydrochloric acid and carbon
dioxide being formed (Dobereiner). It may be crystallized from
hot nitric acid, but when heated with nitric acid of specific gravity
1-4 for some hours to 160°—180°, oxalic acid is completely con-
verted into water and carbon dioxide.* It also suffers a similar
oxidation at ordinary temperatures. It is only slowly oxidized in
aqueous solution in presence of the peroxides of lead and of
manganese (Manganese Evaluation, see Vol. II. Part II. p. 26).
If the anhydrous acid be rubbed up with five times its weight
of lead dioxide the whole mass becomes incandescent. Oxalic
acid precipitates finely divided gold from solution of the chloride
quickly, especially when heated (Pelletier), and it also decom-
poses platinic chloride, but only in the sunlight (Dobereiner).

An acidified solution of potassium permanganate decomposes
oxalic acid according to the following equation : 8
2KMnO, + 3H,SO, + 5C,H,0, = K,SO, + 2MnSO, + 10CO,

+ 8H,0.
! Reichardt, Jenaer Zeitsch. i. 244.
2 Siebold, Plzarm Journ. Trans. [3], vi. 441.
W ohler and Hallwachs, 4dnn. Chem. Pharm. xcv. 120,

¢ Erlenmeyer, Ligel, and Belli, 6. clxxx. 220.
3 Vernon Harcourt, Journ. Chem, Soc. [2], v. 460.



PROPERTIES OF OXALIC ACID. 111

This reaction is employed in order to determine the strength
of potassium permanganate solution, which is frequently used in
volumetric analysis.

When a dilute solution of oxalic acid is added to uranium
nitrate and exposed to the air, a mixture of carbon monoxide
and carbon dioxide is evolved.'

Oxalic acid, when heated with sulphuric acid, decomposes into
carbon monoxide and carbon dioxide (Dobereiner). Phosphorus
pentachloride acts upon it as follows:

C,H,0, + PCl; = CO + CO, + 2HCI + POCI,,

Phosphorus trichloride decomposes the crystallized acid as
follows : 3

C,H,0, + 2H,0 + PCl, = CO + CO, + 3HCI + P(OH),

From these decompositions it is clear that neither the anhy-
dride mor the chloride of oxalyl can be prepared by the
reactions by which these compounds are in the case of the other
series, usually obtained.

Oxalic acid is reduced to glyoxylic 3 or glycollic acid ¢ by the
action of zinc and dilute sulphuric acid.

Oxalic acid is used largely in calico-printing, dyeing, the
bleaching of flax and straw, and in the preparation of formic
acid and of the ethyl ethers, but since the introduction of so
many artificial colouring-matters, its use for the two first of these
purposes is not now so large as it was formerly.

OXALATES.

527 The oxalates have been carefully examined by Berzelius,®
Rammelsberg,® and Souchay and Lenssen.”

They are very numerous, not only the normal and acid salts
of this dibasic acid being known, but the so-called super-acid
and double salts also existing.

All the oxalates are decomposed on heating. The products
which are thus formed varying according to the chemical nature

1 See Kamp, Ann. Chem. Pharm. cxxii. 118,
2 Hurtzig and Geuther, 3. cxi. 159,

3 Church, Journ. Chem. Soc. [2], i. 301.

4 8chulze, Chem. Centralb. 1862, 609 and 753

3 Lehrbuch. ¢ Poyg. Ann. xciii. 24,
T Ann. Chem. Pharm. xcix, 81 ; c, 808 ; cii. 85 ; ciii. 308 ; cv.245.
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of the metal, or according to the presence or absence of air
during the decomposition. The oxalates of the alkali-metals
leave a residue of a carbonate, as also do those of the alkaline-
earth-metals when they are not too strongly heated. The
oxalates of the metals whose carbonates decompose at a high
temperature yield, on heating in presence of air, a mixture of
the monoxide and dioxide of carbon, together with the oxide of
the metal. When air is excluded, the carbon monoxide present
may cause a partial reduction of the metallic oxides. Oxalates of
metals whose oxides decompose on heating, yield carbon dioxide
and the metal. On heating with concentrated sulphuric acid
the oxalates decompose in a similar way to the acid itself, no
blackening in this case taking place. This serves as an im-
portant distinction between oxalic and the other solid vegetable
acids.

Normal Potassium Oxalate, C,0, K, + H,O, crystallizes in
monoclinic transparent pyramids or prisms, the surfaces of
which are usually curved. It is easily soluble in water, and is
used in the analysis of pyrolusite, and for other similar
purposes.

Acid Potassium Ozalate, C,O,KH, is well-known under the
name of salt of sorrel, and occurs in various species of aralis and
of rumez, in garden rhubarb and various other plants. It forms
either anhydrous monoclinic prisms, or crystals belonging to the
triclinic system, containing one molecule of water. It is only
slightly soluble in cold water, and combines with oxalic acid to
form potassium quadroxalate, C,0 KH + C,0,H, + 2H,0, the
salt crystallizing in large triclinic crystals. Commercial salt of
sorrel, used for the removal of inkstains from linen, consists
generally of this compound.

The oxalates of potassium were first analysed by Wollaston,1
and these researches, as well as the analyses of the strontium
oxalates by Thomas Thomson, served as an important confir-
mation of the truth of the law of combination in multiple
proportion.

Normal Sodium Oxalate, C,0,Na,, requires thirty-six parts of
water for solution at the ordinary temperature, but is much more
easily soluble in hot water, and on cooling separates as a sandy
powder or in fine glistening needles. It also occurs in various
plants growing in salt marshes, as salicornia, salsola, &c.

Acid Sodium Oxalate, 2C,0,HNa + H,0, is still less soluble,

1 Phil. Trans. 1808, 99,
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and forms hard crystals which are unalterable in the air, and
does not form any compound with oxalic acid.

Normal Ammorium Ozalate, C,0,(NH,), + H,O, is easily
soluble in water, and crystallizes in rhombic prisms. This salt,
which is used in chemical analysis, is found in Peruvign
guano.

Acid Ammonsum Ozalate, 2C,0, H(NH) + H,O, is less
soluble in water, and crystallizes in rhombic prisms. It forms
with oxalic acid the compound, C,0 H(NH)) + C,0,H, + 2H,0,
isomorphous with the corresponding potassium salt. .

528 Calcium Ozalate, C;0,Ca, is a compound occurring largely
distributed in the vegetable kingdom. It was first discovered
by Scheele in the roots of the garden rhubarb, and then in
many other plants, and termed by him calz saccharata. It is
also found in the cells of plants in crystals, and then termed
raphides. The formation of these will be remarked upon here-
after. Many lichens growing on limestone frequently consist of
nearly half their weight of this salt,! which is also found on the
marble of the Parthenon, and was described by Liebig as a new
mineral under the name of Thierschite, this being probably
formed by the action of a lichen. Calcium oxalate is also found
in various animal liquids, as in urine. It also occurs in urinary
deposits, being known as the mulberry calculus, from its peculiar
appearance. '

If a neutral solution of a calcium salt be mixed with one of
an oxalate, calcium oxalate separates out, even in very dilute
solution, as a crystalline precipitate which is insoluble in water
and acetic acid, though dissolving in nitric and hydrochloric
acid, &c. This reaction, which is much used to distinguish
oxalic from phosphoric acid, and also for the detection and
quantitative determination of calcium, was noticed soon after
the discovery of oxalic acid by various chemists, and recom-
mended by them as the best means of detecting lime, but others
believed that oxalic acid was an unreliable reagent, as in pre-
sence of mineral acids no precipitate made its appearance.
Darracq then showed that, on neutralization with ammonia, lime
could always be detected by means of oxalic acid.

Precipitated calcium oxalate contains water, and after drying
at 100° has the composition C;0,Ca + H 0O, the precipitate
obtained from boiling solution having also the same composi-
tion. The same hydrate is obtained in monoclinic lamin® when

1 Braconnot, 4nn. Chim. Phys. xxviii. 318,
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the salt is dissolved in boiling hydrochloric acid or nitric acid

and allowed to cool. It becomes anhydrous at 180° but on

exposure to air again absorbs water. A solution in an excess of
drochloric acid deposits on standing tetragonal tables,
the composition C,0,Ca + 3H;0, and this compound is
nd in the cells of plants, being probably deposited from
arine solution,! as Scheibler has proved that it easily
8 in the juice of mangel-wurzel. Vesque? has also
that it readily dissolves in glucose and dextrine, and
8 obtained it crystalline by allowing a solution of oxalic
stand in contact with one of lime dissolved in sugar, and
‘ystals exactly resembled the raphides.
cid calcium oxalate is not known, although barium and
im yield, in addition to the very insoluble normal salts,
alates, C,0,Ba + C,0 H, + 2H,0, and C,0,Sr + C,0,H,
). The acid oxalates are easily soluble in water, but the
18 decompose, especially on warming, with separation
normal salt. They are probably molecular compounds,
us to potassium quadroxalate. They may, however, be
cid salts having the following constitution :

OH
¢,0
U

Ba.
/
0
c,o,,(oH

Lead Ozalate, C;0,PDb, is a heavy precipitate, insoluble in
which ‘is, however, soluble in nitric acid, and also in a
1 of sal-ammoniac and other ammoniacal salts. When
in absence of air to 300° it decomposes according to the
1g equation : ¢

2C,0,Pb = 3CO, + CO + Pb,0.

r Ozalate, C;O,Ag,, is a white precipitate which decom-
t 110° and detonates when quickly heated.

uric Oxalate, C,0,Hg. can only be obtained in the pure
y adding mercuric nitrate to a very large excess of a

bler, Zeitsch. Chem. (2], i. 62,

ue, Compt. Rend. lxxviii. 149.

er, tb. Ixiii. 1018 ; Ixxviii. 300.

1ze, Ann, Chim, Phys. [3], iv. 104; see also Maumené, Compl. Rend.
and 837.
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solution of oxalic acid. The dry salt explodes with great
violence on percussion.

Ferrous Ozalate, C;0,Fe, occurs in the brown-coal formation
and is termed by the mineralogists humboldtine, or oxalite. It
contains 1} molecules of water, and often occurs in capillary
forms, but also in botryoidal masses, and in plates, with a fibrous
or compact structure. If a solution of green vitriol be mixed
with oxalic acid or an oxalate, ferrous oxalate is thrown down as
a heavy bright yellow powder, insoluble in water, and only
slightly soluble by dilute acids. When a solution of ferric
hydroxide in aqueous oxalic acid is exposed to the action of
sunlight, carbon dioxide is evolved, and the ferrous salt is pre-
cipitated in fine lemon-coloured glistening crystals. This
substance has, like the precipitated salt, the composition
C0,Fe + 2H,0. On heating it leaves a very finely divided
oxide of iron, which serves as a useful polishing. powder for
optical purposes. It has been proposed by Draper?! to employ
the above reaction as a means of measuring the chemical action
effected by sunlight. It has also been used as a sensitive
photographic agent in the production of Herschel’s cyanotype.

If a solution of a normal oxalate be added to one of ferric
chloride, a yellow precipitate is slowly formed, which is probably
normal ferric oxalate. This compound is also formed when
ferric hydroxide is treated with a solution of oxalic acid. An
excess of the latter must be avoided, as the salt dissolves readily
in this acid.

530 Ozxalates of Antimony. This metal only forms insoluble
basic oxalates; but, on the other hand, the double salts of
antimony and the alkali metals dissolve in water, and are of
interest, as, unlike most antimony salts, they are not decomposed
by water, for which reason probably they might be employed as
a substitute for tartar emetic in dyeing and calico-printing.

Antimony Potassium Ozalate, (C,0,);SbK; + 6H,0, is obtained
by dissolving antimonic acid in a hot solution of acid potassium
oxalate, when it deposits in monoclinic crystals.

Antimony Sodium Ozalate, (C,0,);SbNa, + C,0,Na, + 10H,0,
is prepared in a similar way to the potassium compound, and is
deposited in the form of glistening crystals.? Other double salts
have also been described.

Arsenic trioxide seems to form similar double salts.

1 Phil. Mag. [4], xviii. 91,
3 Svenssen, Ber, Deutsch. Chem. Ges, iii. 314.
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ETHEREAL SALTS OF OXALIC ACID,

531 Methyl Ozalate, C;0,(CH,), is a solid body, first pre-
pared by Dumas and Péligot ! by distilling methyl alcohol with
sulphuric and oxalic acids. According to Weidmann and
Schweizer,? salts of sorrel may be advantageously employed in
place of the acid. The same chemists found that the ether is
formed by heating wood-spirit with oxalic acid. According to
Erlenmeyer? it is best obtained by dissolving anhydrous oxalic
acid in boiling methyl alcohol, and bringing the crystals which
are deposited, on to a vacuum filter, and washing with cold water
until the liquid which runs off no longer gives the iodoform
reaction.

Methyl oxalate crystallizes in rhombic tables; it melts at 51°,
and boils at 162°. When brought in contact with water it
decomposes, slowly in the cold and more quickly on warming,
into oxalic acid and methyl alcohol.

Ethyl Ozxalate, C,0,(C;Hy), This ether is a liquid, and was
first obtained by Bergmann by distilling together oxalic acid
and spirit of wine. It was soon afterwards investigated by
other chemists, who gave a variety of methods for its prepara-
tiont It is best obtained according to the method given by
Frankland and Duppa® A mixture of three parts of anhydrous
oxalic acid and two parts of absolute alcohol is slowly heated
for some time in a tubulated retort to 100°, and afterwards the
temperature raised to 125°—130°, when the vapour of two
parts of absolute alcobol is passed in. The product is then
purified by fractional distillation.

Ethyl oxalate is a liquid possessing a slightly aromatic smell,
boiling at 186° and having at 15° a specific gravity of 1'0824.
It behaves in a similar way with water to methyl oxalate. This
substance is used for the separation and purification of the amines
(Vol. III. Part I. p. 221), and for the synthetical preparation of
various acids of the lactic acid group. Ethyl oxalate, when exposed

1 Ann. Chim, Phys. lviii. 44 ; Anwn, Chem. Pharm. xv. 32, .

2 Pogg. Ann. xliii. 602 ; see also Wohler, Ann. Chem. Pharm. Ixxxi. 876.

3 Rep. Pharm. [2), xxiii 432; see also Cahours and Demargay, Buil. Soc.
Chim. (2], xxix. 468, . .

4 Thenard, Mém. Soc. & Acueil. ii. 11; Bauhof, Sechweig. Journ. xix. 308 ;
Dumas and Boullay, Journ. Pharm. xiv. 118; Mitacherlich, Lekrd; Lowig,
Journ. Prakt. Chem. lxxxiii. 129 ; lxxxiv. 1; Kolbe and Kalle, 4nn. Chem.
Ph:z;r: exix, 173.

. 1.
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to the action of chlorine in sunlight, yields, as the last product,
" perchlorethyl oxalate, C,0,(C,Cl,), an odourless body, crystal-
lizing in rectangular prisms, which melt at 144°.1 Ethyl oxalate
decomposes on repeated distillation into carbonyl chloride, car-
bonic oxide, and triacetyl chloride. When it is heated with
sodium, carbon monoxide is formed and ethyl carbonate pro-
duced? The same decomposition takes place when sodium
ethylate is employed, other products being also produced.®

Acid Ethyl Ozalate, or Ethyl Ozalic Acid, C,0,(C,H))H. The
potassium salt of this acid is obtained by the action of a solution
of caustic potash in absolute alcohol on ethyl oxalate, when this
compound separates out in laminsm. If these be dissolved in
aqueous alcohol, some potassium oxalate remains behind, and, on
addition of the requisite quantity of sulphuric acid to the filtrate,
potassium sulphate is thrown down, whilst ethyl oxalic acid
remains in solution. If this be diluted with water, saturated
with barium carbonate, and the filtrate evaporated on the
water-bath to a small bulk, crystals of barium ethyl oxalate are
obtained. By decomposing the aqueous solution of this salt
with dilute sulphuric acid, free ethyl oxalic acid is obtained.
It is very unstable, decomposing readily into alcohol and oxalic
acid, even when the solution is evaporated in a vacuum.*

Ethyl Ozalyl Chloride, C,0,(0C,H,)C], is formed by the action
of phosphorus oxychloride on potassium ethyl oxalate. It isa
fuming mobile liquid, possessing a suffocating odour, boiling at
140°, and exhibiting the usual properties of the acid chlorides.®

Amongst other ethereal salts of oxalic acid the following
may be mentioned :

B. P.
8 Methyl-ethyl-oxalate, C,0,(CH,)(C,H,) . 160—170°
7 Propyl oxalate, C0,CH),. . . 209—211°

7 Isobutyl oxalate,  C,0,(CHy),. . . 244—246°
8 Amyl oxalate, COCH,), . . 265

! Malaguti, Aun. Chim. Phys. [2], Ixxiv. 299,

2 Ettling, Ann. Chem. Pharm. xix. 17.

3 Geuther, Zeitsch. Chem. [2), iv. 656 ; Cranston and Dittmar, Journ. Chem.
Soc. [2), vii. 441.

¢ Mitscherlich, Pogg. Ann. xxxiii. 332.

8 Henry, Ber. Deutsch. Chem. Ges. iv. 598.

¢ Chancel, Jahresd. 1850, 469.

7 Cahours, Compt. Rend. 1xxvii. 749 and 1408.

8 Balard, Ann, Chim. Phys. [3], xii. 809 ; Delffs, Jahresb. 1854, 26.
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AMIDO-COMPOUNDS OF OXALYL.

532 Ozamide, C0,(NH,),. This body was obtained by Bauhof
in 1817, by acting upon ethyl oxalate with aqueous ammonia.
He, however, considered it to be “an intimate triple compound,
consisting of oxalic acid, alcohol, and ammonia.” Liebig? in
1834, showed that the body thus prepared is identical with the
oxamide obtained by Dumas in 1830 by distillation of ammonium
oxalate.?

In order to prepare it, ethyl oxalate, which need not neces-
sarily be perfectly pure, is shaken up with aqueous ammonia.
The liquid becomes warm, and oxamide separates out as a white
precipitate. Oxamide is also formed, together with other pro-
ducts, by the action of nitric acid on potassium ferrocyanide,* as
well as when potassium cyanide is warmed with manganese
dioxide and a small quantity of sulphuric acid, or when aqueous
solutions of hydrocyanic acid and hydrogen dioxide are allowed
to stand for some daysS®

Oxamide is a light crystalline powder, almost insoluble in
water, alcohol, and ether. When heated with alcohol for a
few days to 210°—220°, it is converted into small rectangular
prisms with pyramidal terminations.® It is perfectly neutral.
When boiled with water and mercuric oxide, the compound
2C,0,(NH,), + HgO is formed as a white insoluble powder.?
When oxamide is heated with water and strong acids or alkalis,
it forms oxalic acid and ammonia.

Ethyl Oxamide, CO.NH(C,H,).CO(NH,), is easily formed by
the action of aqueous ammonia on ethyl oxamethane (p. 121).
It is easily soluble in water, alcohol, and ether, melts at
202°—203°, but sublimes at a lower temperature in fine woolly
crystalline masses (Wallach and West).

533 Dicthyl Oxamide, C,0,(NH.C,H,),, was first prepared by
Wurtz by acting with ethylamine on ethyl oxalate® It is
best prepared by mixing a well-cooled, concentrated aqueous

1 Sehweig. Journ. xix. 313,

2 Ann. Chem, Pharmn. ix. 11 and 129,

3 Ann. Chim. Phus. xliv. 129 ; liv. 240.

4 Playfair, Pkil. Trans. 1849, ii. 477 ; see also Vol. IL. Part II,, p. 115.
5 Attfield, Journ. Chem. Soc. [2), i. 94.

8 Geuther, Ann. Chem. Pharm. cix. 72.

7 Dessaignes, Ann. Chim. Phys. [3], xxxiv, 148.

8 Ib. xxx. 490,
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solution of ethylamine with ethyl oxalate! This compound
crystallizes in needles which are difficultly soluble in water but
dissolve more easily in alcobol, and it volatilizes without de-
composition. By acting upon it with phosphorus pentachloride
the following compounds are obtained :

COL, N(C,H)H . (IT‘CI.N(C,H,)H
COLNGH)E COLN(CH)E

These have not yet been prepared in the pure state. Their
probable constitution is, however, indicated by the fact that they
may be again converted into diethyl oxamide by means of water.
If, however, the product be allowed to stand for some days with
the phosphorus oxychloride which has been formed, decomposition
occurs, and the tertiary amine, chlorozalethyline, C;H,CIN,, is
formed, the hydrochloride of which remains behind if the phos-
phorus oxychloride be distilled off under diminished pressure.
This substance crystallizes in prisms, and yields a crystalline
platinichloride. By distillation with caustic potash the free
base is obtained as an oily narcotic-smelling liquid, boiling at
217°—218°, and having an alkaline reaction and crystallizing
when strongly cooled. It combines with various metallic salts,
forming crystalline compounds, and with the iodides of the
alcohol radicals to form compound ammonium iodides, such as
C.H,CIN,.CH,], crystallizing in prisms, and yielding a strongly
alkaline hydroxide on treatment with silver oxide.

By the action of sodium on a solution of chloroxalethyline in
petroleum oil, dioxalethyline, C,;H (N, is formed, a thick liquid,
having an alkaline reaction, and boiling above 300°.2

Ozalethyline, C{H,N,, is formed when the chlorine-compound
isheated with hydriodic acid and amorphous phosphorus, and the
product decomposed by caustic soda. It is a thick, transparent,
oily liquid, boiling at 212°—213°, and having a strongly narcotic
smell® Most of its salts crystallize well, and like chloroxal-
ethyline it is a tertiary base.

Oxalethyline is poisonous, producing the same symptoms as
atropine, the poisonous principle of the deadly nightshade, espe-
cially the dilatation of the pupil, though it does not act so
powerfully as this alkaloid. Chloroxalethyline, on the other

! Wallach, 4an. Chem. Pharm. clxxxiv. 83.
2 Wallach and Oppenheim, Ber. Deutsch. Chem, Ges. x. 1193,

8 Wallach and Stricker, ¢b. xiii. 511.
4 Wallach and E. Schultze, 5. 514.
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hand, does not produce these symptoms, and acts upon the
brain in a similar way to chloral hydrate.!

The oxamides of the other alcohol radicals give compounds
similar to those which have been now described.?

534 Ozamic Acid, CO(NH,)COH, was discovered in 1842 by
Balard,® who obtained it by heating acid ammonium oxalate.
Its ammonium salt is formed when oxamide is boiled for some
time with aqueous ammonia : ¢

CO.NH, CO.NH,
boxm, ¥ 0 74
0.NH, 0.0NH,,

Free oxamic acid is obtained from this salt by decomposition
with hydrochloric acid. It is deposited as a fine crystalline
powder, which dissolves at 14° in seventy-one parts of water,
and melts at 173°, yielding oxamide and the products of decom-
position of oxalic acid. If the acid be boiled with water it
combines with it to form acid ammonium oxalate. It is mono-
basic, and forms crystalline salts.®

Ethyl Oxamate, or Ozamethane, CO(NH,;)CO,(C,H,), was dis-
covered in 1828 by Boullay and Dumas?® and then examined by
the latter chemist, who termed it oxamethane,” as well as by
Liebig,® who considered it to be “ an oxamate of ammonia.” It
is best prepared by dissolving ethyl oxalate in two to three
volumes of alcohol, and gradually adding to this liquid, well
cooled with ice, the requisite quantity of ammonia in alcoholic
solution.®

It is easily soluble in water and alcohol, and crystallizes in
flat, long, rhombic needles, which melt at 114°—115°2° It can
be distilled without decomposition, and is quickly converted by
ammonia into oxamide.

535 Ethyl Ocamic Acid, CO.NH(C,H,)CO,H, was obtained by
Wurtz! by heating acid ethylamine oxalate to 180°. Heintz!?
discovered it amongst the products of the action of ethylamine

1 H. Schultz, Ber. Dentsch, Chem. Ges. xiii, 2358.

2 Wallach and E. Schultze, tb. xiv. 420.

3 Ann. Chim. Phys. [3], iv. 98.

4 Toussaint, Ann. Chem, Pharm. cxx. 287,

8 Engstrom, Journ. Prakt. Chem, lxviii. 433 ; Bacaloglo, tb. 1xxxi. 379,
€ Ann. Chim. Phys. xxxvii. 87. T Ib, liv, 241,
8 Ann. Chem. Pharm, ix. 129.

® Journ. Prakt. Chem. [2}, x. 1983,

10 Wallach, Ann. Chem. Pharm. clxxxiv. 8,

11 gnn. Chim. Phys. [3], xxx. 490

13 Ann. Chem. Pharm. cxxvii. 43,
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on ethyl oxalate. Wallach and West! have shown that the
ethyl ether is formed in this reaction, and is best obtained by
mixing a solution of the amine in absolute alcohol with ethyl
oxalate, allowing the mixture to stand for some time, and
then distilling the alcohol off and fractionating the residue in
order to separate the excess of ethyl oxalate. Diethyl oxamide
crystallizes out from the higher boiling portions on cooling, and
its separation may be aided by placing it in a freezing mixture.
It is then brought on to a vacuum filter and freed from the
liquid. This latter, which is ethy! oxamethane, CO.NH(C.H)
CO,.C;H,, boils at 244°—246°. When pure it has a faint smell,
but usually smells of the carbamines. It is decomposed by
water, and more readily by bases with formation of ethyl
oxamic acid. This latter substance is easily soluble in water,
crystallizes in six-sided laminse, melts at 120°, and sublimes,
when strongly heated, in thin, elastic needles.

Diethyl Oxamic Acid, CO.N(C,H,),CO,H. The ethyl ether
of this acid is formed by acting with diethylamine on ethyl
oxalate. It is a liquid boiling at 160°2 When heated with
milk of lime this ether yields the calcium salt of the acid.
From this the free acid can be obtained by the addition of oxalic
acid. It is easily soluble, and crystallizes in monoclinic prisms,
which, on heating, fuse and easily sublime in thin needles.

" Besides the ethylated oxamides and oxamic acids above
described, a large number containing other or two different
alcohol radicals have been prepared. Their mode of preparation,
reactions, &c., correspond to those of the ethyl compounds.

Tsodiethylozamide, CO(NH,)CON(C,Hy),, is obtained when the
ethyl ether of the foregoing compound is treated with concen-
trated aqueous ammonia. It crystallizes in large, thick prisms,
fuses at 126°—127°, and boils at 266°—268°; it begins, how-
ever to sublime at 100°. When heated with phosphorus pent-
oxide the nitril of diethyl oxamic acid, CN.CO(N.C;Hy),, is
formed. It is a faintly smelling liquid, boiling at 219°—220°,

Triethyl Oxamide, CO(NH.C,H,)CON(C,H,),, is formed when
the ethyl ether of diethyl oxamic acid is treated with ethyl-
amine. It is a liquid soluble in water, boiling at 257°—259°.4

Dihydrozyl Ozamide, C,0,(NH.OH),, is obtained by the addi-
tion of ethyl oxalate to a boiling alcoholic solution of hydroxyl-

1 Ann. Chem. Pharm. clxxxiv, 57,

2 Hofmann, Compt. Rend. lii. 902,

3 Heintz, Ann. Chem. Pharm. cxxvii, 43.

¢ Wallach, Ber. Deutsch. Chemn. Ges. xiv. 735.
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amine. On cooling, the compound C,0,(NH.OH),NH,OH
separates out in thin laminee, which decompose on addition of
hydrochloric acid, and on evaporation yield a crystalline mass
which is purified by recrystallization. It is difficultly soluble in
water, crystallizes in small prisms, and acts as a weak dibasic
acid. Both it and its salts deflagrate on heating.!

The carbamide compounds of ozalic acid were first obtained by
oxidizing uric acid. They will be described under that acid.

THE NITRILS OF OXALIC ACID.

536 Dibasic oxalic acid forms the two following nitrils :

Cyanformic Acid. Oxalonitril, or Cyanogen.
CN CN
&0.0H. ('3N .

Cyanformic Acid, CN.CO,H. This compound, commonly
called cyancarbonic acid, is not known in the free state, but
Weddige has prepared several of its ethers by heating oxamic
ethers with phosphorus pentoxide to 150°—170°:3

CO.NH, ON

(]J0.0C,H, - J:o.oc,H, + O

Ethyl Cyanformate, CN.CO,C;H,, is also formed by the
action of phosphorus pentachloride on ethyl oxamate.* It is a
mobile, highly refracting, ethereal smelling liquid, boiling
at 116°. Nascent hydrogen reduces it to glycocol (Wallach).
When heated with water it decomposes with formation of hydro-
cyanic acid, carbon dioxide, and alcohol. Concentrated hydro-
chloric acid converts it into oxalic acid, but the gaseous acid
transforms it into its polymeride, ethyl paracyanformate, the
probable formula of which is C;Ny(CO.0OC,H,),. This body
is deposited in glistening crystals, scarcely soluble in water, and
dissolving only with difficulty in boiling alcohol. The crystals
melt at 165°, and decompose when more strongly heated. Cold
caustic potash decomposes the ether with formation of potassium
paracyanformate, CgN,(CO4K),, crystallizing in long needles.
Hydrochloric acid added to this substance liberates the free acid,

1 Lossen, Ann. Chem. Pharm. cl. 814.
3 Journ. Prakt. Chem. [2], x. 193,
3 Wallach, 4nn, Chem. Pharm. tlxxxiv. 12.
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as a white, light, crystalline powder, very difficultly soluble in
water, and decomposing when strongly heated. On boiling with
water, oxalic acid and ammonia are formed.

Ethyl Isocyanformate, CN.CO,(C,H;). This body,a compound
belonging to the carbamines (Part L., p. 159), was termed by
Salomon isocyancarbonic ether. He obtained it by acting with
alcoholic potash on ethyl carbamate and chloroform, but he could
not examine it further as, unfortunately, he inhaled some of its
vapour, which produced so serious an effect on his lungs that
convulsions ensued, and although he recovered, his health was
so much shattered that he gave up the further examination of
this unpleasant substance. He only further remarks that it
possesses the peculiar smell of the carbamines.!

§37 Ozalonitril, or Cyanogen, C,N,. This body, already de-
scribed in the first volume, must here again be mentioned, on
account of its relationship with oxalic acid. It was discovered
in 1815 by Gay Lussac, who showed that the cyanides of mercury
and silver are decomposed when heated into cyanogen and the
metal.? It is likewise formed when oxamide is heated with
phosphorus pentoxide,® and also by passing the induction spark
from carbon poles in an atmosphere of nitrogen.*

In order to prepare it, well-dried cyanide of mercury is heated
in a tube or small retort of hard glass, and the gas collected over
mercury. It is colourless, possesses a peculiar smell resembling
peach-kernels, and is easily inflammable, burning with a bluish
purple-mantled flame. Its specific gravity is 1'-8064. By pres-
sure and by cooling it is converted into a liguid which boils at
—20>7, and at 17°2 has a specific gravity of 0866 (Faraday).
Hofmann has described a simple apparatus for liquefying
cyanogen.® On further cooling it solidifies to a radiating
crystalline mass, which melts at — 34°-4. Water dissolves about
45 times its volume of the gas; the solution, however, soon
becomes yellow, and then brown, depositing brown flakes of
azulmic acid, C,H,N,O, whilst the liquid is found to contain
ammonium oxalate, ammonium oxamate, ammonium carbonate,
oxamide, and urea® In presence of small traces of aldehyde

1 Journ. Prakt. Chem. [2], ix. 298.

2 Ann. Chim, xcv. 172.

3 Bertagniui, Ann, Chem. Pharm. civ. 176.

¢ Morren, Compt. Rend. xlviii. 342.

8 Ber. Deutsch. Chem. Ges. iii. 663.

¢ Vauquelin, Ann. Chim. Phys. xxii. 132; Wahler, Pogg. Ann. xv, 627 ;
Pelouze and Richardson, Ann. Chem. Pharm. xxvi. 63.



124 THE PROPYLENE COMPOUNDS.

scarcely anything but oxamide is formed.! The same compound
is obtained when strong hydrochloric acid is saturated with
cyanogen.?

Dry sulphuretted hydrogen does not act upon cyanogen, but
in presence of aqueous vapour the two following products are
formed.®

538 Thioxalenide, or Hydroflavic Acid, CN.CS.NH,, crystal-
lizes in yellow needles, soluble in water and alcohol.

Thio-oxamide, or Hydrorubianic Acid, (CS),(NH,), forms
yellowish-red crystals, difficultly soluble in water, but dissolving
more readily in hot alcohol.

Both these compounds decompose on boiling with dilute
alkalis and acids with formation of oxalic acid, ammonia, and
sulphuretted hydrogen. .

Aqueous ammonia absorbs cyanogen gas rapidly, and the
solution soon forms the same products as are found in aqueous
solution.t

Dry ammonia gas combines with cyanogen to form hydra-
2ulmin, C . HgN,, a jet black, glistening amorphous mass, which
forms with water the above-named azulmic acid or Aydra-
zulmoxin and ammonia. This body has a special interest
because it stands in close relation to uric acid (Jacobsen and
Emmerling).

Paracyanogen, (CN)zx, is always formed in small quantity when
the cyanides of silver and mercury are heated as also when
hydrazulmin is heated. It is a brown amorphous powder
which, when heated for some time, volatilizes with formation of
cyanogen.

THE PROPYLENE COMPOUNDS.

539 Propylene, or Methyl Ethylene, CH,CH—CH,. This gas
was discovered by J. W. Reynolds, who obtained it together with
other products by passing the vapour of amyl alcohol through a
tube heated to moderate redness. That it is formed in this

1 Liebig, Ann. Chem. Pharm. cxiii. 246.

2 Volhard, . clviii. 118,

3 Gay Lussac, 4nn. Chim. xcv. 136; Poret, 4nn. Phil. xiii, 363 ; Wohler,
Pogg. Ann. iii. 177 ; Vélckel, Ann. Chem. Pharm. xxxviii. 314. .

¢"Wihler, Pogg. Ann. iii. 177 ; xii. 253; Jacobsen and Emmerling, Ber.
Deutsch. Chem, Ges. iv. 947.
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process in considerable quantity was shown by Reynolds, by pre-
paring the dichloride and dibromide, which he analysed.! About
the same time Hofmann found that this gas occurs amongst the
products of the action of a red-heat upon valeric acid.? Pure
propylene was first prepared by Berthelot and de Luca by acting
with zinc and dilute sulphuric acid, or with mercury and fuming
sulphuric acid on allyl iodide, C;H;I® In the last case allyl-
mercury iodide, C;H HgI, is formed, and this is decomposed by
strong acid or sulphuretted hydrogen with formation of pro-
pylenet Allyl iodide also yields pure propylene when its
solution in glacial acetic acid is allowed to run on to granu-
lated zinc5 Instead of glacial acetic acid, alcohol may also be
employed,® and, according to Niederist, this latter method is
to be preferred” The following is the reaction which then
occurs :
C;H,I + C;H;OH + Zn = C;H; + C,H,0Znl.

Propylene is also obtained by heating secondary propyl iodide
with alcoholic potash,® as well as by allowing a mixture of iso-
propyl alcohol and 26 times its volume of zinc chloride to stand
for twenty-four hours and then heating it.? Propylene is also
obtained in considerable quantities, but mixed with hydrogen,
when glycerin, C;H;O,, is mixed with zinc dust, to form a thick
paste, and the mixture heated.®

By the action of zinc ethyl on tetrachlormethane, the followmg
reaction takes place : 1

2CCl, + 3Zn(C,Hy), = 2C;H, + 2C,H, + 2C,H,Cl + 3ZnCl,.
Zinc ethyl acts in a similar way on bromoform : 12
CHBr, + Zn(C,Hy), = C;H; + C,H;Br + ZnBr,,

Propylene also occurs frequently amongst the products of
decomposition of organic bodies by heat, and is, therefore, found
in coal gas.

Propylene gas possesses an alliaceous smell, has a specific

1 Quart. Journ Chem. Soc. iii. 111. 2 Ib. 121.
3 Ann. Chim. Phys [3], xliii. 257 ; Ann. Chem. Pharm. xcii. 308.
4 Linnemann, tb. Suppl. iii. 262, 8 Ib. clxi. 54.

¢ Gladstone and Tribe, Journ. Chem. Soc. 1874, 211.

7 Ann, Chem. Pharm. cxcvi. 358.

8 Erlenmeyer, b. cxxxix. 228.

? Friedel and Silva, Compt. Rend. Ixxvi. 1594.

10 Claus and Kerstein, Her. Deutsch. Chem. Ges. ix. 695,
11 Beilstein and Rieth, 4nn. Chem. Pharm. cxxiv. 242,
12 Beilstein and Alexejew, Jahresh. 1864, 470.
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gravity of 1'498, and is not liquefied at — 40°, but under increased
pressure it can be condensed to a liquid (Berthelot and de Liuca).
One volume of water absorbs at?!

£ = 0446506 — 0022075 ¢ + 0:0005388 ¢,

ssolute alcohol dissolves about twelve volumes of the gas,
soncentrated sulphuric acid 200 volumes, with formation of
opyl sulphuric acid (Berthelot).
o Propylene Alcohol, or Propylene GQlycol, CHy(OH),,
obtained by Wurtz from propylene bromide in the same
as ethylene alcohol from ethylene bromide? It is also
ed when propylene bromide, mixed with about thirty-six
i of water, is boiled in connection with a reversed condenser
it is all dissolved. In this way about 43 per cent. of
:heoretical yield is obtained, whilst at the same time a con-
able quantity of dimethyl ketone is formed. The production
iese compounds is explained by the following equations : 3

; CH,
iBr + 2HO = éH.OH +  2HBr.
I,Br (’!‘H,OH
. CH,
HBr + HO = (!JO =  2HBr.
H;Br ('!H,

opylene glycol is a thick liquid having a sweetish taste, and
ng at 188™4 (Linnemann). At 0° it has a specific gravity
4

‘opylene glycol can also be obtained from glycerin,
(OH).CH(OH).CH,(OH). If this body be gradually brought
mtact with sodium amalgam until one molecule of glycerin
been employed for one atom of sodium, a transparent gum-
mass is formed, and this on heating first gives off water, and
evolves a gas, whilst a liquid passes over from which glycol

be separated by fractional distillation. The quantity
ined amounts to 10 per cent. of the glycerin employed. In

1 Thean, Ann. Chem, Pharm. cxxiii. 187.

3 Ann. Chim. Phys (8], lv. 438 ; Ixiii. 124,
3 Niederist, Ann, Chem, Pharm. cxcvi. 357.
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place of the amalgam, caustic soda may also be used. The
residue contains the sodium salts of several acids, and many
other liquids are found in the distillate together with glycol.
Amongst these, methyl alcohol, ethyl alcohol, propy! alcohol,
and an hexylene have already been detected.? When propylene
glycol is heated with zinc chloride, propionaldehyde is formed,
and this is also produced when the glycol containing a trace
of hydrochloric acid is heated to 215°—220°2

Propylene glycol contains an asymmetric carbon atom, and
Le Bel has successfully endeavoured to convert it into an
optically active substance, making use for this purpose of the
action of bacterium termo on a three per-cent. solution of the glycol
to which the necessary bacterium-food had been added. After
the fermentation had proceeded for several months, propionic and
lactic acids were found in the liquid, whilst the glycol, which had
not been attacked, exhibited levro-rotatory properties.

541 Propylene Oxide, CCHO. This body, isomeric with pro-
pionaldehyde and with acetone, is formed by the action of
caustic potash on propylene chlorhydrate :

CH, CH,
Hom + EoH - JI:H\O + KCl + HQ.
cl1 cH/

It is a mobile liquid having an ethereal smell and a pungent
taste, and boiling at 35°. 1Its specific gravity at 0° is 0859, and
that of its vapour 2:054. It is soluble in water, but insoluble
in saline solutions, When heated with a solution of magnesium
chloride, magnesia separates out, and when sodium amalgam is
added to its aqueous solution, it is converted into isopropyl
alcohol® The oxide prepared from active propylene glycol is
dextro-rotatory, and is the most volatile of all optically-active
compounds which have as yet been prepared.

Propylene Chlorhydrin, CH,.CH(OH)CH,C|, is formed by
saturating propylene glycol with hydrochloric acid. The opera-
tion must at last be conducted in the water-bath, and the pro-
duct distilled. The distillate is saturated with sodium carbonate,

1 Belhoubek, Ber. Deutsch. Chem. Ges. xii. 1872.
2 Jernbach, Bull. Soc. Chim. xxxiv. 146,

$ Linnemann, Licbig’s Ann. cxcii. 61.

& Compt. Rend. xcii. 532.

§ Oser, Ann. Chem. Pharm. Suppl. i. 258.
¢ Linnemann, ib. cxl. 178.
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and the oily layer, which separates out, rectified! The
same compound is also formed by the union of propylene
and hypochlorous acid? It is an ethereal smelling liquid
possessing a sweet though pungent taste, boiling at 127°, and
baving at 0° a specific gravity of 1'1302. On oxidation it is
converted into monochloracetone,® and hence it is chlorisopropyl
alcohol.

Propylene Dichloride, C;H,Cl,, is not only formed by the direct
union of propylene and chlorine, but is obtained, together with
other substitution-products, by the action of chlorine on propane *
and isopropyl chloride. In the latter case, the isomeric dimethyl
methylene dichloride is also formed and in larger quantity, but if
a small quantity of iodine be present, more of the former body is
produced, and when isopropyl chloride is heated with iodine
monochloride to 120°, no dimethyl methylene dichloride is formed,
the whole product being propylene dichloride, mixed with small
amounts of other bodies.®

Propylene dichloride is an oily liquid, smelling like ethylene
chloride, boiling at 96™8, and having a specific gravity at 14° of
1-1656.* On heating with alcoholic potash, it yields two isomeric
monochlorpropylenes which will be afterwards described.

Propylene Bromhydrin, C;H Br(OH), is formed by acting with
hydrobromic acid on propylene glycol. It is a liquid boiling
between 145° and 148°.

Propylene Dibromide, C;HyBr,, is a liquid similar to ethylene
dibromide, boiling at 141*6, and having at 17° a specific gravity
of 1'9463. It is not only obtained from propylene and bromine,
but also when primary or secondary propyl bromide is heated
with bromine.” When brought in contact with acetic acid and
zinc, propylene is rapidly evolved, whilst the dichloride under
the same conditions is not attacked (Linnemann). The alcoholic
solution is also decomposed by zinc®

Propylene Iodhydrin, C;HI(OH), is formed by the combination
of propylene oxide and hydriodic acid. It is a liquid which can
be distilled under a diminished pressure, but is very easilv

decomposed (Markownikoff ).

1 QOsger, Bull. Soc. Chim. 1860, 235,

2 Markownikoff, Ann. Chem. Pharm. cliii. 251.
3 Ib. and Compt. Rend. 1xxxi. 686, 728, 776,

4 Schorlemmer, Proc. Roy. Soc. xvii. 872.

§ Friedel and Silva, Bull. Soc. Chim. xvi. 8.

¢ Linnemann, 4nn. Chem. Pharm. clxi. 82.

7 Linnemann, 1, cxxxvi. 51 ; clxi. 41.
& Sabanejew, Ber. Deutsch. Chem. Ges. ix. 1810.
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Propylene Di-iodide, C;H,L,, is formed by the union of iodine
with propylene in the sunlight. It is an oily liquid having a
specific gravity of 2:49, and is easily decomposed on exposure
to light, or on heating, with liberation of iodine (Berthelot and
de Luca).

Propylene Nitrate, C;Hi(NOy),, is a heavy colourless oily
liquid, obtained by adding propylene oxide to cold concentrated
nitric acid.!

542 Propylene Diamine,C;Hy(NH,),, is formed when propylene
dibromide is heated for 3 to 4 days to 100° with alcoholic am-
monia. The product of the reaction is treated with caustic
potash and then warmed with water until the alcohol and excess
of ammonia have been volatilized. On distillation the hydrate,
2 C,Hg(NH,), +H,0, passes over as an oily liquid boiling pretty
constantly at 120°, but in the state of vapour this body under-
goes dissociation as is shown by its vapour density. In order to
obtain the anhydrous base, the hydrate must be repeatedly
rectified over sodium. It is an oily liquid boiling at 119°—120°,
and having a specific gravity at 15° of 0-878. Exposed to moist
air it absorbs water with such avidity, that a glass rod moistened
with the substance becomes surrounded by a thick cloud, and the
remaining portion solidifies by combining with the atmospheric
carbon dioxide to form a crystalline mass.

The hydrochloride, C;Hg(INH,Cl),, is also readily soluble in
water, crystallizing in long white needles. It forms a platino-
chloride, tolerably soluble in water, crystallizing in four-sided
tablets.?

TRIMETHYLENE COMPOUNDS.

543 These bodies, which have also been termed the primary
propylene compounds, contain the radical trimethylene
—CH,—CH;—CH,—, a body not known in the free state.
The point of departure for these compounds is trimethylene
dibromide, a body which, together with propylene dibromide, was
first obtained by Geromont, by acting with hydrobromic acid
on allyl bromide, the following reactions taking place : 8

1 Henry, Ber. Dcutich. Chem. Ges. iv. 602. 2 Hofmann, b, vi. 308.
3 Ann. Chem. Pharm. clviil. 369 ; see also Reboul, Comptes Rendus, lxxiv.
613.
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CH, CH,Br
%H HBr =

ICH,Br EH,Br.
CH, CH,
ﬂ"}H + HBr = (l?HBr
(IL'H,Br JJH,Br.

Under certain circumstances, which will be afterwards detailed,
only the first reaction takes place, so that the preparation of
pure trimethylene compounds does not offer any difficulty.

Trimethylene Alcohol, or Primary Propylene Glycol, C;H (OH),.
When the bromide together with potassium acetate and acetic
acid is heated to 100°, trimethylene diacetate, C;Hy(OC,H,0),, is
formed, a body boiling between 209° and 210° and this yields the
glycol on saponification with caustic baryta.! It is a very thick
sweet-tasting liquid boiling at 216°, having at 19° a specific
gravity of 1053, and being miscible in every proportion with
water and alcohol. cH,

Trimethylene Ozide, CH,\CH >O is formed by the action of

2
solid caustic potash on the chlorhydrin. It is a very mobile
liquid boiling at 50°, possesses a pungent taste, and is soluble in
water.

Trimethylene Chlorhydrin, CgH,CI(OH), is prepared in a
similar way to the corresponding ethylene compound, though by
this process some quantity of trimethylene chloride is formed
at the same time. These bodies may, however, be readily sepa-
rated, as the chlorhydrin is easily soluble in water. It is an oily
liquid boiling at 160°, and having a specific gravity at 17° of
1132,

Trimethylene Chloride, CgH,Cl,, is best prepared by heating
the bromide together with mercuric chloride for some time to
160°. It is a pleasantly smelling liquid boiling at 117°, and
having at 15° a specific gravity of 1-201.2

Trimethylene Bromide, C;HyBr,, is best obtained by passing

hydrobromic acid gas into allyl bromide surrounded by a freezing

1 Reboul, Compt. Rend. Ixxix. 169,
2 Reboul, 4nn. Chsm. Phys. [5), xiv. 460.
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mixture at —19°to —16°. When the liquid is saturated it is
allowed to stand at a temperature of 35° to 40° in the dark, and
this operation repeated until no further absorption of hydro-
bromic acid takes place! It is a liquid boiling at 163° to 165°,
and having a specific gravity at 0° of 2:0177. 1t differs from the
ordinary propylene bromide not only by its high boiling point,
but also inasmuch as it is not attacked, in alcoholic solution, by
zinc (Sabanejew). When heated with sodium to 220° Reboul
and Bourgoin found that ordinary propylene is formed.! On
the other hand, Freund obtained a gas which combined
with difficulty with bromine, with formation of trimethylene
bromide, and united with hydriodic acid to form primary .
propyl iodide.* Hence this gas is trimethylene, which, if it
contain no free - combining units, possesses the following
constitution :—

Methylene Di-iodide, CgHgL,, is obtained by heating the
glycol with hydriodic acid. It boils at about 227°, with partial
decomposition, but may be distilled at low pressures without
undergoing change (Freund).

DIMETHYL-METHYLENE COMPOUNDS.

544 The starting-point of these is the oxide, a body already
described as common acetone, or dimethyl ketone (Part L p. 568).

Dimethyl-methylene Chloride, (CH,),CCl, was first prepared by
Frledel, who termed it methyl chloracetol, by acting with
phosphorus pentachloride on acetone : ¢

CH,.CO.CH, + PCl, = CH,.CCl, CH, + POCI,

1 Erlenmeyer, Ann. Chem. Pharin. cxcvii, 180.
3 Bull, Soc. Chim. xxviii. 54.

8 Monatsh. Chem. ii. 642, ¢ Ann, Chem. Pharm, cxii. 236.
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In order to prepare this body, acetone is allowed to drop
slowly on to well-cooled phosphorus pentachloride, and the di-
chloride separated from some monochlorpropylene, also produced,
by fractional distillation.!

The same compound is also formed together with propylene
chloride by the action of chlorine on isopropyl chloride.* It isa
colourless liquid boiling at 69>7, and having a specific gravity at
16° of 1-1827.3

Dimethyl-methylene Bromide (CHy),CBr,, also termed methyl
bromacetol, is obtained by the action of phosphorus pentabromide ¢
or phosphorus chlorbromide® on acetone. It is best prepared
from propylene bromide, which, when heated with alcoholic
potash yields a mixture of a-brompropylene, CH,CH—CHBEr,
boiling at 60°, and B-brompropylene, CH;.CBr—CH,, boiling at
48°. If this mixture then be treated with highly concentrated
hydrobromic acid for 5 to 6 days, the chief part of the a-com-
pound remains unchanged. The portion of the product boiling
between 115°and 135° consists mainly of methyl bromacetol, but
also contains some propylene bromide and propidene bromide,
which may be readily removed by allowing alcoholic potash
golution to drop slowly into the boiling liquid, when they are
converted into a-brompropylene which distils off.®

Dimethyl-methylene bromide is a liquid boiling at 114° to
114%5, and having a specific gravity at 0° of 1-8149. It is only
with difficulty attacked by alcoholic potash, but easily by sodium
ethylate, when B8-brompropylene is formed, a body which again
combines in the cold with hydrobromic acid to form methyl
bromacetol. If the latter substance or the chloride be heated
with sodium, propylene is formed.

THE PROPIDENE COMPOUNDS.

545 Propidcne Chloride, CHy,.CH,.CHCL,, is formed by the action
of phosphorus pentachloride on propionaldehyde. It is a liquid
possessing an alliaceous smell and boiling at 83° to 87°, and
Laving at 10° a specific gravity of 1143 (Reboul).

1 Fricdel and Ladenburg, 4nn. Chem. Pharm. cxlii. 815.
3 Friedel and Silva, Compt, Rend. 1xxiii. 1379.

3 Linnemann, 4Ann. Chem. Pharm. clxi. 67.

4 Linnemann, tb. cxxxviii. 125.

3 Friedel and Ladenburg, Zeitsch. Chem. 1868, 48,

¢ Reboul, Ann. Chim. Phys. [5], xiv. 453,
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Propidene Bromide, CH.CH,CHBr,. a-Brompropylene com-
bines slowly with hydrobromic acid, with formation of propylene
bromide and propidene bromide. This latter is a liquid
at about 130°.

The chlorides and bromides which have now been de
clearly show the influence which the position of the halc
the molecule exerts on the boiling point.

Trimethylene Chloride. Propylene Chloride.
CH,CI.CI;?CH,CL CH,.CHCLCH,C
117, 96°8.
Propidene Chloride. Diemethyl Methylene Ch
CH,CS%,CHCI, . CH,CCl,CH,
. 69°7.

THE LACTYL COMPOUNDS.

LacTic AcID, OR a-OXYPROPIONIC ACID,
CH,;.CH(OH)COH.

546 This acid was discovered by Scheele in 1780 in sou
and was termed by him acidum lactis s. galacticum. I
Scheele believed that this substance most closely res:
acetic acid, but afterwards, having discovered malic acid, h
to the conclusion that the acid from sour milk more nes
sembled this fruit acid. Up to the year 1804 Scheele’s ac
believed to be a distinct compound, but in- that year Bo
Lagrange, and in 1806 Fourgroy and Vauquelin, put f
the notion that it is merely acetic acid containing
animal matter. This view was held by many chemis
was made the subject of many varying statements. Be
especially, who in 1808 discovered this acid in the jt
flesh, held at different times views respecting the iden
this acid which were antagonistic to one another. It-
the analyses of Liebig and Mitscherlich in 1832 th:
individuality of lactic acid was first established, Pelou:
Gay-Lussac arriving at the same result in the followin;
The acid found by Bracconnot at Nancy to be contained i
tan-liquor and in the acid runnings of the starch-make
similar liquids, and to which he gave the name of nance:
was shown by A. Vogel in 1818 to be lactic acid.
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Liebig then proved, in 1847, that the lactic acid obtained from
flesh differed from ordinary lactic acid, and from this time up to
the present, lactic acid has been investigated by many chemists,
These researches have tended greatly to the development of
theoretical views, as well as to the enlargement of our ideas con-
cerning the theory of types, and that of the linking of atoms.
The molecular weight of lactic acid was taken to be double of
that which is now adopted, until Wurtz showed that it is formed
by the oxidation of propylene glycol in contact with air and
platinum black.? That the acid is oxypropionic acid was proved
by Kolbe, who first ascertained that lactyl chloride, C;H,OCl,,
obtained by Wurtz by the action of phosphorus pentachloride
on calcium lactate, is identical with chlorpropionyl chloride,* and
this view was confirmed by Ulrich, who found that a-chlorpro-
pionic acid when heated with alkalis passes into lactic acid.®
The same holds good for a-brompropionic acid.*

Lactic acid was first obtainted synthetically by Strecker,
who acted with hydrocyanic acid on aldehyde-ammonia,
obtaining a compound which he termed alanin. This sub-
stance is amidopropionic acid, and it is transformed, in aqueous
solution, into lactic acid by means of nitrogen trioxide® A
more ready method of obtaining the body by synthesis is to
allow a mixture of aldehyde, hydrocyanic acid, and hydrochloric
acid, to stand as long as sal-ammoniac separates out.® In this
case, the two first of these unite together to form oxypro-
pionitril, a body which will be described further on, and this
is converted by the hydrochloric acid into lactic acid :

CH,CH(OH)CN + 2H,0 + HCl - CH,CH(OE) COH +

4

As lactic acid is produced from aldehyde or ethidene oxide,
it has been termed ethidene lactic acid, to distinguish it from
its isomerides. It is easily formed by a peculiar fermentation
which the various sugars undergo, and hence it has been termed
Jermentation lactic acid. It also occurs in opium, and to this
the name of thebolactic acid was given, as it was formerly
believed to be a distinct compound, but it is, in fact, identical

1 Comptes Rendus, xlv. 306 ; xlvi. 12 8 ; Ann. Chem. Pharm, ev. 202 cvil
193. 3 1b. cix. 257. 268

4 Friedel and Machuca, . cxx. 285.

§ Strecker, 15, 1xxv. 27 and 42. ¢ Wislicenus, b, cxxviii. 22.
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with a-oxypropionic acid! This is also the case with the lactic
acid produced in certain diseases, as in dyspepsia, where it occurs
in the gastric juice,? for healthy gastric juice does not, as was
formerly supposed, contain this acid.? It is also found in sauerkraus
(Liebig) and in the juice of many other vegetables which have
turned sour.

547 Preparation by Fermentation. In order to prepare it, the
method described for obtaining butyric acid from sugar is used
(Part I p. 591), the fermentation being stopped when the mass has
become solid from the formation of calcium lactate. This salt is
then decomposed by sulphuric acid, and the filtrate treated with
zinc carbonate, when zinc lactate is formed# A simpler plan is to
form this salt at once by adding two kilos. of zinc-white instead
of chalk. After two or three weeks a magma of zinc lactate
is formed, which is purified by recrystallization. It is then
dissolved in boiling water and precipitated by sulphuretted
hydrogen.> The filtrate is concentrated on a water-bath, until
mannite, deposited together with the zinc salt, separates out,
forming a pasty mass. This is then dissolved in the smallest
possible quantity of water, and the lactic acid removed by
shaking up with ether.

According to Pasteur, the lactic acid ferment consists of ovoid-
cells (Penicillium glaucum) usually floating on the surface of
the fermenting liquid in the form of a thin scum. This ferment
sets up the lactic fermentation in solution of the various kinds
of sugar, especially of the glucoses, when kept neutral. Access
of air is necessary as well as nitrogenous food, such as hay
infusion, &. The pure ferment forms lactic acid only, without
by-products, and it even converts alcohol in presence of infusion
into lactic acid.® Lactic acid is also formed together with other
products when grape-sugar, cane-sugar, or milk-sugar is heated
with caustic soda.?

548 When a solution of lactic acid is evaporated on a water-
bath, a syrupy, inodorous, strongly acid liquid remains behind.
This is, however, not the pure acid, but always contains water ;
and on continued evaporation lactic anhydride is formed. This

! Buchanan, Ber. Deutsch. Chem. Ges. iii. 182.

? Heintz, Jahresb, 1849, 525.

3 Maly, Axn. Chem. Pharm. olxxiii. 244 ; Rabuteau, Compf. Rend. lxxx. 61.
4 Bensch, 4nn. Chem. Pharm. clxi. 175.

% Lautemann, 5. cxiii. 142.

¢ Boutroux, Compt, Rend. lxxxvi. 605.

! Hoppe-Seyler, Ber, Deutsch. Chem. Ges. iv. 846.

173
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formation of lactic anhydride also occurs when the solution is
allowed to evaporate at the ordinary temperature in air which
is kept dry, and when all the water is evaporated a for-
mation of lactide takes place! The following table gives the
composition of some of the preparations thus obtained.

No. 1. A thin syrup purified, as above, with ether, and the
residue evaporated in aqueous solution.

No. 2. A syrup obtained after the same acid has dried for
four months over sulphuric acid.

No. 3. The same after thirteen months; a thick syrup insoluble
in water.

No. 4. The same after sixteen months; a treacly syrup.

No. 5. After eighteen months; a thick gummy mass.

1. 2. 3. 4. . 5.
Water, H,O . . 1564 407 — — —
Lactic Acid, CH,0, 5880 2243 —  —  —
L“g‘l‘?i,Aghy"”de' } 2556 7350 9785 7141 6077
Lactide, GH,0, .~ —  — 206 2869 3950

10000 10000 9991 10010 10027

Pure anhydrous lactic acid has, therefore, not yet been
obtained.

When a galvanic current is passed through a concentrated
solution of potassium lactate, the lactic acid decomposes into
carbon dioxide and aldehyde! When the acid is heated with
dilute sulphuric acid to 130° it is decomposed into aldehyde and
formic acid® Aqueous chromic acid solution acts in a similar
way, but the products which are formed undergo partial oxida-
tion into acetic acid, carbon dioxide, and water.* Nitric acid
oxidizes it to water, carbon dioxide, and oxalic acid.? Lactic
acid is used in medicine.

THE LACTATES.

549 The lactates of the alkali metals are almost all uncrystal-
lizable and very deliquescent. They are soluble in alcohol, and
are precipitated from an alcoholic solution by ether. They form

1 Wislicenus, Ann. Chem. Pharm. clxiv., 181. 2 Kolbe, tb. cxiii. 244.
3 Krlenmeyer, Zcitsch. Chem. 1868, 348.
17‘ Dossios, Jahresb. 1866, 384 ; Chapman and Smith, Journ. Chem. Soc. [2], v.
8.
5 Gay-Lussac and Pelonze, Ann. Chem. Pharm. vii, 40 ; Debus, tb. cxxvi. 133,



THE LACTATES. 137

double salts with the lactates of various other metals, some of
which crystallize well

Sedium Lactate, C;H,O;Na. If the nearly anhydrous salt
be allowed to remain for some months in a vacuum it is con-
verted into a solid mass consisting of long, extremely fine, hair-
like crystals. When heated to 130°—150° it melts, and dissolves
sodium with evolution of hydrogen when the so-called basic
sodium lactate, CHy CH(ONa).CO,Na, is formed. The mass then
becomes syrupy, so that the conversion of the normal salt into
the basic one is not perfect. Water decomposes this latter com-
pound, in a similar way to sodium ethylate, into the normal salt
and caustic soda (Wislicenus).

Caleium Lactate, (CsH,09,Ca + 5H,0, forms white opaque,
warty, or granular masses, consisting of microscopic rhombic
needles. They dissolve in 9'5 parts of cold water, and are much
more readily soluble in hot water. If the solution be allowed to
evaporate, the salt separates out in light cauliflower-like masses,
which cover the sides of the vessel. On heating, it readily loses
its water of crystallization, and at 250°—275°, parts with one
molecule of water, caleium dilactate, (CH;CH),0(CO,),Ca, being
produced. This forms a tumified mass. Absolute alcohol dis-
solves out of this some unaltered calcium lactate, the new com-
pound remaining behind as a difficultly soluble residue. The
corresponding free acid is not known. The normal salt combines
with lactic acid to form the so-called acid calctum lactate,
erystallizing in fibrous masses resembling wavellite.

Zine Lactate, (CgH O4),Zn + 3H,0, is the most characteristic
salt of this acid. It separates from hot saturated solutions in
crusts consisting of monoclinic prisms, which dissolve in about
60 parts of cold, and in 6 parts of boiling water; it is almost
insoluble in absolute alcobol. It is used in medicine.

Ferrous Lactate, (CyH O,);Fe + 3H,0, crystallizes in light
yellow needles, which dissolve in 48 parts of water at 10°, and in
12 parts of boiling water. It is employed in medicine as a mild
Preparation of iron, and is prepared either by dissolving iron filings
in hot lactic acid, or by decomposition of calcium lactate with
ferrous sulphate. It is also produced when milk sugar is allowed
to ferment in presence of iron filings.!

In addition to these lactates, many others are known.
These have been chiefly investigated by Engelhardt and Madrell,?

1 Wohler, Ann. Chem. Pharm. xlviii. 149.
3 Ib, lxiii. 88.
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and by Briining! Of these, stannous lactate, (C;H,0,),Sn,,

may be mentioned. It is obtained as a crystalline precipitate

by adding sodium lactate to stannous chloride. The existence

of this singular compound was formerly regarded as proof that

lactic acid is a dibasic acid. Its constitution is probably repre-
sented by the following graphical formula :

CH,; CH.O 0.CH.CH,
s é Sn = Sn/ :
0.0 N0.CO

THE ETHEREAL SALTS OF LACTIC ACID.

550 Ethyl Lactate, C;H,O4(C,H;), was first prepared by
Strecker by distilling a mixture of calcium lactate with calcium
ethyl sulphate? It is best prepared by passing the vapour of
absolute alcohol into lactic acid heated to 170°—180°3 Itis a
peculiarly smelling liquid, boiling at 154>5, and having at 0° a
specific gravity of 1:0546.* It is miscible with water, but then
decomposes quickly into ethyl alcohol and lactic acid.

Methyl Lactate, C;H,0,(CHy), boils at 1448, and has at 0°
a specific gravity of 1'0898 (Schreiner).

Ethyl Lactic Acid, CHCH(OC,H;)CO,H. In order to prepare
this compound, which is also known as Ethoxypropionic Acid,
the ethyl ether is employed, and this is obtained by acting with
sodium ethylate on the ethyl ether of a-chlorpropionic acid.
By boiling this with caustic potash the potassium salt is obtained,
and in order to remove the free caustic potash it is neutralized
with dilute sulphuric acid and evaporated down. Potassium ethyl
lactate is extracted from the residue by alcohol, the solution
evaporated, and the salt distilled with dilute sulphuric acid.

Sodium ethyl lactate is also formed, together with methylene
iodide and other products, when iodoform is heated with sodium
ethylate in alcoholic solution. The acid thus obtained was
described by Butlerow as valerolactic acid® The explanation
of its formation in this complicated reaction is still wanting.

It is a thick liquid having a strongly acid reaction, and is

! Ann. Chem. Pharm civ. 192. 2 Ib. xci. 855.
3 Wislicenus, i, cxxv. 58.
4 Schreiner, Ann. Chem. Pharm. cxcvii. 12,

5 Wurtz, Ann. Chim. Phys. [3], lix, 171.
¢ Ann. Chem. Pharm. cxiv. 204 ; cxviii. 825.
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easily soluble in water, alcohol, and ether, and boils with slight
decomposition at 195°—198°.

Its most characteristic is silver ethyl lactate, C;H,(OC,H,)CO,Ag.
which crystallizes from hot water in silky needles, and is also
tolerably soluble in cold water.

Ethy! Etholactate, CH;. CH(OC,H,)CO,C,H,, is not only pro-
duced in the above reaction, but is formed when ethyl lactate
is treated with potassium and then with ethyl iodide.! It is
a mobile, pleasantly smelling liquid, boiling at 155°, and having
at 0° a specific gravity of 09498 (Schreiner).

Nitroxylactic Acid, CH,CH(NO,)CO,H. This nitrate, which is
usually called nitrolactic acid, is obtained by dissolving lactic
acid in a mixture of concentrated nitric and sulphuric acids and
subsequent precipitation with water, when it is thrown down as
a thick oil, easily soluble in ether, which decomposes with
formation of oxalic acid, hydrocyanic acid, and water.

CH,CH(NO,)CO.0H = CO(OH).CO.0H + CHN + H,0.

Its ethyl ether is formed in a similar way to the acid. Itisa
mobile liquid possessing a sweet and pungent taste, and smelling
like ethyl nitrate. It boils at 178°, and at 13° has a specific
gravity of 1°1534.

Acetolactic Aeid, CH,.CH(OC,H;0)CO,H. The ethyl ether
of this acid is formed by the action of acetyl chloride on ethyl
acetate, and is a pleasantly smelling liquid, boiling at 177°, and
having a specific gravity of 1'0458 at 17°. When heated with
twice its volume of water for 2 to 3 hours to 150° the free acid
is formed. This is a thick acid syrup, and is easily decomposed
by alkalis into an acetate and a lactate3

Lactyl Ethyl Lactate, CHCH(OC,H,0,)CO,(C,H,), is formed
when ethyl chlorpropionate is heated to 100° with a solution of
potassium lactate. It is an oily liquid, boiling at 235°, and
having at 0°-a specific gravity of 1-134.4

551 Lactolactic Acid, CH,.CH(OH)CO,.CH(CH,)CO,H. This
compound, which is usually called lactic anhydride, was first
obtained by Pelouze by heating lactic acid to 130°—140°% It
is also formed, as has been stated, when a solution of lactic acid
is allowed to evaporate at the ordinary temperature (p. 135), or

! Friedel and Wurtz, 4nn. Chim. Phys. [3), lxiii. 117,
2 Henry, Ber. Deutsch. Chem. Ges, iii. 532 ; xii. 1837.
3 Wislicenus, Ann. Chem. Pharm. cxxv. 60.

¢ Wurtz and Friedel, Compt. Rend. lii, 1067.
5 Ann. Chem. Pharm, lxiii. 112.
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when potassium lactate is heated to 100°—120° with a-brom-
Ppropionic acid : !

(Ims KO0.CO CH,
|
CHB: + (mom = (m.0.00 + KBr.
|
boom J!H, do.om buom

ba,

It is a light yellow amorphous mass, easily soluble in alcohol
and ether, but scarcely soluble in water. It is a monobasic acid,
forming salts which are easily converted by assumption of water
into a lactate and lactic acid. Alkalis at once convert the
anhydride into a lactate. When its ethereal solution is treated
with ammonia, ammonium lactate separates out and lactamide
remains in solution.?

0.CO
Lactide, CH,CH{  SCH.CH,, is formed when the fore-
" Nc0.0”

going compound is disitlled, or when dry air is passed over
lactic acid heated to 150°® It is scarcely soluble in water,
and crystallizes in monoclinic tables, which melt at 124°5. At
255° it boils, and yields a vapour having a specific gravity of
4814 When left in contact with water for some time it is con-
verted into lactic acid, and this conversion takes place quickly in
presence of alkalis.

552 a-Chlorpropionic Acid, CH,CHCL.CO,H, is formed by
the action of chlorine on propionic acid or its anhydride. It is,
however, best obtained from lactic acid; by the action of phos-
phorus pentachloride on the calcium salt, Wurtz obtained
a-chlorpropionyl chloride, CH; CHCLCOCI, which he termed
lactyl chloride® This can be best obtained by heating well-dried
lactic acid with phosphorus pentachloride in the quantity given
in the following equation :

C,H,0, + 2PCl, = C,H,0C], + 2POCI, + 2HCL

~ the product being heated until no more hydrochloric acid is
evolved.®

1 Bm?gen, Zeitach, Chem. 1869, 838.
2 Wislicenus, 4Ann. Chem. Pharm. cxxxiii, 257.
3 Wislicenus, tb. clxvii. 818.
4 Henry, Ber. Dewtsch. Chem. Ges. vii. 753.
8 Wurtz, Comptes Rendus, xlvi. 1228 ; Ann. Chem. Pharm. cvn 192,
¢ Briihl, Ber. Deutsch. Chem. Ges. ix. 35
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It is a pungent, fuming liquid, which has not yet been obtained
in the pure state. It boils above 140° with partial decomposi-
tion, and this takes place also when the substance is allowed to
stand. Water causes rapid decomposition with formation of
chlorpropionic acid, a pungent-smelling, caustic liquid, boiling
at 186°, and having a specific gravity at 0° of 1-28. It is
miscible with water, and forms a silver salt crystallizing in
quadratic prisms, much more soluble than silver proprionate.
‘When the acid is treated with zinc and hydrochloric acid it is
reduced to propionic acid.

a-Ethyl Chlorpropionate, CHyCHCLCO,(C,H,), is easily
obtained by the action of the chloride on absolute alcohol. It
is an aromatic smelling liquid, boiling at 146°, and having at 0°
a specific gravity of 1-079.

a-Brompropionic Acid, CH,CHBr.CO,H, is formed by heating
equal molecules of bromine and propionic acid to 130°! and
also by heating lactic acid with concentrated hydrobromic acid
to 100°2 1Itis aliquid boiling at 205>5, and solidifying at —17°
to a striated mass. When boiled with twenty-five times its
weight of water for thirty hours it is converted into lactic acid.®

a-Ethyl Brompropionate, C;H BrCO,(C,H,), is formed by the
action of phosphorus pentabromide on ethyl lactate, and is a
liquid boiling with partial decomposition at 159°—160°.

a-Todpropionic Acid, CH.CHI.CO,H, was obtained by Wichel-
haus by acting with phosphorus diiodide on syrupy lactic acid.
It is an oily liquid, slightly soluble in water, which has not been
more closely investigated.

SULPHUR COMPOUNDS OF LACTYL.

553 Thiolactic Acid, CH .CH(SH).CO,H. The potassium salt
of thiolactic acid is obtained by boiling one part of ethyl chlor-
propionate with two parts of potassium hydrosulphide for two
days® The solution is neutralized with hydrochloric acid and
precipitated with lead acetate with addition of ammonia. The
washed lead salt is then decomposed by sulphuretted hydrogen,
and the acid extracted from the filtrate by ether and converted

! Friedel and Machuca, 4nn. Chem. Pharm. cxx. 286.
? Kekul¢, ib. cxxx. 16. 3 Fittig and Thomson, 5. cc. 79.
¢ Ib. cxliv. 352, 8 Schacht, b. cxxix. 1.
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a second time into the lead salt for further purification. The
acid crystallizes from water in bard distinct needles which melt
b 142°1
Thio-dilactic Acid, S(CH),(CH,),(CO.H),, is formed together
ith the preceding compound as an oily liquid soluble in
ater.

AMIDO-COMPOUNDS OF LACTYL.

554 a- Amidopropionic Aeid, CH,CH(NH,).CO H, was first
repared by Strecker by heating a mixture of aldehyde-ammonia,
rmic acid, and hydrocyanic acid together, and termed by him
danin? In this case the corresponding nitril, a body to be
ereafter described, is first formed. Alanin is also formed when
-ethyl chlorpropionate is heated with ammonia,® or when brom-
ropionic acid is treated in the same way with alcoholic ammonia.*
; crystallizes in needles or monoclinic prisms which possess a
veet taste, and dissolve in 4°6 parts of water at 17°. They are
ary difficultly soluble in strong alcohol. Alanin, when carefully
eated, may be sublimed, but if quickly heated it decomposcs
iiefly into carbon dioxide and ethylamine. As it has a per-
cctly neutral reaction, it must be regarded like glycocoll as a
line compound. In its chemical relations it resembles amido-
setic acid, and its metallic salts, as well as its compounds with
sid, resemble those of glycocoll.

Lactamide, CH;. CH(OH).CO.NH,, is formed by the action of
nmonia on ethyl lactate® lactide,® or lactic anhydride.” It
rms radiated crystals, which are soluble in water and alcohol,
1t difficultly soluble in ether. These melt at 74°, and, when
ore strongly heated, volatilize without decomposition.

Lactimide, C;H,ON, is formed when alanin is heated to 180°—
)0° in a stream of hydrochloric acid :

CH, CH,
(I,H,\IH, + H,0.
J; | >NH
0.0H CO
1 Bothnger, Ann. Chem. Pharm. cxcvi. 103 2 Ib. 1xxv. 29.
3 Kolbe, b . exiii. 220. 4 Kekulé, b, cxxx. 18,

s Brunmg ‘b, civ. 197.
8 Wurtz and Fricdel, Ann. Chim. Phys. [8], Ixiii. 108,
7 Wislicenus, Ann, Chem, Pharm. cxxxiii. 259.
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It is soluble in water, crystallizes in needles or tablets whic
melt at 275°, and sublimes when strongly heated. It acts as a
indifferent body towards both acids and bases.!

Many other compounds belonging to this group are known
which closely resemble the corresponding compounds in th
glycolyl series.

CARBAMIDE AND GUANIDINE COMPOUNDS
OF LACTYL.

/N H.CH.CH,
(]} , 18 formed when a mixtw
\NH.CO

of equal molecules of aldehyde-ammonia, potassium cyanide, an
potassium cyanate are evaporated with hydrochloric acid. Fro
the product of this reaction the above compound can be separate
by & mixture of alcohol and ether. It forms warty concretior
or transparent crystals, which contain one molecule of wate
which they readily lose. The anhydrous compound mel
at 145°.2

555 Lactyl Urea, CO

NH—CH.CH,
Lacturamic Acid, co( «E , is formed when tt
NH, CO.0H

preceding compound is warmed with baryta water, as well :
when potassium cyanate is allowed to act on an aqueous solutic
of alanine sulphate.

Lacturamic acid crystallizes from dilute alcohol in indistin
forms. It is difficultly soluble in water, melts at 155° wit
decomposition, and forms salts, some of which are amorphou
whilst others crystallize well.®

Alacreatine or Guanidopropionic Acid, CHN,O,. Th
compound, isomeric with creatine, is formed when a conce:
trated solution of alanin and cyanamide is treated with son
ammonia and the whole mixture allowed to stand. It is mo
easily soluble in water than creatine, and crystallizes in colou
less prisms. The isomerism of the two compounds is explain
by the following formuls :

1 Preu, Ann. Chem. Pharm. cxxxiv, 872.

3 Urech, Ber. Deutsch. Chem, Ges. vi. 11183,
3 Urech, Ann. Chem. Pharm. clxv, 99.
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Alacreatine, Creatine,
CH,CH—NH.C — NH CH,N(CH,)C N—H
0—0—1\}11 C0 — 0— NH,,

Alacreatinine or Lactyl-Guanidine, CH,N,O + H,0, is
formed when the foregoing compound is heated to 170°—180°.
It crystallizes from water in long needles which easily lose their
water of crystallization. From alcohol it crystallizes in small
anhydrous rhombohedrons. Like creatinine it is a strong base
and forms corresponding compounds.!

LACTYL NITRILS.

556 Lactyl Nitri or a-Oxypropionitril, CH;.CH(OH).CN, is
formed when equal volumes of aldehyde and anhydrous hydro-
cyanic acid are allowed to stand for some days at 20°—30°, It is
a liquid having a sharp bitter taste, and in smell resembling its
constituents, into which it is partially decomposed on heating.
The chief portion, however, distils over at 182°—184°, Caustic
potash decomposes it with formation of potassium cyanide and
aldehyde-resin and hydrochloric acid acts violently upon it with
formation of lactic acid.?

Amidopropionitri, CHL.CH(NH,)CN, is obtained when an
aqueous solution of equal molecules of hydrocyanic acid and
aldehyde ammonia is acidified with sulphunc acid and the
mixture allowed to stand :

CH, e,
|

CHNH, + HON = CHNH, + H,0.
OH N

It is an oily liquid, possessing basic properties, but it is
extremely unstable, yleldmg the following compound on standing,
with liberation of ammonia.

a-Imidopropionitril, NH[CH(CH,)CN],, forms white needles,
and separates out, on the slow evaporation of its ethereal solution,
in monoclinic crystals which melt at 68°. It is a weak base, and

! Baumann, Ann. Chem. Pharm. clxvii. 77.
3 Simpson and Gautier, Bull. Soc. Chim. [2], viii. 277.
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when boiled with dilute hydrochloric acid or baryta water, yields
Imidopropionic acid, or Dilactamidic acid, NH[(JH(CHa)CO,H],

which forms a deliquescent amorphous mass. This acid is

monobasic, and probably has the following constitution

CH, CH,
(BH NH,—(,H
tod  doom

Nitrous acid converts imidopropionitril into nitroso-a-imido-
propionitril, N(NO)[CH(CH,)CN],, a yellow oil, heavier .than
water, which decomposes on heating, with formation of brown
vapours, a smell of aldehyde and hydrocyanic acid being at the
same time observed.!

Hydrocyanaldine, N[C(CH))CN],. This body was first ob-
tained by Strecker by allowing a mixture of aldehyde-ammonia,
hydrocyanic acid and hydrochloric acid, to stand?® It is doubt-
less a product of decomposition of amidopropionitril, which,
under these circumstances, is first formed. If the above mixture
be allowed to stand for four to five weeks, crystals are deposited
which may be separated from the amido- and imido-propionitrils,
which are formed at.the same time. It is difficultly soluble in
water and somewhat more readily soluble in alcohol and ether.
In presence of imidopropionitril it dissolves in the latter more
readily, and separates on slow evaporation in large monoclinic
prisms which melt at 115° and can be sublimed by careful
heating without decomposition (Erlenmeyer and Passavant).

If the above mixture be allowed to stand for a few months, or
if it be heated on the water-bath, parahydrocyanaldine is formed.
This substance is difficultly soluble in water and alcohol, and is
insoluble in ether. It separates from a solution in acetone in
rhombic crystals, which melt at 230°—232°, It has the same
composition as hydrocyanaldine, with which it is no doubt poly-
meric, the cyanogen being converted into dicyamogen and
tricyanogen (Erlenmeyer and Passavant).

1 Erlenmeyer and Passavant, Ann. Chem. Pharm. cc. 120.
3 Ib. xci. 349.
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SUBSTITUTION PRODUCTS OF LACTIC ACID.

557 These bodies have not been obtained directly from lactic
acid, but may be prepared by other reactions.

Monochlorlactic Acid, CH,CL.CH(OH).CO,H. The nitril of
this body is obtained by the union of monochloraldehyde with
hydrocyanic acid, and is easily decomposed by hydrochloric acid.
Chlorlactic acid is very easily soluble in water, alcohol, and ether,
and crystallizes in fine flat oblique prisms which melt at 71°,
It forms crystallizable salts.

Ethyl Chlorlactate, C,H,ClO,(C,H,), is a colourless crystalline
saponaceous mass, It melts at 37°, and boils at 205°2

Dichlorlactic Aeid, CHCL.CH(OH).COH, is obtained by the
union of dichloraldehyde with hydrocyanic acid and decomposi-
tion of the resulting nitril. It forms deliquescent prisms which
melt at 76>5—77°2

Trichlorlactic Acid, CCl,.CH(OH).CO,H. The nitril of this
body is formed by the union of hydrocyanic acid with chloral.
It is easily soluble in water and crystallizes in tablets which
melt at 61°, and boil at 215°—220°, with partial decomposition.
When heated with concentrated hydrochloric acid, trichlorlactic
acid is formed, and this may be separated by ether from the sal-
ammoniac formed at the same time. On evaporating the solu-
tion, the acid remains behind as a syrup, which solidifies in &
vacuum to a crystalline mass consisting of thin prisms which
melt at 105°—110°. Weak bases easily decompose it into
chloral and formic acid, whilst alkalis naturally yield chloroform.
Hence, in preparing its salts, all heating must be avoided.®

Ethyl Trichlorlactate, CCl.CH(OH).CO4(C,H,), is formed
when hydrochloric acid is passed into an alcoholic solution of
trichlorlactic acid. It crystallizes in tablets melting at 66°—67°,
boils at 233°—237°, and is insoluble in water. On the other
hand, it is easily soluble in cold dilute aqueous alkalis, and is
precipitated from these solutions on the addition of acids, or
even by carbon dioxide. Hence it behaves as a weak acid in
accordance with its constitution.* The alkaline salts decompose

1 Frank, Ann. Chem. Pharm. ccvi. 838.

2 Grimaux and Adam, Ber. Deulsch. Chem. Ges. x. 903 ; xiii. 1864.
3 Pinner and Bischoff, Ann. Chem. Pharm. clxxix. 79.

4 Claisen and Antweiler, Ber. Deutsch, Chem. Ges. xiii, 1940,
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gradually in the cold, and quickly on heating with formation of
chloroform, &c.

558 Chloralide, CCH,C1,0,. This peculiar compound was first
prepared by Stiddeler by heating chloral hydrate with concen-
trated sulphuric acid, and he likewise correctly determined its
composition.! It, however, remained unexplained how a molecule
of a body containing two atoms of carbon can be converted, by
such an apparently simple reaction, into another molecule contain-
ing five atoms, and hence the formula which Stideler gave was
doubted. Kekulé?2 however, showed that no mistake had been
made, and Wallach 2 solved the enigma by showing that on heat-
ing chloralide with absolute alcohol to 140°—150°, chloral
alcoholate and ethyl trichlorlactate are formed. According
to this, chloralide must be looked upon as the trichlorlactic
ether of trichlorethidene, and Wallach succeeded in preparing
this compound by heating chloral with trichlorlactic acid
to 150°:

coor! " 4 com cey, = cen,cad  Now COl + H,0
+ CCL = .CCL + H,0.
*""Nco,H " Nco,/ !

Its formation from chloral doubtless takes place in several
phases, as it is very probable that the lactide of trichlorlactic
acid is formed by separation of chloroform, and this again com-
bines with chloral. In order to prepare chloralide, chloral
hydrate is mixed with three times its volume of a mixture
of sulphuric acid and disulphuric acid, having a specific
gravity of 1-84 to 1'85, and the whole heated until the chloral
begins to distil off. The source of heat is then removed
and the flask well shaken until the reaction ceases. The
operation is repeated until oily drops begin to condense in the
neck of the flask, and then it is allowed to cool and frequently
shaken. The chloralide which separates out is washed with
warm water and crystallized from ether. It forms large pliable
monoclinic prisms, melting at 114°—115°, and boiling at 270°—
273°. Its vapour has a peculiar smell and a specific gravity of
11-3.4 Other oxyacids form, like trichlorlactic acid, compounds
analogous to chloralide, termed by Wallach chloralides, of which
the following may be mentioned :

1 Ann. Chem. Pharm. lxi. 101. 3 1. cv. 298,
% Ib. exciii. 1. ¢ Ber. Deutsch. Chem. Ges. viii. 1433,

-
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MP.
CH,0\
Glycollic chloralide, !}OO ,CHCl, . . 41—42°

. : VLN .
Lactic chloralide, CH,CH\CO o DCHOCI, 45

Bromal also forms a a series of bromalides (Wallach).
In addition to the chlorlactic acids, the following substitution
products are known :

M. P.
1 Monobromlactic acid, C;H;BrO, . . 89—90°
% Dibromlactic acid, C;H,Br,0; . . . 98°
8 Tribromlactic acid, C;H,Br;O, . . 141—143°
¢ Moniodlactic acid, C;H, IOy . . . . 84—85°

PARALACTYL COMPOUNDS.

559 Paralactic Acid, CH,.CH(OH).CO,H. It has already been
stated that Liebig was the first to show that the acid contained
in the juice of flesh is not identical with common lactic acid,
and hence it was termed sarcolactic acid. The same acid occurs
in the bile® as well as in the urine in cases of phosphorus
poisoning.® Engelbardt 7 and Heintz ® investigated this subject
more accurately, and the latter, who determined the composition
of the acid with great care, gave to it the name of paralactic acid.

For the purpose of preparing this acid, extract of meat is
used. This is dissolved in four parts of warm water, and to the
solution double its volume of 90 per -cent. alcohol added. The
filtrate is evaporated to a thin syrup, and again treated with
three to four times its volume of alcobol, again filtered and the
filtrate acidified with dilute sulphuric acid, and paralactic acid
extracted from the solution by shaking with ether. The residual
crude acid remaining on evaporating off the ether is neutralized
with lead carbonate, and the filtrate treated with sulphuretted

1 Melikow, Ber. Deulsch. Chem. Ges. xiii. 958.
3 Linnemann and Penl, 45, viii. 1101.
3 Pinner, tb. vil. 1501 ; Wallach, loc. cit. ¢ Glinsky, b, vi. 1257,
8 Strecker, Ann. Chem. Pharm. cxxiii. 354.
¢ Schultzen, Zeitsch., Chem. 1867, 138.
. T Ann, Chem. Pharm, 1xv, 859. ® Pogg. Ann. 1xxv. 391,
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hydrogen. The liquid separated from lead sulphide is then
heated to boiling, and treated with zinc carbonate, and the solu-
tion evaporated until the zinc salt begins to crystallize out, when
it is precipitated by alcobol. The salt is then purified by
repeated solution in water and precipitation with alcohol, after
which it is decomposed by sulphuretted hydrogen.!

Paralactic acid can only be distinguished from ordinary
(fermentation) lactic acid by the fact that it turns the plane
of polarization to the right, whilst the ordinary acid is inactive.?

In a dry atmosphere it passes into the anhydride, which is
levro-gyratory, and when heated to 150°, it yields common
lactide, which combines with water to form the inactive fermen-
tation lactic acid.® Like this latter substance, paralactic acid
decomposes on heating with dilute sulphuric acid into aldehyde
and formic acid, whilst chromic acid oxidizes it to acetic acid
and carbon dioxide. Both acids have therefore the same
constitution, and hence they are physical isomerides.

The salts of paralactic acid are levro-rotatory, and more easily
soluble in water than those of the fermentation-lactic acid.

Calcium Paralactate, 2(CyH O,),Ca + 9H,0, resembles common
calcium lactate, dissolves in 12'4 parts of cold water, and in all
proportions in boiling water.

Zine Paralactate, (C H :0):Zn + 2H,0, crystallizes in needles
which melt at 14°—15° in 17°5 parts of water, and are only very
slightty soluble in spmt of wine.

Ethyl Paralactate, C;H O4(C;Hy), corresponds closely to ethyl
lactate, but is strongly levro-rotatory.t

Amidoparalactamide, CH,CH(NH,)CONH,, occurs in small
quantlty in urine. It crystallizes from hot water in small
prisms. It forms deliquescent salts with acids, a.nd when heated
with baryta water to 150° it decomposes into carbon dioxide,
ammonia, and ethylamine. Nitrous acid converts it into

paralactic acid.®

1 Wislicenus, Ann. Chem. Pharm. clxvii. 302.

2 Wislicenus, Ber. Deutsch.Chem. Qes. ii. 550 and 619.

3 Strecker, Ann. Chem. Pharm. cv. 318 ; Wislicenus, . clxvi. 816,
4 Klimenko, Journ. Russ. Chem. Ges. xii, 17.

3 Baumstark, Ann. Chem. Pharm. clxxiii. 842,
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HYDRACRYL COMPOUNDS.

560 Hydracrylic Acid, or B-Oxypropionic Acid, CH(OH).
CH,CO,H. According to theory two oxypropionic acids should
exist :

a-Oxypropionic Acid. B-Oxypropionic Acid.
CH, clzﬂ,on
4311011 CH,
&o,ﬂ JJO,H.

Four different compounds are, however, known. Of these
the two which have already been described are physical isome-
rides. They exhibit different optical properties, but chemically
they are identical, and they are distinguished as the a-com-
pounds. The two other acids which, from their mode of
formation, are termed the 8-compounds, exhibit totally different
chemical relations,

In 1863, Wislicenus prepared one of these acids synthetically
by heating ethylene chlorhydrin with potassium cyanide, and
boiling the nitril thus obtained with caustic soda. He termed
this ethylene-lactic acid, and first thought that it was identical
with sarcolactic acid. He afterwards found that this latter isa
mixture of optically active lactic acid, with a small quantity
of ethylene-lactic acid.!

The fourth isomeric acid was first prepared by Beilstein by the
action of silver oxide and water upon 8-iodpropionic acid. It was
termed by him Aydracrylic acid, since it decomposes on heating
into water and acrylic acid.® Its true formula was ascertained
by Moldenhauer,? and it was investigated more accurately by
Heintz* as well as by Wislicenus® According to this latter
chemist, it is distinguished from ethylene-lactic acid not only by
the different properties of its salts, but also by its reaction with
hydriodic acid, as on heating it is easily converted back into
B-iodpropionic acid, whilst this is not the case with ethylene
lactic acid.®

Linnemann found that when acrylic acid is heated with caustic
soda, hydracrylic acid is formed, together with an almost equal

1 Ber. Deutsch. Chem. Ges. ii. 550.

2 Ann. Chem. Pharm. cxxii. 866. 3 Ib. exxxi. 328.
4 Ib, clvii. 291, o 1%, clxvi. 6. ¢ Ib. clxvii. 846,
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quantity of ethylene-lactic acid.! Wislicenus observed that in
the preparation of ethylene-lactic acid from its nitril, some
hydracrylic acid is always formed, whilst in the preparation of
hydracrylic acid from B-iodpropionic acid, a small quantity of
ethylene-lactic acid is also produced, but, singularly enough,
common lactic acid also occurs.?

The latest investigations on this subject are those of Erlenmeyer.
He did not find any ethylene-lactic acid in sarcolactic acid.
From its nitril, which he was the first to prepare in the pure
state, he only obtained hydracrylic acid, together with some
acrylic acid, but no ethylene-lactic acid. Moreover he could not
obtain this latter body according to the process described by
Linnemann, and hence his belief in the existence of ethylene
lactic acid has been somewhat shaken.? Hence it appears probable
that this is only an impure hydracrylic acid, or a mixture of this
body with common lactic acid. Further investigation is, how-
ever, here needed.

§61 In order to prepare hydracrylic acid, freshly precipitated
silver oxide is added to a hot solution of B-iodpropionic acid as
long as silver oxide is precipitated, the filtrate treated with
sulphuretted hydrogen-water, and the filtrate evaporated with
zinc carbonate. On slow evaporation, zinc hydracrylate separates
out, and this is purified by recrystallization and then decomposed
by sulphuretted hydrogen. Hydracrylic acid is also formed
when B-iodpropionic acid is boiled in connection with a reversed
condenser with twenty-five times its weight of water for sixteen
hours.¢

Hydracrylic acid, like the other lactic acids, consists in the
concentrated state of a thick acid syrup, and it decomposes on
heating into water and acrylic acid.

Sodium Hydracrylate, C;H;O,Na, separates out from its solu-
tion in nearly absolute alcohol in colourless crystals, which melt
at 143°.

Calcium Hydracrylate, (CgH0,);Ca + 2H,0, is easily soluble
in water, and crystallizes in rhombic prisms.

Zine Hydracrylate, (CgH 0,),Zn + 4H,0, is deposited in well-
formed triclinic crystals, which dissolve at 16°:5 in 089 parts of
water. If concentrated solutions of this salt and calcium hydra-
cylate be mixed, they deposit a characteristic double salt,

1 Ber. Deutsch. Chem, Ges. viii. 1095, 2 Ib, 1208
3 Ann. Chem. Pharm. cxci. 261.
4 Fittig and Thomson, 1b. cc. 81.

174
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(CgH;04);,Ca + (CyH;04),Zn, which crystallizes in prisms, and is
very slightly soluble in water.

The hydracrylates lose water on heating, and are trans-
formed into the salts of acrylic acid, C;H,O,, or diacrylic acid,
C.HO,.

562 B-Chlorpropionic Acid, CH,C1.CH,.CO,H, is formed by
heating acrylic acid with fuming hydrochloric acid to 130° as
well as by boiling iodpropionic acid with chlorine water? and
by oxidizing trimethylene chlorhydrm?® It is crystalline, easily
soluble in water, and melts at 78° to 79°.

B-Brompropionic Acid, CH,Br.CH,CO,H, is obtained in an
analogous way to the foregoing compound. It is deposited in
crystals which melt at 89° to 90°.4

B-Iodpropionic Acid, CH,1.CH,.CO,H. In order to prepare
this, 100 grams of phosphorus diiodide are gradually added to
52 cc. of aqueous glyceric acid, having a specific gravity of 1-26.5
After ashort time a violent reaction takes place, which is usually
followed by another and less violent one. If this is not the case
the reaction must be brought about by heat. The crystalline
mass obtained on cooling is then boiled with petroleum spirit or
sulphide of carbon® Its formation is represented by the
following equation :

CH,(OH).CH(OH).CO,H + 8HI = CH,I.CH,.CO,H + 2H,0+1,.

No free iodine is, however, formed, as this acts upon the phos-
phorus acid which is produced in presence of water to form
phosphoric acid and hydriodic acid.

The acid is also formed by heating acrylic acid with hydriodic
acid.?

B-Iodpropionic acid is difficultly soluble in cold, but easily
soluble in hot water, and readily soluble in alcohol and ether.
It crystallizes in glistening lamins which melt at 100°—101°.

B-Nitropropionic Acid, CHy(NO,).CH;.CO,H. In order to
prepare this substance, silver nitrite is gradually added to a well-
cooled aqueous solution of iodpropionic acid, the mixture then
acidified with hydrochloric acid and well shaken with ether, and
the residue obtained on evaporation crystallized from hot chloro-
form. Nitropropionic acid forms pearly glistening scales, melting

1 Linnemann, Ann. Chem. Pharm. clxiii. 95.

3 Richter, Zeitsch. Chem. 1868, 451.

3 Kaysser, Inauguraldiss. Minchen, 1878. ¢ Linnemann ; Richter.

s Belylstein, Ann. Chem. Pharm. cxx. 226 ; cxxii, 366.
¢ Erlenmeyer, 1. cxci. 284, 7 Wislicenus, ib. clxvi. 2.
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at 66°—67°, and easily soluble in water. The salts are very
unstable.!

B-Ethyl Nitropropionate, CH(NO,).CH,CO,(C,H,), is ob-
tained by the action of silver nitrite on the ethyl ether of iodpro-
pionic acid. It is a mobile ethereal-smelling liquid, boiling at
161°—165°.

B-Amidopropionic Acid, CHy(NH,).CH,.CO,H, is formed by
the action of ammonia on iedpropionic acid® Tt is easily
soluble in water, less soluble in alcohol, crystallizes in prisms,
and has a sweet taste. On heating it melts and decomposes
into acrylic acid and ammonia.

B - Lactonitril, CH,(OH).CH,.CN, is obtained by heating
ethylene oxide with hydrocyanic acid under pressure. Itisa
colourless liquid having a faint sweet smell, and at 0° has a
specific gravity of 1'0588. It boils at about 220°, and is miscible
with water.

PYRUVYL COMPOUNDS.

563 Pyroracemic, or Pyruvic Acid, CH;,CO.CO,H. This com-
pound, which stands in the same relation to lactic acid as acetone
does to isopropyl alcohol, is produced along with many other pro-
ducts in the dry distillation of tartaric acid, C,H,O,, and of cream
of tartar (acid potassium tartrate). Raymond Lully described
the distillation of the latter compound, but the acid product was
not examined until the 16th century, when it was described as
spiritus tartari. Paracelsus, in his tract.De Naturalibus Rebus,
recommends it as a medicine. Various chemists then examined
the substance, amongst others Guyton de Morveau, who dis-
tinguishing it as a peculiar acid gave to it the name of acid
tartareux empyreumatique, which name was afterwards changed to
the antiphlogistic designation of acide pyrotartareux. Fourcroy
and Vauquelin in 1800 stated that this acid was merely impure
acetic acid. This conclusion was, however, contradicted by
V. Rose in 1807, who showed that the product of distillation
contained a peculiar acid. At the same time he remarked thata
second distinct acid seems to be formed under the same circum-
stances. This latter was prepared and investigated by Berzelius.

1 Lewkowitsch, Journ, Prakt. Chem. [2], xx. 169.

. 3 Heintz, Ann. Chem. Pharin. clvi, 86 ; Mulder, Ber, Deutsch. Chem, Ges. ix.
903,
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As, however, this is formed not only in the distillation of tar-
taric acid, but also in that of its isomeride racemic acid, he
termed it pyruvic acid, to distinguish it from pyrotartaric acid.?
It is also formed by the distillation of glyceric acid.?

CH,(OH).CH(OH).CO,H = CH,.CO.CO,H + H,0.

Pyruvic acid has been prepared synthetically by acting with
hydrochloric: acid on acetyl cyanide, CH;CO.CN, and by this
reaction, its constitution, which was formerly doubtful, has been
ascertained.®

For its preparation a considerable quantity of tartaric acid is
heated in a large iron pan and the mass constantly stirred until
it begins to swell up and turn brown. It is then allowed quickly
" to cool and the solid mass broken up into small pieces which are
subjected to dry distillation in a retort.* The pyroracemic acid
is separated from the pyrotartaric and acetic acids also contained
in the distillate, by fractional distillation. This process must,
however, not be repeated too often, as the acid undergoes partial
decomposition.

Pyruvic acid is a liquid having a pungent smell resembling that

‘of both acetic acid and of extract of meat. It boils at about
165° and at 18° has a specific gravity of 1'288. On standing, it
gradually passes into a syrup-like mass, and this change takes
place quickly on heating. The acid is also separated in this
form from its salts by means of acid. This form is not volatile and
is probably a polymeric modification. Pyroracemic acid combines
with nascent hydrogen to form lactic acid,® and with bromine in
the cold to form dibromlactic acid.® On warming, however, it
forms substitution-products.” Baryta-water produces in its
aqueous solutions a precipitate, and when carbon dioxide is
passed through this liquid, the barium salt of the dibasic and
hydruvic acid, CgH,,O,, is formed in solution. This is formed
by the union of two molecules of pyroracemic acid with water.
On boiling with baryta-water on the other hand, other acids are
formed which will be described later on.

1 Pogg. Ann. xxxvi. 1.

? Moldenhauer, 4nn. Chem. Pharm. cxxxi. 838,

8 Claisen and Shadwell, Ber, Deutsch. Chem. Ges. xi. 1563,

4 Bottinger, Ann. Chem. Pharm. clxxii, 240.

§ Wislicenus, 4. exxvi. 227 ; Debus, b, cxxvii. 332.

L Wicbellmus. Ber. Deutsch, Chem. (es. i. 264 ; Wislicenus, 4nn. Chem. Pharm.
exlviii. 218 ; Clermont, Bull, Soc. Chim. xix. 103 ; Bodewig, Jahresb. 1879, 609 ;
:(fzrgmaux, Bull. Soc. Chim. xxi. 893; Klimenko, Journ. Russ, Chem. Ges. viii.

7 Bottinger and Fittig, Ber. Deutsch, Chem. Ges. v, 956,
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The salts which are termmed pyruvates or pyroracemates, crystal-
lize only when they are prepared in the cold. When their
solutions are heated they pass into gum-like masses. These have
been chiefly investigated by Berzelius, and the following are the
most characteristic. Sodium Pyruvate, C;H,O,Na, crystallizes
in elastic prisms or tables, and is almost insoluble in alcohol.
Calcium Pyruvate, separates out in crystals on evaporating its
solution in the cold. If warmed even by the hand a gum-like
mass is produced.

Copper Pyruvate, (C;H;0,),Cu + H;0. Copper carbonate
dissolves in the aqueous acid forming a green liquid, and when
the solution becomes saturated, the salt separates out as a sea-
green powder. If a crystal of copper sulphate be brought into
a solution of the sodium salt, it becomes covered with a white
powder, which when dried over sulphuric acid becomes light-blue
and has the same composition as the green salt.

Stlver Pyruvate, C;H,0;Ag, is difficultly soluble in cold water,
but can be crystallized however from boiling solution. If the
solution be allowed to cool in the dark, large glistening milk-
white scales are deposited which soon become brown on exposure
to light. If ammonium pyruvate solution be precipitated with
silver nitrate, the silver salt separates out as a thick jelly;
300 grams of the salt dissolved in ten liters of water yield in
this way such a stiff paste that a glass rod stands upright in it.!

Iron Pyruvate. If a crystal of green vitriol be brought
into a solution of the sodium salt the liquid becomes at once
dark red, and if the air be excluded, the ferrous salt sepa-
rates out after some time in dark red crystals which dissolve
with difficulty in water, yielding a yellow solution. If iron be
dissolved in the warm dilute acid the solution soon becomes of a
dark red colour and at last opaque. This liquid dries on
evaporation to an almost black mass which is soluble in water.

The ferric salt obtained by dissolving ferric hydroxide in the
acid is also a red soluble mass. Alkalis do not precipitate its
solution.

Metky! Pyruvate, C;H;0,(CH,), is formed by the action of
methyl iodide on the silver salt. It is a liquid, smelling like
acetone, boiling at 134°—137°, and having at 0°a specific gravity
of 1-154 (Oppenheim). The ethyl ether is formed by the action
of sulphuric acid on an alcoholic solution of the acid. It is

1 Oppenheim, Ber. Deutsch. Chem. Ges. v. 1051,
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a liquid possessing a peculiar smell, partially decomposes on
distillation, and is wholly decomposed by water.?

As a ketonic acid pyroracemic acid combines with the acid
sulphites of the alkali-metals forming crystallizable compounds.?
Of these the sodium compounds may be mentioned.

C;H,0,+ NaHSO, is formed when pyroracemic acid and acid
sodium sulphite are brought together. The solution decomposes
on boiling with evolution of sulphur dioxide.

C;H;ONa + NaHSO;+H,0 is formed when the normal sul-
phite is used. On heating it intumesces to a sponge-like mass.

a-Dichlorpropionic Aeid, CH;.CClL,.CO,H. The chloride of
this acid is formed by the action of phosphorus pentachloride,®
or trichloride,* on pyroracemic acid. It is a pungent smelling
liquid which boils between 105°—115° and is quickly decom-
posed by water with formation of dichlorpropionic acid. This
latter substance is best obtained from its nitril, which is formed
by chlorinating propionitril. This boils from 103°—107°, and is
a liquid which when boiled with sulphuric acid diluted with an
equal volume of water is converted into the acid. This is a liquid
which is soluble in water and which boils at 185°—190°, and
forms crystals at 0°. Heated with water to 120°—130° it is
converted into pyroracemic acid.®

a-Dibrompropionic Acid, CH;CBr,CO,H, is formed by heating
propionic acid with bromine to 190°—220°. It crystallizes in
quadratic tables melting at 71°, and boils with slight decompo-
sition at 221°. Its salts are tolerably stable.®

MALONYL COMPOUNDS.

564 Malonic Acid, CH,(CO,H),, was first obtained by Des-
saignes by oxidizing malic acid, CO,H.CH(OH).CH,.CO,H, with
potassium dichromate.” Baeyer then obtained it from uric acid,?
and it was synthetically prepared simultaneously by Kolbe and

1 Bottinger, Ber. Deutsch. Chem. Ges. xiv. 816.

2 Jours, Prakt. Chem. [2], xvii. 241.

3 Klimenko, Ber. Deutsch. Chem. Ges. iii. 465.

4 Deckurts and Otto, 5. xi. 386.

5 Beckurts and Otto, . ix. 1876; x. 263, 1508, 1952 ; xi. 386.

¢ Friedel and Machuca, Ann. Chem. Pharm. Suppl. ii. 72; Phillipi and Tolens,
1b. clxxi. 815.

7 Comptes Rendus, xlvii. 76 ; Ann, Chem, Pharm. cvii, 251.

8 1b. cxxx. 143.
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H. Miiller.! They obtained it by heating its nitril, cyanacetic
acid (a body which will be described further on), with potash.
This method of preparation was elaborated by various chemists.?
According to Conrad the best mode of preparation is the follow-
ing :—100 grams of monochloracetic acid dissolved in 200 cc. of
water are neutralized with pure carbonate of potash or soda, and
to this 80 grams of finely powdered and pure potassium cyanide
are added, and the whole warmed. A violent reaction soon occurs,
some hydrocyanic acid being evolved. In order, however, to
complete the decomposition of the salt, heat must be employed
for two hours on a water-bath, the water evaporating being
replaced, and then 100 grams of caustic potash added, when an
immediate evolution of ammonia takes place. It is then
farther heated, until the smell of this gas ceases, the whole
neutralized with hydrochloric acid and calcium chloride added,
which yields a voluminous precipitate, which soon becomes
crystalline. This is then washed with boiling water and
decomposed with the calculated quantity of oxalic acid. The
filtrate is then evaporated, and the residue extracted with
ether.?®

Malonic acid is also formed by oxidizing propylene, C,H,,
allylene, C;H,, and amylene, C;H,, with potassium perman-
ganate.*

It is easily soluble in water and alcohol, and crystallizes in
triclinic tables or laming. It melts at 132°, and decomposes at
a higher temperature into carbon dioxide and acetic acid. Its
salts have been carefully examined by Finkelstein.

Potassium Malonate, C;H,0,K,, is deliquescent. The acid
salt, 2C;H,O HK + H,0, crystallizes in large prisms which do
not undergo alterations in the air. Acid Sodium Malonate,
2C,H,0,NaH+H,0, is deposited in large transparent crystals.
Calcium Malonate, 2C;H,0,Ca + 7TH,0, is very difficultly soluble
in water, and crystallizes in small transparent needles. Barium
Malonate, C,;H,0,Ba+H,0, forms a silky radiating crystalline
mass, and is also difficultly soluble in water, but dissolves
readily in acetic acid. The other malonates are most of them
slightly soluble in water.

1 Ann. Chem. Pharm. cxxxi. 348 and 350 ; Journ. Chem. Soc. [2], ii. 79.
? Finkelstein, Ann. Chem. Pharm. cxxxiii. 838; Hcintzel, ib. cxxxix. 129 ;

H. von. Miiller, Journ. Prakt, Chem. xix. 326 ; Grimaux and Tscherniak, Bull.
Soc. Chim. xxxi. 838,

3 Ann. Chem. Pharm. cciv. 126,
4 Compt. Rend. lxiv. 36.
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Ethyl Malonate, C;H;0,(C;H,),, is best obtained by pouring
eight parts of absolute alcohol on to three parts of the well-
dried calcium salt, the whole being saturated with hydrochloric
acid, and after standing for some time heated on the water-bath
and hydrochloric acid gas again led into it. The alcohol is then
allowed to evaporate, the residue neutralized with carbonate of
soda and the ether separated by addition of water, dried, and
purified by fractional distillation (Conrad).

Itisa faintly aromatic-smelling liquid having a bitter taste,
boiling at 195° and having at 18° a specific gravity of 1-068.

Sodium Ethyl Malonate, CHNa(CO,. C,H,),, is obtaived by the
action of an alcoholic solution of sodium ethylate on the
foregoing compound :

CH,(CO,.C,H,), + Na0.C,H, = CHNa(CO,.C,H,), + HO.C,H,.

It crystallizes in white glistening needles.!

It has already been stated that the sodium compound is used
for the synthesis of the homologues of malonic acid, and for that
of the higher fatty acids (Part 1. page 180).

If ethyl carbonate be allowed to act upon this body ethyl
methenyl tricarbonate, CH(CO,.C,H,), is formed. This is a
pleasantly smelling liquid boiling at about 260°. It is decom-
posed by caustic potash into potassium malonate, potassium
carbonate, and alcohol.?

Ethyl Chlormalonate, CHCI(CO,C,H,), is formed by the
action of chlorine upon ethyl ma.lonate It is a liquid boiling
at 221°—222°3

565 Cyanacetic Acid, CO HCH,C\I is the nitril of malonic
acid and, as has been stated, was obtained simultaneously by Kolbe
and Hugo Miiller, and then examined by many other chemists.*
In order to prepare it, the operation is conducted in the first place
as in the preparation of malonic acid, by acting upon the potassium
salt of chloracetic acid with potassium cyanide. The solution is
then evaporated, the residue acidified with sulphuric acid and
shaken with ether. It forms yellow crystals, easily soluble in
water and alcohol, melting at 55° and decomposing into carbon
dioxide and acetonitril when more strongly heated. If the
potassium salt of the acid be electrolyzed it decomposes into

1 Conrad, Ann. Chem. Pharm. cciv. 129,

2 Conrad, Ber. Deutsch. Chem. Ges. xii. 1236.

3 Conrad and Bischoff, 4b. xiii. 600.

¢ Meeves, Ann, Chem. Pharm. cxliil. 201; van't Hoff, Ber. Deutsch. Chem.
Ges. vii. 1382.
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hydrogen, carbon dioxide, and ethylene dicyanide (succinonitril),
C,H,(CN),*

Ethyl Cyanacetate, CO,(C,H;)CH,.CN, is obtained by warming
potassium cyanide with an alcoholic solution of ethyl chloracetate
or by passing hydrochloric acid into an alcoholic solution of
cyanacetic acid. It is a heavy, almost odourless liquid boiling
at 207"

Cyanacetyl Bromide, CN.CH,COBr. This compound is
obtained by acting with silver cyanide on a solution of broma-
cetyl bromide in chloroform, the isomeride, bromacetyl cyanide,
CH_Br.CO.CN, being at the same time produced. This can be
separated from the former, compound, by shaking with ether in
which it dissolves.

Bromacetyl cyanide crystallizes in monoclinic tables, melting
at 77°—79° and is decomposed by water into hydrocyanic acid
and bromacetic acid. Cyanacetyl bromide, on the other hand,
crystallizes in long needles, and is decomposed by water and
more quickly by alkalis with formation of malonic acid : 2

CN.CH,.COBr + 3H,0 = CO,H.CH,.CO,H + NH,Br.

Dibrom-malonic Acid, CBry(COH),. If bromine is added to
an aqueous solution of malonic acid, decomposition takes place,
and when it is used in excess, tribromacetic acid and carbon
dioxide are formed. If, however, a solution in chloroform be
employed, dibrommalonic acid is formed, crystallizing in deli-
quescent needles, and melting at 126°—128°.

Nitrosomalonic Aeid, C;Hy(NO)O,, was first obtained by
Baeyer by decomposition of the corresponding urea, violuric
acid (for which see uric acid), with potash. It forms glistening
needles easily soluble in water, which melt on heating, and
then explode with a loud noise. When boiled with water, it
decomposes as follows :

CH(NO)(CO,H), = CHN + H,0 + 2CO,.

Amidomalonic Acid, CHy(NH,)O,; is formed when the fore-
going compound is brought into contact with sodium amalgam
and water. It is easily soluble in water and crystallizes in large
glistening prisms. When it is heated, or its aqueous solution
boiled, it decomposes completely into carbon dioxide and
amido-acetic acid.

1 Moore, Ber. Deutsch. Chem. Ges. iv. 519.
3 Hibner, dnn. Chem. Pharm. cxxix. 124.
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Oxymalonic Acid, C;H;(OH)O,, was prepared by Dessaignes
by the spontaneous decomposition of the so called nitro-tartaric
acid, and known as tartronic acid.! It is also formed by the
reduction of mesoxalic acid? and by acting with potash on
ethyl chlormalonate : 3

CHCI(CO,.C;H,), + 3KOH = CH(OH)(CO,K), + KCl +
2C,H,OH.

It can be obtained synthetically by bringing together glyoxalic
acid and potassium cyanide and boiling the product with baryta
water It is easily soluble in water, crystallizes in large trans-
parent prisms, and is decomposed at 182° into carbon dioxide
and glycolide :

2C,H,0, = C,H,0, + 2CO, + 2H,0.

566 Mesoxalic Acid, CO(CO,H),, was first obtained by Liebig
and Wohler as a product of decomposition of mesoxalyl urea
(alloxan), a body obtained by oxidizing uric acid with nitric acid?
1t is also formed by the action of iodine on amidomalonic acid.®

CH(NH,)(CO,H), + I, + H,0 = CO(CO,H), + NH,I + HL

It is also formed by the action of silver oxide on dibrom-
pyroracemic acid.’

In order to prepare it, a warm aqueous solution of alloxan is
treated with baryta water, not in excess, when barium alloxanate
separates out :

,CO.NH /CO.NH.CO.NH,
CO /€O + HO = CO
CO.NH CO.0H.
The salt thus obtained is boiled with 200 parts of water for
five to ten minutes, and the solution allowed to cool. Barium
mesoxalate crystallizes out whilst urea remains in solution :

o/ CONELCONE, __CO0OH
NCo.0H

The acid is then liberated from the barium salt by sulphuric
acid. It forms deliquescent orystals, having the formula

1 Ann. Chem. Pharm. Ixxxii. 862 ; 1xxxix. 899.

2 Deichsel, Journ. Prakt. Chem. xciii. 205.

3 Conrad and Bischoff, Ber. Deutsch. Chem. Ges. xiii. 600,

4 Bottinger, b xiv. 729, 8 Ann. Chem. Pharm. xxvi. 298,

6 Baeyer, ib. cxxxi. 298, 7 Deichsel, Journ. Prakt. Chem. xciii. 193.
$ Wislicenus, b,
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C,H,0,+H,0, which melt at 115° without losing water. From
this, as well as from the fact that its salts retain water with
great force, it appears very probable that the acid has a compo-
sition analogous to that of glyoxalic acid (p. 103), according to
which its formula would be C(OH)y,(CO,H), If the aqueous
solution be heated above 70°, decomposition takes place with
evolution of carbon dioxide; and when boiled with silver oxide,
the following reaction takes place :

CO,H.CO.CO,H + Ag,0 = CO,H.CO,H + CO, + Ag

Ammonium Mesoxalate, C,0,(NH)),, separates out in grains
when ammonia is added to an aqueous solution of the acid. It
is anhydrous and perhaps is the ammonium salt of the yet
unknown mesoxamic acid, CO(NH,)C(OH),CO,H.

Barium Mesozalate, 2C;0,Ba + 3H,0, forms microscopic prisms
which are scarcely soluble in cold, and only slightly soluble in
hot water. It does not lose water till 170° when it partially
decomposes.

Lead Mesoxalate, C;O,(PbOH),, is a white, light insoluble
powder. The normal salt does not appear to exist.

Silver Mesoxalate, C{0;Ag,+H,0, is a white amorphous pre-
cipitate, which soon changes to tufts of yellowish needles, and is
decomposed on exposure to light.

Ethyl Mesoxalate, C;H,(CH,),+ H,0, is formed by heating the
silver salt with an alcoholic solution of ethyl iodide. It is a
heavy yellow oil which decomposes on heating. It is very soluble
in water and is soon decomposed into alcohol and mesoxalic
acid. The presence of water in this ether is a strong argu-
ment for the formula which has already been given for the
acid. According to this the ether has the constitution
C(OH),.(CO.0C,Hy),.
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567 In 1815 Taylor noticed that when fats or oils are strongly
heated, a gas of high illuminating power is obtained. This
observation led to the development of a new branch of industry,
for this oil-gas was pumped into strong copper vessels under a
pressure of about 30 atmospheres, and these were carried to
the houses of the consumers, where the gas, known as portable
gas, was burnt as an illuminating agent.

During the process of manufacturing this portable gas a
liquid was obtained, which was investigated in 1825 by Faraday,
who discovered in it two hydrocarbons. To one of these, now
known as benzene, he gave the name of Bicarburet of Hydrogen,
and the other he termed “a new hydrocarbon,” without giving
it any special name. He observed that the second one was
gaseous at the ordinary temperature, and on burning it he
found that one volume of this gas requires six volumes of
oxygen, yielding four volumes of carbon diozide. Accordingly
Faraday concluded that the “new hydrocarbon ’’ has the same
composition as olefiant gas, but he noticed that it has a specific
gravity between 27 and 28 (H=1), or double that of olefiant
gas. Like this latter compound the new hydrocarbon combines
with an equal volume of chlorine to form an oily liquid, but the
oil thus obtained contains twice the quantity of carbon and
hydrogen to the same quantity of chlorine as Dutch liquid.2
To this hydrocarbon, C Hj, Berzelius gave the name of ditetryl.
Kolbe ? by the electrolysis of potassium valerate afterwards
obtained a compound of similar constitution together with valyl
(di-isobutyl, Part I. p. 654), and Wurtz 3 found a similar com-
pound amongst the products of decomposition of amyl alcohol
at a red-heat. Soon after this, Berthelot ¢ observed that this
hydrocarbon, which was also termed tefrylene, butyreme, and

1 Phil, Trans, 1825, p. 440. 2 Ann. Chem. Pharm. 1xix. 269.
$ Ib. civ. 240. 4 Ib. cviii. 200.
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butylene, is formed when sodium acetate or calcium oleate is
heated with soda lime, and that it also occurs as a product of
decomposition of other orgamic bodies at high temperatures.
According to Hahn! butylene is also found, together with its
homologues, amongst the products which are obtained by dissolv-
ing cast-iron in acids, a fact which has been subsequently
confirmed by Cloéz.?

At first it was believed that the butylenes obtained by these
various processes were identical, but other investigations have
shown that three isomeric modifications exist, viz.—

(1) a-Butylene, or Ethylethyle:
CH,CH, CH = CH,.
(2) B-Butylene, or Symmetrical Dimethylethylene.
CH,CH = CH.CH,.

(3) Isobutylene, or Unsymmetrical Dimethylethylen

CH\ ~ —
oH)C = CH

568 a-Bulylene, or Ethyl Ethylene, CH,CH,CH — CH,. This
body was first obtained by Wurtz by heating bromethylene (vinyl
bromide), C;H Br, with zinc ethide, and described . as vinyl-
ethyl® Tt is also obtained together with ethyl-butyl ether when
primary butyl iodide is heated with alcoholic potash.t It
is a gas at the ordinary temperature, but it can be condensed by
cold to a liquid boiling at 5°.

a-Butylene Bromide, CH, CH,.CHBr.CH,Br, is a colourless
liquid boiling at 166° and having a specific gravity of 1:8053.

a-Butylene Qlycol, CH,. CH,CH(OH).CH,(OH), is obtained by
treating the bromide with silver acetate and glacial acetic acid
and decomposing the product with caustic baryta. It is a thick
liquid soluble in water, boiling at 191°—192°, and having at 0°
a specific gravity of 10189 (Saytzew and Grabowsky).

Ethyl chlorether, CH;.CH,.CH(OC,H,)CH,C], and biethyl
ether, CH;.CH,.CH(OC,H;)CH4(OC,H;,), already described, are
also a-butylene compounds.

B-Butylene, or Symmetrical Dimethyl Ethylene, CH,.CH —
CH.CH,, is obtained by heating secondary butyl iodide with

} Ann. Chem. Pharm. cxxix. 57, 2 Compt. Rend, lxxviii. 1565.
3 Ann. Chem Pharm. clii. 21,
¢ Lieben and Rossi, ib. clviii, 164 ; Grabowsky and Saytzew, 1b. clxxix. 330.
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alcoholic potash.! It is also formed when a mixture of methyl
iodide and allyl iodide, CH; — CH—CH,I, is heated with
sodium.2 In this case the formation of a-butylece might be
expected, and a small quantity of this substance is formed, as
well as some isobutylene, but the chief product is the 8-com-
pound, and hence a molecular interchange has taken place. Its
formation from isobutyl alcohol is still more remarkable. For
this purpose this liquid is allowed to drop on to heated zin
chloride, and the gases evolved are passed through sulphuric
acid diluted with one-half its volume of water, the isobutylene
which is formed at the same time being absorbed. The unab-
sorbed gases are passed into bromine, and from the product
B-butylene bromide is obtained by fractional distillation. If
this body be treated with sodium the pure hydrocarbon is
obtained, boiling at + 1° and having a specific gravity at —13°5
of 0'635. It solidifies in & vacuum over a mixture of ether and
solid carbonic acid to a crystalline mass.

B-Butylene Bromide, CH. CHBr.CHBr.CHj, is a liquid boiling
at 158° and having a specific gravity at 0° of 1-821. When
heated with 20 times its volume of water together with lead
oxide to 140°—150° it is converted into methyl-ethyl ketone
(Eltekow). .

B-Butylene glycol has not yet been prepared. Another glycol
standing between it and the a-compound has however been
obtained, to which there is no corresponding olefine.

«-Butylene Glycol, CH;.CH(OH)CH,.CH,(OH), is formed in
small quantity, together with ethyl alcohol, when an aqueous
solution of acetaldehyde is treated with sodium amalgam and
the liquid kept slightly acid by addition of hydrochloric acid.*
In this case B-oxybutyraldehyde, a body afterwards to be
described, is first formed, and this combines with nascent
hydrogen to form the glycol® It is a thick liquid having a
sweet taste, and is not soluble in water but dissolves in ether.
It boils at 203*5—204.°

569 Isobutylene, or Unsymmetrical Dimethyl Ethylene, (CHy,
C—CH,, was first obtained by Kolbe by electrolysis of calcium
valerate. It is also found, probably together with isomerides, in
the products of decomposition of amyl alcohol by heat® It is

! De Luynes, Ann, Chem. Pharm. cxxix. 200 ; cxxxii. 275; Lieben, 5. cl. 108,
? Wurtz, b, cxliv. 235.

3 Grosheintz, Bull. Soc. Chim. xxix. 201; Le Bel and Greene, tb. xxix. 308.

¢ Kekulé, Ann. Chem. Pharm. clxii. 819. 8 Wurtz, Bull, Soc, Chim. xx. 4.

¢ Butlerow, dnn. Chem. Pharm. exlv. 277,
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likewise formed easily when isobutyl iodide or tertiary butyl
iodide is heated with alcoholic potash. The simplest method of
obtaining it is however to heat together a mixture of 10 parts of
isobutyl alcohol, 10 parts of sulphuric acid, 4 parts of potassium
sulphate, and 16 parts of calcium sulpbate! According to
J. Lermontow a better yield is obtained by adding 2 parts
of water, and using powdered glass instead of calcium sulphate.?
Konowalow found that this product contains about one-third
of B-butylene and a small quantity of a paraffin which is
probably isobutane.® Isobutylene is a gas which has an un-
pleasant smell like coal gas, and is condensed by pressure or
cold to a liquid which boils at —6°4,

Tsobutylene Chloride, CH,CI,, is an oily liquid having a
smell resembling that of ethylene chloride and boiling at 123°
(Kolbe).

Tsobutylene Chlorhydrin, (CH,);CCLCH,.OH, is obtained by
the union of hypochlorous acid with isobutylene. It is an
aromatic-smelling liquid boiling at 137°, and being converted by
the action of sodium amalgam and water into isobutyl alcohol.®

Jsobutylene Bromide, C HgBr,, boils at 148°—149° and has a
specific gravity at 14° of 1'798. When heated with lead oxide
and 15 to 20 times its volume of water to 140°—150° isobutyl
aldehyde is formed, together with a small quantity of isobuty-
lene glycol.® Alcoholic potash converts the bromide into
bromisobutylene, (CH,),C — CHBr, a body boiling at 91°, and
yielding isobutyric acid on heating with silver oxide and water
(Butlerow).

Isobutylene @lycol, (CH,),C(OH)CH,(OH), is a liquid re-
sembling common glycol, obtained by heating the bromide with
water and potassium carbonate. It boils at 176°—178° and
has at 0° a specific gravity of 1:0219.7

‘Wurtz obtained a butyl glycol from butylene obtained by the
decomposition of amyl alcohol at a red-heat. It boils at 183°
—184°2 and is probably a mixture.

Nitro-isobutylene, (CHy);C—CH(NO,), is formed by the action

1 Puchot, Compt. Rend. 1xxxv. 757.
2 Ann. Chem. Pharm. cxcvi. 117,

3 Bull. Soc. Chim,. (2], xxxiv. 3383.
‘ Butlerow, Zeitsch. Chem. 1870, 236.

§ Butlerow, Ann. Chem, Pharm cxliv. 26
¢ Elketow, Journ. Russ, Chem. Ges. x. 214
’ Nevolé, Bull. Soc. Chim. xxvii. 63.

® Ann. Chim. Phys. [3], 1v. 400.
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of concentrated nitric acid on trimethyl carbinol. It is a

yellowish oil which boils with partial decomposition at 154°—

~78°, and has a very pungent smell and burning taste. It is
most insoluble in water but dissolves readily in alkalis. With
coholic soda it yields the compound C,HNaNO,, a yellow
wwder which on heating deflagrates, and decomposes on
anding, changing its colour to brown. If nitro-isobutylene be
:ated with water to 100° it decomposes into acetone and nitro-
ethane, and when heated with hydrochloric acid, it yields
nmonia, hydroxylamine, carbon dioxide and other products
hich have uot yet been investigated.! _

TRICHLORBUTIDENE COMPOUNDS.

570 Trichlorbutidens Ozide, Trichlorbutyraldehyde, or Butyl
hloral, CH;.CHCL.CClL,.COH, was first obtained by Kriimer and
nner? by acting with chlorine on acetaldehyde, and described
- croton chloral, CHCLO. Its correct composition was then
cognised by Pinner,® who also explained its formation. Two
olecules of aldehyde first unite together with separation of
ater and formation of croton aldehyde :

o b
cH, Iy
éOH (lJOH

hlorcroton-aldehyde, CH,.CH — CCLCOH, is then formed,
id this unites with one molecule of chlorine. The compound
best obtained by passing chlorine into paraldehyde, which is
21l cooled and afterwards heated to 100° as long as action is
served. More alcohol is added to the product, and this
wutralized with calcium carbonate, when the whole is distilled
«d the corresponding hydrate obtained, and this on heating in
stream of hydrochloric acid yields pure butyl chloral. It isan
ly pungent-smelling Jiquid, boiling at 164°—165°, and baving
specific gravity of 1.3956 at 20°.
‘ Haitinger, Ann. Chem. Pharm. cxciii. 366.

2 Ber. Dewtsch, Chem. Ges, iii. 386 and 790.
3 Ann. Chem. Pharm. clxxix. 21.
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Trichlorbutidene Glycol, or Butyl Chloral Hydrate, CH, CHCL.
CCL,.CH(OH),, is easily obtained by the union of the foregoing
compound with water. It crystallizes in tablets which are
difficultly soluble in hot water. It fuses at 78° and is easily
volatile, yielding a vapour which excites a flow of tears. Given
internally it acts similarly to chloral hydrate, and is said to have
been used with good effect in certain cases. In other respects
butyl chloral presents the greatest analogy to common chloral.
Potash solution decomposes it in the cold with formation of
allylene dichloride, CH,CCl — CHCI, and potassium formate.
Heated with fuming nitric acid, tricklorbutyric acid, CH . CHCL
CCL.CO,H, is formed, a body tolerably soluble in water, and
crystallizing in needles which melt at 60°, the acid boiling
between 236° and 238°, and forming salts which are easily
decomposed.!

THE OXYBUTYRIC ACIDS.

571 a-Oxybutyric Acid, CH,.CH,.CH(OH).CO,H, was first
obtained from brombutyric acid (Part I. p. 579) by acting on it
with water and silver oxide.? In order to prepare it, brombutyric
acid is boiled with baryta solution, the barium precipitated by
sulphuric acid and the oxybutyric acid extracted from the solu-
tion by shaking with ether. The crude acid is then converted
into the zinc salt, (C,;H,05),Zn+2H,0, crystallizing in small
prisms and difficultly soluble in cold water, and this is then de-
composed by sulphuretted hydrogen.?

a-Oxybutyric acid is also formed when propionaldehyde is
mixed with an excess of aqueous hydrocyanic acid and allowed
to stand for some days at 0°. One and a half times its volume
of hydrochloric acid of specific gravity 1'185 is added, and the
whole allowed to stand at the ordinary temperature for some
days, and then heated for some hours to 60°—70° and the acid
removed by shaking with ether.¢

It is a crystalline deliquescent mass melting at 42°—42°5,

1 Krémer and Pinner, Ber. Deutsch. Chem. Ges. iii. 389; Judson, 4b. iii.
785; Kahlbaum, 4b. xii. 2337; Gazzorolli-Thurnlak, Ann. Chem. Pharm.
clxxxii, 181,

* Naumann, tb. cxix. 115 ; Friedel and Machuca, tb. cxx. 279,

8 Markownikow, 1b. clix, 242.

¢ Prizibytek, Journ. Russ. Chem. Ges. viii. 335; Ber. Deutsch. Chem. Ges,
ix. 1348.
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beginning to sublime at 60°—70°, and boiling at 255°-260° with
partial decomposition. On oxidation it yields propionaldehyde
and propionic acid.!

572 B-Oxybutyric Acid, CH;.CH(OH).CH,.CO,H, was first ob-
tained by Wislicenus by acting with sodium amalgam and water
on ethyl acetacetate ® (p. 172). It is also formed when propylene
chlorhydrin is heated to 100° with potassium cyanide and spirit
of wine, and the nitril which is thus formed decomposed with
caustic potash.® In order to separate it from alkali salts which
are formed at the same time, it is acidified with sulphuric acid
and shaken up with ether ; the ethereal solution depositing the
acid as a viscid deliquescent syrup, which volatilizes in a current
of steam, and when heated by itself is converted into a-crotonic
acid. The zinc salt is, like most of the B-oxybutyrates,
amorphous. '

B-Oxybutyraldchyde, CH;CH(OH).CH,.COH. This com-
pound, which is the only known aldehyde in the lactic acid
series, was obtained by Wurtz by gradually adding 2 parts of
hydrochloric acid of specific gravity 116 cooled to —10° to a
mixture of equal parts of hydrochloric acid and aldehyde cooled
to 0°. The mixture was allowed to stand for some days at the
ordinary temperature, then neutralized with carbonate of soda,
shaken up with ether, and the residue remaining on evaporation
was distilled in a vacuum. The formation of this body, which
was termed aldol (aldehyde alcohol) by Wurtz, is explained by
the following equations:

(1) CH,COH + HCl = CH,CH(OH)CL
(2) CH,CH.(OH)Cl + CH,COH ~ CH, CH(OH)CH,COH +
HOCL

It is a thick liquid which at 0° is so tenacious that the vessel
containing it may be overturned without its running out. It is
easily soluble in water, and has a bitter aromatic taste. Under
ordinary pressure it cannot be distilled without change, as it
decomposes above 135°, into water and croton aldehyde. It
quickly reduces ammoniacal silver solution with formation of a
silver mirror, and production of B-oxybutyric acid, and unites
with nascent hydrogen, forming 8-butylene glycol.
1 Ley, Ber. Deutsch. Chem. Ges. x. 230.

3 Aan. Chem. Pharm. cxlix. 205.
3 Markownikow, . cliii. 237.
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On standing it undergoes spontaneous change into paraldol, a
body crystallizing in triclinic prisms, and this on heating under
diminished pressure is again transformed into aldoL

Aldol-Ammonia, or Oxydibutidene Hydroxyamine,

CH, CH(OH).CH,CH { gﬁi
is obtained by passing ammonia into an ethereal solution of
aldol. It is a syrupy liquid, which dries up in a vacuum to a
resinous mass.

Dialdan, C;H, O,, is formed when the mixture of aldehyde
and hydrochloric acid, used for the preparation of aldol, is
allowed to stand for some time.

It forms crystals which are slightly soluble in cold water, but
dissolve in boiling alcohol and melt at 130°. Like aldehyde it re-
duces ammoniacal silver solution, and it is oxidized by potassium
permanganate with formation of monobasic dialdanic acid,
CgH,,0,, a body easily soluble in water, and crystallizing in
monoclinic prisms, which melt at 80°.!

When dialdan is treated with sodium amalgam in slightly
acid solution, dialdan alcohol, CgH,,O,, is formed. This is a
crystalline deliquescent mass melting at about 50°and boiling at
162°—165° under a pressure of 10mm. On heating with acetic
anhydride, the diacetate, C;H, (C,H,0),0,, is formed. The
alcohol does not combine with bromine, and the dialdan com-
pounds therefore do not not contain, as Wurtz formerly supposed,
two doubly linked carbon atoms. He now gives the following
formula to the alcohol : %

CH, CH.CH, CH.CH, CH(OH;CH,CH, OH.

0]

When dialdan is heated with aqueous ammonia, the dyad
base, C,;H,,O,N,, is formed. It is amorphous, easily soluble in
water, and has an alkaline reaction and a very bitter taste.?

573 v-Ozybutyric Acid, CH,(OH).CH,.CH, CO,H. By the
action of phosphorus pentachloride on succinic acid, C,H,(COH),,
the corresponding chloride, C,H,(COCI), is obtained, and this
when treated with glacial acetic acid and sodium amalgam yields

! Bull, Soc. Chim. [2], xvii. 436; xx. 4; Compt. Rend. lxxxiii. 255, 1259 ;
Ixxxvii. 45; Bull. Soc. Chim. xxviii. 170.

2 Compt. Rend. xcii, 1371.
3 I5. xc. 1030,
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the anhydride of the above oxybutyric acid, which probably
possesses the following censtitution :

OF,CH,CH,
0———=CO.

Itisa crystalline body boiling at 201°—203°,and when heated
with baryta water it yields the crystalline deliquescent barium
salt, from which the acid can be liberated by dilute sulphuric
acid and withdrawn from solution by means of ether. On
evaporating this solution the acid remains as a liquid, which on
distillation yields water and the anhydride, which on oxidation
yields succinic acid, and was formerly considered to be the
aldehyde of this latter acid. The solution of the zinc salt
yields a syrup on evaporation, which on standing solidifies to
an imperfectly crystalline mass.

By the action of phosphorus iodide on the aqueous solution
of the anhydride y-iodobutyric acid is obtained, an oily liquid
which is converted into normal butyric acid by the action of
dilute sulphuric acid and sodium amalgam.!

574 a-Oxyisobutyric Acid, (CH,), C(OH).CO,H, was first
obtained by Wurtz by oxidizing amylene glycol, and termed by
him butyl lactic acid.2 Stideler afterwards obtained it by the
action of hydrocyanic acid and hydrochloric acid on acetone, a
mode of formation which is analogous to that of lactic acid from
aldehyde, and termed it acfonic acid.® After this Frankland
and Duppa obtained an acid of the same composition by
heating methyl oxalate with methyl iodide and zine, and to it
they gave the name of dimethyl oxalic acid,* and Markownikow
found that these acids are identical with that which he obtained
by boiling bromisobutyric acid with baryta water.5 Any one of
these different methods may be employed for the preparation of
the acid. A mixture of acetone, hydrocyanic acid and dilute
hydrochloric acid is allowed to stand for three weeks. It is then
boiled for three days in connection with a reversed condenser,
the excess of acetone evaporated off on the water-bath, and the
residue shaken with ether, the acid remaining after evaporation
of the ether being converted into the zinc salt, and this in its
turn decomposed by sulphuretted hydrogen.®

1 Saytzew, Journ. Prakt. Chem. [2], xxv. 61,

3 Ann. Chem. Pharm. cvii. 197.

$ Ib. cxi. 820. 4 Ib, exxxiii. 80.
8 Ib. cliii, 228. ¢ Markownikow, $b. cxlvi. 899.
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To obtain it from methyl oxalate, amalgamated granulated zinc
is covered with a mixture of the ether and methyl iodide, in the
proportion of 1 to 2 molecules, and the mixture heated in
absence of air for 96 hours to 30°—50°. To the crystalline
mass water is gradually added and the whole boiled with an
excess of caustic baryta. The dissolved iodine is removed by
silver oxide, and the barium precipitated by carbon dioxide, the
barium salt being obtained by concentrating the solution, and
this again decomposed by sulphuric acid.

If the acid is to be obtained from bromisobutyric acid,
sodium carbonate should be employed in place of caustic

2

Oxyisobutyric acid is very soluble in water, and crystallizes in
large white prisms which melt at 79°, but begins to sublime at
30°. It boils without decomposition at 212°, and volatilizes easily
in a current of steam. It has a strong acid taste and a peculiar
cheese-like smell. Its crystalline salts are all easily soluble in
water, with the exception of the zinc salt (C,H,0,),Zn + 2H,0,
which crystallizes in six-sided microscopic lamine, or in well-
formed four-sided tables, dissolving at 15° in 160 parts of water,
and being somewhat more soluble in boiling water.

B-Oxysobutyric Acid, CHa(ggch.co,H, which ought, ac-
cording to theory, to exist, is not known.

THE KETONIC ACIDS.

575 Propionyl Formic Acid, CH.CH,.CO.CO,H. When pro-
pionyl chloride is heated with silver cyanide, its nitril or propionyl
cyanide, C,H; CO.CN, is formed. This is a liquid resembling
acetyl cyanide; it boils at 108°—110°, and is decomposed by
water into propionic acid and hydrocyanic acid. Propionyl formic
acid is obtained by the action of hydrochloric acid upon this body.
It is a peculiarly smelling oil which boils under a pressure of
25mm, at 74°—78°. Sodium amalgam and water convert it into
a-oxybutyric acid. The majority of its salts are easily soluble
in water and crystallize well, and this serves to distinguish this
acid from its lower homologue, pyroracemic acid.3

! Ann. Chem. Pharm, cxxxv. 25, 2 Fittig, 5. cc. 68.
3 Claisen and Moritz, Ber. Deutsch. Chem. Ges. xiii. 2121,
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576 Acetoacetic Acid, CH,.CO.CH,.CO,H, is not known in the
state. Ethers of it are however known, and of these the
wing are the most important.
thyl Acetoacetate, or Acetoacetic Ethyl Ether, CH,.CO.CH,.
C;H;. In the year 1863 Geuther commenced to study the
n of sodium on ethyl acetate, and found that a crystalline
sound having the formula C;H;NaOj is formed, together with
um ethylate, hydrogen being at the same time evolved. If
first of these substances be heated with methyl or ethyl
le, ether-like compounds are formed, whilst by the action of
ochloric acid on this sodium compound a volatile liquid
ng the composition C;H,O, is produced, to which he at
gave the name of diacetic ether.! Later on, however, he
d that one atom of hydrogen in this body can be replaced not
by sodium but by other metals, and he then considered the
" to be ethyl diacetic acid, and the bodies obtained by
action of iodides on this he considered to be the ethers of
acid.?

the meantime Frankland and Duppa? without being
ainted with Geuther’s investigations, occupied themselves
this subject, and likewise found that sodium acts upon acetic
¢ with evolution of hydrogen-and formation of a crystalline

This mass they treated with ethyl iodide, and after the

ion was complete added water to it and distilled, and from
distillate obtained the following products :
) Diethyl ether, (C;H;),0.
) The ethyl ether of ethyl acetic acid, (C,H;)CH,.CO.H,
h is identical with butyric acid.
) The ethyl ether of diethylacetic acid, (C;H,),CH.CO,H,
h is isomeric with caproic acid.
) Ethyl acetone-carbonic acid, CgH,,04 a body identical
Geuther’s ethyl diacetic ethyl ether, and it is converted by
ng with baryta water into alcohol, carbon dioxide, and
acetone (C,H;)CH,.CO.CH,
) Diethyl-acetone acetic ether, C,;H ;O,, a body which on
ng with bases yields alcohol, carbon dioxide, and diethyl-
ne, (C.H;);CH.CH.CO.CHj.
milar compounds with other alcohol radicals were obtained
he employment of the iodides of methyl, isopropyl and

1 Jahresb. Chem. 1863, 823, 3 Ib. 1865, 302.
3 Phil. Trans. clvi, 87.
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The formation of ethyl acetic acid and diethyl acetic acid and
other simple and double substituted acetic acids was explained
by the supposition that when sodium acts upon acetic ether the
compounds CH,Na.CO,C,H; and CHNa,.CO,C,H; are formed,
and that when the sodium in these is replaced by alcohol radicals
the ethers of the higher fatty acid are produced.

The formation of ethyl carbonate of ethyl can also be readily
explained. According to Geuther the formation of sodium ethyl
diacetate, or sodacetone carbonate of ethyl as Frankland and
Duppa called it is represented by the following equation :

2C,H,0.C,H,0 + Na, = H, + C,H, ONa + C,H,NaO,.

But according to Frankland and Duppa it is probably formed
as follows:

CH,
CH,
4 | + Na, = CO + 2CH,OH + H,
CO0.0C,H, |
CHNa
‘J‘0.0Csz

If the sodium be replaced by ethyl, ethyl carbonate of ethyl is
formed, and this is decomposed by baryta water into ethyl
acetone, alcohol, and carbon dioxide.

In this reaction disodacetonate of ethyl may be formed:

CH,
CH, é
2 | + Na, = CO + CH,OH + H,
CO0.0C,H, |
CNa,
JJ0.0C,Hs

This can be converted by ethyl iodide into diethyl carbonate
of ethyl which yields diethyl acetone when decomposed by
alkalis.!

These views are generally accepted, and as in this case the
action of sodium upon acetic ether is first to produce sodium
acetoacetic ether, CH,Na.CO,C,H,, it was hoped by the action of
acetyl chloride on the crude product to obtain larger quantities
of Geuther's ethyl diacetic acid.? Hence it was termed acetyl
acetic ether or shortly, acetacetic ether.

1 Phil. Trans. xcvi. 37. 2 Lippmann, Zeitsch. Chem. 1869, 28.
3 Wislicenus, Ann. Chem. rm. cxlix. 207.
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Jeuther had, however, in the meantime repeated his experi-
nts and arrived at exactly the same conclusion as before. He
vain endeavoured to obtain the hypothetical sodium com-
ind, the existence of which Frankland and Duppa assumed,
| he was able to explain to a great extent some of the
theses obtained by these chemists. He found in the first
ce that when pure sodium ethylate is heated with pure
tic ether a considerable quantity of ““ ethyl diacetie acid” is
ned —

C,H,ONa + 2C,H,0, = 2C,H, OH + C,H,NaO,

reover, he observed that when the ethyl ether of this acid
hyl acetone carbonate of ethyl) is heated with acetic ether and
ium ethylate, ethyl butyrate is formed :

JH(C.H,)O, + C,H, ONa+CH,,OOCH = C,H,Na0, +
C,H,0.00,H,

By the action of sodium on acetic ether the first compound
ich is produced is CgHyNaO,, together with sodium ethylate.
is latter acts further upon the acetic ether according to the
t of the above equations. By the action of ethyl iodide
iyl acetone carbonate of ethyl is formed, and this is then con-
ted according to the second equation into sodium acetate
1 ethyl butyrate. He alsosuggested that the latter compound
Ids the two other bodies, inasmuch as when treated with
lium ethylate, it behaves in a similar way to ethyl acetate.!

Further investigations on this subject have shown that when
fectly pure and absolutely dry acetic ether is made use of no
Jrogen is evolved.? According to Oppenheim and Precht®
8 depends upon the fact that a part of the acetyl which
rarates from the acetic ether is reduced to sodium ethylate:

CH,CO- + Na + H, = CH,CH,ONa

577 The researches of Wislicenus and his pupils however have
‘own a clear light upon the changes which accompany the
ithetical reactions discovered by Frankland and Duppa. The
ults to which they arrived have already been mentioned.
art 1., page 180.)

It is therefore sufficient here shortly to state that the ethyl
lacetacetate, CH,.CO.CHNa.CO.0CH; is converted by acids

Jahresb, 1868, 511.

Wanklyn, Journ. Chem. Soc. [2], ii. 871 ; Ladenburg, Ber. Deutsch. Chem,
. iii. 305.

Ib. ix. 320.
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into ethyl acetacetate, CH,CO.CH,.CO.OC,H,, in which one
hydrogen atom, but no more, can be again replaced by sodium.
In the ethers which are obtained by the action of the iodides of
the alcohol radicals on these sodium compounds the second atom
of hydrogen can be replaced by sodium giving rise to compounds
such as CH;CO.C(C,H;)Na.CO,C;H,. In this the metal can
again be replaced by an alcohol radical. The simple and double
acetacetates thus obtained are decomposed by concentrated
caustic potash in the following way :

cE, cH,

Co C0.0K

l + 2KOH = + HOCH,
XY CHXY

&o.oc,n, bo.0x

In this formula X and Y signify either hydrogen or any
alcohol radical, and they yield therefore potassium acetate, the
potassium salt of asimple or double substituted acetic acid and
alcohol.

By the action of baryta water Ketones are formed :!

CH,
| CH,
CcO

| + Ba(O = éo + HO.C + CO,Ba.
- a(OH), i o Hp s

| CHXY
C0.0C,H,

578 Preparation. In order to prepare ethyl acetacetate, the
following process may be employed :

To one kilo. of pure ethyl acetate contained in a flask provided
with a reversed condenser 100 grams of sodium cut into small
pieces are at once added when the liquid soon begins to boil.
When this ceases it is heated on a water-bath until the metal
is completely dissolved. To the still warm liquid mass 550
grams of 50 per cent. acetic acid are then added and the whole
well shaken up, the mixture allowed to cool, and then 500ce. of
water added when the mass separates into two layers. The-
upper of these is removed, washed with a little water and distilled
in the water-bath, when the larger quantity of unaltered ethyl

dl:elf::d Chem. Pharm. clxxxvi. 161, where the history of this subject is fully
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acetate distils over. The residue is then submitted to fractional
distillation until the chief portion boils at 175°—185°, and the
liquid thus obtained is sufficiently pure for most purposes. By
repeated fractional distillation a somewhat purer product boiling
at 178°—182° is obtained, but as the ether decomposes slightly
on distillation into products which will be afterwards described,
a perfectly pure substance cannot be thus obtained. In the
most favourable case a yield of 175 grams is obtained.! The
large excess of ethyl acetate is necessary in order to diminish the
decomposition which occurs and by which the yield would be
much diminished. The alcohol is removed by shaking the
portion passing over below 100° with common salt. The upper
layer of liquid is then dried over calcium chloride and purified
by distillation, and in this way 350—400 grams of ethyl acetate
are recovered.

Ethyl acetacetate is a liquid having a pleasant fruity smell,
and boiling with slight decomposition at 181°, its specific
gravity at 20° being 1'0256. When brought in contact with
sodium amalgam and water it is converted into B-oxybutyric
acid? A very characteristic property of this substance is that
it is coloured violet by ferric chloride. A similar coloration is
produced by the same reagent in diabetic urine, and for this
reason Geuther suggested that this liquid probably contains
ethyl acetacetate, and this is rendered more probable by the fact
that such urine yields the products of the decomposition of
the ether, namely acetone and alcohol. More recent experi-
ments render it almost certain that Geuther’s suggestion is
correct although the ether has not yet been isolated from this
liquid. The quantity present is very small. In one case the
amount was determined by converting it into iodoform, and it
was found that in eight days 100 parts of urine had yielded from
0.0399 to 0.01909 of ethyl acetacetate, probably occurring in
the form of sodium compound.s

It has already been stated that ethyl acetacetate decomposes
on distillation. In this case a peculiar acid is formed to which
Geuther has given the name of dehydracetic acid, CgHgO,.
This is obtained in considerable quantity when the ether is
heated for three hours to a temperature of 230°—250°, when a

1 Ann, Chem. Pharm. clxxxvi. 214.

2 Wislicenus, 5. cxlix. 205.

8 Rupstein, Fresenius’ Zeitsch. xiv. 419 : Hilger, Ann. Chem. Pharm. cxcv.
314.
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considerable quantity of ethyl acetate together with other pro-
ducts is formed! It is best obtained however by passing
ethyl acetacetate through a tube heated below dull redness, when
alcohol and acetone are also formed.2 It is difficulty soluble in
cold water but dissolves more readily in hot alcohol and crystal-
lizes in rhombic tables which melt at 108>5 and boil with
partial decomposition at 269°. It is a monobasic acid and does
not undergo change when heated with strong sulphuric acid or
concentrated nitric acid. If heated with concentrated caustic
soda it decomposes into acetone, acetic acid and carbon dioxide.
Its constitution is unknown.

METALLIC COMPOUNDS OF ETHYL
ACETACETATE.

579 These contain one atom of hydrogen which is easily re-
placeable by metals, and this no doubt is rendered- possible by the
presence of the two carbonyl groups. The salts of acetacetic
ether have been chiefly investigated by Geuther and by Conrad.®

Ethyl Sodacetate, C;HOsNa. This important compound is
best obtained in the following way : 10 parts of sodium are dis-
solved in 100 parts of absolute alcohol and an equal volume
of anhydrous ethyl ether added, and then gradually a mixture
of 565 parts of ethyl acetacetate and the same quantity of
anhydrous ether. The mixture is then well shaken with 2
parts of water when the whole is converted into a thick paste
consisting of crystalline needles, which are then brought on to
a filter pump and dried in a vacuum over sulphuric acid. In
this way a glistening, light, white mass is obtained, whilst the
filtrate, which still contains some of the compound, is distilled
with acetic acid in order to regain the acetacetic acid4 Ethyl
sodacetacetate crystallizes from hot benzol in feathery needles.

It has already been stated that this substance is employed
for the synthesis of various compounds. If the iodide of an
alcohol radical act upon this body, sodium is replaced by the
radical, and a substituted ethyl acetacetate is obtained, which

1 Conmnd, Ber. Deutsch. Chem Ges, vii. 688,

2 Oppenheim and Precht, 1b. ix, 323 and 1479,
3 Ann. Chém, Pharm. clxxxviii. 269.

¢ 1larrow, 4b. cci. 143,
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being decomposed by strong alkalis yields acetic acid, an homo-
logous acid, and alcohol. This substituted ethyl acetacetate again
forms a sodium compound in which the metal can be replaced
by an alcohol radical, and by the decomposition of the com-
pound thus obtained a doubly substituted ethyl acetate is formed
(Part I p. 181). Less powerful alkalis such as baryta water
decompose the ethyl acetacetate into a ketone, carbon dioxide
and alcohol. If, instead of an iodide of an alcohol radical, the
ethereal salt of an halogen-substituted fatty acid be employed,
a class of ethers is obtained which in a similar way yield by the
action of alkalis either the acids of the oxalic series or ketonic
acids. In the ethereal salts of the latter, finally, another atom
of hydrogen may be replaced by sodium, and this again by
carbon radicals, and thus the synthesis of the higher dibasic
acids and of the tribasic acids may be accomplished.

In most cases it is not necessary to obtain the ethyl sodacet-
acetate in the pure state, but the process may be carried
out as follows. Sodium is dissolved in ten times its weight of
absolute alcohol, and to the cold liquid the calculated quantity
of acetacetic acid added and then the halogen compound, when
a reaction usually occurs spontaneously. This is allowed to go
on slowly, but in some cases it must be aided by heat, whilst if
it become too rapid the mixture will require cooling or the
halogen compound must be added by degrees. The end of the
reaction is easily indicated by the fact that the solution no
longer renders red litmus-paper blue. The larger quantity of
the alcohol is then distilled off on the water bath, water is
added to the residue and the lighter layer of liquid purified by
fractional distillation. The mono-substituted ether thus obtained
treated in the same way yields a doubly substituted one. If,
however, the same alcohol radical has to be introduced twice,
the same quantity of sodium ethylate solution is added when
the reaction is over and then the process carried on as above
described. In many cases two atoms of sodium may be intro-
duced into one molecule of ethyl acetacetate at once, and then
two molecules of the halogen compound may be added.

If the products of decomposition of the ethyl acetacetate are
required and not the pure ether itself, it is simpler to remove
the larger quantity of alcohol as above described and treat the
residue with alkali!

1 Conrad and Limpach, Ann. Chem. Pharm. cxcii. 153,
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When ethyl sodacetacetate is treated with iodine the following
reaction takes place :

CH,.CO.CHNa.CO.C,H, CH,.CO.CH.CO,.C,H,
+ I: = | + 2Nal.
CH,.CO.CHNa.CO.C,H, CH,.CO.CH.CO0,.C,H,

The diacetosuccinic ether thus obtained is easily soluble in
ether and alcohol, and crystallizes in rhombic tables which
melt at 77°! and yields a series of interesting products of
decomposition, which will be described further on.

580 Ethyl Magnesium Acetacetate, (CoH,O4) Mg, is precipi-
tated by mixing ethyl acetacetate with a solution of magnesium
sulphate, ammonia and sal-ammoniac. This may be crystallized
from solution in hot benzene or ether in glistening laminas
melting at 240°.

In a similar way the rose-red cobalt compound and the green
nickel compound may be obtained. These are also soluble in
hot benzene, and crystallize from that solvent.

Ethyl Copper Acetacetate (CoH,0,),Cu, is formed when a solu-
tion of copper sulphate in ammonia is shaken with ethyl acet-
acetate ether. It crystallizes from hot benzene or alcohol in
glistening green needles which sublime partially at 178°, melt
at 182°, and decompose at a higher temperature with separation
of copper.

Ethyl Aluminium Acetacetate, (C H,Oa)sAJ separates out
when a solution of potassium aluminate is mixed with ethyl
acetacetate. Glistening needles are deposited in a few hours and
these are soluble in ether and benzene. These melt at 76°, and
when gently heated in a narrow sloping tube can be volatilized
without decomposition.

Hence the copper and aluminium compounds belong to the
small class of organo-metallic bodies containing oxygen which
can be volatilized without decomposition. Amongst other com-

pounds possessing this property we find aluminium ethylate
ethyl lead hydroxide, and ethyl tin hydroxide, &c.

581 Ethyl Chloracetacetate, CH,.CO.CHCLCO,.C,H,, is formed
when sulphuryl chloride is allowed to drop into ethyl acetacetate

CH,.C0.CH,.C0,.C,H; + 80,Cl, = CH,;.CO.CHCLCO,.C,H; +
HCl + S0,
It is a liquid boiling at 193°—195°, and its vapour attacks
1 Riigheimer, Ber, Deutsch. Chem. Ges. vii. 892.
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the eyes. Alcoholic potash decomposes the liquid with forma-
tion of chloracetic acid.! It also forms metallic compounds.?

Ethyl Dichloracetacetate, CH;.CO.CClL.CO,.C,H;, is obtained
by acting with chlorine on ethyl acetacetate? as well as by
treating it with an excess of sulphuryl chloride. It is a liquid.
boiling at 205°—207° and having a faint ethereal smell, but
the vapours excite a flow of tears. When heated with dilute
hydrochloric acid to 170°—180° it decomposes into carbon di-
oxide, alcohol, and unsymmetrical dichloracetone, CH,.CO.CHCL,
whilst potash decomposes it into acetic acid and dichloracetic
acid.

Ethyl Nitroso-acetacetate, CH; CO.CH(NO).CO,.C,Hj, is formed
when ethyl acetacetate is dissolved in dilute caustic potashand a
quantity of potassium nitrite equivalent to the potash used
added, the mixture kept cold and acidified with dilute sulphuric
acid, then made alkaline and the yellow solution shaken up
with ether. The compound crystallizes from chloroform in
colourless glistening hard prisms and dissolves in alkalis with a
yellow colour. It melts at 52°—54°, and does not yield Lieber-
mann’s reaction with phenol and sulphuric acid (Part 1. p. 421)
but gives an intense red colouration. Its aqueous solution has
an acid reaction.*

582 Ethyl Amido-acetacetate, CgH; NO,, is a compound ob-
tained by passing dry ammonia into well-cooled ethyl acetacetate.
It is soluble in all proportions in alcohol and ether, and crystal-
lizes in short, thick, monoclinic prisms, which melt readily. They
are not soluble in water, but are soon converted in contact with
it into a heavy liquid which solidifies at 2°—4°.8 This body
probably has the double molecular weight, and stands to ethyl
acetacetate in the same relation as diacetonamine stands to
acetone (Part I. p. 574).

Ethyl Thiocarbacetacetate, CHy.CO.C(CS).CO,.C,H;, is formed
when ethyl acetacetate is heated with carbon disulphide and lead
oxide or zinc oxide to 100°. It crystallizes from hot alcohol in
small straw-coloured needles melting at about 160°.

Thiorufic Acid, C,)H,,S;0,. The sodium salt of this acid is
produced when the product of the action of sodium on ethyl
acetate is treated with carbon disulphide and washed with water.
It forms brick-red coloured needles, and the free acid obtained

1 Allihn, Ber. Deutsch. Chem. Ges. xi. 567. * b, xii, 1208,

3 Conrad, Lichig’s Ann. clxxxvi. 232.

4 Meyer and Ziiblin, Ber. Deutsch. Chem. Ges. xi. 820.
5 Precht, b, xi. 1193.
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from these by the action of hydrochloric acid crystallizes in
orange-red glistening scales. Its formation takes place in two

stages:
(1) CH,.CO.CHNa.CO,.C,H, + CS, =
CH,.C0.CH(C8,Na)CO,.C,H,.

The sodium xanthate (Part I. p. 389) which is formed at
the same time, acts at once upon the compound which is thus
produced!:

(2) CH,CO.CH(CS,N)CO,C,H, = cs¢(SN% =
25
/CS.SNa
CH,C0.CZCS.0C,H, + NSH.
\C0.0CH,

Sodium acts upon other ethereal acetates as it does upon com-
mon ethyl acetate. The following ethereal salts of acetacetic
acid have been prepared :

B.P. Sp. Gr. At

2 Methyl ether, CHO,CH, 169-170° 1037 9°

3 Isobutyl ether, C,H,0,,C,H, 202-206° 0979  0°

* Amyl ether, CH,0,CH,, 223 0945 10°

Methyl acetacetate is coloured a dark cherry red by ferric
chloride ; the others do not assume this colouration. They form
metallic compounds, and may be distilled with slight decom-
position when some hydracetic acid is formed, the alcohol radical
not taking part in the reaction (Emmerling and Oppenheim).

1 Norton and Opienheim, Ber. Deutsch. Chem. Ges, x. 701,
3 Brandes, Zeitsch. Chem. 1668, 454.

3 Emmerling and Oppenheim, Ber. Deutsch. Chem. Ges, ix. 1097.
¢ Conrad, dnn. Chem. Pharm. clxxxvi. 228,
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SUCCINIC ACID, C,H (CO,H),

583 In his work, De Natura Fossilium, published in 1550,
Agricola states that on the distillation of amber, which he considers
to be an earthy resin, a saline substance is formed together with
other bodies. Libavius, in his Alchymia (1595), also mentions
this body :—* Flos succini : mistis silicibus, spiritubusque humidis
abstractis flos elevatur.” In the same place he also describes a
preparation of amber oil. He says:—“ Summsi alembic sal crys-
talli instar adhaeret.”

The early accounts respecting the salts of amber, or flowers
of amber as it was called, were, however, very contradictory.
Obtained from amber by means of heat, it was believed to be a
volatile lye-salt; others considered it to be a body composed
chiefly of sulphur. Lemery was the first to indicate its true
nature. Inhis Cours de Chimie (1679), he says®: “Jay reconnu
que ce sel etoit acide, et semblable & celuy des plantes, qu'on appelle
essentiel.” Other chemists also indicated the acid nature of this
body, but the idea that it was a substance similar to the
vegetable acids was rejected by many, and it was believed to
contain either sulphuric acid or hydrochloric acid. Some held,
according to Pott that the acid of amber-salt is nitric acid, but
he showed 3 that this view is incorrect, and that succinic acid is
a peculiar substance which most closely resembles the vegetable
acids. This was confirmed by Stockar von Neuforn’s careful
investigation, Dissertatio de Succino, published in 1760, and
from this time forward succinic acid was considered as one of
the proximate constituents of amber, and Bergmann, in 1782,
in his Sciagraphia, defined it as petroleum acido succini adaman-
tum. Its composition was first ascertained by Berzelius.

Succinic acid is found in certain lignites and fossil wood, as
~well as in amber, and it also frequently occurs in the vegetable

1 Lib. ii. tract. ii. cap. xI. 3 P. 460.
3 Proceedings of the Berkin Academy, 1763,
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kingdom. Its existence has been proved in the lettuce (Zactuca
sativa, and L. virosa), as well as in wormwood (Artemisia absin-
thium), and in the flowers of A. maritima, and other worm-
woods. It is also found in the poppy (Papaver somniferum), in
the celandine (Chelidonium majus), in Escholizia californica,
and probably also in other papavers. Its occurrence in unripe
grapes,! whilst dioxysuccinic acid or tartaric acid is contained
in the ripe fruit, is remarkable. Succinic acid is also found
in the animal kingdom, frequently occurring in urine and
in blood. It is also found in the sacs of echinococci (hydratids),
in the thymoid gland of the calf, as well as in the spleen of
the ox.

584 Succinic acid is also a product of several kinds of fermen-
tations. Beissenhirtz long ago stated that it is formed when a
mixture of bread, honey, carob beans, vinegar, alcohol, and
water is allowed to undergo the acetic fermentation.? The
truth of this statement has since been frequently denied, but
Dessaignes found that many organic acids in the presence of
chalk and cheese undergo a fermentation in which succinic acid
is formed.* It likewise occurs in urine collected after eating
plants containing compounds, such as asparagine, malic acid, &c.

It is to Pasteur, however, that we owe the discovery that suc-
cinic acid is an essential product of both alcoholic and acetic
fermentations, and that it is contained in wine, beer, and vinegar,

Succinic acid is also formed when nitric acid acts upon such
bodies as the fatty acids containing four or more atoms of carbon.
Butyric acid ¢ yields, however, but little, and is chiefly oxidized
to water and carbon dioxide. Caproic acid, on the other hand,
gives a larger yield, acetic acid being formed at the same time,
about half the theoretical quantlty being obtained.> The higher
fatty acids and the fats give homologues of succinic acid, and
these then undergo further oxidation. Other derivatives of the
paraffins and, indeed, these themselves,® are oxidized by nitric
acid, with formation of succinic acid.

Succinic acid was first synthetically prepared by Maxwell
Simpson,” from ethylene, by heating the bromide with potassium
cyanide, when succinonitril, C,H,(CN),, is produced, and this
Yields the acid when heated with a mineral acid or with caustic

! , Brunner and Brandenburg, Ber, Deulsch. Chem. Ges. ix, 982
Berlm Jahrd. 1818, 158. 3 Ann. Chim. Phys. [8], xxv. 253
s ignes, Compt, Rend. xxx. 8
. Erlenmeyer, Sigel, and Belli, Atm "Chem. Pharm. clxxx. 207.
Schorlemmer, 1 . cxlvii, 214, 7 Proc. Roy. Soc, x. 574.
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potash. Geuther?® obtained it at the same time, and by a
similar method, from ethylene chloride. It is singular that
succinic acid can also be prepared when, instead of the latter com-
pound, its isomeride ethidene chloride, CH;.CHCl,, is employed.*
In this case, however, the formation of the nitril does not
occur until the temperature of 150° is reached, and hence we
may assume that chlorethylene and hydrocyanic acid are first
formed, and these unite in the nascent state to form chlor-
ethylene cyanide, CH,Cl.CH,CN, which is converted into
succinonitril by the potassium cyanide.

Noldecke obtained succinic acid by treating the product of
the action of sodium on ethyl acetate with ethyl chloracetate,
and decomposing the substance thus obtained by caustic soda.
In accordance with the views which were then prevalent (see p.
170), he believed that the chloracetate united with the hypothe-
tical body sodacetic ether to form ethyl succinate which was
then decomposed by caustic soda.? Later investigations have,
however, shown that the ethyl ether of acetosuccinic acid is
first produced, having the following constitution :

CH,.C0.CH.CO,.C,H,

H,.CO,.C,H,.
- It is a faintly ethereal smelling liquid, which is converted by
the action of strong alkalis into acetic acid, alcohol, and succinic
acid.

Succinic acid is also formed by heating B-iodopropionic acid
with potassium cyanide. The B-cyanopropionic acid thus
obtained is boiled with caustic potasht It is likewise formed,
though with difficulty, and in smaller quantity, when bromacetic
acid is heated with molecular silver.

C0.0H CO0.0H

!'JH,Br oA éH,
CH,Br + 2Ag = JJH, + 2AgBr.

| l
CO.0H CO0.0H

1 Ann, Chem. Pharm. cxx. 268.

2 8im , th. cxlv, 878 ; Comptes Rend. lxv. 851 ; Miihlhausen and Erlen.
meyer, ib. cxlv. 365. 3 Ann. Chem Fharm. cxlix, 224.

4 Richter, Zeitsch. Chem, 1868, 449,

8 Steiner, Ber. Deunisch. Chem. Ges. vii. 184.
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585 Succinic acid is prepared by the dry distillation of
amber, when, in addition to this body, amber-oil and amber-
resin are obtained, the latter remaining in the retort. All
these products find employment in the arts (see Amber). The
acid is found in the distillate, partly in the solid form, and
pattly in aqueous solution. The distillate is warmed, filtered
hot through a moist filter, and evaporated to crystallization.
On cooling, a yellow-coloured crystalline mass is obtained which
cannot be perfectly freed from empyreumatic oil by recrystalli-
zation. This, however, may be effected by boiling with nitric
acid of specific gravity 1-32,

Succinic acid is also easily prepared by the fermentation of
crude calcium malate prepared from the berries of the mountain-
ash (p. 198). According to Liebig, 4 parts of the malate are
- mixed with 24 parts of water and 1 part of common yeast, and
the mixture allowed to ferment in a tolerably warm place.
Another process is to take only half the above quantity of
water, to heat it, and to add (4 part of rancid cheese to 1 part
of calcium salt! According to Kohl, the yield depends upon
the nature and quantity of the ferment, as well as on the temper-
ature at which the fermentation takes place? If this goes on
too quickly, and if the temperature rise above 30°, either a
small or no yield of succinic acid is obtained, butyric acid and
other products being formed. This is due to the presence of
foreign ferments, for it has been shown by Fitz, that if small
rod-like schizomycetes be added in place of yeast or, decom-
posing cheese, the theoretical yield of acetic and succinic
acids is obtained.3

Malic acid is oxysuccinic acid, and is decomposed by the
Bacillus as follows :

C,H,0, + H,0 = C,H,0, + 2CO, + 2H,,
whilst the hydrogen which is liberated reduces another part
of the malic acid to succinic acid :
CH,O, + H, = C.H,O, + H,0.

Succinic acid may also be prepared by the fermentation of
tartaric acid. The best yield (about 25 per cent. of the tartaric
acid used) is obtained as follows. A solution of 2 kg. of tartaric
acid is neutralized with ammonia and diluted to 40 liters, and

1 4nn. Chem. Pharm. 1xx. 104 and 863.
2 Arch. Pharm. cxxxiv, 257 ; cxliii. 12.
3 Ber. Deulsch, Chem. Ges. xi. 1890 ; xii, 481.
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20 grams of potassium phosphate, 10 grams of magnesium sul-
phate, and a few grams of calcium chloride added. A small
quantity of this liquid is diluted to five times its volume, and:
allowed to stand. After a few days this becomes turbid and
swarms with bacteria, and about 20 cc. of it are added tq the
principal solution, and this kept at a temperature between 25°
and 30°, air being excluded as much as possible. After six to
eight weeks the tartaric acid has disappeared. The liquid is
heated until the ammonium carbonate formed has all volatilized,
clarified with white of egg, and boiled with milk of lime until
no more ammonia is given off.!

The acid is obtained from the slightly soluble calcium salt by
decomposing with sulphuric acid. It crystallizes in monoclinic
tables or prisms, which have a faintly acid taste, are soluble in
17 parts of water at 17°, and 0'83 part at 100°, and melt at 180"
The fused acid begins to boil at 235°, decomposing to a con-
siderable extent into water and the anhydride. Succinic acid is
a very stable body, being but slightly acted on by oxidizing agents
even when heated. Its aqueous solution, when exposed to
sunlight in presence of a uranic salt decomposes into propionic
acid and carbon dioxide.? When an aqueous solution of sodium
succinate is electrolyzed, hydrogen is obtained at the negative-,
and a mixture of carbon dioxide and ethylene at the positive-
pole. Oxygen is also found mixed with the two latter gases, and
as the operation proceeds, more and more of this gas is formed
until at last it alone is evolved.?

THE SUCCINATES.

586 The normal salts of the alkali metals and of magnesium,
manganese, and nickel are easily soluble in water, those of the
other metals are almost all sparingly soluble or insoluble. Of
these, which have been chiefly investigated by Dopping,*
Fehling,5 and Handl,® the following may be mentioned :

Ammonium Succinate, C,H,0,(NH,),, can only be obtained in
the pure state when its aqueous solution is evaporated in an
atmosphere of ammonia. It is deposited in transparent six-sided
prisms, which lose ammonia on exposure to air. It is employed

! Kénig, Ber. Deutsch. Chem. Ges, xv. 172.

2 Seckamp, Ann, Chem, Pharm. exxxiii. 253.

3 Kekulé, ¢b. cxxxi. 79. See also Bourgoin, Ann. C'Ium Phys. ['4], xiv, 157,
¢ Ann. Chem. Pharm. xlvii. 253, s Ib, xlix, 1
¢ Wien. Akad. Ber. xxxii. 254.
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in quantitative analysis for the separation of iron and man-
ganese, and has been used medicinally.

If a neutral solution of the salt be evaporated in the air,
when a certain concentration is reached triclinic prisms are
obtained, which consist of the acid ammonium succinate,
CH,0(NHpH.

Calcium Succinate, C;H,0,Ca, is a very characteristic salt of
succinic acid. If boiling solutions of sodium succinate and
calcium chloride be mixed, fine needles of this salt quickly
separate out, containing one molecule of water of crystallization,
and if they are allowed to remain in contact with the liquid they
take up two molecules more of water. This latter compound is
also obtained when the above solutions are mixed in the cold.
After some time, needles, which gradually become thicker and
harder, are deposited. Calcium succinate occurs in the bark
of the mulberry tree (Morus albe);! it is slightly soluble in
water and acetic acid, more readily in a solution of succinic
acid, and very easily in nitric acid. From the latter solution
the acid salt, (C,H,0,),CaH,, is obtained on evaporation. This
is also formed when calcium carbonate is treated with a warm
solution of succinic acid. It crystallizes in transparent prisms
and is decomposed by water and hot alcohol with formation of
the normal salt.

Barium Succinate, C;H,O Ba, is less soluble than the calcium
salt, It is a crystalline precipitate consisting of microscopic
tables or prisms. It dissolves in about 250 parts of cold water
and is not much more soluble in aqueous succinic acid, though
it is tolerably soluble in acetic acid.

Silver Succinate, CH,O,Ag,, is a heavy white precipitate
slightly soluble in water and acetic acid, but easily soluble in
nitric acid and ammonia.

Ferric Succinate. When ferric chloride is added to a solution
of a succinate a gelatinous precipitate is obtained, which is at
first yellow and becomes darker on standing. This consists of
the basic salt, (C,;HO,),Fe,(OH),. After drying it forms a
brick-red powder and when dried at 180° loses one molecule of
water. The precipitate is somewhat soluble in cold water and
almost insoluble in boiling water,? but dissolves in an excess of
ferric chloride and easily in acids. At its formation free succinic
acid is produced, and for this reason, when it is desired to preci-

! Goldschmidt, Monatsh. Chem. iii. 136.
? 8. Young, Journ. Chem. Soc. 1880, i. 674.
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pitate it completely from its solution, an excess of ferric chloride
must be added and the liquid neutralized by ammonia. This
compound is easily decomposed by boiling with ammonia.

If a solution of a succinate contains sodium acetate, ferric
chloride produces a bright red precipitate, which can be easily
washed by alcohol, but becomes gelatinous when brought in
contact with water.

Ammonia decomposes these precipitates. If the filtrate be
then treated with barium chloride, and alcohol added, a crystal-
line precipitate of barium succinate is obtained. These reactions
are used for the detection of succinic acid and its separation
from other acids.

ETHEREAL SALTS OF SUCCINIC ACID.

587 With the exception of the ethyl salts, the normal succi-
nates are alone known.

Methyl Succinate, CH,O,(CHy), is obtained by passing
hydrochloric acid gas into a warm solution of succinic acid in
methyl alcohol. It is a crystalline mass melting at 20° and
boiling at 198°, and yields a vapour having a specific gravity
of 529,

Acid Ethyl Succinate, or Ethyl Succinic Acid, C;H (CO,C,H,)
CO,H, is formed by heating succinic anhydride with alcohol,
and its barium salt is obtained when the normal ether is heated
with the requisite quantity of baryta water. The free acid
obtained from this is an easily soluble odourless syrup, which
can be distilled without undergoing decomposition.

Most of the ethyl succinates are soluble in water and alcohol.
A few crystallize and others form amorphous masses.!

Normal Ethyl Succinate, C;H,(CO,C;H),. This body was
first prepared in 1835, by Darcet, by distilling a mixture of
concentrated hydrochloric acid, succinic acid and alcohol.?

Cahours prepared this ether by passing hydrochloric acid gas
into a solution of succinic anhydride in absolute alcohol® and
Fehling obtained it by passing hydrochloric acid into 95 per cent.
alcohol containing succinic acid in solution and suspension.*

It is an oily mobile liquid having an aromatic smell and a

! Heintz, Pogg. Ann. cviii. 70. 3 Ann. Chim. Phys. [2]. lviii. 291.
3 Iv; [3], ix. 208. ¢ Ann. Chem. Pharm. xlix. 186.




ETHEREAL SALTS OF SUCCINIC ACID. 189

specific gravity of 1072. It boils at 217° (Kopp), and the
specific gravity of its vapour is 6'2.

As early as 1844 Fehling investigated the action of potassium
on this ether, and obtained an oily liquid having the empirical
formula, C;H,O;. This body when boiled with caustic potash
yielded alcohol and succinic acid. Geuther suggested that this
substance stands in the same relation to ethyl succinate as his
ethyl diacetic acid does to ethyl acetate, and the truth of the
hypothesis was shown by Hermann,! who proved this ethyl
succinyl-succinate to have the following constitution :

CH,.CO.CH.CO,C,H,

H,.C0.CH.CO,C,H,

In order to prepare this body, potassium is gradually added to
ethyl succinate, when a violent evolution of hydrogen occurs, and a
reddish-brown gummy mass remains. This is then treated with
2 to 3 times its volume of benzene and more potassium added
until 1 part of the metal has been employed to every 6 parts of
the ether. The product having been freed from benzene as
completely as possible by means of the filter-pump, it is decom-
posed with very dilute hydochloric acid, and the buttery mass
thus obtained pressed between filter-paper, washed with cold
alcohol, and recrystallized from hot alcohol, then again washed
with water and crystallized from ether.

Sodium acts similarly on ethyl succinate but less energetically
and much more slowly than potassium, but may nevertheless be
used for the preparation of the ether.?

Ethyl succinyl-succinate forms triclinic tables or prisms, having
a light green colour, and when dissolved in alcohol, ether, or
benzene, gives a solution possessing a splendid blue fluorescence.
The crystals melt at 127°. Alcoholic potash produces in an alco-
holic solution of this body, a white precipitate of the compound,
C,;H;KO,, which yields with an excess of potash a splendid
orange coloured compound, having the composition C,,H,,K;0,,
the aqueous solution of which has a yellow colour. This solution
easily decomposes, but when freshly prepared yields with mag-
Desium salts a purple coloured precipitate of the composition

Cy.H, MgO, + 2H,0, a body which at 80" loses water and be-
comes yellow. The disodium compound, C,,H,,Na,O,+ 4H,0,

1 Ber. Dentsch. Chem. Ges. viii. 1089 ; x. 107 and 6486,
3 Hermann, Lich. Ann. ccxi. 306.
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is depos1ted in fine red microscopic needles; the calcium salt,
) + H,0, is obtained as a yellow precipitate.
¥ potash solution soon decomposes out of contact
forming of the monethyl ether:

CH,.CO.CH.COOH
(lsﬁ,co J)H COOC,H,,

pound is very difficultly soluble in water and forms
iite powder, having a slight acid reaction. It melts
ing carbon dioxide and the ethyl ether of succinyl
id, which has the following composition :

(fH,.CO.CH,
CH,.CO.CH.C0.0.C,H,.

n oily liquid having a bitter taste and giving a
r with ferric chloride. In presence of air, the
ition undergoes other changes, and bodies belonging
atic series are formed, such, for example, as hydro-
rboxylic acid, C,H;(OH),(CO H),.

thylene  Succinate, or Ethylene Succinic Acid,
'C’H"CO’H, is formed by heating ethylene glycol
zacid. It is a colourless liquid which at 300° loses
ng ethylene succinate, C,H,(CO,),C,H,. This body
\ water and is deposited from hot alcohol in small
sh melt at 90°.1

: 0,C,H .
to-succinate, C,H‘<(C30; dHECH )C0,C,H, is formed
>holic solution of potassium ethyl succinate is heated
-chlorpropionate. It is an oily liquid, having at 0°
-avity of 1'119, and boiling at 280°. It is decom-
ustic potash into alcohol, succinic acid, and lactic

/CO .CH(CH,)CO,.C.H; .
n of succmyl chlonde on ethyl lacta.te a.nd is an
which boils with slight decomposition at 300°

Lourengo, Ann. Chem. Pharm. cxv. 358,
Friedel and Wurtz, Aan. Chim. Phys. [3], Ixiii, 120.
Wislicenus, Ann, Chem. Pharm. cxxxiil. 262.
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588 Succinyl Ozide, or Succinic Anhydride, (CH,CO),0. It has
already been stated that succinic acid decomposes on distillation
into this compound and water. The products, however, again
partially unite on cooling. The addition of phosphorus pent-
oxide prevents this reunion.? It is also formed by heating the
acid with phosphorus pentachloride in the proportion of equal
molecules :

CH,.C0.0H CH,.CO\
é +PCl = é 0 + 2HCI + POC,,
H,CO.0H H,C0/

Tt is, however, most easily obtained by distilling equal mole-
cules of succinic acid and succinyl chloride® It crystallizes
from hot alcohol in long needles, melting at 118° and boiling
at 250°.

Succinyl Chloride, C;H ,(COCI),, is formed when succinic acid is
heated with 2 molecules of phosphorus pentachloride (Gerhardt
and Chiozza). It is a highly refracting liquid and possesses a
penetrating odour. It boils at 190° with slight decomposition and
solidifies at 0° to tabular crystals. Its specific gravity is 1'39.

By the action of zinc ethyl on succinyl chloride diethyl succinyl
or diethyl ethylene ketone, C,H,(CO.C,H,),, is produced. This is
a liquid insoluble in water, which forms crystalline compounds

with the sulphites of the alkaline metals and is decomposed by
heat.t

SULPHUR COMPOUNDS OF SUCCINYL.

589 Thiosuccinic Acid, C,;H,(CO.SH), This substance is not
known in the free state, but its potassium compound is formed
when phenyl succinate, a body which will be described under
Benzene, is warmed with an alcoholic solution of potassium
hydrosulphide :

CO0.0C.H, CO.SK

C’H‘ { 00-0(3:115 + 2HSK = CzH‘ { CO.SK + 2H0.06H5.

It is very soluble in water and crystallizes in white needles.
Hydrochloric acid decomposes it with evolution of sulphuretted

1 Darcet, Ann. CRim. Phys. [2], lviii. 282.

2 Gerhardt and Chiozza, Ann. Chem, Pharm. lxxxvii. 290.
3 Méller, Journ. Prakt. Chem. [2], xxii. 193,

¢ Wischin, 4nn. Chem. Pharm. cxliii. 262.
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hydrogen and formation of succinyl sulphide, C;H,(CO)S, a
body crystallizing in a radiating crystalline mass, soluble in
water and alcohol, having an acid reaction, and melting at 31°.
Its solution gives precipitates with many metallic salts!

Sulphono-Succinic Acid, CHy(SO,H)(CO,H),. This strong
tribasic acid was obtained by Fehling 2 by passing the vapour of
sulphur trioxide over succinic acid. He termed it succino-
sulphurous acid, a name which was afterwards changed to succino-
sulphuric acid. The product of the reaction is a brown tenacious
mass, This is warmed for some time to 40°—50° and then
diluted with water, when on the addition of barium carbonate
or white-lead the excess of sulphuric acid is removed, and the
filtrate allowed to evaporate in a vacuum. The syrupy liquid
which remains slowly deposits warty crystals, which contain
2 molecules of water and absorb moisture from the air.

By the action of succinyl choride ou silver sulphate Carius
and Kdmmerer obtained a compound which on decomposition
with water yielded succino-sulphuric acid, a compound which
they believed to be isomeric with sulphono-succinic acid? The
two bodies are, however, doubtless identical.

NITROGEN COMPOUNDS OF SUCCINYL.

590 Succinamide, C;H (CO.NH,),, is formed when ethyl suc-
cinate is shaken up in contact with aqueous or alcoholic am-
monia. Crystalline needles soon separate out. These are
soluble at 19° in 220, and at 100° in 9 parts of water, and
are almost insoluble in absolute alcohol and ether. This
compound decomposes when melted.4

Succinimide, C;H,(CO),NH. This body was obtained by
Darcet by the action of ammonia on succinic anhydride, and
was termed sucinamide.? Fehling found later on that it is also
formed when ammonia is passed over fused succinic acid or when
normal ammonium succinate or succinamide is heated to 200°,
and he termed it bisuccinamide. It is also formed, together with
platinum ammonium chloride, when an aqueous solution of succi-
namide is heated with platinic chloride® Its present name was

1 Weselsky, Ber. Deulsch. Chem. Ges. ii. 518. .

8 Ann. Chem. Pharm. xxxviii. 285. 3 b, cxxxi. 167.
4 Fehling, b. xlix. 198, 8 Ann. Chim. Phys. [2], lviii. 204
¢ Ann. Chem. Pharm. xlix. 198,
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given to it by Laurent and Gerhardt who subjected it to further
examination.! It is tolerably soluble in water and crystallizes in
transparent rhombohedrons or tables which contain one molecule
of water and effloresce on exposure to air. At 100° it becomse
anhydrous and then melts at 125°—126°3 When the anhydrous
compound is dissolved in acetone and this allowed to evaporate
transparent rhombic pyramids are obtained which are permanent
in the air® It boils without decomposition at 288°, but
on heating with alcoholic ammonia it is converted into
succinamide :

CH, CO CO.NH
|H" SNH + NH, = EH’ Y
CH,CO H,CO.NH,

Succinimide has an acid reaction and contains one hydrogen
atom which can be replaced by certain metals.

Silver Succinimide, C;H,(CO){NAg. Siver oxide is dissolved
in aqueous succinimide solution and the hot filtrate deposits
colourless crystals having the composition 2C,H,0,NAg+H,0
and considered by Laurent and Gerhardt to be silver succinamate.
They lose water at 100°. The anhydrous compound is also
formed when ammonia and silver nitrate are allowed to act on
an alcoholic solution of the imide. It crystallizes in prisms and
detonates on heating whilst the hydrated compound decomposes
quietly. When added to a solution of iodine in absolute alcohol
iodo-succinimide, C,;H,(CO),NI, is formed, a body crystallizing
in hard quadratic prisms, easily soluble in water, less so in
alcohol, and decomposes readily in solution (Bunge).

Mercury Succinimide, [C,H,(CO),N],Hg, is formed by dissolv-
ing mercuric oxide in hot aqueous succinimide. It is very
soluble in water, somewhat less so in alcohol, and crystallizes in
long silky needles.*

Suesinamic Aeid, CH, § SO-NHs i¢ formed by the acti

591 Succinamic , Cq ‘{C0.0H , 18 formed by the action
of bases and water on succinimide.® In order to prepare it
solutions of baryta and succinimide are warmed, when barium
succinamate is deposited in white silky needles. The acid,
which is set free by sulphuric acid, is easily soluble in water,

1 Compt. Rend. Chém. 1847, 291,
2 Erlenmeyer, Zeitsch. Chem, 1849,174.
3 Bunge, Ann. Chem. Pharm. Suppl. vii. 117,

4 Menschutkin, 5. clxii. 165.
& Teuchert, 1. cxxxiv, 136 ; Menschutkin, loe. ciZ.
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crystallizes in large rectangular tables which have a pleasant
acid taste and decomposes at about 300° into succinimide and
water. Its salts as a rule crystallize well and their solutions
decompose on boiling with formation of ammonia, a decom-
position which occurs even in the cold when free alkalis
are present.

Trisuccinamide, (C,H,0,);N,, is formed by the action of silver
succinimide on an ethereal solution of succinyl chloride :

0.Cl /CON

/GO
o /oo N\Co /c, H,

+ 2AgClL
2

\Co.N(GINC,H,

It crystallizes in small prisms or tables melting at 83° and is
decomposed by water into succinic acid and succinimide.!

Succincyanamide, C,H, { gggggggg The potassium com-
pound of this is obtained by the action of potassium cyanamide,
N(CN)HK, on ethyl succinate and the sodium compound by
heating succinyl chloride with sodium cyanamide. Silver nitrate
produces a white precipitate of the silver compound, C,H,
(CONAg.CN),, which yields the pure amide on decomposition
with sulphuretted hydrogen. This is soluble in water and
alcohol, and crystallizes in monoclinic prisms containing two
molecules of water which they readily lose. The anhydrous

compound melts at 104°—105°.

Succincyanimide, C H4\88 JN.CN, is formed by the action

of cyanamide on an ethereal solution of succinyl chloride. It
deposits in large crystals insoluble in cold water, which melt
at 138° with decomposition and when heated with cyanamide it

combines to form the foregoing compound.

Succincyamic Acid, C,H {8813](5? NMH, i formed when

succmcyammlde is heated with water. In order to prepare it,
succinic anhydride is dissolved in a cold aqueous solution of
caustic pota,sh and of cyanamide :
JH co.n{QN
/ NK
H O+N—C\I+KOH C,H
@ > \K “co.0x

1 Gerhardt and Chiozza, Ann. Chim. Phys. [3], xlvi. 162.

+H,O.
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The potassium succincyamate thus obtained is soluble in water
but not in alcohol, and it crystallizes in rhombic tables. It
forms with silver nitrate a soluble silver compound, from which
other succincyamates can be obtained by decomposition with
soluble chlorides. If the silver salt be decomposed by sulphur-
etted hydrogen the free acid is obtained. This compound
is easily soluble in water and alcohol, possesses a sharp saline
and acid taste and crystallizes in lancet-shaped needles or tables
which melt at 128° and decompose at a higher temperature.
Its aqueous solution decomposes easily into succinic acid and
cyanamide or dicyanamide. Its salts also decompose in a
similar way, but less rapidly.

When silver nitrate is added to a concentrated solution
of the acid, oily drops separate out and these soon solidify
to small rhombic prisms of the acid silver succincyamate,

CO.N(CN)Ag!
C*H4{ coom "8

592 Succinonitril or Ethylene Cyanide, C;H,(CN),, is obtained
by heating ethylene bromide with potassium cyanide and
alcohol ® and is also formed in the electrolysis of cyanacetic acid
(see p. 159). It forms a white amorphous mass, soluble in
water and alcohol, melting at 54°5 and may, under diminished
pressure, be distilled without decomposition. When heated
with caustic potash, hydrochloric acid, or nitric acid, it is
converted into succinic acid.

B-Cyanpropionic Acid, C;H,(CN)CO,H, was obtained by von
Richter on boiling B-iodopropionic acid with potassium cyanide
solution. He did not, however, obtain it in the pure state,
and only noticed that the potassium salt thus obtained does
not crystallize and that it is converted into potassium succinate
on boiling with caustic potash.®

An acid of the same composition was obtained by Cooper
and Wanklyn by heating woollen yarn with an alkaline solution
of potassium permanganate, It is an amorphous yellow mass
which softens at 100° and at 140° becomes anhydrous, decom-
posing at a higher temperature. It is easily soluble in water
and alcohol, has a strongly acid reaction and forms amorphous
salts, most of which are soluble in water but not in alcohol.
When heated with caustic potash to 200°—220°, oxalic acid and

U Moller, Journ. Prakt. Chem. [2], xxii. 193, .

2 Maxwell Simpson, Proc. Roy. Soc. x. 574 ; Nevolé and Tscherniak, Bull, Soc.
Chim. [2], xxx. 108 and 161.

3 Zeitsch. Chem. 1868, 449,
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ethylamine are obtained but no succinic acid. For this reason
Cooper and Wanklyn termed it isocyanpropionic acid.! Further
investigation is required in order to determine the constitution
of this body.

SUBSTITUTION PRODUCTS OF SUCCINIC ACID.

593 Monobromsuceinic Acid, C;H,Br(CO,H),, was obtained
by Kekulé by heating succinic acid with water and bromine.?
According to Carius it is best obtained by heating 5 grams of
succinic acid, 2'5 cbe. of bromine and 40 cbe. water slowly to 120°3
It forms small colourless octohedral crystals or crusts which
melt at 159°—160° undergoing loss of hydrobromic acid. It is
soluble in 5 parts of water at 15°. This compound is more
readily obtained by the union of hydrobromic acid with fumaric
or maleic acid (p. 210).

Dibromsuccinic Acid, (CHBr),(CO.OH),, was obtained by
Perkin and Duppa by heating equal volumes of succinyl.chloride
and bromine at 120°—130° and decomposing with water the di-
bromsuccinyl chloride, C,H,Br,(COCI),, thus produced.* Kekulé
also prepared it by heating 12 grams of succinie acid with11 ce.
of bromine and 12 cc. of water at 150°—180°.> When one mole-
cule of ethyl succinate is heated with two molecules of bromine
at 130°—140° ethyl bromide is obtained together with a small
quantity of succinic acid, a large quantity of monobromsuccinic
acid, and a somewhat smaller quantity of dibromsuccinic acid,
which two latter may easily be separated by recrystallization.®
Dibromsuccinic acid forms large glistening crystals difficultly
soluble in cold water, and decomposing at 200° with formation
of hydrobromic acid, and brom-maleic acid.

Other substitution products of succinic acid will be con-
sidered under fumaric and maleic acids.

1 Phil. Mag. [5), vii. 356.

2 Ann, Chem. Pharm. cxvii. 125 ; exxx. 21 ; Suppl i. 129,

3 Ann. Chem, Pharm. cxx. 6.

¢ Quart. Journ. Chem. Soc. xiii, 102,

8 Ann. Chem. Pharm. cxvii. 120; Suppl. i. 851, See also Bourgoin, Bull. Soc.
Chem. xix. 148.
. & Schacherl, Ber. Deutsch. Chem. Ges. xiv., 637,
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ISOSUCCINYL COMPOUNDS.

594 Jsosuccinic Acid or Methyl Malonic Acid, CHy, CH(CO,H),,
was first obtained by H. Miiller, by heating the ethyl ether of
a-chlorpropionic acid with potassium cyanide and decomposing
the product with caustic potash! He considered this to be
common succinic acid, but Wichelhaus showed that it was an
isomeride.? It was then further examined by him and Eller?
by v. Richter,* and by Byk.®* In order to prepare it, one part
of ethyl a-chlorpropionate is gently boiled with two parts of pure
potassium cyanide and four parts of water, until the ether is
dissolved, the whole neutralised with sulphuric acid and evap-
orated to dryness. The residue is strongly acidified and ex-
tracted with ether, and the cyanpropionic acid thus obtained
boiled with potash. Cyanpropionic acid may be advantageously
prepared from brompropionic acid.® The product is again
acidified, extracted with ether, and then precipitated with lead
acetate, care being taken not to use an excess, as lead isosuc-
cinate is soluble in the reagent, but only slightly so in acetic
acid. The acid obtained from the lead salt forms colourless
crystals, dissolving in five parts of cold water. When carefully
heated below 100° between watch glasses it can be sublimed
in microscopic tables. At a higher temperature decomposition
takes place. It melts at 130° and decomposes, when more
strongly heated, into carbon dioxide and propionic acid. The
salts are mostly crystallizable, are more soluble than those of
succinic acid, and are not precipitated by ferric chloride.

Calcium Isosuccinate, C,H,0,Ca+H,0, is obtained as a crystal-
line precipitate formed at once in hot solution and gradually in
the cold by mixing calcium chloride solution with a concentrated
solution of an alkaline isosuccinate.

Silver Isosuccinate, C,H,0,Ag, is a granular crystalline
precipitate, which when shaken with a large quantity of water
suddenly dissolves, separating out again, on standing for a few
minutes, in thin needles.”

1 Ann. Chem. Pharm. cxxxi. 850. 2 Zeitsch. Chem. [2], iil. 247.

3 Ber. Deutsch. Chem. Ges. i. 98. & Zeitsch. Chem. 1868, 449,

8 Journ. Prakt. Chem, [2], i. 19.

® Rosieki, Ber. Deutsch. Chem. Ges. xiii. 209. 7 Krestownikow, 6. x. 409,
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Ethyl Isosuccinate, CH,0,(C.H;), is formed according to
Carstanjen by heating ethyl formate and ethyl lactate with
phosphorus pentoxide :!

c|:H8 ?H

CHOH  + HCO.OCH, = CHCOOCH + H,0.
|

CO.0C,H, C0.0C,H,

It is also formed from ethyl malonate by a reaction which has
already been described.? It is a liquid having a specific gravity
of 1021 at 22° and boils at 196°3

Monobromisosuceinic Acid. CHCBr(CO.H),, is obtained by
heating isosuccinic acid with bromine and water to 100°, It
crystallizes in well-formed deliquescent prisms.

OXYSUCCINIC ACIDS.

Mavic Acip, C,Hy(OH)(CO,H),.

595 Geber supposed that the juice of sour pears contained an
acid, or, as he termed it, aqua dissolutiva, and this liquid was
employed in the sixteenth century as a solvent for iron. The pre-
paration thus obtained is still described in certain pharmacopaias
as Extractum martis pomata or ferri pomata, a tincture prepared
from this being also mentioned. Libavius, who refers to this in
his Alchymia, also notices a juice from “baccae ericae bacciferac
(Mehlbehr vocant Germani), Succus cvadit ruber et acidum
qui sapit.” :

Donald Monro, in 1767, was the first to point out that the
juice of apples yields a peculiar salt with soda, and Scheele, in
1785, showed that gooseberries contain another acid in addition
to citric acid, which is also present in large quantity in unripe
apples, and hence he termed it malic acid (from malum). He
also showed that either the one or the other, or both these acids
occur in many other plants, and its characteristic properties were
afterwards more closely investigated by Vauquelin in 1800. In
1807, however, both Bouillon-Lagrange and A. Vogel came to
the conclusion that this acid is a mixture of acetic acid and

1 Ber. Deutsch. Chem. Ges. iv. 808, 3 Ziiblin, ¢, xii. 1112,

3 Conrad and Bischoff, Ann, Chem. Pharm. cciv. 202,
¢ Phil. Trans. 1767, p. 479.
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extractive matter, but this was disproved by Vauquelin in 1817.
Two years before Donovan proved that mountain-ash berries
contained an acid to which he gave the name of sorbic acid, and
Braconnot, in 1818, proved this substance to be malic acid,
The exact composition of malic acid was, however, first ascer-
tained by Liebig.!

Malic acid is widely distributed throughout the vegetable king-
dom,? being found in a number of other fruits besides those which
bave been named. It frequently occurs together with oxalic,
tartaric and citric acids, partly in the free state and partly
combined with bases. It also occurs in various other parts of
the vegetable kingdom. For example it is found in considerable
quantity in the berries of berbery (Berberis vulgaris), quince,
red- and white-currants, raspberries, blackberries, pine-apple,
bananas, and sour- or morella-cherries, whilst sweet cherries
contain acid potassium malate, a salt which is also contained in
the leaves and stem of garden rhubarb (Rheum palmatum and
R. undulatum). Acid calcium malate is also found in many
plants, the leaves of the house-leek (Sempervivum tectorum)
being especially rich in it, as well as the leaf of the tobacco plant
and the berries of Rhus Coriaria, and other species of sumach.

The best source of malic acid is the mountain-ash berries.
They must be used when they begin to redden, as the ripe ones
contain little or no malic acid. Milk of lime isadded to the juice
until the liquid has only a slightly acid reaction. The whole is
then boiled for some hours, when the steam which comes off
attacks the eyes from the presence of the vapour of sorbic acid.
During the ebullition calcium malate separates out as a white
sandy powder, which is then removed with a spoon. When no
further precipitate forms, the liquid is allowed to cool and a further
quantity of this salt is deposited. The precipitate is then washed
with cold water and thrown gradually into a warm mixture
of nitric acid and ten parts of water so long as it dissolves,
and the whole allowed to cool, when the acid calcium malate
separates out. This is then purified by recrystallization from
hot water, precipitated with lead acetate and the insoluble lead
malate decomposed with sulphuretted hydrogen.

The stalks and leaves of garden rhubarb may also be employed
for the preparation of malic acid, and may be treated as above.t

! Ann, Pharm, v. 141, 3 Gmelin, Handbook, x. 205.
? Hagen, A»n. Chem. Pharm. xxxviii, 257,
¢ Everitt, Phil, Mag. [8), xxii. 827.

17
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The juice may also be clarified with isinglass and the filtrate
allowed to evaporate to a thin syrup. After some days acid
calcium malate separates out, and this may be purified by re-
crystallization and afterwards treated as above.!

The evaporated syrupy solution from the decomposition of
the lead salt when allowed to stand in a warm place deposita
malic acid in glistening four-sided needles, which frequently
unite to form bushy or nodular masses. It is also sometimes
deposited in cauliflower-like forms.

Malic acid is very soluble in water, and deliquesces on exposure
to moist air. It has a strong but pleasant acid taste, melts at
about 100°, and decomposes at a higher temperature, when
products are formed which will be afterwards described. When
treated with concentrated hydriodic acid it is reduced to
succinic acid :

C,H,(OH)(CO,H), + 2HI = C,H;(CO,H), + H;0 + I

THE MALATES.

596 These salts have been carefully investigated by Hagen
The normal malates of the alkali metals are easily soluble in water,
but do not crystallize. The acid salts on the other hand crystal-
lize well. The malates of the alkaline earths exist both in
anhydrous forms and in forms containing water of crystallization,
and it appears that the solubility increases with the quantity of
water contained. The malates of aluminium, iron, manganese,
&c., are not crystallizable, and their solutions are not precipitated
by alkalis. Other heavy metals form difficultly soluble or in-
soluble malates. The following are the most characteristic salts
of this acid.

Acid Ammonium Malate, C,H,O;(NH,), dissolves in about
three parts of cold water, and crystallizes in large rhombic
prisms.

Normal Calcium Malate, CHO,Ca. When a solution of
malic acid is neutralized with lime and heated to the boiling
point, the anhydrous salt separates out as a granular powder
scarcely soluble in water. When the solution remains acid a
similar precipitate is thrown down which contains one molecule of

1 Winkler and Herberger, Jrb. Prakt. Chem, ii. 201.

3 Schmitt, Ann. Chem. Pharm. cxiv. 196 ; Dessaignes, . cxvil 134.
8 Loc. cit.
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wadter, and this is also formed when a solution of sodium malate
is mixed with one of calcium chloride and allowed to stand. This
salt is soluble in 147 parts of cold and 67 parts of boiling
water, and does not deposit again on cooling. If the acid is
neutralized with lime water and the solution allowed to evaporate
in a vacuum easily soluble thin crystalline lamine are obtained,
containing two molecules of water. These become anhydrous
and insoluble at 180°.

Acid Caleium Malate, (C.H O,),Ca + 8H,0. This occurs, as
has been stated, in several plants, and may also be easily
prepared by dissolving the normal salt in aqueous malic acid
or in hot dilute nitric acid. It crystallizes in transparent
glistening prisms having a pleasant acid taste. It dissolves
in fifty parts of cold and more easily in hot water. When its
solution is boiled the normal salt separates out, and when
neutralized with ammonia and allowed to evaporate transparent
brightly glistening, bard crystals are deposited, having the
compeosition CH,0,Ca + 3H,0, and these, when heated, lose
water and assume a porcelain-like appearance.

Normal Lead Malate, C;HO,Pb+3H,0. This is obtained as
a flocculent precipitate which gradually becomes crystalline.
When beated with a moderate amount of water it melts to
a gum-like mass which is brittle when cold. The solution,
however, deposits four-sided needles or tablets. It is only
slightly soluble in dilute acetic acid, but dissolves more readily
in solution of sugar of lead and in nitric acid. When a solution
of a malate is thrown down with acetate of lead a precipitate
of basic salt is obtained.

Stlver Malateis a white granular crystalline precipitate soluble
in boiling water, and easily undergoes decomposition attended
by blackening.

OpricAL ISOMERIDES OF MALIC AcID.

597 The malic acid which occurs in nature is optically active,
a dilute solution deviating the plane of polarization to the
left. This gyratory power diminishes with the concentration
until, when the solution contains thirty-four per cent., it be-
comes inactive. A still further addition of the acid gives to
the solution a dextro-rotatory power, so that one containing
sixty per cent. deviates the plane of polarization as much
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to the right as one containing 8'4 per cent. does to the left.
The sodium salts exhibit a similar property.!

When tartaric acid (dioxysuccinic acid) is treated with
hydriodic acid it is reduced to malic acid, and this by a further
action is converted into succinic acid. The malic acid thus
obtained 1is, like the tartaric acid employed, dextro-rotatory
at any rate in dilute solution.? If instead of tartaric acid use
be made of its isomeride, racemic acid, a compound of dextro-
tartaric acid with leevro-rotatory acid which is optically inactive,
an inactive malic acid is also produced, and this, like racemic
acid, can be decomposed into two optically active acids® Another
inactive malic acid which cannot be thus split up was obtained
by Pasteur by the action of nitrogen trioxide on inactive aspartic
acid (amidosuccinic acid), a body which will be afterwards
described. This malic acid is distinguished from the common
variety by being more easily crystallizable, by being non-deli-
quescent, and melting at 133°% TIts salts are, however, very
similar to those of the naturally occurring acid, but they may
be distinguished from them inasmuch as the crystals of the
latter exhibit hemihedral faces. It is probable that the malic
acid obtained by Kekulé by heating bromsuccinic acid with
silver oxide and water? is identical with Pasteur’s acid as well
as that which Strecker and Messel obtained by boiling sulpho-
succinic acid with caustic potash® Another inactive malic
acid which appears to be different from these modifications is
obtained from fumaric acid, C,H,O, and will be described
under this head.

ETHERS AND ETHEREAL SALTS OF MALIC ACID.

598 Normal Ethyl Malate, C;H,(OH) (CO,C,H,);. Thenard”
made the first experiments on the preparation of this salt. He
heated a mixture of eighteen parts of alcohol, fifteen parts of sul-
phuric acid, and five of malic acid until ether began to be evolved,
and then mixed the residue with water, when he obtained
a yellow oily odourless liquid, which when heated decomposed.
This substance requires further investigation® According to

1 Schneider, Ann. Chem, Pharm, ccvii. 257.

? Bremer, Ber, Deutsch. Chem. Gcs. viii. 1594.

3 Bremer, b. xiii. 351. 4 Ann. Chem. Pharm. lIxxxiv. 157.

8 Id. cxvii. 125. ¢ Zeitsch. Chem. 1870, 460,
7 Mém. Soc, & Accueil, ii. 12. 8 Gmelin, Org. Chem, ii. 354.
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Demondésir this salt is obtained by saturating an alcoholic
solution of malic acid with hydrochloric acid. The acid is then
neutralized with carbonate of soda, and extracted with ether,
and on evaporating ethyl malate remains behind! Tt is also
formed when silver malate is heated with ethyl iodide and ether.
It is a slightly ethereal smelling liquid, soluble in water, and
boiling under a diminished pressure of 15 mm. at 128°—131°.
iWhen heated under the ordinary pressure it decomposes into
water and ethyl fumarate.

Acid Ethyl Malate, C;H,(OH)(CO,C,H)CO,H. This com-
pound, which is also known as ethyl malic acid, is formed in
the preparation of the normal salt by the second method
above described, and forms a calcium salt easily soluble in
alcohol.

Ethylomalic Acid, C;Hy(OC,H,)(CO.H),, is isomeric with the
foregoing compound, being distinguished from it inasmuch as
it is dibasic. In order to prepare it, ethyl fumarate is gradually
added to an alcoholic solution of sodium ethylate, the mixture
allowed to stand, and then heated with water and caustic soda.
The sodium salt thus obtained is then converted into the in-
soluble and crystalline lead salt, and this decomposed by
sulphuretted hydrogen. 'When the solution is evaporated a
syrupy mass remains behind, which gradually deposits crystals
which are apparently rhombic, and melt at 86°. The formation
of this acid is explained by the following equation :

C,H,C0,CH — CH.CO,.C,H, + NaOC,H, =
C,H,.CO,.CH(OC,H,).CHNa.CO, C,H,,

The compound thus obtained is then converted in the presence
of water and caustic soda into sodium ethylomalate.?

Triethyl Malate, C,H,(OC,H,)(CO,C,H,),, is formed when
sodium is gradually added to an ethereal solution of the normal
ether, and the product treated with ethyl iodide. It is a
liquid which boils under a diminished pressure of 15 mm. at
118°—120°.3

Ethyl Nitrozyl Malate, C;H,(ONO,)(CO,C,H,),, is obtained
by dissolving the normal salt in a mixture of concentrated
sulphuric and nitric acids. On precipitating with water, a
slightly pungent-smelling, oily liquid is obtained, which de-
composes on heating.*

“ Compe, Rend. xxxiii, 227. ? Purdie, Journ. Chem. Soc. 1881, i. 844.
Andreoni, Ber, Deutsch. Chem. Ges. xiii. 1394, ¢ Henry, ¢b. iii. 532.
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Ethyl Acetomalate, C;H;(OC,H;0)(CO,C.Hy),, is formed by
heating ethyl malate with acetyl chloride. It isa heavy,slightly
ethereal smelling liquid, insoluble in water, boiling at 258°, and
is decomposed by alkalis into alcohol, malic acid, and acetic
acid.!

AMIDO-COMPOUNDS OF MALIC AcID.

599 Malamide, C,H,(OH)(CO.NH,),, is formed by the action
of ammonia on an alcoholic solution of ethyl malate. It is
soluble in water and crystallizes in quadratic prisms.

Malamic Acid, C,H,(OH){gg:gg’, is not -known in the

free state. Its ethyl salt separates out as a radiating crystalline
mass when ethyl malate is saturated with ammonia and allowed

to stand (Demondésir).
Asparagine, or Amidosuccinamic Acid, C;H,(NH,) { 88%)?{{’

This compound, isomeric with malamide, was discovered in 1805
by Vauquelin and Robiquet in the juice of asparagus? Bacon
found a substance in the marsh-mallow root to which he gave
the name of Althdine, and Caventou found in the liquorice
root a similar body, which he termed .4gédoile. Plisson and
Henry then showed that these bodies are identical with aspara-
gine.? The composition of this body was first determined by
Liebig.* It occurs, very widely distributed, in the vegetable
kingdom, being found in certain fruits, roots, and tubers, as in
the dahlia tuber, and in chestnuts and potatoes, and in the
roots of Robinia pseudacacia, in which it occurs in compara-
tively large quantities. It is also found in the milky juice of
the lettuce, and in the young shoots of vetches, peas, beans, and
several other leguminous plants, the seeds of which do not con-
tain any trace. The quantity diminishes as the growth of the
plants proceeds, and disappears altogether as soon as the seeds
are formed.® According to Boussingault, asparagine is a constant
constituent of plants grown in the dark.®
In order to prepare it from the young plants these are pressed,

the juice heated to boiling, filtered and evaporated to a thin

1 Wislicenus, Ann. Chem. Pharm. cxxix. 179,

3 Ann. Chim. lvii. 88 ; Ixxii. 143.

3 Ann, Chim. Phys. [2], xxxv. 175 ; xxxvii. 81 ; xlv. 804,

¢ Ann. Pharm. vii. 146.

5 Piria, Ann. Chim. Phys. [8], xxii. 160.
8 Bull. Soc. Chim. [2], ii. 297,
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syrup. After standing for some time asparagine separates out,
and this is then purified by filtration through animal charcoal
and crystallization. It may be prepared easily from the root of
Scorzonera hispanica, by allowing this to undergo dialysis,! and a
_similar process may also be adopted for its preparation from the
mallow.?

Asparagine crystallizes with one molecule of water in trans-
parent rhombic prisms, which are permanent in the air, and
bave a specific gravity of 1:519. These crumble to powder with
a crackling noise between the teeth; they have a slight cooling,
somewhat nauseating taste. They are soluble in 82 parts of
water at 10°, but are scarcely soluble in absolute alcohol.

The aqueous solution possesses a slight leevro-rotatory power ;
that in ammonia or caustic soda exerts a more powerful action,
but a solution in mineral acids has a dextro-gyratory power.
The effect of acetic acid upon this action is remarkable. If a
small quantity be added to an aqueous solution of asparagine its
levro-rotatory power is weakened, and at last disappears, a further
addition of acetic acid producing a dextro-rotatory action.

Asparagine being an amido-acid combines with acids. It also
forms metallic salts, and combines with salts to form compounds
similar to those formed by glycocoll.

Nitrous acid converts asparagine into malic acid, and for this
reason Piria assumed that this body stands in the same relation
to this as oxamide does to oxalic acid. Kolbe, on the other
hand, was the first to express the view that it is an amide of
amido-succinic acid or aspartic acid,* and Schaal proved this,
inasmuch as he obtained it by the action of ammonia on the
ethyl salt of the latter acid.

Pure asparagine does not undergo alteration in aqueous solu-
tion. If, however, albuminoid bodies are present a fermentation
soon sets in, and ammonium succinate is formed. This change
occurs in its passage through the human organism. After eating
asparagus the urine, as is well known, assumes a peculiar smell.
The cause of this has not yet been ascertained, but on examina-
tion it has been found that such urine contains ammonium
succinate.$

600 Aspartic Acid or Amidosuccinic Acid, C;H,(NH,)(CO,H),

1 Gorup-Besanez, Ann. Chem. Pharm., exxv. 291.
: Buchner, Zeitsch. Chem. 1862, 117.

Becker, Ber. Deulsch. Chem. Ges. xiv. 1028.
4 Ann. Chem. Pharm. cxxi, 232.

S . clvii. 24 ¢ Hilger, Ib. clxxi. 209.
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was obtained by Plisson by boiling asparagus with water and

oxide until the evolution of ammonia ceased. Instead of

oxide, other bases such as baryta! or caustic potash® may

sed. Liebig, who first determined its composition, prepared

7 boiling an aqueous solution of asparagine with caustic

sh, the evaporated water being constantly renewed, until no

ier evolution of ammonia was observed. - The solution was
neutralized with hydrochloric acid, evaporated to dryness,
the residue washed with cold water to remove potassium
ide. Aspartic acid is also found in beet-root juice after
ment with lime,2 as well as in the spent lees or vinasse,

:her with an homologous acid.*
is sparingly soluble in cold water, more readily soluble in

ng water, and dissolves only with difficulty in alcohol. It

'posited either in small thin rhombic tables or in micro-

c crystals, These have a slightly acid taste, leaving an

-taste like broth. Owing to the slight solubility its aqueous

ion possesses only a weak lavro-rotatory power, whilst

lkaline solution produces a more powerful rotation; its
ion in acids, on the other hand, exhibits a strong dextro-
ory action. With acetic acid it exhibits a behaviour

:sponding to that of asparagine (Becker).

a optically inactive aspartic acid was obtained by Pasteur®
acid ammonium malate. If this body be moistened
ammonia and heated for some hours to 160°—200°, &

ous mass is formed, and this when washed with water

:s behind a reddish powder which possesses the composition

4NO,, and has been termed fumarimide. It probably

2sses the following constitution :

CO—N—CO
I / I
N
l!!H CH
CO—N—!}O

boiling this with dilute hydrochloric acid it is converted

1 Boutron-Chalard and Pelouze, Ann, C’hm Phys. [2], lii. 90.
3 Liebig, Ann. Pharm. xxvi. 125 and 1

3 Schei ler, Jahresb, 1866, 399 ; Chcm. Cc’m'alb. 1869, 509.
4 Ber. Deutsch. Chem. Ges. ii. 596.

5 Ann. Chim. Phys. [8), xxxiv. 30,
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into inactive aspartic acid, which crystallizes in short hard mono-
clinic prisms, and is somewhat more soluble than the active acid.
Its salts also exhibit a difference from those of the active acid
both in solubility and crystalline form; otherwise its chemical
reactions resemble those of the ordinary acid.!

Aspartic acid has a slightly acid taste and is dibasic. Its
normal salts are, however, decomposed by carbon dioxide, and
hence they were at one time believed to be basic salts, and the
acid was considered to be monobasic, as, indeed, in the free state
it really is, being an amido-acid :

C0o—0

dr—\m
ba,

é0.0H. .

The only aspartates of the alkali metals which are known in
the solid form are the acid salts. The acid salts of other metals
are soluble in water; some of the normal salts are insoluble,
The soluble aspartates have also a peculiar taste like broth.
By heating the acid silver salt with ethyl iodide the monethyl
salt is obtained; this is a crystalline body, which on treatment
with aqueous ammonia yields asparagine.?

Aspartic acid also forms compounds with other acids which
are crystalline.

Imidosuccinic Acid, { Qo >CH,CO,H, is obtained together

with tetramethylammonium iodide when a solution of asparagine
in caustic potash is mixed with wood-spirit and methyl iodide,
and the mixture allowed tostand. It crystallizes from hot water
in four-sided laminse. It is a monobasic acid, but as it is an
imido-compound it yields a silver salt containing two atoms of
metal 3

601 Jsomalic Acid, CH,C(OH)(CO,H),, was obtained by
Schmoger by gently heating an aqueous solution of bromisosuc-
cinic acid with freshly precipitated silver oxide. This acid, which
i8 easily soluble in water, can be obtained in the crystallized state,

1 Awm. Chim. Phys. [8], xxii. 160.

t Schaal, Ann. Chem. Pharm. clvii. 24.
8 Griess, Ber. Dewtsch. Chem. Ges. xii. 2117.
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8 salts, with the exception of the silver salt, cannot
d crystallized. It decomposes at 100° into carbon
1 lactic acid.?

which according to its mode of formation should be
7ith the above, was prepared by Bottinger in the
vay. Pyroracemic acid is gradually added to finely
well cooled potassium cyanide, and the product treated
ochloric acid, when oxyethidene-succinamic acid is

CH, CH,

(go + HCON = &(OH)CN
(IJO.OH (|30.0H.

CH, CH,
(I:(OH)CN + HO = J)(OH)CO.NH,
0.0H CO.0H.

ms a strongly acid syrupy mass, which when heated
ochloric acid is converted into lactic acid, carbon
d sal-ammoniac, but when boiled with baryta water,
~succinic acid, or methyl tartronic acid is formed.
ily soluble, and crystallizes in rhombohedrons similar
* calc-spar. When carefully heated it melts at 178°
at evolution of carbon dioxide. It is distinguished
lic acid, inasmuch as it forms crystalline salts.?

\RIC ACID AND MALEIC ACID, C,H,0,. |

1quelin 3 as well as Braconnot* noticed that when
is subjected to dry distillation an acid aqueous liquid
3 over, and then a needle-shaped sublimate is formed.
then showed that the aqueous solution contains a
id to which he gave the name of pyromalic acid, the
being an acid differing from this.® These compounds
accurately examined in 1834 by Pelouze, who gave to

rakt, Chem. [2], xiv. 77 ; xix. 168 ; xxiv, 88.
tsch. Chem. Qes. xiv. 87 and 148.
m. Phys. [2), vi. 387. ¢ Ib, viii. 149. 8 I, ix, 98.
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the former the name of maleic acid and to the latter the name
of paramaleic acid.!

Before this, Braconnot had prepared the so-called boletic acid
from several varieties of lichens, and Pfaff afterwards found an
acid in Iceland-moss to which he gave the name of lichenic
acid, whilst Winkler obtained an acid from fumitory (Fumaria
officinalis), which he termed fumaric acid. The identity of
this latter acid with paramaleic acid was demonstrated by
Demarcgay,® whilst Schodler showed that lichenic is really the
same acid.® Then Bolley ¢ and Dessaignes® proved that boletic
acid is identical with fumaric acid, and this name is now gener-
ally adopted instead of paramaleic acid.

‘When malic acid is quickly distilled, water passes over first
alone and then together with maleic acid, the residue solidifying
after some time to crystalline fumaric acid. On slow distillation
more of the latter substance is obtained, and when malic acid is
heated for some time to 140° to 150°, only fumaric acid is formed,
the maleic acid being also converted at this temperature into
the isomeride. At higher temperatures, on the other hand, both
acids decompose into water and maleic anhydride, which body
easily combines with water to form maleic acid. Hence these
two isomerides can easily be converted the one into the other.

FuoMAric Acrp.

603 Fumaric acid is somewhat widely distributed throughout
the vegetable kingdom. It is found in a variety of lichens,
and especially in Iceland moss, in truffles, and in the several
species of fumaria, corydalis and glaucium,

In addition to the reactions mentioned above it is also formed,
according to Mithlhatiser, when albuminoids are heated with
aqua regia.® It is best obtained in the pure state by heating
malic acid with a small quantity of water at 180° under pres-
sure.” It requires for solution more than 200 times its weight
of cold water. It dissolves more easily in hot water and also in
alcohol and ether, crystallizing from these in prisms or scales.
It fuses with difficulty on heating, and decomposes at about 200°

! Ann. Chim. Phys. [2], Ivi. 72,

* Ib. Ivi, 429. 3 Ann. Chem. Pharm. xvii. 148,

¢ b, Ixxxvi, 44. 5 Compt. Rend. xxxi. 432 ; xxxvii. 782,
¢ 4rn, Chem, Pharm. ci. 176. 7 Jungfleisch, Bull, Soc. Chim. xxx. 147.
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into water and maleic anhydride, whilst a portion sublimes in
needles. It has a purely acid taste, is optically inactive, and is
not attacked by concentrated nitric acid, even on boiling; but
is easily converted in presence of sodium amalgam and water
into succinic acid. This same change takes place when it
i1s treated with zinc in alkaline solution, or when it is heated
with hydriodic acid.! When brought in contact with bromine
and water it combines, gradually at the ordinary temperature but
quickly at 100°, forming dibromsuccinic acid.? Fuming hydro-
bromic acid does not combine with it in the cold but does so at
100° when monobromsuccinic acid is formed.* When heated
with a large excess of water to 150° it is transformed into
inactive malic acid (Jungfleisch). This also takes place on
heating fumaric acid for some time with caustic soda to 100°.
Malic acid prepared in this way forms hard crystalline crusts
consisting of microscopic prisms. It is less deliquescent than
common malic acid, from which it is also distinguished by the
properties of its salts. The main distinction between this and
the other modifications of malic acid is that when heated it
forms fumaric acid, but no maleic acid.4

If, on the other hand, fumaric acid be heated with much water
at 150° to 200° an inactive malic acid is formed, which, like the
body already described, splits up into maleic anhydride and
fumaric acid when it is heated with water. By converting this
latter into malic acid and repeating the above reaction, malic
acid can be completely converted into maleic acid.®

When either fumaric acid ® or maleic acid? is distilled with
phosphorus pentachloride jfumaryl chloride, C,H,(COCl),, is
obtained. This is a mobile liquid boiling at 160°, and uniting
with bromine to form dibromsuccinyl chloride, C;H,Bry(COCI),
a body which is also formed by heating succinyl chloride
with bromine.

A galvanic current passed through an alkaline solution of
fumaric acid decomposes it into acetylene, carbon dioxide and
hydrogen, which latter body reduces a portion of the acid to
succinic acid 8

! Kekulé, Ann. Chom. Pharm. Suppl. i. 129.

3 Kekulé ; Fittig and Petri, . cxcv. 56.

3 Fittig and Dorn, tb, clxxxviii. 87.

4 Linnemann and Loydl, Ann. Chem. Pharm. cxcii. 82.
8 Pictet, Ber. Chem. Ges. xiv. 2648.

¢ Kekulé, Ann. Chem. Pharm. Suppl. ii. 86.

7 Perkin and Duppa, ib. cxii. 24.
8 Kekulé, Ann. Chem. Pharm. cxxxi. 84,
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Fumaric acid is a powerful dibasic acid. Most of its salts are
soluble in water, and ferric chloride produces in solutions of its
normal salts a cinnamon-brown precipitate. The normal and
acid fumarates of the alkali metals crystallize easily. Those of
the alkaline-earth metals are not very soluble in water, and
are obtained in crystals when hot concentrated solutions of the
corresponding acetates are mixed with a solution of fumaric
acid.

Lead Fumarate, CH,0,Pb+2H,0, is slightly soluble in cold
and more soluble in hot water and crystallizes in needles.

Silver Fumarate, CH,0,Ag,, is so slightly soluble in water
that the solution of the acid in 200,000 parts of water is
rendered milky by silver nitrate. In more concentrated solu-
tions it is obtained as an amorphous precipitate, which in the
dry state deflagrates on heating, like gunpowder.

Normal Ethyl Fumarate, CH,0,(C;H,),, was obtained by
Hagen when endeavouring to prepare the corresponding salt
of malic acid. For this purpose he passed hydrochloric acid
gas into a solution of malic acid in absolute alcohol and distilled
the product. He then also prepared it in a similar way from
fumaric acid.! Perkin and Duppa obtained the same compound
by acting with alcohol on the fumaryl chloride obtained from
malic acid, and Henry prepared it by distilling ethyl malate
with phosphorus pentachloride? This salt is also formed
when fumaric is heated to 120° with absolute alcohol,® as also
by the action of ethyl iodide on silver fumaratet It is a
slightly smelling liquid boiling at 218>5 and having a specific
gravity at 17>5 of 1-0522, that of its vapour being 59256 Ethyl
fumarate unites readily with bromine to form ethyl dibromsuc-
cinate. It decomposes with ammonia forming fumaramide,
C,H,(CO.NH,),, a body forming glistening scales insoluble in
cold water and alcohol.

Acid Ethyl Fumarate,or Ethyl Fumaric Aeid,C H,04(C,H,)OH,
is formed together with the normal salt by the methods
described by Hagen and Laubenheimer. It is deposited in
lamines which possess a fatty feel, are difficultly soluble in cold
water, and fuse when gently heated (Laubenheimer).

Methyl Pumarate, C,H,0,(CH,),, forms colourless crystals

1 Ann. Chem. Pharm. xxxviii. 274. * Ib. clvi. 177.
3 hnbenhelmer, Ann, Chem. Pharm. clxiv. 204.

* Anschiitz, Ber. Deutsch. Chem. Ges. xii. 2280,
* Habner and Schreiber, Zeitsch.Chem. 1871, 712.
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which are difficultly soluble in cold but dissolve easily in hot
water, and volatilize in a current of steam, producing a pleasant
smell. It melts at 102° and boils at 192° (Anschiitz).

MaLEIC AcID.

604 This is not found ready formed in the vegetable king-
dom. It was, however, formerly supposed to occur in Equisefum
Jluviatile; but afterwards the acid found in these plants was
shown to be its polymeride aconitic acid, CgHsO, Maleic acid
crystallizes in rhombic prisms, is very easily soluble in water,
and also dissolves in alcohol and ether. Its taste is sour at first,
but soon excites an unpleasant sensation of nausea. It melts at
about 130°, and the liquid solidifies if kept for some time at
this temperature, fumaric acid being formed, a change which
also occurs when it is boiled with mineral acids. It behaves
like fumaric acid with nascent hydrogen and hydriodic acid, and
also yields the same products on electrolysis (Kekulé). It is
distinguished from fumaric acid, inasmuch as it is attacked by
fuming hydrobromic acid in the cold, being then converted into
equal molecules of monobromsuccinic acid and fumaric acid
(Fittig and Dorn). Its action with bromine is similar, inas-
much as a part is converted into fumaric acid, some of which
again unites with bromine to form dibromsuccinic acid. Another
portion of the maleic acid, however, combines directly with
bromine to form isodibromsuccinic acid, C,H,Br,(CO,H),, a body
easily soluble in water and crystallizing in scales melting at
160°, and decomposing into hydrobromic and isobrommaleic
acids (Kekuld; Fittig and Petri).

The Maleates. Most of the maleates are soluble in water and
are not precipitated by ferric chloride. The normal maleates of
the alkali metals crystallize with difficulty. The acid ones, which
and less soluble, crystallize more readily. Those of the metals of
the alkaline-earths are somewhat soluble in cold water, the most
insoluble being barium maleate, C,H,0,Ba+2H,0, crystallizing
in shining needles united in stellated groups. Maleic acid gives
with baryta water a granular precipitate, which after some time
is converted into crystalline scales (Lassaigne ; Pelouze). The
acid salts are easily soluble and crystallizable.

Lead Maleate, C H,0Pb+3H,0. Maleic acid gives a pre-
cipitate with solution of sugar of lead, which soon changes into
shining micaceous laminz.
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Normal Silver Maleate, C,H,0,Ag,, forms a white amorphous
precipitate which changes in afew hours to tolerably large trans-
parent colourless crystals having an adamantine lustre. These
detonate slightly on application of a gentle heat.

Acid Silver Maleate, CH,0,Ag, is obtained in fine colourless
needles on mixing not too dilute solutions of maleic acid and
nitrate of silver.!

Methy! Maleate, C,H,0,(CH,),, is obtained by the action of
methyl iodide on silver maleate. It is a pleasantly smelling
liquid boiling at 205°. ’

Ethyl Maleate, CH,0,(C;H;),, is prepared in a similar way
and boils at 225°.

When these ethereal salts are heated with a small* quantity
of iodine they are converted into the corresponding salts of
fumaric acid, and hence it is necessary in their preparation to
employ the iodides in a perfectly pure state. Bromine vapour
acts in the same way, and they combine with an excess of
bromine to form salts of dibromsuccinic acid.

605 Maleyl Oxide or Maleic Anhydride, C H,0,, is best ob-
tained as follows. Maleic acid is subjected to dry distillation
until the residue solidifies; the distillate is then evaporated to
dryness and the crude maleic acid thus obtained, together with
fumaric acid, is treated with acetyl chloride :

C,H,0, + C,H,0C! = C,H,0; + C,H,0.0H + HCL

The product is purified by recrystallization from chloroform
(Anschiitz).

According to Perkin it is also easily formed when malic
acid is treated with acetyl chloride and the whole distilled, when
the excess of acetyl chloride first comes over and next the acetic
acid which is formed in the reaction. It is also formed by the
action of silver fumarate on fumaryl chloride? It crystallizes
in needle-shaped prisms melting at 53° and boiling at 202°.
Its vapour has a specific gravity of 3403 It passes easily by
absorption of water into maleic acid and combines with bromine
to form isodibromsuccinic anhydride, C;H,Br,O, (Kekulé).

In order to prepare this latter body, pure ma.]elc anhydride
is dissolved in anhydrous chloroform and heated with the

'Annchﬁh Ber. Deutsch. Chem. Ges. xii. 2280.
" %f; Soe. Journ. 1881, i. 569, See also Anschiitz, Ber. Deutsch. Chem. Ges.
\ 4

% Hiibner and Schreiber, Zeitsch. Chem. 1871, 712,
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calculated quantity of bromine to 100°. After removing the
chloroform, a yellow oil remains, and this after a time, deposits
tabular crystals melting at 32°. This body absorbs moisture
from the air with the greatest avidity, and on addition of
water to it violent ebullition takes place, isodibromsuccinic acid
being formed and this is the best way of preparing this sub-
stance in a pure state.!

Brommaleic Acid, CHBrO,, is formed by boiling dibrom-
succinic acid with water. It forms large transparent crystals
melting at 128°. By the action of water and sodium amalgam
it is first converted into fumaric acid.

Isobrommaleic Acid iz obtained in the same way from
isodibromsuccinic acid. It crystallizes in large tablets melting at
177°—178° and behaving with sodium amalgam like the fore-
going compound. Both acids yield on distillation brommalete
anhydride, C;HBrO;. This is an oily liquid boiling at about
212° and easily combining with water to form brommaleic acid.
This latter compound combines quickly in the cold with fuming
hydrobromic acid to form dibromsuccinic acid, and at the same
time a portion is converted into isobrommaleic acid, whilst the
latter combines with hydrobromic acid only slowly in the cold
but quickly when heated, to form both the dibromsuccinic
acids. This reaction shows that isobrommaleic acid is brom-
Jumaric acid (Fittig and Petri).

This last substance combines only slowly, whilst brommaleic
acid unites quickly, with bromine to form ¢ribromsuccinic acid,
C.HBry(CO,H),, a body extremely soluble in water and crystal-
lizing in short bushy needles, melting at 136°—137° and being
readily deliquescent. When heated with water it decomposes
into carbon dioxide, hydrobromic acid and dibromacrylic acid,
C,HBr, CO,H (Petri and Fittig).

606 Constitution of Fumaric and Malcic Acids. After having
shewn that both these acids combine with hydrogen to form
succinic acid, but that they yield two isomeric dibromsuccinic
acids when they unite with bromine, Kekulé discussed their
probable constitution, and arrived at the conclusion that they

are unsaturated compounds containing free combining units
situated at different positions in the molecule, thus causing
their isomerism.? But we are now aware, as will be explained
under tartaric acid, that dibromsuccinic acid possesses the

! Pictet, Ber. Deutsch. Chem. Ges. xiii. 1669,
2 Ann. Chem. Pharm, Suppl. ii. 111.
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constitution CO,H.CHBr.CHBr.CO,H and hence the constitution
of the two acids must be represented as follows :

Fumarie Acid. Maleic Acid.
—CHCOH —C.CO,H
—J)H CO,H. Cl?H .CO,H.

Kekulé and Swarts afterwards supported the view that fumaric
acid is a saturated compound, the two carbon atoms being
connected by two combining units with one another, whilst in
maleic acid the existence of free combining units must be
assumed.?

In the same way Kekulé explained other cases of isomerism
and assumed that carbon atoms which unite directly with
hydrogen or with the elements of the chlorine group, &c., either
contain carbon atoms doubly or trebly linked, or that they con-
tain free combining units.

The latter view was afterwards rejected by most chemists as
the constitution of such compounds can be explained without
this assumption. According to this, the constitution of the two
acids will be as follows:

Fumaric Acid. Maleic Acid.
CH.CO,H (":H,

I

CH.CO,H. C(CO,H),.

Many weighty reasons may, however, be cited against the
above formula for maleic acid, especially the fact that these
two acids are so readily convertible the one into the other.
Besides, if maleic acid contain two carboxyls combined with one
carbon atom it could not yield an anhydride on heating, but
must, like isobutyric acid and similar acids, decompose into
carbon dioxide and monobasic acrylic acid, and when it combines
with hydrogen give rise to isosuccinic acid.

Another hypothesis of considerable probability has been pro-
pounded by Van't Hoff. According to this, the isomerism
cannot be explained by the ordinary graphical formulz because
these represent the atoms as arranged in one plane instead of in
space.? If we imagine the four combining units of a carbon atom
forming the corners of a tetrahedron in whose centre the atom

} Zeitochrift. Chem. [2], ii. 654.
* Lagerung der Atomne in Raume,
178
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1 obtain the following glyptic formula for

H

H A COH

H CO,TT

i of isomerism can occur. If the atoms of
rboxyls which are combined with one of the
arranged in another way, we obtain the
by turning the tetrahedron. If, however,
)gen be withdrawn from succinic acid the
ric acids are possible :

Acid. Maleic Acid.

CO, 1

\

7

(

his pupils, has investigated these acids very
. however, to the conclusion that maleic
combining units and gives the following

Acid. Maleic Acid.
H (i‘H,CO,H
), H. =C.CO,H.

ions of bromine, hydrobromic acid, &c., can
in a simple way, as well as the fact that
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dibromsuccinic is converted into brommaleic acid by the
separation of hydrobromic acid, whilst isodibromsuccinic acid
on the other hand is converted into bromfumaric acid as is
shown as follows :1

Dibromsuceinic Acid. Isodibromsuccinic Acid.
CHBr.CO,H CH,.CO,H
HBr.CO,H. CBr,.CO,H.
Brommaleic Acid. Bromfumaric Acid.
cl:ﬂBr.co,H (lzlﬂ.co,u
—C.CO,H. ~ CBr.CO,H.

DIOXYSUCCINIC ACID, OR TARTARIC ACID,
C,H(OH),(CO,H),

607 The substance known under the name of cream of tartar,
gradually deposited from grape-juice on standing, is the acid
potassium salt of common tartaric acid. The existence of this
subject was noticed by the Greeks, who termed it Tpif, or
wine-lees, and it was known to the Romans as faex vini, the
latter people being acquainted with the mode of preparing an
alkali from it by ignition. The alchemists of the eleventh
century termed it tartarwm, or afterwards fartarus, an expres-
sion derived from the Arabic fartir, a word which is used to
designate not only the powder deposited by wine, but also that
formed on the teeth. This word “ tartarus” was afterwards used
in several senses. Paracelsus gave to it two distinct interpreta-
tions; in the first place he signified by this the cause of the
diseases of the kidney and liver, gout or stone, in which sedi-
ments or concretionary masses are deposited, in the same
sort of way that tartar separates out from wine. In the
second place, however, the term was applied to the pains produced
by the disease, resembling the torments of the condemned in
Tartarus. Geber gave to the juice of wine containing cream
of tartar in solution the name, like other acids, of agua
dissolrens, or aqua dissolvata, and compared it in this respect to
vinegar, and so for a long time cream of tartar was supposed
to be a true acid. Thus in the Prussian Pharmacopceia of 1781,

3 dnmn, Chem. Pharm. clxxxviii. 95 3 excv. 56.
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purified cream of tartar was designated acidum tartari. It
was not believed that this salt itself contained the alkali, but
rather that the alkali was produced in the act of burning,
although Kunkel, in 1677, had shown that cream of tartar can
be converted into an alkali by boiling it with lime, its earthy
constituents being rendered insoluble. Similar observations
were made by Duhamel and Grosse, in 1732, who believed that
the potassium tartrate, formed at the same time, was tartrate of
lime. Marggraf, in 1764, then showed that cream of tartar
contains an alkali, but he did not determine what combines with
the lime when the salt is boiled with this alkaline-earth. Scheele,
in 1769, was the first to ascertain this point and to obtain tar-
taric acid by decomposing its insoluble lime salt with sulphuric
aoid, and it is to him we owe the first satisfactory investiga-
tion of this acid and its salts. The results of his experiments
were communicated to Bergman in order that he might lay
them before the Stockholm Academy. This, however, through
carelessness he failed to do, and in consequence Scheele wrote
the Memoir again, handing it over to the secretary of the
Academy, Retzius. At his request it was then printed, in 1770,
but it was so edited that much of the credit of the research
apparently belonged to Retzius® This was Scheele’s first
scientific paper, and, owing to the part Bergman took in this
matter, Scheele for some time declined to make his acquaintance.
This feeling, however, soon gave place to more amicable relations,
and eventually they became fast friends. Soon after Scheele’s
discovery, tartaric acid was manufactured on a large scale.
Professor John of Berlin described in his Dictionary of
Chemistry, published in 1819, a new “Siure aus den Voghesen,”
which came into commerce as oxalic acid, and which he at first
believed to be a mixture of oxalic and tartaric acids, but after-
wards found that it consisted of a single acid closely resembling,
and yet distinctly different from tartaric acid. When on a

~ subsequent occasion Gay-Lussac passed through Thann in the

Voges, he obtained some of this acid from the manufacturer
Kestner, this having been obtained in the years 1822—1824 as a
by-product in the preparation of tartaric acid. In 1826 on his
return to Paris Gay-Lussac investigated this, and found that it
was a peculiar substance, “ its stochiometrical number agreeing
however within a few thousandths with that of tartaric acid.”?

1 _Abh. Schwed. Akad, Wissensch. 1770, 207 ; Crell, Chem. Journ. ii. 179.
¥ Schweigg. Journ. xlviii. 881.
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At the same time Walchner occupied himself with the investi-
gation of the same body,! to which Gmelin, in 1829, gave the
pame of racemic acid (Traubensaiire), and soon afterwards
Berzelius showed that it possesses the same composition as
tartaric acid, and this was the first instance of the introduction
of the idea of isomerism into the science.? Biot then showed
that tartaric acid and racemic acid act optically differently, for
whilst the aqueous solution of the first rotates the plane of
polarized light to the right, the latter is altogether inactive.
This was shown by Pasteur to be due to the fact that racemic
acid is a compound of equal molecules of common tartaric acid
and another acid which deviates the plane of polarized light as
much to the left as the first one does to the rightt He also
showed that another inactive tartaric acid exists which is dis-
tinguished from racemic acid, inasmuch as it cannot be decom-
posed into two optically active modifications, and he, as well as
other chemists, further proved that the various tartaric acids
may be converted the one into the other. * This matter will be
further discussed hereafter.

The modifications of tartaric acid are also formed in the oxida-
tion, by nitric acid,of various kinds of sugars and other carbo-
hydrates (see Sugars).

608 Synthetical Production of Tartaric Acid. Tartaric acid
may be obtained synthetically by several processes. (1) When
the silver salt of dibromsuccinic acid is boiled with water the
following reaction takes place :

CO,Ag CO,H

HBr éH.OH
(|)HBr + 2H,0 = (JJH.OH + 2AgBr.
(IJO,Ag (l}O,H

Instead of the above reaction the calcium salt may be
boiled with lime water.’

The acid obtained from dibromsuccinic acid is a mixture of
racemic acid and inactive tartaric acid or mesotartaric acid.®

1 Schweigg. Journ. xlix. 238, 3 Pogg. Ann. xix, 819,

3 Amn. Chim. Phys. [2], Ixix. 27.

4 Ib. [2], xxiv. 442; xxviii. 56 ; Comptes Rendus, xxxvi. 26 ; xxxvii. 162;
see also Pog. Ann. 1xxx. 127 ; xc. 498, 504,

8 Kekulé, Ann. Chem. Pharm. cxvii. 124; Suppl. i. 875 ; Perkin and Duppa,
b. exvii. 130,

¢ Pasteur, Jb. Suppl. ii. 242 ; Jungfleisch, Bull. Soc. Chim. [2], xix. 198.
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ly tartaric acid when treated with hydriodic acid is
ato the corresponding modification of malic acid, and
reduced to succinic acid.

cid is obtained very similar to racemic acid by boiling
le (glyoxal) with hydrocyanic acid and hydrochloric
this acid is not capable of being decomposed into
d levro-rotatory acid® Its mode of formation is
bat of lactic acid from aldehyde, and is represented

CO.0H

éH.OH
- 2CNH + 2HC1 + 4H,O = (!'HOH+ 2NH,(CL

(%0.011

8 already been stated that an acid probably identical
regoing is formed together with glycollic acid, when
¢ solution of ethyl oxalate is treated with sodium

In this way ethyl glyoxylate is doubtless formed to

CH, COH
+ =
C,H, ? !’J0.0C,H,

this then combines with hydrogen to form ethyl
ut another part taking up only one atom of hydrogen
unsaturated molecule, CH(OH)CO.0CH;, two of
bine together to form ethyl tartrate. This reaction
t importance as carbon dioxide is easily converted
acid, and this in a simple way into glycollic and
ids, these two latter occurring together in plants,
mple in the turnip, grape, and in the leaves of the
Teeper.

+ HOCH,

1 Strecker, Zeitsch. Chem. 1868, 216,
2 8tiidel, Ber. Deutsch. Chem. Ges. xi. 1752.
8 Debus, Journ. Chem. Soc. xxv. 365.




COMMON TARTARIC ACID, 221

COMMON, OR DEXTRO-ROTATORY, TARTARIC
ACID.

609 This acid is widely distributed in the vegetable kingdom,
occurring-in the free state or in the form of a salt, especially as
acid potassium tartrate, in various fruits, frequently together
with malic acid. It is found in the berries of the mountain-ash,
the berries of the sumachs, in tamarinds, in mulberries, pine .
apples, &c. It also occurs in the sap of the vine, and in large
quantities in the juice of the grape. Wine produced from the
latter source gradually deposits crude argol in crystalline crusts,
and this consists chiefly of acid potassium tartrate, but also
contains calciym tartrate and the corresponding salts of the
isomeride, racemic acid. Its presence has also been detected in
potatoes, cucumbers, chelidonium majus, quassia, Iceland-moss,
black-pepper, madder-root, &e.

Argol is always used for the preparation of tartaric acid, the
method being almost exactly that originally proposed by Scheele,
but more accurately described by Klaproth.! Respecting the
manufacture Wurtz gives the following particulars.2

From 500 to 700 kilograms of crude argol are brought into
a large vat nearly filled up with water and the whole heated
with steam to the boiling point, and then chalk powder
added until almost neutral. The calcium tartrate is then
filtered off, and the solution precipitated with calcium chloride.
Gypsum may also be employed instead of chalk ; it of course
acts more slowly, but decomposes the potassium tartrate
after lapse of a few hours. Calcium tartrate prepared ac-
cording to one of these processes is then washed with water
and decomposed by an excess of sulphuric acid, the whole being
heated by steam up to 75°. The solution is concentrated in
leaden pans and allowed to cool, when the crystals separate out,
and these are dried in a centrifugal machine. Fresh crops are
obtained on concentrating the mother-liquor, until it becomes
too impure, when it is worked up again as raw material.
In order to purify the crude acid it is dissolved in warm water
and decolourized by addition of animal charcoal, the whole

1 Diss. de sale essentiali tartari, Gbttingen, 1779.
% Chem, Centralb. 1871, 713 ; Ber. Entw. Chem. Ind. ii. 418.



222 THE OXYSUCCINIC ACIDS.

filtered, a small quantity of sulphuric acid added, and the
solution concentrated to the point of crystallization. Wooden
vessels are used, generally covered with a lining of lead. The
addition of sulphuric acid improves the form and size of the
crystals as required for market. The crystals always contain
small quantities of lead and sulphuric acid. For pharmaceutical
purposes they are purified by recrystallization from hot water.

Another raw material employed for the preparation of tartaric
acid is the wine-lees left behind in the distillation of brandy.
This is heated with dilute hydrochloric acid, allowed to deposit,
the clear liquid poured off, and the whole neutralized with lime,
when calcium tartrate falls down and is worked up in the way
above described.

610 Properties. Tartaric acid crystallizes in large transparent
monoclinic prisms, having a specific gravity of 1'764. These,
like sugar, become luminous when rubbed in ‘the dark, and
they possess a strong purely acid taste. 100 parts of water
at 15° dissolve 138 parts of the acid, and it is still more soluble
in hot water. It is also readily soluble in alcohol; 100 parts
of absolute alcohol at 15° dissolve 20385 parts of the acid,
whilst dilute alcohol dissolves it the more readily the weaker it
is. On the other hand it is only slightly soluble in ether, 100
parts of the liquid dissolving at 15° only 0°393 part.!

It has already been stated that aqueous solutions of tartaric
acid deviate the ray of polarized light to the right. Mineral
acids diminish this rotatory power, and its solutions in wood-
spirit, alcohol, and acetone, exert only a weak dextro-action,
whilst a solution in anhydrous ether or acetone is slightly
laevro-gyratory.?

Tartaric acid melts at 135° first passing into its isomeride
metatartaric acid, and this when more strongly heated yields
with loss of water an anhydride-like compound. These bodies
will be afterwards described. When tartaric acid is subjected
to dry distillation, acetic acid, pyroracemic acids, C;H,0,, pyro-
tartaric acid, C;H;O,, and pyrotritartaric acid, C,H,O,, are
formed. In addition to these, carbon monoxide, carbon dioxide,
aldehyde, formic acid, acetone, &c., are formed, and also in very
small quantity dipyrotetracetone CgH,,0,, an aromatic smelling
liquid which boils at 230°3

! Bourgoin, Bull. Soe. Chim. [2], xxix. 244.

? Landolt, Ber, Deutsch. Chem. Ges. xiii. 2329,
$ Bourgoin, Bull. Soc. Chim. (2], xxix. 309.
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When tartaric acid is treated with phosphorus pentachloride
cidormaleyl chloride is formed :

CH,(OH),(CO.0H), + 4PCl,=C,HCI(COCI), + 4POCl,+ 5HCL.

This is a heavy oily liquid decomposed by water into chlor-
maleic acid, C;HCI(CO4H),, a body crystallizing in easily soluble
needles.!

Most oxidizing agents convert tartaric acid into formic acid.
Thus if 5 parts of the well-dried acid be triturated with 16 parts
of lead dioxide the mass becomes incandescent, and carbon dioxide
is evolved, having a smell of formic acid.? When tartaric acid
is boiled with potash or ammonia and silver oxide, the latter is
reduced, with formation of carbon dioxide and oxalic acid.? In
dilute solution it also reduces the chlorides of gold and platinum
and precipitates calomel from solutions of corrosive sublimate.

If tartaric acid be fused with caustic potash, acetic and oxalic
acids are formed, and when electrolyzed it yields hydrogen,
carbon dioxide, and acetic acid.*

Tartaric acid is used in medicine, in the processes of dyeing
and calico printing, in photography, &c.

THE TARTRATES.

61x Tartaric acid is a strong dibasic acid and therefore forms
a large number of salts, which have been very carefully inves-
tigated.® Besides the acid and normal salts containing the
same metal, many are known containing two different metals, and
also a few so-called basic salts in which the hydrogen of the
alcoholic hydroxyls are also replaced by metals. Tartaric acid
also forms with antimony and other triad elements, a class
of peculiar compounds whose constitution will be discussed
hereafter. The tartrates are, like tartaric acid itself, dextro-
rotatory.

1 Perkin and Duppa, Phil. Mag. [4], xvii. 280.

? Walker, Pogg. Ann. v. 536 ; Bottger, Journ. Prakt. Chem. viii. 477 (or 497).

3 ¥rdmann, Ann. Pharm. xxi. 14 ; Claus, Ber. Deutsch. Chem. G-s. viii. 950.

; Kekulé, Ann. Chem, Pharm. cxxxi. 88 ; Bourgoin, Bull. Soc. Chim. [2], xi.
405.

® Dulk, Ann. Pharm. ii. 39 ; Berzelius, 15. xxx. 88 ; xxxi. 28 ; Knapp, xxxii.
76 ; Werther, ¢, lil. 308; Dumas and Piria, Ann. Chim. Phys. [3), v. 853;
Peligot, Ann. Chim. Phys. [3), xii. 562 ; de la Provastaye, Ann. Chim. Phys. [3),
iii. 129,
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Normal Potassium Tartrate, 2C H,0,K,+H,0, has been
known since the sixteenth century, and was formerly termed
samech Paracelsi, but afterwards when obtained by neutralizing
cream of tartar with salt of tartar (carbonate of potash), it was
termed lartarus tartarisatus, or tartarus solubilis. It was like-
wise prepared by neutralizing cream of tartar with lime, which
was thought to remain in combination with the tartar, until the
researches of Marggraf and Roulle proved, in 1770, that the
salt obtained by this method also contains no base but potash.
It forms monoclinic prisms easily soluble in water, and is used in
medicine.

Acid Potassium Tartrate, CH,O,KH, is deposited, in the pro-
cess of fermenting wine, in crystalline crusts containing colour-
ing matter and calcium tartrate, and is known in commerce as
argol.

In order to purify the crude tartar it is dissolved in hot water,
and the filtered solution allowed to cool. The deposited crystals,
which are still coloured, are again dissolved in hot water and
recrystallized, some clay or white-of-egg being added in order to
absorb the colouring matter. A small quantity of carbonate
of potash is also introduced in order to decompose any calcium
tartrate which may be present. This latter salt, which fre-
quently occurs in purified cream of tartar, is best removed by
heating it with diluted hydrochloric acid and washing with
water.

The crude tartar may also be dissolved by carbonate of soda,
filtered and precipitated with hydrochloric acid.

Pure cream of tartar forms hard rhombic crystals, having a
pleasant sour taste, and being soluble at the ordinary temperature
in about 200 parts of cold, and in 15 parts of hot water. Itis
still less soluble in dilute alcohol, for which reason it is deposited
in the fermentation of wine. It is used for the preparation of
pure potassium carbonate, in soldering silver, in the processes
of tinning and silvering, in dyeing, and for medical purposes, &c.

612 MNormal Sodium Tartrate, C.H,O¢Na, + 2HJ0, crystallizes
in needles or rhombic prisms, easily soluble in water. The acid
salt crystallizes with one molecule of water, also in the rhombic
system. Itis much more soluble in water than the corresponding
potassium salt.

Potassium Sodium Tartrate, CH,OKNa+4H,0, was dis-
covered in 1672 by Seignette, an apothecary in Rochelle, and
termed after him Seignette’s salt (sal polychrestum Seignetts), or



THE TARTRATES. 225

Rochelle salt. The mode of preparation of this salt, which was
esteemed as a very valuable medicine, was kept a secret until
probably the same chance by which Seignette discovered it made
it known to others. This consisted in the use of soda in the
place of some of the potash, the differences between the two
alkalis not being then recognised. Boulduc obtained the salt
in 1731, and in the same year Geoffroy communicated the
proofs of manufacture to the Royal Society.!

In order to prepare it, a boiling solution of carbonate of soda
is neutralized with cream of tartar, and the concentrated solution
allowed to cool. The salt crystallizes in large rhombic prisms
which dissolve readily in water. It is used as a mild aperient
and also for silvering glass (Vol. IL., Part L, p. 364).

Normal Lithium Tartrate forms an easily soluble uncrystal-
lizable mass. The acid salt, CHO,LiH + H,O, deposits in
small rhombic crystals which easily dissolve in water.

The Tartrates of Rubidium and Ceesium. The acid salts of
these metals resemble the potassium salt, but are more easily
soluble, especially that of ceesium, the normal salt of which is
deliquescent. Upon these properties Bunsen has founded a
method for separating these two metals (Vol. IL., Part I, p. 172).

613 Caleium Tartrate, C,H,0,Ca + 4H,0, is found in the vege-
table kingdom, as in grapes and senna leaves. It forms rhombic
pyramids or prisms, and is obtained as a crystalline precipitate
when a solution of a normal tartrate is mixed with one of calcium
chloride. The hydrated salt dissolves in 6,265 parts of water
at 15°, and in 352 parts at 100°. The tartrates of the alkali
metals dissolve it with formation of double salts. It is soluble
in ammoniacal salts and in alkalis. Boiled in alkaline solution
it separates out as a jelly.

Acid Caleium Tartrate, (C,H O4),Ca, occurs according to John
in the fruit of the Rhus typhinum, and is formed when the
freshly prepared normal salt is dissolved in a hot solution of
tartaric acid. It forms rhombic crystals dissolving at 15° in
140 parts of water.

Normal Barium Tartrate, CH,04Ba+H,O, is obtained as an
amorphous precipitate which soon becomes crystalline. It is
somewhat more soluble in water than the calcium salt, whilst
&rontium tartrate, C;H,O,Sr + 4H,0, is still more soluble, and
crystallizes in rhombic tables.

Lead Tartrate, CH,O.Pb, is precipitated by tartaric acid from

1 Phil. Trans. abridged vol, ix. 803, '
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a soluble lead salt as a crystalline powder. It is scarcely soluble
in water but dissolves readily in tartaric acid, alkalis, and
ammonium salts, When its ammoniacal solution is boiled a
crystalline precipitate of C,H,(O,Pb)(CO,),Pb + H;O is formed,
insoluble in water, acetic acid, and ammonium salts, but
dissolving in caustic potash.

Copper Tartrate, CH,0,Cu+3H,0, is formed by precipitating
copper sulphate with a normal tartrate. It is a greenish-blue
crystalline powder dissolving slightly in cold, but more readily in
hot water, and readily in tartaric acid. It dissolves in alkalis
with a deep blue colour. Hence copper salts are not precipitated
in presence of tartaric acid by caustic potash, &c., each molecule
of acid being able to hold in solution one atom of copper,!
this being due to the formation of the salt, (CHO),Cu(CO.K),

Silver Tartrate, C,;H,O4Ag,, is obtained as a curdy precipitate
by precipitating silver nitrate with Rochelle salt. If warm
solutions are used it separates out in glistening scales. It soon
blackens on exposure to light, and is partially decomposed by
boiling water, and completely decomposed in the presence of
ammonia with separation of silver.

The Tartrates of Iron. Ferrous tartrate, C,H,O4Fe, is obtained
by continuously boiling together tartaric acid, iron filings, and
water. It is a white crystalline powder which is scarcely soluble
even in boiling water. Potassium ferrous tartrate is the chief
constituent of Tartarus chalybeatus s. ferratus, the preparation
of which was described by Angelus Sala in the seventeenth
century in his Zartarologia. This salt, which is used for baths,
is prepared by taking 1 part of iron filings and 5 parts of com-
mercial cream of tartar, boiling these with water to a paste, and
allowing the whole to stand until a homogeneous black mass is
formed, which is then dried.

Ferric tartrate is obtained by dissolving freshly precipitated
ferric hydroxide in tartaric acid. The brownish-green solution
decomposes on warming with separation of a basic salt, and
in the air is partly reduced to ferrous salt. The solution is
not precipitated by alkalis. Tartaric acid also prevents the
precipitation of salts of other metals of the iron group, as those
of chromium, aluminium, copper, zinc, and lead, inasmuch as it
forms soluble double salts.?

614 Tartrates of Antimomy. The best known of these
is Potassio-Antimonious Tartrate or tartar emetic (fartarus

1 Stideler and Krause, Jakresb. 1854, 746, 3 Stadeler and Krause, loc. et
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by emeticus, or tartarus stibiatus), 2C,H,0,(SbO)K +H,0, which

. was used even in early times as a medicine. The first
mention of this salt is found in Mynsicht's Thesaurus et
Armamentarium Medico-chymicum, in 1631, which contains a
receipt for boiling cream of tartar, with crocus metallorum absin-
thiacus (the product obtained by lixiviating the mass obtained
by roasting sulphide of antimony with salts of wormwood),
filtering the boiling solution and allowing it to crystallize. In
his Furni novi Philosophici, published in 1648, Glauber describes
the preparation of this salt from flowers of spiessglas and cream
of tartar, and at a later period a large number of other processes
became known for its preparation. Bergman was the first to
make known its constituents in his Dissertatio de tartaro
antimonialo, published in 1773.

In order to prepare tartar emetic 5 parts of purified cream of
tartar are boiled with 50 parts of water and 4 parts of antimony
trioxide, prepared from the chloride by precipitation with water
and treatment of the precipitate with carbonate of soda. The
whole is then allowed to stand and crystallize. It forms rhombic
prisms with pyramidal faces, and dissolves at the ordinary
temperature in about 15 parts of water, and at the boiling point
in 28 parts. The crystals slowly effloresce on exposure to air,
and at 100° quickly fall to a white powder. When the anhydrous
salt is heated to 200—220° it loses water, and is converted into
the compound CH,O,SbK, a body which dissolves in water
with reformation of tartar emetic.! Tartar emetic is used in
medicive in doses from 0006 to 001 gram, as it acts as a
sudorific, but in doses from 006—0'2 it acts as an emetic, and in
larger doses produces poisonous effects which may become fatal.

The view which is now generally adopted respecting the con-
stitution of tartar emetic is that it is derived from tartaric acid
by the replacement of the hydrogen of the carboxyl by an
equivalent quantity of the monad radical antimonyl, SbO.
Recent investigations by Clarke and Helena Stallo, have,
however, led to another explanation. When barium chloride is
added to a solution of tartar emetic, a precipitate of the well-
known corresponding barium salt is thrown down. If this be
decomposed by the requisite quantity of dilute sulphuric acid, a
solution is obtained which when neutralised with potash again
yields tartar emetic. The acid solution is extremely unstable,

! Dumas and Piria, Ann. CAem. Pharm. xliv, 85 ; Schiff, . cxxv. 129.
3 Ber. Deutsch. Chem. Ges. xiii. 1788.

‘
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decomposing quickly with separation of antimonious . acid,
Sb(OH),. Henceit is very probable that this is a peculiar acid
(of which tartar emetic is the potassium salt), having the following
constitution :

0
C,H,(0M) 5005 sb.oH

When tartar emetic is dissolved in a solution of tartaric acid,
and the whole evaporated to a syrup and slowly cooled, colour-
less oblique rhombic prisms of the so-called acid fartar emetic,
2C H,0,(SbO)K+CHO4+ 5H,0, separate out. This on ex-
posure to the air loses water and changes to a porcelain-like
mass, easily decomposed by alcohol into tartar emetic and
tartaric acid. _

The acid tartrates of the other alkali metals act towards
antimony oxide in a similar way to cream of tartar, and yield
similar compounds to tartar emetic or salts of tartryl antimonious
acid. Other similar salts containing metals of other groups are
also known. These are only slightly soluble in water,and there-
fore may be prepared by double decomposition like the above-
mentioned barium tartryl antimonite, and the silver salt,
CH,0,SbAg + H,0, which crystallizes from hot water in
rhombic tables with diamond-like lustre.!

Antimony Tartrate, C;H,0,(CO,.SbO),+H,0, is formed by
dissolving antimony oxide in tartaric acid, from which solution
the salt is precipitated by alcohol as a crystalline powder. At
100° it loses one, and at 190° a second molecule of water, with
which it easily recombines. It unites with normal potassium
tartrate to form tartar emetic.

Tartrates of Arsenic. The oxides of this element comport
themselves with acid tartrates like antimony oxide.

Ammonium Tartryl Arsenite, 2C,H,(OH),(CO,),As(ONH,) +
H,0, is obtained by boiling acid ammonium tartrate with arsenic
trioxide. It forms large, bright, colourless rhombic crystals
which easily effloresce.

Potassium  Tartryl Arsenate, 2CHy(OH),(CO,),AsO(OK)
+ 5H;0, is obtained by dissolving cream of tartar in arsenic
acid. It is precipitated by alcohol as a crystalline powder.
It easily decomposes in aqueous solution with separation of
cream of tartar.

Tartrates of Boron. In 1728 Le Févre noticed that cream of
tartar is rendered easily soluble by the addition of solution of

1 Cooke, Chem. News, xliv. 238,
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borax, and Lasonne, in 1754, found that boracic acid acts in a
similar way. Both the preparations thus obtained were termed
tartarus boraratus, that with borax being also termed cremor
tartari solubilis. This compound was much prized by the
alchemists, as they believed that by its means the transmutation
of the base metals into gold could be effected.

Potassium Tartryl Borate, C;H,(OH),(CO,),BOK. This com-
pound is used in medicine (Zartarus boraxatus Franco-Gallicus),
and is obtained by dissolving 3'5 parts of cream of tartar and
1 part of boric acid in hot water. On evaporating an amorphous
transparent mass is obtained which may be rubbed down to a
white powder, and is permanent in the air.

The “borax weinstein” of the German pharmacopeeia is
prepared in a similar way from 2 parts of borax, 5 parts of
cream of tartar and twenty parts of water. This is a mixture
of potassium sodium tartrate with the foregoing compound, and
is distinguished from it inasmuch as it easily absorbs moisture
from the air.

615 The Reactions of Tartaric Acid and its Salts. When heated
these decompose, and a peculiar smell resembling that of burnt
sugar but being at the same time somewhat acrid, is evolved. The
free acid gives a precipitate of cream of tartar with potassium
acetate, the deposition being greatly aided by rubbing the sides
of the vessel with a glass rod or by the addition of alcohol. In
order to detect tartrates by this test an acid, preferably acetic
acid, must be added. The normal tartrates give, with calcium
chloride, a precipitate of calcium tartrate, which at the moment
of precipitation is amorphous, dissolves pretty easily in an excess
of either reagent, and after a short time separates out again in
the crystalline form. In dilute solutions the precipitation only
takes place after a lapse of some time. Even when the salt
does not dissolve again, it soon becomes crystalline. It is soluble
in hydrochloric acid, nitric acid, and alkali free from carbonic
acid, and from the latter solution it separates out on warming
a8 a gelatinous mass, which slowly dissolves on standing. By
these reactions tartaric acid can be distinguished from oxalic,
malic, and citric acids, &c. Free tartaric acid is not precipitated
by a solution of calcium sulphate, which produces in solutions of
normal tartrates a slight precipitate after some time. When
8 solution of luteo-cobalt chloride is added to one of tartaric
acid, and then boiled with caustic soda, the yellow solution
becomes green, and then blue-violet. The other vegetable acids
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and acetic acid do not give this reaction, all the cobalt being
thrown down.!

The presence of boric acid interferes with most of the reactions
of tartaric acid. In this case, instead of an acetate, potassiui
fluoride and then acetic acid should be added.?

ETHEREAL SALTS OF TARTARIC ACID.

. CO,H

616 Acid Ethyl Tartrate, C,H‘O,{ CO:. C.H, For the pre-
paration of ethyl tartaric acid, equal parts of tartaric acid and
absolute alcohol are heated in a retort from 60° to 70°, until two-
thirds have come over. The whole is then diluted with water
and allowed to evaporate spontaneously.® Oblique rhombic very
deliquescent prisms then crystallize out, possessing a sweet
and pleasant taste, and melting at 90°. Most of its salts
crystallize well. '

Normal Ethyl Tartrate, C;H,04(CO,.C;H,), was first prepared
by Demondesir.* It is best obtained as follows. A well cooled
mixture of equal parts of absolute alcohol and tartaric acid is
saturated with hydrochloric acid, the whole being kept cold.
After standing for twenty-four hours the clear liquid is poured
off, and a current of dry air passed through for some time.
The liquid is next warmed to 100°, under diminished pressure,
to remove the aqueous hydrochloric acid and the excess of
alcohol. An equal volume of alcohol is again added, and the
operation repeated, and finally the liquid is distilled under
reduced pressure®

Ethyl tartrate is a thick, oily, odourless liquid, having a
specific gravity at 14° of 1-2097, and boiling, with slight decom-
position, at 280°.

Zinc ethyl, in presence of ether, acts violently on ethyl
tartrate, when the following reaction takes place:

C,H,CO,CHOH g .
) =
C,H, CO, JJHOH (CHos
C,H,.C0,CH.O
C’IEI{ 'CO,.CH. oIn + 2CH,
‘ Braun, Zeitsch. Anal. Chem. vii. 349. * Barfoed, b, iii. 293.

3 Guérin-Varry, Ann. Chim. Phys, [2], Ixii. 67,
¢ Compt. Rend. xxxiii. 827.
8 Anschiitz and Pictet, Ber. Deutsch. Chem. Ges. xiii. 1175.
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The zinc compound is a snow-white, amorphous, very unstable
substance.!

When ethyl tartrate is saturated with dry ammonia it forms
tartramide, C,H,0,(CO.NH,),, a body soluble in water and
crystallizing in rhombic prisms® If the tartrate be diluted
with aqueous ammonia hard crusts of ethyl tartramate are

formed. Free tartramic acid, C,H,O, {88 gg , is a syrup
(Grote).

Hydrogen methyl tartrate closely resembles the ethyl com-
pound. The following are the only normal salts that are
known (Anschiitz and Pictet):

B.P. 8p. Gr. at

Methyl tartrate, CH,O,(CH,),  280° 13403  15°

Propyl tartrate, C,H,O,(C;H,), 303° 11392 17°

The methy! salt forms hard, white crystals which melt at 48°.

Dinitroaytartaric Acid, CgHy(O.NO,)(COH),. This nitric
ether, which is ordinarily termed nitro-tartaric acid, is obtained
by dissolving powdered tartaric acid in four and a half times
the quantity of concentrated nitric acid. On the addition of
an equal volume of sulphuric acid it separates out as a gummy
mass. This is dried on a porous plate, then dissolved in tepid
water, and the solution at once cooled to 0°,® when the compound
separates out. For purification it is crystallised from ether, and
is thus obtained in silky crystals.4 Its aqueous solution de-
composes quickly with formation of oxalic acid and tartronic
acid, CHLOH(CO,H),, but its solution in absolute alcohol is
much more stable, and from this it crystallizes on spontaneous
evaporation, sometimes in large prisms. Ammonium sulphide
again converts it into tartaric acid.

Ethyl Dinitroxytartrate, C;H,(O.NO,),(CO,.C,H;),, is obtained
by dissolving ethyl tartrate in a mixture of concentrated sulphuric
and nitric acids. The solution is poured into an equal volume
of water, when the salt separates out as an oil, which solidifies
after some time. Crystallized spontaneously from absolute
aleohol, it is deposited in prisms or needles which melt at
$5°—46°8

Ethyl Acetotartrate, C;H,0(0C,H,0)(CO,C;H),, is obtained

! Mulder and van der Meulen, Ber. Deutsch, Chem. Ges. xiv. 918,
1 Grote, Ann. Chem. Pharm. cxxx. 202.

Compt. Rend. xxxiv. 731; Ann. Chem. Pharm. lxxxii. 862 ;
Jdmb 1857 306.

,BnMchmaaxUSD 8 Henry, . iii. 533.
179
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by mixing equal molecules of ethyl tartrate and acetyl chloride.
It is a heavy oil with a bitter taste, and decomposes when
heated !

Diacetotartaric Acid, C,H,(0.C,H 0),(COH),. The anhydride
of this compound is formed by heating tartaric acid with acetyl
chloride : 2

CH(OH).CO.0H

|
CH(OH).CO.0H
_COCH, CH(0.CH, C0)CO._

o +
N\CO.CH, JH(0.CH,.C0)CO”

It crystallizes in thin monoclinic needles, melting at 126°—127,°
and subliming when further heated. It is easily soluble in alcohol
and ether. Its solution in benzol is powerfully dextro-rotatory
(Anschiitz and Pictet). It is gradually decomposed by water
with formation of diacetotartaric acid, a gum-like, very deliques-
cent mass, which however forms crystalline salts, all of which,
even the silver salt, are easily soluble, and for the most part
deliquescent. It is remarkable that the solutions of this acid
and its salts are leevo-rotatory.

Ethyl Diacetotartrate, C;Hy(0.C,H 0)y(CO,.C,Hj),, is obtained
by heating ethyl tartrate with acetyl chloride® It crystallizes
from alcohol in transpareut strongly-refracting triclinic prisms,
and from hot alcohol in long thin needles which have a sharp
and bitter taste. It melts at 63>5,and boils at about 290°, almost
without decomposition, Whilst the free acid is decomposed
even by boiling with water and very quickly in presence of
caustic potash, boiling water only attacks the ethyl salt very
slowly, whilst it requires to be boiled with caustic potash for
several hours in order to convert it into tartaric acid, acetic acid,
and alcohol.

+ 4COCLCH, = 4HCl +

ANHYDRIDES OF TARTARIC AcID.

617 It hasalready been stated (p.222) that tartaric acid when
fused passes into its isomeride, metatartaric acid, an amorphous
deliquescent mass. The solution of the latter yields tartaric acid
again on evaporation. The salts are more readily soluble than the

1 Perkin, Journ. Chem. Soc. N.S. v, 188,

3 Pilz, Journ, Prakt, Chem. 1xxxiv. 231 ; Perkin, loc. cit.
3 Wislicenus, 4nn. Chem. Pharm. cxxix. 187 Perkin, loc, cit.
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corresponding tartrates, and yield these on boiling with water.
On protracted or strong heating, tartaric acid loses water, and
yields compounds whose constitution is probably similar to that
of the so-called anhydrides of lactic acid.

Ditartaric Acid or Tartralic Acid, C;H,0,,, is formed by heat-
ing tartaric acid for some time to a temperature of 140°—150°.
It is an amorphous, exceedingly deliquescent mass, which easily
combines with water to form tartaric acid. It is a dibasic acid,
and its salts are amorphous, and chiefly resin-like; on heating
with water they are converted into acid metatartrates, and these
again into the tartrates.? ’

Tartrelic Acid, CgHgO,, is formed when tartaric acid is
heated for some time to 180° (Fremy), or when it is strongly
heated until it yields a sponge-like blackened mass (Laurent
and Gerhardt). It forms deliquescent crystals, and on fusing
with tartaric acid it is converted into tartralic acid (Schiff).
Boiling with water converts it into tartralic and tartaric acids.
Alcohol precipitates the salts of the alkali metals from their
solutions as oils, and they dissolve in water with formation of
ditartrates. The salts of the alkaline earth and other metals are
obtained by precipitating the free acid with the corresponding
acetates, and pass in contact with water into the metatartrates.

Tartaric Anhydride. This substance is isomeric with the
foregoing body, and is obtained either by heating tartaric acid to
180° until an infusible residue is formed (Fremy), or by heating
freshly-prepared tartrelic acid for a short time to 150° (Laurent
and Gerhardt). It is a white or yellowish powder, insoluble in
alcohol or ether. It dissolves slowly in cold, and quickly in
boiling water, when it is first converted into tartrelic acid, and
by further addition of water passes into tartralic acid.

RACEMIC ACID AND LZEVOTARTARIC ACID.

618 It was formerly believed that racemic acid, often obtained
as a by-product in the manufacture of tartaric acid, was contained
in the grape-juice, and it is quite possible that this is sometimes
the case. There is, however, no doubt that the greater portion

! Prdmaun, 4nn. Chem, Pharm, xxi. 9 ; Laurent and Gerhardt, 5. Ixx. 848.

! Fremy, Ann, Chim. Phys. [2] lxvifi. 853; Laurent and Gerhardt, loc. cit ;
8cbiff, 4an. Chem. Pharm. cxxv. 129.
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is formed during the manufacture of the wine. According to
Jungfleisch the change of tartaric acid into racemic acid takes
place very readily in presence of alumina! Dessaignes has
shown that several per cents of racemic acid are formed when
tartaric acid is mixed with dilute hydrochloric acid*® or even
" when it is boiled several days with water? In Kestner's manu-
factory, in which racemic acid was first observed, no further
production of this substance has been noticed since the solutions
have been evaporated in a vacuum at 50°. On the other hand,
in a Viennese manufactory, where superheated steam is employed,
the mother-liquors contain a large quantity of mesotartaric acid
and some racemic acid, and in an English manufactory in which
the evaporation takes place at the ordinary pressure, large
quantities of this latter acid are still formed.*

Pasteur was the first to show that tartaric acid can be’

converted into racemic acid. He found that when cinchonine
' tartrate is heated for some time to 170° racemic acid is formed,
'together with inactive tartaric acid, and also that the levo-
!rotatory salt of this alkaloid and ethyl tartrate undergo this
'change.® Racemic acid is best obtained by heating tartaric
acid with water in the proportion of 30 grams of the first to
from 3 to 4 cbe. of the latter, for 30 hours, to a temperature of 175°,
when the change is almost complete® A transformation of
calcium tartrate into racemate is found to occur in dye-vats in
which tartaric acid has been used to liberate chlorine from
bleaching powder.” Another singular formation of racemic
acid is that by the oxidation of fumaric acid with potassium
permanganate,® when a direct addition of hydroxyl takes place.

Racemic acid crystallizes in triclinic prisms containing a
molecule of water which is driven off at 100°. It is less soluble
in water than tartaric acid, 100 parts of water at 20° dissolving
only 2266 parts. It melts at 202°, and yields on further
heating, the same products as tartaric acid. It is more easily
reduced to succinic acid by means of hydriodic acid than is
tartaric acid (Lautemann), and as intermediate product the
modification of malic acid corresponding to racemic acid is
formed (p. 202).

Y Bull. Soc. Chim. [2], xxi. 146 ; xxx. 191.

2 Compt, Rend. xlii. 494 and 624. 3 Bull. Soc. Chim. v. 855.

¢ Ber. Entw. Chem. Ind. ii. 428, § Compt. Rend. xxxvil, 162.

¢ Jungfleisch, Bull. Soc. Chim. [2], xviii. 203.

7 Lidow, Ber. Deutsch. Chem. Ges. xiv, 2689.
§ Kekuld and Anschiitz, 1. xiii. 2150.




PASTEUR’S RESEARCHES. 235

The racemates in general closely resemble the tartrates,
though they frequently contain different quantities of water of
crystallization. Like the acid, they are optically inactive and
do not like the tartrates exhibit hemihedral faces.

Normal Potassium Racemate, C,;H 04K +2H,0, forms mono-
clinic crystals, easily soluble in water.

Acid Potassium Racemate, C,H ,O,KH, crystallizes in rhombic
tables, dissolving more readily in water than cream of tartar,
and forming with antimony oxide a compound similar to tartar
emetic.

Caleium Racemate, C,H,0,Ca+4H,0, is the most characteristic
salt of racemic acid. It is a precipitate consisting of small needles,
more difficultly soluble than the tartrate, and precipitated, even
from a solution of the free acid, by calcium sulphate. It does
not dissolve in acetic acid, but is soluble in hydrochloric acid,
and on addition of ammonis, it is at once thrown down, whilst in
the case of the tartrate, precipitation takes place only after
standing some hours.

The ethereal salts of racemic acid closely resemble those of tartaric
acid, and are optically inactive :—

M.P. B.P.
! Methyl racemate, C,H,(OH),(CO,.CHy), 85°  282°
* Ethyl diacetoracemate, C,Hy(C,H;0,);(CO..C,H,), 50°5 298°
3 Diacetoracemic anhydride, C,Hy(C,H,0,),C,0,  123° —

619 Pasteur’s Researches. The discovery that racemic acid can
be decomposed into two active acids was made by Pasteur. He
showed that the salts of tartaric acid usually exhibit hemihedral
faces, whilst those of racemic are holohedral. On crystallizing
a solution of ammonium sodium racemate, a salt which Mits-
cherlich believed to be isomorphous with the corresponding
tartrate, Pasteur found that although all the crystals were
bhemihedral, the hemihedral faces were situated on some crystals
to the right, and on others to the left hand of the observer, so
that the one formed, as it were, the reflected image of the other,
as in Figs. 102—107, these faces being distinguished by the sym-

bols + gand —ig. Pasteur separated these two sets of crystals

mechanically, and purified them by recrystallization, when he
found that they do not undergo alteration in form, and that
! Anschiitzand Pictet, Ber. Deutsch. Chem. Ges. xiii. 1178.

3 Perkin, Journ. Chem. Soc. N.S, v, 188.
3 Perkin ; Anschiitz and Pictet.
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If equal quantities of the concentrated solutions of the two
acids be mixed, an evolution of heat takes place, and crystals of
racemic acid separate out. Their salts behave in the same way,
and otherwise exhibit the same properties. They contain the
same quantity of water of crystallization, and possess the same
degree of solubility.

On the other hand, they show an altogether different reaction
in their combinations with optically active compounds. Thus
hydrogen ammonium tartrate forms, with the hydrogen ammonium
salt of common malic acid, a crystallizable double salt, whilst
the salt of levo-tartaric acid does not do so. Dextro-tartaric
acid combines also with asparagin to form a c ine com-
pound, but this compound cannot be obtained with the levo-
tartaric acid. Each of the optically active alkaloids, cinchonicine,
chinicine, strychnine, and brucine, yields a normal and an acid salt
with the two tartaric acids. The eight salts of the one modifi-
cation are distinguished from the corresponding ones of the other
modification by crystalline form, quantity of water of crystalliza-
tion, and solubility, and these varying relations serve as another
means for resolving racemic acid into its constituent acids. If
a solution of cinchonicine in racemic acid be concentrated, at

first only the lmvo-tartaric acid salt separates out, whilst when
chinicine is employed the dextro-tartaric salt first makes its
appearance.

Pasteur has further shown that when a few spores of penicil-
lium glaucum are added to a solution of racemic acid containing
traces of phosphates, dextro-tartaric acid first disappears, so
that if the fermentation be stopped after some time, only the
levo-acid remains!

Lastly, Gernez has found that a saturated solution of the
ammonium sodium salt, does not crystallize when a crystal of
the opposite modification is brought into it. Hence, if such a
solution be prepared from racemic acid, it i8 easy to obtain
either one or the other modification in this way at will.2

In order to explain the optical isomerism of the two tartaric
acids, we may assume that in their molecules the atoms occupy
different positions in space. This can be best illustrated by
means of a model consisting of a tetrahedron in whose centre
an asymmetrical carbon atom is situated, the four combining
units being placed in connection with the corners. On
these the several groups H,OH,CO,H and CH(OH)CO,H are

1 Comples Rendus, 1i. 153. * b, Ixiii, 843.
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joined. They may be distinguished by painting the four points
of different colours. A second tetrahedron is then prepared
which is, as it were, the reflected image of the first. One of
the two models represents the dextro- and the other the levo-
tartaric acid, and in whatever position they may be placed
they are always seen to be right- and left-handed.!

INACTIVE OR MESO-TARTARIC ACID.

620 This acid was obtained by Pasteur, together with racemic
acid, by heating cinchonine tartrate to 170°. In this decompo-
sition it is probable that the racemate is first formed, as this,
when heated by itself, partially decomposes into the inactive
compound. By the oxidation of sorbin, C;H,,0, Dessaignes
obtained, in addition to tartaric and racemic acids, an inactive
isomeric compound to which he gave the name of mesotartaric
acid, and Pasteur afterwards showed that this wasidentical with
his acid. It has already been stated that this acid usually
occurs together with racemic acid (p. 234).

Mesotartaric acid is best obtained by heating thirty parts of
tartaric acid and four parts of water for two hours to 165°. On
crystallizing, the racemic acid which has been formed deposits
first. The residue is converted into the acid potassium salt,
when cream of tartar separates out, whilst the more soluble
salt of the inactive acid remains in solution.! By this reaction
the other modifications are also almost entirely converted into
mesotartaric acid, whilst at 175° they, as well as the last named
acid, are almost entirely transformed into racemic acid. In
this way Jungfleisch has succeeded in preparing the four
modifications synthetically from ethylene.

It is an interesting fact that the inactive acid is also formed
by oxidation of maleic acid by potassium permanganate, whilst
fumaric acid is oxidized to racemic acid. From this, it would
appear that the cause of the isomerism of maleic acid is the
same as that of mesotartaric acid and racemic acid.3

Mesotartaric acid crystallizes in rectangular tables, with one
molecule of water, which it losses at 100°. When the anhydrous
acid is dissolved in a small quantity of water and allowed to

1 Van't Hoff, Lagerung Atome, de.
3 Jungﬂem:h Bull, Soc. Chtm [2], xix, 101.

% Kekulé and Anschiitz, Ber. Deutach. Chem. Ges. xiv. 713 ; compare Tanatsr,
b, xiii. 1388. .
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crystallize quickly, it is obtained in anhydrous prisms closely
resembling those of tartaric acid. One hundred parts of water
at 15° dissolve 125 parts of the crystallized acid. The crystals
melt at 140°, and when submitted to dry distillation yield pyro-
racemic acid; if the distillation be stopped when a third has
passed over, racemic acid may be prepared from the residue
(Dessaignes).

The normal and acid mesotartrates are easily soluble in water,
but do not crystallize.

Calcium Mesotartrate, CH,0,Ca+3H,0, is a very charac-
teristic salt, and is formed when the acid is precipitated by
calcium acetate. The flocculent precipitate soon changes to
glistening crystals, which are best obtained when the salt is
dissolved in hydrochloric acid and so far diluted that am-
monia does not produce a precipitate. After standing
from 12 to 16 hours, it is desposited in bright, glistening,
cube-like crystals. It dissolves in about 600 parts of boiling
water, and separates very gradually on cooling in small compact
crystals and small four-sided prisms. It is insoluble in acetic
acid, and is not formed by the addition of sulphate of lime
solution to a solution of mesotartaric acid.

The inactive acid obtained from glyoxal (p. 220) is different
from mesotartaric acid, and it may therefore be distinguished
as glycotartaric acid! Like racemic acid, which it was first
believed to be, it crystallizes in triclinic prisms containing one
molecule of water, and these do not effloresce on exposure. The
anhydrous acid melts at 198°. Its salts resemble very closely
those of racemic acid, but the sodium ammonium glycotartrate
isdeposited in large monoclinic crystals which do not exhibit
bemihedral faces. It is remarkable that racemic acid can, under
certain circumstances, yield a salt having the same properties
as the preceding compound, the mother-liquors afterwards
depositing rhombic crystals of the two optically active salts.?

A third inactive tartaric acid has been obtained by Przibytek
by the oxidation of erythrite, C,H,(OH),. The acid potassium
salt of this variety is anhydrous, easily soluble in water, and
crystallizes in small needles. The calcium salt contains 8
molecules of water, is soluble in acetic acid, and crystallizes
from this solution in lamin®. When the acid is heated with
water to 175°, it is converted into racemic acid.

1 Staedel and Gail, Ber. Deutsch. Chem. Ges. xi. 1752.
3 Journ. Russ. Chem. Ges. xii. 209.
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THE PENTYLENE COMPOUNDS.

621 By heating amyl alcohol with concentrated solution of
zinc chloride, Balard, in 1844, obtained the corresponding olefine
termed amylene, C;H,,, and together with this the polymeride
diamylene, C,)H,, and fetramylene, CyH,. Moreover, he
showed that when the vapour of amyl chloride is passed over
beated potash-lime, amylene is also formed. It possesses a
faint garlic-like smell, boils at 39°, and has a vapour density
of 2681

Bauer, who then occupied himself with this subject, gives tne
following receipt for its preparation. One part of amyl alcohol
is poured on to 14 parts of fused and roughly powdered zinc
chloride, allowed to stand for some days, and afterwards dis-
tilled. The action begins at 70°—80°, and the operation is
stopped at 130°—140°, when frothing begins. By fractionating
the distillate and rectifying over sodium, the amylene is obtained
together with amyl hydride, C;H,,, Amylene thus prepared
boils at 33°—34° and at 0° has a specific gravity of 0663. In
the higher boiling portions ¢riamylene, C,;Hg, occurs, together
with the other products obtained by Balard.2

As Wurtz has shown, the action of zinc chloride on amyl
alcohol is not so simple a one as had formerly been supposed.
He found that the product boiling at 160°, is a mixture of the
olefines C;H,, to C,,Hy), and of the corresponding paraffins.3

Recent investigations have proved that the amylene thus
obtained, and now to be bought as “ commercial amylene,” is not
a definite compound, but a mixture of several isomeric bodies,
their formation depending not only on the fact that amyl alcohol
itself is a mixture, but also that zinc chloride effects a
molecular decomposition in this case, as it does in the case of
butylene.

! Ann. Chim. Phys. [3), xii. 820,

2 Krit. Zeitsch, iv. 654 ; see also Linnemann, Ann. Chem. Pharm. cxxxiv. 350.

3 Comptes Rendus, 1vi. 1164 and 1246 ; lvii. 302 ; 4nn. Chem. Pharm. cxxviii.
225 and 316.
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Amylene is also found in the distillation products of Boghead
cannel, in the lime soap of train oil, and in certain petroleums,
&e.

622 Propyl Ethylene, CH,CH,CH, CH — CH,, was obtained
synthetically by Wurtz by the action of zinc-ethyl on allyl
iodide. He could not, however, obtain it in a pure state.
owing to the formation of other hydrocarbons! Pentylene
dibromide, C;H,,Br,, obtained from this, boils at 177°—183°.
Normal pentylene is also formed together with ethereal salts
of pentyl-acetic acid when the monochloride, obtained from
normal petane, is heated with potassium acetate and glacial
acetic acid to 190°—200°.2 Moreover, it is a constituent of com-
mercial amylene. If this liquid be shaken up with a mixture
of one volume of water and two volumes of sulphuric acid, the
isomeric olefines dissolve and a mixture of the normal penty-
lene and pentanes remains behind.* By oxidizing this with an
alcoholic solution of potassium permanganate, formic, oxalic,
normal butyric, and succinic acids are formed, and from this fact
the constitution of these hydrocarbons is ascertained.* Owing to
the fact that Balard purified his amylene by treatment with
sulphuric acid, it likewise chiefly consisted of propyl-ethylene.
It is a mobile liquid, boiling between 39° and 40°, and combining
with hydriodic acid to form methyl-propyl-carbyl iodide.

Tsopropyl-ethylene, (CH,),CH. CH—CH,, occurs, according to
Eltekow, in commercial amylene.® It is formed together with
B-ethyl-methyl-ethylene, when amyl iodide is heated with
alcoholic potash. If this mixture be saturated at— 20° with
hydriodic acid, the latter olefine is converted into dimethyl-
ethyl-carbyl iodide, isopropyl-ethylene remaining unchanged.
When the above mixture is shaken up with sulphuric acid and
water, the 8-ethyl-methyl-ethylene is alone dissolved. Isopropyl-
ethylene boils at 21°1 to 21°3, and combines at the ordinary
temperature with hydriodic acid to form methyl isopropyl carbyl
iodide (Wischnegradsky). With bromine it forms a dibromide
boiling with decomposition at 190°, from which isopropyl-ethylene
glyeol, (CH,),CH.CH(OH).CH,(OH), is obtained. This latter
body boils at 206°, and is a thick odourless liquid, soluble in

! Compt. Rend. liv. 887 ; lvi. 864; lxvi. 1179 ; Ann. Chem. Pharm. cxxiii.

202 ; cxxvii. 55; cxclviii. 131,
? Schor]emmer, Phil. Trans. 1872, p. 111.
3 Wmhn;gmdsk{, nn. Chem. Pharm cxc. 346.
4 0. and F. Zeidler, 1, cxcvii. 253.
3 Ber. Dewtsch. Chem. Ges. x. 1904.
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water, and yielding on oxidation oxyvaleric acid, and <so-
butyric acid!

623 a-Ethyl-methyl-ethylene, CH,CH,CH—CH.CH,, is
obtained by heating the two secondary pentyl iodides with
alcoholic potash.® The pentylene obtained by Beilstein and
Rieth by the action of zinc-ethyl on chloroform appears to be
identical with this substance : 3

Zn(CH, CH,), + 2CH.C], = 2CH, CH, CH — CH.
8 (CH’H’Hzc,g:’Hz 1,H* CH, +

It boils at 36°, and combines with hydriodic acid forming
methyl-propyl-carbyl iodide.

a-Ethyl-methyl-ethylene Bromide, C;H,.CHBr.CHBr.CH,, boils
with slight decomposition at 178°, and at 0° has a specific
gravity of 1°7087.

a-Ethyl-methyl-cthylene Glycol, C,H .CH(OH).CH(OH).CH,
is a syrupy liquid, soluble in water, boiling at 187°'5, and at 0°
having a specific gravity of 0:9945. When oxidized with dilute
nitric acid it yields a-axybutyric acid, together with carbon
dioxide and a small quantity of glycolic acid.

B-Ethyl-methyl-ethylene, C,;H;(CHy)C—CH, This is a con-
stituent of commercial amylene (Wischnegradsky), and is formed
together with isopropyl-ethylene by heating amyl iodide with
alcoholic potash, and is also prepared in a similar way from active
amyl iodide.* A pentylene, probably identical with this, is
found in the distillation products of the Alsatian petroleum at
Pechelbronn.® It boils at 81°—32°, and at 0° has a specific
gravity of 0'670. It is optically inactive, dissolves readily in
dilute sulphuric acid, and combines with the haloid acids with
formation of ethereal salts of dimethyl-ethyl-carbyl.

624 Trimethyl-ethylene, (CH,),C CH.CH,, is also found in
commercial amylene, and is formed by the action of alcoholic
potash on the iodides of dimethyl-ethyl-carbyl, and mopropyl-
methyl-carbyl.” It is formed also when amyl ethyl ether is
heated with phosphorus pentoxide.®

28:) Flawitzky, 4Ann. Chem. Pharm. clxxix, 851; Ber. Deutsch. Chem. Ges x.
? Wagner and Saytseff, 4nn. Chem. Pharm. clxxv. 878 ; clrxix. 802
3 Ib. cxxiv. 245.
4 Le Bel, Bull. Soc. Chim. [2], xxv. 546,
8 Le Bel, . [2), xvii. 8 ; xviii. 166.
¢ Jermolajew, Zeitach. Chem. 1871, 275.
7 Wischnegradsky, 4nn. Chem. Pharm. cxo. 365.
® Flawitzky, sb. clxix. 206.
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Tt is a liquid boiling at 36°—38°, and having at 0° a specific
gravity of 0:6783. It is easily converted into polyamylenes by
zinc chloride or by dilute sulphuric acid, as well as by boron
fluoride! It dissolves when shaken with a mixture of two parts
of sulphuric acid and one of water, and when this solution is
neutralized with carbonate of soda and distilled, dimethyl-ethyl-
carbinol is obtained, which combines with the haloid acids to
form the ethereal salts of this alcohol.

The derivatives of the pure hydrocarbon have not been much
investigated, but these probably form a large portion of the
compounds obtained from commercial amylene,

625 Amylens Glycol, C;H,,(OH),, was obtained by Wurtz 2 from
amylene bromide in the same way as common glycol is obtained
from ethylene bromide. It is a colourless syrupy liquid, soluble
in water, and having an aromatic bitter taste ; it boilsat 177, and
at 0° has a specific gravity of 0:987. It may be solidified in a.
mixture of ether and solid carbon dioxide to a hard transparent
mass. Pure trimethyl-ethylene yields a glycol which boils at
the same temperature? Dilute nitric acid oxidizes it to
ozyisobutyric acid.

Amylene Chlorhydrate, C;H, C1(OH), was obtained by Carius
by acting on amylene with dilute hypochlorous acid. It is a
liquid boiling at 155°, smelling of valeric acid, and is tolerably
soluble in water. Caustic potash converts it into amylene avide,
C,H,,0, a pleasantly smelling liquid having a bitter taste,
boiling at 95° and having a specific gravity at 0° of 0-8244.4

Amylene Chloride, CgH, Cl,, is formed when a mixture of
amylene and phosphorus pentachloride is allowed to stand for
twelve hours. On addition of water it separates out as an oily
layer.® It is also formed, together with substitution-products,
when chlorine is passed into amylene cooled to—15°, and
then heated gradually to the boiling point.® It is a liquid
boiling at 145°, and having at 0° a specific gravity of 1-222.

Amylene Bromide, C;H,Br,, is an oily liquid boiling with
decomposition at 170°—180°.

Amylene Nitrite, C;H,((NO,),, was first obtained by Guthrie
by passing amylene vapour, mixed with air, through fuming

1 Landolph, Ber. Deutsch. Chem. Ges. xii. 1584,

2 Ann. Chim. Phys. (8], 1v. 458.

3 Plawitsky, Ber. Deuisch. Chem. Ges. ix. 1600.

¢ Bauer, Ann. Chem. Pharm, cxv, 90 ; Carius, ib, cxxvi. 199 ; cxxix. 167.

5 (uthrie, Quart. Journ, Chem. Soc. xiv. 127.
¢ Bauer, Zeitsch. Chem. 1866, 880 and 667.
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nitric acid,! ard afterwards by passing nitrogen trioxide through
amylene placed in a freezing mixture.? It crystallizes from
boiling ether in long transparent prisms or rectangular tables,
which decompose at 95°. When treated with tin and hydro-
chloric acid, the nitrogen is evolved as ammonia.

Amylene Nitrosochloride, C, H ((NO)C], is formed by the
direct union of nitrosyl chloride with amylene. It deposits in
splendid crystals, and is converted by nascent hydrogen into an
amylamine.?

Amylene forms, with the chlorides of sulphur, compounds
which correspond to the ethylene compounds.¢

Nitro-amylene, or Nitro-trimethyl-ethylene, C;HNO,, is ob-
tained by the action of nitric acid on dimethyl-ethyl carbinol
It is a slightly coloured peculiarly smelling liquid, boiling at
166°—170°, and dissolving slowly in potash. The solution

* gives the pseudo-nitrol reaction (Part I. p. 566) with potassium
nitrite and sulphuric acid. When heated with water to 100°
under pressure, it splits up into nitro-ethane and acetone : &

CH, CH,
é:C(NO,).CH, + HO = to + CH,NO,).CH,.
m, ¢,

THE OXYACIDS, C,H,0,, AND THE KETONIC
ACIDS, GC,H,0,.

626 a-Oxyvaleric Acid, (CHp),CH.CH(OH)CO,H. When
valeric acid is heated with bromine under pressure a-bromvaleric
acid (CHy),CH.CHBr.CO,H, is formed. This is an oily liquid
which decomposes on heating.® If this body be boiled with water
aund oxide of silver or with caustic potash,” the corresponding
oxyvaleric acid is obtained, a substance which can also be
prepared synthetically from isobutyraldehyde. This compound
combines with anhydrous hydrocyanic acid to form the nitril

1 Quart, Journ. Chem. Soc. xiii. 85, * 1b. xiii. 139.

8 Tonnies, Ber. Deutsch. Chem. Ges. xii. 169. .

4 Guthrie, Quart. Journ. Chem. Soc. xii. 109 ; xiii. 85,

8 Hartinger, Monatsh, Chem. ii. 286. .
k‘xiFittig and Clark, 4nn, Chem. Pharm. cxxxix. 199; Ley and Popow, i
clxxiv. 63.

? Schmidt and Sachtleben, 2. cxciii. 106,
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(CHy,CH.CH(OH)CN, a liquid which commences to boil at
136°, and then decomposes into the compounds from which it is
derived. When boiled in connection with an inverted condenser
with three times its volume of concentrated hydrochloric acid
oxyvaleric acid is obtained, which then may be removed by
shaking with ether.! It is easily soluble in water, alcohol, and
ether, and crystallizes in rectangular tables or long prisms
which melt at 86°, and begin to volatilize at 100°. Its chemical
relations are closely analogous to those of lactic acid. On heat-
ing with sulphuric acid it is converted into formic acid and iso-
butyraldehyde. The latter compound is also formed, together
with isobutyric acid and carbon dioxide, when it is oxidized
with aqueous chromic acid.

The crystallized anhydrous zinc salt is difficultly soluble in
cold, and not much more soluble in hot water. The silver salt
dissolves tolerably easily in hot water, and forms feather-like
crystals. By the action of ethyl iodide it yields the ethyl salt,
which is also formed when ethyl oxalate is treated with zinc and
tecondary propyl iodide.? It is a not unpleasantly smelling
liquid, boiling at 175°. '

a-Valerolactide, C  H,,0,, is formed when the acid is heated in
closed tubes to 200°. It crystallizes from dilute alcohol in thin
needles insoluble in water, melting at 136°, and subliming at a
higher temperature. It is scarcely attacked by dilute alkalis.

a- amide, (CH,),CH.CH(OH).CO.NH,, is formed by
the action of cold fuming hydrochloric acid on the nitril. It
crystallizes in large tablets which are tolerably soluble in water,
less 80 in ether, and which melt at 104° (Lipp). -

a-Amidovaleric Acid, (CH,),CH.CH(NH,).CO,H. A com-
pound of this composition was found by Gorup-Besanez in the
pancreas of the ox, and he termed it butalanine.® This compound
closely resembles the acid obtained by heating bromvaleric
acid with ammonia. The latter compound is easily soluble in
water, scarcely soluble in cold alcohol, and crystallizes in lamins
consisting of microscopic prisms which, on heating, sublime
without melting (Fittig and Clark ; Schmidt and Sachtleben).
Further investigations have shown that butalanine is different
from a-amidovaleric acid, and it differs also in its properties
from a-amidopentoic acid, CHy CH,.CH, CH(NH,)CO,H, which

1 Lipp, Ann. Chem. Pharm. ccv. 23.

2 Markownikow, Zeitsch. Chem. 1870, 517.
3 Ann. Chem. Pharm. xcviii. 15.
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latter is obtained from brompentoic acid,! and from mnormal
butyroaldehyde ammonia and hydrocyanic acid.? Butalanine is pro-
bably ethyl methyl amidoacetic acid, C,;Hy(CH,)CH(NH,).CO,H.

627 B-Oxyvaleric Acid, (CH,),C(OH).CH, CO,H, was first pre-
pared by M. and A. Saytzeff by oxidizing dimethyl allyl carbinol,
(CH,),C(OH).CH,CH— CH,® It is also formed by the action
of potassium permanganate on valeric acid.* It forms a syrup
easily soluble in water, alcohol, and ether. It is not volatilized
in a current of steam, and on heating with a chromic acid
solution it yields acetic acid, acetone, and carbon dioxide, and
when heated it decomposes into water and dimethyl-acrylic acid,
(CH,),C =CH.CO,H.

The anhydrous zinc salt crystallizes in prisms which are
easily soluble in water. The silver salt, which does not undergo
change on exposure to light, forms monoclinic prisms and is very
difficultly soluble in cold water, though rather more soluble in
boiling water. It forms with ethyl iodide an ethereal salt boiling
at about 180°.%

B-Amidovaleric or Amido-dimethyl-propionic Acid, (CHy,
C(NH,)CH,.CO,H + H,0, is formed together with amido-
isobutyric acid by the oxidation of diacetonamine (Part I. p.
574). It is easily soluble in water and separates out from a
mixture of ether and alcohol in glistening crystals melting at
217°, but beginning to sublime at 180°.

Imado-dimethylacetic-dimethylpropionic Acid,

NH(‘S,gggﬁ:gOz C’OzH is formed, together with a small

quantity of the foregoing compound, by the oxidation of
triacetonamine (Part I. p. 574). It forms a crystalline powder
possessing an acid taste, difficultly soluble in cold, but readily
soluble in hot water, and very slightly soluble in alcohol.
a-Methyloxybutyric or Metho-ethoxalic Aeid, (C,H;).C(CH,)OH.
CO,H. - The ethyl salt of this acid is formed when ethyl
oxalate is heated with granulated zinc, methyl iodide and ethyl
iodide, to 35°—40°.% It isalso formed by the oxidation of methyl-
ethyl-acetic acid with potassium permanganate,” and likewise
1 Juslin, Bull. Soc. Chim. xxxvii. 8. 3 Lipp, Lieb. Ann. coxi. 854.
41’0 Ann. Chem. Pharm. clxxxv. 168 ; Schirokow, Journ. Russ. Chesn. Ges. xi.
< Miller, Ann. Chem. Pharm. cc. 278.
§ Semljanitzin and Saytzeff, Ann. Chem. Pharm. cxevii. 72.

¢ Frankland and Duppa, Prue. Roy. Soe. xiv. 17.
7 Miller, Ann. Chem. Pharm. cc. 282.
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when methyl-ethyl ketone is combined with hydrocyanic acid
and the product decomposed by hydrochloric acid, and lastly
when ethyl-methyl-acetic acid is converted into the mono-
brominated acid by heating with bromine and this afterwards
decomposed with carbonate of soda.!

1t is easily soluble in water, alcohol and ether, melts at 68°
and sublimes in needles at 90°. Aqueous chromic acid oxidizes
it to methyl-ethyl ketone and carbon dioxide,? and when heated
for 200 hours with dilute sulphuric acid to 115°—180° it decom-
poses into water and methyl-crotonic acid, CH,CH— C(CHj).
CO,H. The anhydrous zinc salt is a crystalline precipitate diffi-
cultly soluble in boiling water and insoluble in alcohol. The
ethyl salt is a liquid possessing a powerful ethereal smell,
boiling at 1655, and having a specific gravity at 13° of
0-9768.

628 B-Methyloxybutyric Acid, CH;. CH(OH).CH(CH,).CO,H,
is formed when an alcoholic solution of ethyl methyl-acetacetate is
treated with sodium amalgam. Inorder to prevent the decompo-
sition of the ether into carbon dioxide and methyl-ethyl ketone,
the liquid is well-cooled and from time to time acidified withdilute
sulphuric acid.® The acid forms a syrup which on standing over
sulphuric acid becomes thicker and is converted into the an-
hydride C,H,;O0,. The acid decomposes on distillation, into
water and methyl-crotonie acid.

Methyl Acetoacetic Acid, or a-Acetylpropionic Acid, CH,.CO.
CH(CH,).CO,H. The ethereal salts of this acid are prepared
according to a process already described (p. 172), and are similar
to the acetoacetates. The methyl salt boils at 177°4 and yields
with ferric chloride a violet-red coloration* and the ethyl salt
boils at 186°8, has a specific gravity at 6° of 1:009, and gives a
deep blue colour with ferric chloride.®

It has been stated under acetoacetic acid (p. 172) that only its
salts had been prepared. Since this was written the free acid, and
also certain of its homologues, have been isolated. The ethereal
salt is slowly saponified by cold dilute potash solution; this
then, after standing twenty-four hours, acidified with sulphuric
acid, is shaken up with ether, and the ethereal solution cautiously
evaporated, when a mixture remains of the free acid and

! Bocking, Ann. Chem, Pharm. cciv. 18.
? Chapman and Smith, Jowrn. Chem. Soc. N.8. v. 296,

3 Rohrbeck, Ann, Chem. Pharm. clxxxviii. 229 ; Miller, 1. ce. 269.
¢ Brandes, Zeitsch. Chom. 1866, 458. § Geuther, Jahresh. 1865, 803.
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the unattacked salt. This latter is removed by rubbing up
the residue with water and barium carbonate, and isolating
the acid from the resulting barium salt by the process just
described.

Acetoacetic acid is a thick, strongly acid liquid, which de-
composes violently, even below 100°, into carbon dioxide and
acetone ; and methyl-acetoacetic acid comports itself in an exactly
corresponding manner.!

a-Amidopentoic Acid, OH,CH,CH,CH(NH,.)CO,H, is ob-
tained by the action of ammonia on a-brompentoic acid, and
crystallizes from water in long prismatic needles.*

629 y-Ozypentoic Acid, CH;.CH(OH).CH,.CH,.CO,H, is not
known in the free state, but its anhydride termed valerolactone
has been prepared.

When allyl-acetic acid, CH,—CH.CH,.CH,.CO,H, is brought
in contact with hydrobromic acid,combination takes place,«y-brom-
pentoic acid being formed, and this when heated with water is
converted into valerolactone.® It may be obtained more readily
by acting on B-acetylpropionic acid, CH, CO. CH,CH,CO,H
with sodium amalgam and water.® It isa liquid possessing a
weak but not unpleasant smell, boiling at 206°—207° and forming
with water a neutral solution from which it may be withdrawn
by ether. When boiled with baryta-water it yields barium
oxypentoate, an amorphous substance like the similarly prepared
calcium salt. Silver pentoate, C;H,0;Ag, is somewhat difficultly
soluble in cold, though readily soluble in boiling water, and
it crystallizes in asymmetric prisms, Valerolactone has the
following constitution :

CH,.CH.CH,.CH,
0

In addition to this several other lactones are known. The
lowest member of the series is the anhydride of y-oxybutyric acid,
a body which has already been described (p. 169). The general
formula of these bodies is

XCH.CH, CH,
| |
o0——CoO
1 Ceresole, Bey, Deutsch. Chem. Ges. xv. 1826 and 1871.
2 Gustin, Bull. Soc. Chim. 1xxiii. 8.

3 Messerschmidt, Ann. Chem. Pharm. ccviii. 92.
¢ Wolff, tb. ceviil. 104,
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in which X signifies hydrogen or an alcohol radical. None of
the acids corresponding to these lactones are known in the free
state, but their salts are known, from which acids liberate the
lactone.!

630 B-Acetylpropionic Acid, CH;CO.CH,CH,CO,H, was
first prepared by Tollens and A. v. Grote by boiling cane-sugar
with dilute sulphuric acid, and termed by him levulinic acid.?
Conrad then showed that this same acid is obtained by the
decomposition of ethyl aceto-succinate with baryta-water:3

CH, CH,

do do

(gH.C0.0C,H. + 2H0 = «!31-1, + €O, + 2HO.CH,
dn, ¢n,

c'o.oc,H,s Lo.om.

Leevulinic acid is also easily formed when levulose (levo-
rotatory grape-sugar) is boiled with dilute sulphuric acid or
hydrochloric acid. In place of this sugar, such carbo-hydrates
may be employed as yield this body on treatment with dilute
acids.* Milk-sugar and dextro-rotatory grape-sugar (dextrose)
are, however, on the other hand only converted with difficulty
into this acid.® Formic acid is always formed together with
the above acid :

C¢H,,0, = C;HO; + CH,0, + H,0.

A part of the sugar is, in this reaction, converted into a brown
humus-like body, so that in the most favourable cases 100 parts
of cane-sugar yield 14 parts of leevulinic acid.® Usually, however,
a much smaller yield is obtained (Grote, Kehrer and Tollens).

Laevulinic acid is easily soluble in water, alcobol, and ether,
and crystallizes in scales melting at 33™5. It is very hygro-
scopic, and traces of moisture lower its boiling point. Its specific

1 Fittig, Ann. Chem. Pharm. ccviil. 111.

3 Ann. Chem. Pharm. clxxv, 181; see also Grote, Kehrer and Tollens, 5.
cevi. 207, 3 1b. clxxxviii. 222,

4 Bente, Ber. Deutsch.Chem. Ges. viii. 416 ; ix. 1157.

& Grote and Tollens, Ann. Chem. Pharm. ccvi. 226 ; Rodewald and Tollens, b,
ccvi. 28,

¢ Conrad, Ber. Deutsch. Chem. Ges. xi. 2178.
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gravity is 1-135 at 15° and it boils with slight decomposition
at 239°. When heated with hydriodic acid and amorphous
pho:sphomsl or treated with sodium amalgam in acid solution?
it is reduced to normal pentoic acid. On oxidation with
dilute nitric acid it yields succinic acid, acetic acid, oxalic
acid, and carbon dioxide, and in addition hydrocyanic acid and
ammonia.?

631 The levulinates of the alkali metals are very solubie in
water. The barium salt is amorphous.

Calcium Leevulinate, (CjH,0,),Ca, crystallizes from water in
easily soluble needles having a silky lustre.

Zine Leevulinate, (C;H,0,),Zn, forms silver-white needles or
scales, which are easily soluble in water and alcohol.

Silver Levulinate, C;H,0,Ag, is difficultly soluble in cold
water, more soluble in hot water, and crystallizes in long six-
sided tables.

The ethereal salts of levulinic acid are liquids which have
a fruit-like smell. The following have been prepared (Grote,
Kehrer and Tollens) :

BP. Sp.Grat0
Methyl leevulinate, C;H,(CH,)O0, 1915  1:0684
Ethyl levulinate, C,H,(C,H)O, 200>5 10325
Propyl levulinate, C;H,(C;H,)0, 215>5 10103

a-Trichloroxypentoic Acid, CH,CCL.CHCL.CH(OH).CO,H.
The nitril of this acid is formed by the union of butyl chloral
(p. 166) with hydrocyanic acid. It crystallizes in lamine,
melting at 101°—102°, and is difficultly soluble in water, but
dissolves readily in alcohol.* When heated with strong hydro-
chloric acid the oxyacid is obtained, which is scarcely soluble
in cold water, but is readily soluble in alcohol and ether. It
crystallizes in gypsum-like tables which melt at 140°. When
the alcobolic solution is saturated with hydrochloric acid, the
ethyl salt is obtained, crystallizing in long prisms melting at
40° and boiling with slight decomposition at 2535°.

! Kehrer and Tollens, Ann, Chem. Pharm. cevi. 238.

2 Fittig, . ceviid, 109, 3 Tollens, b. cevi. 257.

4 Bischoff and Pinner, Ann. Chem. Pharm. clxxix. 97 ; Pinner and Klein,
Ber. Deutsch, Chem. Ges. xi. 1488,
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Disasic Acios, C;HO,.

632 Glutaric Acid, CO,H.CH,CH,CH, CO,H, was first
obtained by Dittmar by heating glutanic acid, C;H (OH)(CO,H)g,
(to be hereafter described) with hydriodic acid, and termed by
him desozyglutanic acid! It is obtained synthetically when tri-
methylene bromide (p. 130) is heated with potassium cyanide
and alcohol, and the product boiled with potash.? It is also
formed when ethyl sodacetacetate, diluted with benzene, is treated
with ethyl B-iodopropionate, when the ethyl salt of acetoglutaric
acid is first formed, a slightly smelling oily liquid boiling at
271°—272°, and decomposed by caustic potash into glutaric and
acetic acids and alcohol.®

Glutaric acid is easily soluble in water, alcohol, and ether,
crystallizing in large monoclinic prisms melting at 97°5, and
boiling with slight decomposition at 302°—304°. Of its salts,
zine glutarate, C;H O, Zn, is specially characteristic. It crystal-
lizes in needles and dissolves at 18° in 102 parts of water.
When a saturated solution is heated, it separates out as a
granular precipitate consisting of characteristic microscopic

The ethyl salt, C;H,O,(C.H;), is a liquid boiling at
236°5—237°.

Glutaric Anhydride, C;HO,, is formed by heating the acid
for some time, or by treating the silver salt with acetyl chloride.
It crystallizes from ether in long needles which melt at 56°—57°,
and boils with partial decomposition at 282°—287°.*

Amidoglutaric Acid, or Glutaminic Acid, CH(NH,)(CO,H),,
is formed together with other compounds, when various albu-
minoid substances are boiled with dilute sulphuric acid,® or with
hydrochloric acid and tin dichloride.® Glutamine, the corre-
sponding homologous amide of asparagine, is found in beet-root,”
in the shoots of vetch® and the pumpkin,® but has not been

1 Journ. Prakt. Chem. [2], v. 838.

3 Julie Lermontow and Markownikow, 4nn. Chem. Pharn. clxxxii. 841;
Reboul, Ann. Chim. Phys. [5), xiv. 501,

3 Wislicenus and Limpach, dnn. Chem. Pharm. cxcii. 128.

4 Markownikow, Journ. Russ. Chem. Qles. ix. 288.
hl.. Ritthausen, Jourr. Prakt. Chem. xcix, 454 ; ciii. 65 and 274 ; cvii. 208 ; [2],
il, 814.

¢ Hlasiwetzand Habermann, 4Ann. Chem. Pharm. clxix. 157.

7 Schulze, Ber. Deutsch. Chem. Ges. x. 85.

$ Gorup-Besanez, b. x. 780.

9 Schulze and Barbieri, Journ. Prakt. Chem. [2], xx. 391.



252 THE PENTYLENE COMPOUNDS.

obtained in the pure state from these. It is converted by boiling
with hydrochloric acid into glutaminic acid. Glutaminic acid
crystallizes in rhombic pyramids or sphenoids. It dissolves
at 16° in 100 parts of water, is less soluble in spirit of wine, and
does not dissolve in absolute alcohol. Its salts crystallize well,
and it also combines with acids.

633 a-Ozyglutaric Acid, or Glutanic Aeid, C;H(OH)(CO,H),,
was obtained by Ritthausen by the action of nitrous acid on gluta-
minic acid.! It is best to employ the hydrochlorate of this latter
body, and to add the requisite quantity of potassium nitrite to
its dilute solution, and, to complete the decomposition, nitrogen
trioxide is led in. The liquid is evaporated on a water-bath, and
the acid extracted with ether? Oxyglutaric acid occurs in
molasses, being probably a product of decomposition of the
glutaminic acid contained in the sugar-cane? It is easily
soluble in water, and forms small crystals melting at 72°—73°
and solidifying to a transparent mass. When the solution is
neutralized with zinc carbonate and evaporated to a syrup,
transparent four-sided tables separate out after a few days.
These are converted by hot water into a difficultly soluble
pulverulent salt which cannot be again transformed into the
soluble variety, and which is deposited from hot saturated
solution in warty concretions or small needles having the
composition C;H O;Zn + 3H,0.

B-Ozyglutaric Acid, C;H(OH)(COH),, was obtained by
Simpson, who termed it oxypyrotartaric acid, by heating dichlor-
hydrin, CH,CL.CH(OH).CH,C] (see Glycerine), with alcohol and
potassium cyanide, and boiling the product with caustic potash.
It forms crystals easily soluble in water, alcohol, and ether,
and melting at 135°4 Its constitution is seen from its mode of
formation, and as only two isomeric normal acids of this com-
position can exist, that of the a-acid is thus also determined:

a-Oxyglutaric Acid. B-Oxyglutaric Acid.
CH,.CO,H CH, CO,H
&H, &H(OH)
JJH(OH).CO,H. éH,.CO,H.

1 Journ. Prakt, Chem, ciii. 289.

3 Markownikow, Ann. Chem. Pharm. clxxxii. 848.

$ Von Lippmann, Ber. Deutsch. Chem. Ges. xv. 1156,
4 Proc. Roy. Soc. xiii. 44.
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634 Pyrotartaric Acid, or Methylsuccinic Acid, CO,H.CH(CHj).
CH,.CO,H. The history of this acid is to be found under the
heading of Pyroracemic Acid. It is formed together with this
body and other products, in the dry distillation of tartaric acid
and its isomerides, as well as when these are heated with con-
centrated hydrochloric acid to 180°! Its formation probably
precedes that of the pyroracemic acid, as this latter acid, which
heated either by itself to 170° or with hydrochloric acid to
100°2 also yields pyrotartaric acid. It is therefore also
formed in the distillation of glyceric acid (p. 153). Simpson
obtained it synthetically by heating propylene bromide with
potassium cyanide and alcohol, and heating the pyrotartronitril,
CH,.CH(CN).CH,.CN, thus obtained with fuming hydrochloric
acid® This nitril is a liquid which boils at 252°—254°, and on
cooling crystallizes to colourless transparent prisms which melt
at 12°.* Wislicenus prepared this acid from 8-brombutyric acid
by heating the ethyl salt with potassium cyanide, and boiling
the product with caustic potash.® Conrad then showed that it
is formed when ethyl sodacetacetate is treated with ethyl
a-brompropionate, when ethyl B-methylacetosuccinate, boiling at
259°, is formed, and this is decomposed by caustic potash into
pyrotartaric acid.® It was obtained in the same way from ethyl
a-methylacetosuccinate, CH,C(CO.CH,)(CO,.C,H;)CH,.CO,.C,Hy,
a liquid boiling at 263°, and obtained by the action of methyl
iodide on ethyl sodacetosuccinate.”

In order to prepare pyrotartaric acid, a mixture of tartaric acid
and powdered pumice-stone  is distilled in the following way .
400 grams of tartaric acid are kept for 15—20 minutesin a state
of fusion and then more strongly heated until acid vapours are
evolved, mixed with 400 grams of hot pumice powder, and then
the whole slowly distilled in a retort, the operation lasting 8
or 9 hours.® The distillate is then dissolved in 3 to 4 times
its bulk of water, and separated from the oily products by means
of a moistened filter. The liquid is then evaporated on a water-
bath and the coloured acid is recrystallized from dilute nitric

1 Geuther and Riemann, Zeitsch. Chem. 1869, 818,

3 Clermont, Ber. Deutsch. Chem. Ges. vi. 92 ; Bottinger. 4b. ix. 837 and 1823.
3 Phil. Trans. 1861, part i. p. 61 ; see also Claus, 4nn. Chem. Pharm. cxci. 87.
¢ Pinner, Ber. Deutsch. Chem. Ges. xii. 2058.

5 Anrn. Chem. Pharm. clxv. 93.

¢ Ann. Chem. Pharm. clxxxviii, 227.

7 Kressner, ib. cxcii. 138,

® Arppe, Ann. Chem. Pharm. 1xvi. 73.

® Béchamp, Compt. Rend. 1xx. 1000.
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acid. The difficultly soluble acid potassium pyrotartrate is
prepared from the mother-liquors, recrystallized from weak
alcohol, decomposed by sulphuric acid, and the pyrotartaric acid
extracted with ether.!

If tartaric acid be dissolved in an equal volume of acetic acid and
evaporated over a naked flame until it becomes syrupy, and this
allowed to stand, pyrotartaric acid crystallizes out in a few days.2
If india-rubber be boiled with caustic potash, amongst other acids
which are formed, 8 per cent. of pyrotartaric acid is obtained.®
Pyrotartaric acid crystallizes in small triclinic prisms which
are grouped in stellar masses or warty concretions. It dissolves
at 20° in 1'5 parts of water, and iz also easily soluble in alcohol
and ether. It has a cool purely acid taste, melts at 112°, and
decomposes, when quickly heated above 200°, into water and the -
anhydride. If, however, it be exposed for a long time to a tem-
perature of 200°—210° small quantities of butyric acid and
carbon dioxide are also formed.! The latter products of decom-
position are given off when the aqueous solution is exposed to
sunlight in the presence of a uranic salt.®

635 Normal Potassium Pyrotartrate, C;H,O K, + 2H,0, is very
easily soluble in water and crystallizes in flat prisms, which on
exposure to dry air lose one molecule of waterand are converted
into warty masses consisting of microscopic needles.

Acid Potasstum Pyrotartrate, C;H,O,KH, is precipitated from
the saturated solution of the foregoing salt by the acid in the
form of a crystalline powder. It crystallizes from hot water in
large transparent monoclinic prisms.

Normal Calcium Pyrotartrate, C;H,0,Ca+2H,0, crystallizes
in microscopic four-sided prisms which dissolve in about 100
parts of boiling water. If dissolved in the aqueous acid and
the solution carefully evaporated, crystals of the compound
(C,H,0,),Ca + 4C,H,0, + 4H,0 are deposited.®

Normal Lead Pyrotartrate, C;H,O,Pb+ 2H,0, is very slightly
soluble in cold water but dissolves more readily in boiling water
and crystallizes in prisms.

Silver Pyrotartrate, C;H,0,Ag,, is a slimy precipitate, slightly
soluble in hot water; it dissolves more readily in ammonia,
from which it crystallizes in needles.

1 Bourgoin, Ann. Chim. Phys. [5), xii. 419.

? Sacc, Zeitsch. Chem. 1870, 432,

3 Barth and Hlasiwetz, Ann, Chem. Pharm. cxxxviii. 78.

4 Claus, Ann. Chem. Pharm. cxci. 48. $ Seekamp, . cxxxiii. 2583.
¢ Arppe, Ann. Chem. Pharm. lxvi. 73, xc. 138, ¢
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The solutions of the normal salts are precipitated with ferric
chloride.

Ethyl Pyrotartrate, C;HyO,(C;Hy),, is an oily liquid boiling
with decomposition at 218°, possessing a burning bitter taste, and
smelling like sweet flag.!

Pyrotartaric Ankydride, C;H,O,, is best obtained by heating
the acid with phosphorus pentoxide? It is an oily liquid boiling
at 245° and is slowly dissolved by water.

Ozypyrotartaric Acid, or a-Methoxysuccinic Acid, C;H,(OH)O,.
This acid is formed when ethyl acetacetate is heated for 3 days
with anhydrous hydrocyanic acid and the product boiled with
hydrochloric acid :

CH, CH,

E(OH)CN +HCl + 8H,0 = é(OH)co.OH +

!:H,co.oc,H, H, CO.0OH
NH,CI + HO.C,H,.

If the solution be allowed to evaporate over sulphuric acid,
needles united in stellar groups are deposited. These melt at
108°, are very deliquescent, and also easily soluble in alcohol
and ether. When heated to 200° they decompose mainly into
water and citraconic anhydride, a body which, together with
various isomeric oxypyrotartaric acids, will be described under
the head of Citric Acid.

636 Ethyl Malonic Acid, CH;.CH,CH(CO,H),, When the
ethyl salt of a-brombutyric acid is heated with potassium mercuric
cyanide to 130° the corresponding salt of a-cyanbutyric acid is
obtained. This is an aromatic smelling liquid boiling at 209°,
and on heating with hydrochloric acid or caustic potash is con-
verted into ethyl maloni¢ acid.® This acid is easily soluble in
water, alcohol, or ether, and crystallizes in rhombic prisms which
melt at 111°5 and decompose at 160° into carbon dioxide and
butyric acid. Its calcium salt, C;H,0,Ca+ H;0, crystallizes in
prisms and dissolves more readily in cold than in hot water.
Solutions of its normal salts are not precipitated by ferric
chloride.

1 Gruner, Neu Journ. Pharm. xxiv. 55 ; Malaguti, ib. xxv. 272 ; Arppe, loc. cit.
. ? Demanrgay, Bull. Soc. Chim. [2), xxvii. 120 ; Morris, Journ. Chem. Soc. 1880,
' 2‘V!Vis]icem:m and Urech, Ann. Chem. Pharm. clxv. 93 ; Tupolew, b. clxxi.
28 ; Markownikow, 1. clxxxii. 329.
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The ethyl salt was obtained by Markownikow by the action
of ethyl iodide on the silver salt, and Conrad prepared it from
ethyl malonate by adding 16 grams of this substance and
20 grams of ethyl iodide to a solution of 23 parts of sodium in
25 grams of absolute alcohol, and then isolated the ethereal salt
by fractional distillation. It is a mobile liquid which boils at 207°
and at 18° has a specific gravity of 1'008."! When acted upon
by chlorine it is converted into the ethyl salt of ethyl chlormalonic
acid, CH,.CH,.CCI(CO,C,Hj),, a liquid boiling at 228°.

Ethyl Oxymalonic Acid, or Ethyl Tartronic Acid, CH,CH,
C(OH)(CO,H),, is formed by heating the chlorinated ethereal
salt with baryta-water. It is crystalline, soluble in water, and
melts at 98°, decomposing at 180° into carbon dioxide, and
a-oxybutyric acids, products which are also formed when the
chlorinated ethereal salt is boiled for some time with dilute hydro-
chloric acid in connection with an inverted condenser.?

Dimethyl Malonic Acid, (CH,),C(COH),, was obtained by
Markownikow by heating the ethyl salt of bromisobutyric
acid with water and cyanide of potassium. The product is
then treated with sulphuric acid and the impure cyaniso-
butyric acid extracted by ether and decomposed by potash.
The solution is then evaporated and after acidification treated
with ether3

Dimethyl malonic acid is somewhat less easily soluble in water
than its isomeric acids, and is difficultly soluble in alcobol.
It crystallizes in four-sided prisms which sublime in feather-like
needles at about 120° and melt at 170°, when decomposition
into carbon dioxide and isobutyric acid occurs. Its calcium
salt is easily soluble in cold water, and separates out on
warming.

1 Ann. Chem. Pharm. cciv. 134, .
3 Guthzeit, Ber. Deutsch. Chem. Ges. xiv. 618, Ann. Chem. Pharm cex

232.
3 Ann. Chem. Pharm. clxxxii. 336.
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637 Normal Hexylene, C4H,,, can exist in three isomeric forms :

Butyl-ethylene, CH,CH,CH,CH,.CH —= CH,.
Methyl-propyl-ethylene, CH,.CH,.CH,.CH — CH.CH,.
Diethyl-ethylene, CH,.CH,.CH — CH.CH,.CH,.

Of these only the second is known with certainty. This is
easily obtained by heating secondary hexyl iodide with alcoholic
potash.! Tt is a liquid possessing a faint garlic-like smell, boiling
under a pressure of 737°9 at 67°, and having at 0° a specific
gravity of 0:6997. If dissolved in a mixture of 1 volume of
water and 3 volumes of sulphuric acid, and if water be then
added, methyl-butyl carbinol separates out. It easily unites with
hydriodic acid to form the corresponding iodide, and also.com-
bines slowly in the cold with hydrochloric acid to form secondary
hexyl chloride. It is converted by oxidation into butyric and
acetic acids.?

An hexylene possessing the same composition is obtained
when the mixture of monochlorides obtained from the normal
hexane derived from mannite is heated with potash and alcohol.
At the same time a mixture of methyl hexyl ethers is obtained.s
On the other hand, hexane from petroleum yields together with
the ethers a mixture of two hexylenes, one of which unites with
hydrochloric acid to form a hexyl chloride boiling at 116°—118°,
the alcohol of which yields acetic and propionic acids on oxida-
tion. This would show that a normal paraffin is mixed with
the hexane. The second hexylene does not combine with
hydrochloric until it is heated to 130°—140°, but the hexyl

‘;Exilenmeyer and Wanklyn, Ann. Chem. Pharm. cxxxv, 141; Hecht, .
¢eixv, 150,
? Hecht, Ber. Deutsch. Chem. Ges. xi. 1152 ; Domac, Monatsh. Chem. ii. 809.
¥ Schorlemmer, Proc. Roy. Soc. xxix. 364,
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chloride thus obtained is identical with that got from mannite.?
Probably this hexylene is the isomeric butyl-ethylene.

Two hexylenes have been found in the products of the distil-
lation of pitch from Pechelbronn, possessing the same properties
as those from petroleum.?

Methyl-propyl-ethylene Qlycol, C,H ;(OH), This was first
obtained by Wurtz by the same process as ethylene glycol.?
It is also formed by heating the bromide with dilute solution
. of carbonate of potash, or with dilute sulphuric acid.® It is
a thick liquid soluble in water, boiling at 207°, and having at
0° a specific gravity of 0°9669. On oxidation it yields the same
products as the olefine. When heated with hydrochloric acid it
forms the chlorhydrin, which is also produced by the union of
hexylene with hypochlorous acid. Thisis a heavy colourless liquid
which decomposes on heating. Nascent hydrogen converts it
into methyl-butyl carbinol (Domac). Hence its constitution is
C;H,.CHCL.CH(OH)CH,. When distilled with caustic potash
it yields hexylene oxide, C;H,,0, a light pleasantly smelling
liquid boiling at 115° (Wurtz).

Hexylene Bromide, C;H,4Br,, is a strongly smelling oily liquid,
boiling at 195°—197°, and baving a specific gravity at 0° of
1'6058.6 When heated with potash and alcohol bromherylene,
CgH,,Br, is formed, a liquid boiling at 138°—141°, and having a
specific gravity at 0° of 1-2205.

a-Ethyl-dimethyl-ethylene, C;H,(CH)C = CH.CH,, is formed
as a by-product in the preparation of diethyl-methyl-carbinol,
and also when its iodide is decomposed with alcoholic potash :

CH,CH CH,CH
CHICRNor - OROHSC 4+ HL
CHY CH,

It is & liquid boiling at 69>5—71°, and having a specific gravity
at 0° of 0:698. On oxidation it yields acetic acid and ethyl-
methyl ketone.”

B-Ethyl-dimethyl-ethylene, C;H,.C = C(CHj),, is obtained in
the preparation of dimethyl-propyl-carbinol as well as by the

1 Morgan, Journ. Ckem. Soc. N.8. xiii, 801 ; clxxvii. 804 ; Schorlemmer, .
806, .

3 Le Bel, Bull. Soc. Chim. xviii. 167,

3 Ann. Chim. Phys. [4], iii. 180.

4 Hecht and Munier, Ber, Dewtsch. Chem, Ges. xi. 1154,

5 Hecht, b, xi. 1428.

6 Hecht and Strauss, Ann. Chem. Pharm. clxxii. 62.

7 Tchaikowsky, Jahresd. 1872, 350 ; Jawein, Ann. Chem. Pharm. cxev. 259.
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action of caustic potash on the iodide. It boils at 65°—67°, and
at 0° has a specific gravity of 0-702. On oxidation it yields
acetone and acetic and propionic acids.!

Pseudo-butyl-ethylene, (CH,),C.CH—CH,, is formed by heating
pinacolyl iodide (Part I. p.633,) with water. It is a liquid boil-
ing at 70°, and with bromine forming a crystalline dibromide.?

Tetramethyl-ethylene, (CHy),C—C(CHp),, is formed by acting
with alcoholic potash on the iodide of isopropyl-dimethyl-
carbinol. Itis a liquid boiling at 73°, and having a specific
gravity at 0° of 0°712:3 On oxidation it yields acetone, together
with acetic acid and tertiary valeric acid.

638 Tetramethyl-ethylene Glycol, (CH,),C(OH).C(OH)(CHy),,
was prepared by Fittig by acting with sodium on acetone, and
termed paracetone.* Stideler, who investigated it more exactly,
gave to it the name of pinacone, which it now usnally bears
(from wiva, a tablet), because it unites with water to form a
compound crystallizing in large tablets.® Friedel then showed
that it is formed (together with isopropyl alcohol) by the action
of sodium amalgam on an aqueous solution of acetone.®

CH, CH, CH, CH,
0 E  GoH
oo Tm " loxm

ofL, CH, oft,\cH,

That it is obtained by the action of sodium alone, with-
out any addition of water, is accounted for by the fact that
a part of the acetone is converted into mesityl oxide and phorone
with separation of water (see Part I., pp. 572, 573).

Its formation from acetone renders it very probable that it is a
glycol of tetramethyl-ethylene, and this s further proved by the
fact that it is also formed when the dibromide of this olefine is
treated with silver acetate, and the diacetate then decomposed by
baryta.” In order to prepare it a solution of carbonate of potash
is made of such a strength that it does not perceptibly dissolve
any acetone, but readily evolves hydrogen when sodium is added.

1 Jawein, Ann. Chem. Pharm. cxcv. 255.
? Friedel and Silva, Jahresb. 1873, 339.

3 Pawlow, Ann, Chem. Pharm. cxcvi, 124.
4 Ann. Chem. Pharm. cx. 25 ; cxiv. 54.

5 Ann. Chem. Pharm. cxi. 277. 8 Ib. cxxiv. 329.
7 Pawlow, Ann. Chem. Pharm. cxcvi. 126.
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To this is added three parts of acetone, and one part of sodium
is gradually introduced in large pieces. The product is then
separated by distillation into isopropyl alcohol and pinacone.! -

This latter compound is contained in the product as the above-
mentioned hydrate which decomposes by repeated fractional
distillation into water and the glycol, which is a syrupy
colourless liquid having at 15° a specific gravity of 096, and
boiling at 176°—177°. It does not solidify at 0°, but when
placed in a dry atmosphere it passes into a snow-white crystalline
mass. This solid modification melts at 35°—38°, and boils at
171°—172°. The distillate soon solidifies again. It is easily
soluble in alcohol and ether, and crystallizes from boiling
sulphide of carbon in small needles.? It dissolves sparingly
in cold and more readily in boiling water, and on cooling,
pinacone hydrate, CgH, O, + 6H,0, deposits in large four-sided
tables which melt at 465, and sublime at the ordinary
temperature, volatilizing readily in a current of steam. Omn
oxidation with chromic acid solution, pinacone first passes into
acetone, and it is converted into pinacoline (Part L., p. 633) by
the action of boiling dilute sulphuric acid.

Tetra-methyl-ethylene Chloride, (CHg),CCL.CCI(CHy),, is formed
by the action of phosphorus oxychloride on pinacone. It forms
white crystals which melt at 160°. A dichloride obtained by
Schorlemmer by acting on di-isopropyl with chlorine appears to
be identical with this substance.?

Tetramethyl-ethylene Bromide, (CHg),CBr.CBr(CHy),, is easily
formed by the union of bromine with the olefine. It crystal-
lizes from ether in large well-formed needles which melt with
decomposition above 140° (Pawlow).

OXYACIDS, C,H,,0,, AND KETONIC ACIDS, CH, O,

639 Ozycaproic Acid, or Leucic Aeid, CH,(CH,),. CH(OH).CO,H,
was first discovered by Strecker by the action of nitrous acid on
the corresponding amido-acid or leucine.* It was afterwards
investigated by Waage 8 and Thudichum.® It is easily soluble
in water, alcohol, and ether, crystallizes in needles or prisms,

1 Friedel and Silva, Jukresd. 1878, 840.

2 Linnemann, 4nn. Chem. Pharm, Snppl iii, 374

3 Friedel and Silva, Ber. Deutsch. Chem. Ges. 85.

3 Ann. C'hem Pharm. Ixviii. 53 ; see also Gdumann, b, xci. 185.
8 Ib. cxviii. 295. ¢ Quart. Journ. Chem. Soc. xiv. 807,
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melts at 73°, and begins to sublime at 100°. When heated for
some time it is converted into the anhydride, a syrup insoluble
in- water.

Its salts as a rule crystallize well. Zine leucate, (CgH,,05),
Zn 4+ H,0, forms colourless plates, and dissolves at 16° in 300

of water; it is rather more soluble in boiling water,
and still more soluble in alcohol. Copper lecucate, (CgH,,0,),Cu,
is also difficultly soluble in water, and crystallizes from alcohol
in light blue plates. Silver leucate, C{H,,0,Ag, is deposited
from hot water in colourless crystals.

Amidocaproic Acid, or Leucine, C;H,(NH,).CO,H, was first
prepared by Proust, in 1818, from decomposing cheese, and
described by him as “oxide caséeux.”! Two years afterwards,
Braconnot, by the action of sulphuric acid on muscular fibre,
glue, and other animal substances, obtained, together with
glycocoll (““ sucre de gelatine ” or amidoacetic acid) *“ une matiére
blanche particuliére,” which he termed leucine, from Aevyos,
white2 Mulder then showed, in 1838, that leucine is identical
with Proust’s compound, and that it not only is formed in the
putrefaction of casein, and by the action of sulphuric acid on
albumen, muscular tissue, etc., but also when these bodies are
heated with caustic potash.3

Later investigations have shown that all substances belonging
to the group of albuminoids or other nearly-related substances
yield not only the above two amido-acids but a third to
which the name of tyrosine or oxyphenylamidopropionic acid,
CH,(OH)C,H,(NH,)CO,H, is given; and that leucine fre-
quently occurs either as a normal or pathological product of
metabolism.# It has been found in the liver, spleen, pancreas,
lungs, &c., as well as in the lower forms of animal life, such as
crayfish, spiders, caterpillars, pups® of butterflies, &c. Accord-
ing to Gorup-Besanez it also occurs in the vegetable king-
dom, and, together with asparagin (amidosuccinamic acid), in
the white sprouts of vetch. He showed also that the substance
found by Reinsch in Chenepodium album, is, in fact, leucine’
Schulze and Barbieri found it, together with tyrosine, aspartic
and glutamic acids, in the pumpkin® These different amido-

1 4an. Chim. Phys. x. 40.

$ Ann. Chim. Phys. xiii. 119.

3 Journ. Prakt. Chem. xvi. 290.

4 Rrerichs and Stadeler, Jahresh, 1856, 702; Gorup-Besanez, Ann. Chem.
Pharm. xcviii. 1 ; Cloétts, . xcix. 289; Stideler, 1b. cxvi. 60.

J fber. Dewtsch. Chem. Ges, vii. 146, 569 ; see also Cossa, ¢b. viii. 1357.

¢ Ib. xi. 1233.
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acids also occur in yeast, having their origin, as in other cases,
in the decomposition of albuminoids.

Preparation. Clippings of horn serve as a convenient material
for the preparation of leucinel According to Schwanert one
kilogram of this is boiled with a mixture of 2} kilos. of sulphuric
acid and 6} kilos. of water for twenty-four hours, the evaporated
water being from time to time replaced. The hot liquid is then
neutralized with lime, filtered, and evaporated down to 6 kilos.,
the lime contained in the liquid precipitated with oxalic acid,
and the residue concentrated in order to allow the leucine and
tyrosine to crystallize out. The latter substance is more difficultly
soluble than leucine. It is, therefore, separated by recrystalliza-
tion, and the leucine purified by crystallization from alcoholic
ammonia (Huppert). The yield is about 10 per cent. of the
weight of the hora. A larger yield may be obtained from the
cervical ligament of the ox. Thisis boiled out with dilute acetic
acid, dried at 100° and then boiled for three hours with a mixture
of two parts of sulphuric acid and three parts of water; the yield
amounts to from 36 to 45 per cent. of the dried substance.?

640 Properties. Leucine dissolves in 488 parts of water at
12° (Hiifner), and is more soluble in hot water, but is only very
slightly soluble in alcohol and insoluble in ether. It crystallizes
in thin pearly nacreous laminsm or scales which are wetted by
water with difficulty. If not perfectly pure it separates out in
concentric nodules which are seen to consist of concentrically
grouped, highly-refracting needles, having under the microscope
the appearance shown in figs. 108 and 109. When carefully
heated in a tube open at both ends, it sublimes in light flocks
resembling zinc oxide (lana philosophica) obtained by burning
the metal in the air. Sublimed leucine consists of very thin
scales massed together in a rosette-like form as shown in fig. 110.
‘When leucine is heated in a retort it melts at 170° to form a light
brown sticky mass which decomposes at 180°, yielding chiefly
pentylamine and carbon dioxide. If fused with caustic potash,
pentoic acid, hydrogen, ammonia, and carbon dioxide are obtained
(Liebig) ; and when heated with fuming hydriodic acid to 140°
it is converted into caproic acid and ammonia.? A characteristic
reaction for leucine is that when heated with nitric acid on
platinum foil a colourless residue is left which is coloured yellow

1 Hinterberger, Axn. Ckem. Pharm 1xxi. 72.

4 Erlenmeyer and Schoffer, Jahresh, 1859, 596,
3 Hiifaer, Zeitsch. Chem. 1868, 891.
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on addition of caustic soda, and on careful evaporation this
forms an oily drop which does not wet the platinum.! An
apueous solution of leucine is coloured deep red by ferric
chloride. Like glycocoll it forms easily soluble salts with
acids, and combines with the nitrates of silver, calcium,

magnesium, &c.

F16. 108, ¥10. 109.
@ ‘

K.,

Fia. 110.

Amongst its metallic compounds the copper salt is the most
characteristic.

Copper Amidocaproate, [C{H,((NH,)CO,],Cu, is obtained by
dissolving copper hydroxide in a boiling solution of leucine. It
forms light blue scales dissolving in 3045 parts of cold and 1460
parts of boiling water.?

1 Scherer, Jahresd. 1857, 541.
? Hofmeister, Licbig's Ann. clxxxix, 16,
181
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641 According to Hiifner leucine can be obtained from normal
caproic acid, by converting into the monobrominated acid, and
heating this with ammonia. On careful comparison no difference
could be observed between this artificial and the natural leucine.?
Nevertheless, they do not appear to be identical, for when mono-
bromeaproic acid is heated with a solution of carbonate of soda
it yields an oxycaproic acid different from leucic acid. This
oxycaproic acid forms a stellated or nodular crystalline mass,
and melts at 60°—62°. Chromic acid solution oxidizes it to
pentoic acid. Zine oxycaproate, (CgH,,05),Zn + 2H0, is a
flocculent precipitate which dissolves at 16° in 681 parts
of water, and crystallizes from alcohol in fine silky needles.
The other salts of this acid differ from the corresponding
- leucates? The cause of the isomerism of these two acids has
yet to be explained.

Leucinimide, QH,C&./CO. This body occurs, together with

NH

leucine and the above-named amido-acids as a product of
decomposition of the albuminoids.® It was first observed by
Bopp,* who, however, did not investigate it further. It crystal-
lizes in microscopic rhombic needles difficultly soluble in boiling
and insoluble in cold water, but soluble in cold alcohol. On
heating it melts, and sublimes in light floccule and it is un-
altered by acids or alkalis.®

Ozyisocaproic Acid, (CHy),CH.CH,CH(OH).CO,H. The nitril
of this acid is formed by the combination of hydrocyanic acid
and valeraldehyde, and is a light, oily. peculiarly-smelling liquid,
which when heated again decomposes into its constituents.
Fuming hydrochloric acid decomposes it into sal-ammoniac
and the oxyacid, which forms crystalline scales, melting at
54°—55°, and on oxidation yielding valeraldehyde and valeric
acid.®

Amido-isocaproic Acid, or Isoleucine, (CH,),CH.CH,.CH(NH,)
CO,H. This body was obtained by Limpricht by acting
with hydrocyanic and hydrochloric acids on valeraldehyde-

1 Journ. Prakt. Chem. [2], i. 6.

3 Jelisafow and Beilstein, Org. Chem. 485.

3 Hesse and Limpricht, 4nn. Chem. Pharm. cxvi. 201; Erlenmeyer, 1. cxix.
17 ; Hlasiwetz and Habermann, ¢b. clix. 328.

4 b, 1xix. 20.

8 Thudichum, Journ. Chem. Soc. [2], viii. 409,

¢ Erlenmeyer and Sigel, Ber. Deutsch. Chem, Ges. vii. 1109 ; Ley, b, x. 231
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ammonia.! ‘In order to prepare it, two parts of the latter
compound, which must be pure, and one part of aqueous
hydrocyanic acid are allowed to stand overnight, and then an
excess of hydrochloric acid added, and the whole boiled for
some time.? Isoleucine closely resembles leucine, the compounds
of these two bodies being so similar that the former substance
was for a long time considered to be leucine. It is distinguished,
however, from the latter body, inasmuch as at 12° it requires for
solution 1175 parts of water.

" Isoleucinimide (CH,),CH.CH,.CH./CO, is formed, when the

H
foregoing compound is heated in a current of hydrochloric acid
to 220°—230°2 It crystallizes from hot alcohol in fine needles
which, when heated, sublime in flocks without melting. It is
acarcely soluble, even on boiling, in water, ammonia, caustic
potash, or dilute acids.

642 Diethyl-oxyacetic Acid, (C,H,),C(OH).CO,H. This acid,
which was formerly believed to be leucic acid, and is usually
called diethyl-oxalic acid, was discovered by Frankland ¢ and
investigated by himself and Duppa.® Its ethyl salt is formed
by the action of zinc-ethyl on ethyl oxalate. Instead of zinc-
ethyl, ethyl iodide and zinc may also be used. The metal
should in this case be slightly amalgamated by dipping it for
a short time in & weak solution of corrosive sublimate® All the
materials used must, of course, be anhydrous. To 191 grams of
ethyl oxalate 409 grams of ethyl iodide are taken together with
an excess of zinc, and to this about 5 grams of zinc-ethyl and
10 grams of ether are added, by which means the action is
accelerated, and a better yield is obtained. The action is not
assisted when a larger quantity of zinc-ethyl is used.” The
mixture is heated in the water-bath to 60°—70°, until after a
lapse of 12-15 hours a yellowish thick semi-crystalline mass is
formed. The following represents the reaction:

: C,H, C,H
C0.0C,H, CH, Lo 2 /CeH,
é + 2Zn\c = 0—0—ZnG,H, + Zn{
0.0C,H, H, [ 0C,H,.
CO.0C,H,.

! Ann. Chem. Pharm. xciv. 243. ? Hiifner, Journ. Prakt, Chem. [2], i. 6.
3 Kohler, 4nn. Chem. Pharm. cxxxiv. 367.

¢ Proc, Roy. Soc. xii. 396. 5 Ib. xiv. 17 ; Chem. Soc. Journ, [2], iii. 183,
¢ Fittig, Ann. Chem. Pharm. cc. 21.

! Chapwan and Smith, Journ. Chem. Soc. [2], v. 178.
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If water be added to the product of this reaction, ethane is
evolved, and the ethereal salt of diethyl oxalic acid separates
out:

C,H, CH, C,H, C,H
Ly \C/
CZ0—ZnC,H, + 2H,0 = COH + C,H, -+ Zn(OH),
tJ:o.oc,H, 0.0C,H,.

The ethereal salt is distilled off in a current of steam and purified-
by fractional distillation. In order to obtain the free acid the salt
is heated with baryta solution, and the baryta-salt precipitated
with dilute sulphuric acid. The free acid is also obtained by
heating the ethereal salt with hydrochloric acid to 110°. This dis-
solves in 2'85 parts of water at 17°5,! and forms triclinic sapon-
aceous crystals which, according to Duppa and Frankland, melt
at 74°'5,and according to Haushofer at 80°,2 but begin to sublime
at 50°. Chromic acid svlution oxidizes this substance to diethyl-
ketone, carbon dioxide, and water (Chapman and Smith).

The most characteristic of the salts is zine diethyl-oxyacetate
(CgH,,04)4Zn, crystallizing in needles or scales, dissolving at 16°
in 301 parts of water, and therefore possessing the same solu-
bility at this temperature as zinc leucate. But whilst the latter
salt is more easily soluble in boiling water, the reverse is the
case with the salt just described.

643 Ethyl Diethyl-oxyacetate (C,H),C(OH).CO.OC,H,. This
is a colourless oily liquid, boiling at 175°, having a specific
gravity at 18>7 of 09613, whilst that of its vapour is 5-36. It
possesses a sharp taste and a penetrating ethereal smell. It
is formed by the reactions just described, and also when zinc-
ethyl acts upon the chloride of ethyl-oxalic acid and the
product is heated with water? Frankland and Duppa have also
described the following ethers:

D B.P. Sp. Gr. st
Methyl diethyl-oxyacetate, C{H,,0,.CH; 165° 09866 165
Amyl diethyl-oxyacetate, C,H, 0,C;H, 225° 09323 13°

Other bodies belonging to the group cf the oxycaproic acids will
be afterwards described.

1 Geuther and Wackenroder, Zeitsch. Chem. 1867, 705.
2 Haushofer, Zeitsch. Kryst. i. 619,
3 Heury, Ber. Deutsch. Chem. Ges. v. 949,
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The ketonic acids obtained by this reaction are not known in
the free state, though their ethereal salts have been prepared.

Ethyl Propionyl-propionate, CH;CH,.CO.CH,CH,.CO,C.H,,
is formed by the action of sodium on ethyl proptonate *the

product being treated with acetic acid. It is a pleasantly
smelling liquid boiling at 199°, having.a specific gravity at 0°
of 09948, and not yielding any coloration of ferric chloride.!

The following compounds have also been obtained by the
aceto-acetic acid reaction :

B.P. Sp. Gr. at
? Ethyldimethyl-acetacetate,

CH,.C0.C(CH,),C0,.C,H, 184 09913 16°
3 Methylethyl-acetacetate,

CH,.CO.CH(C,H;)CO,.CH; 1897 0995 14°
¢ Ethylethyl-acetacetate,

CH,.CO.CH(C,H,)CO,.C,H; 198° 0998 12
5 Amylethyl-acetacetate,

CH,.CO.CH(C,H,).CO.C;H,, 235° 0937 26°

The ethyl salt of ethyl-acetacetic acid is converted by the
action of sodium amalgam and water into Ethyl-B-oxybutyric
acid, CH,. CH(OH) CH(C,H;).CO,H. This forms a syrup,
and on standing in a vacuum is converted into an anhydrido-
compound.®

ACIDS HAVING THE FORMULA CH,0..

644 Adipic Acid, C,Hy(CO,H),. Laurent, in 1837, pointed
out that when oleic acid, C,;H;0,, is oxidized, a series of
dibasic acids are formed, to which he gave the names lipinic acid,
C,H,0,; adipic acid, C;H,,0,; pimelic acid, C,;H,,0,; suberic
acid, C;H,,0, ; and azelaic acid, C;H,;0,7 Bromeis carried
on similar experiments with stearic acid and oleic acid, and
obtained succinic acid in addition to the above.® Further

1 Hellon and Oppenheim, Ber. Deutsch. Chem. @es. x. 699.

2 Frankland and Duppa, Phil. Trans. 1866, 37.

3 Brandes, Zeitsch. Chem. 1866, 457.

¢ Geuther, Jahresb. 1863, 324 Frankland and Duppa, loec. cit. ; Wislicenus,
Ann. Chem. Pharm. clxxxvi. 187 ; Miller, 5. cc. 291.

5 Conrad, 5. clxxxvi. 228, ¢ Waldschmidt, 5. clxxxviii. 240.

? Aun. Chim. Phys. 1xvi. 154, 8 Ann. Chem. Pharm. xxxv, 86.
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research showed that spermaceti,! tallow,® and wax? yield
chiefly adipic acid, and lastly Wurtz, by oxidizing the solid fatty
acids of cocoa-nut oil obtained not only the products observed
by Laurent and Bromeis, but also oxalic acid. Still the exist-
ence of several of these acids remained doubtful until the
investigations of Arppe. This chemist discovered methods by
which these acids can be completely separated one from the
other, as was not formerly the case. Arppe showed that
lipinic and pimelic acid do not occur in the products of the
oxidation of fats, but that the substances supposed to be
these acids are really mixtures. He proved, moreover, that
the pure acids all crystallize perfectly well, these having
previously only been obtained in crystalline crusts or warty
concretions.* According to the former methods for preparing
adipic acid, the higher homologues which are more difficultly
soluble in water are separated by crystallization, and the
adipic acid obtained by concentrating the mother-liquor, and
further purifying by recrystallization.  According to Arppe
adipic acid is formed, together with suberic acid and azelaic
acid, from sebacic acid C,,H,sO,, which itself is first produced
by the oxidation of the fatty acids as well as by other reactions.
This body serves, therefore, as the best means of obtaining
adipic acid, succinic acid being the only other body which is
formed at the same time. For this preparation, sebacic acid is
boiled with nitric acid until it has been converted into a mix-
ture of the two acids, which are soluble in water. The nitric
acid is then evaporated off and the adipic acid crystallized out
from water. It is then fused, the solidified mass powdered
and treated with ether which dissolves the acid, whilst a little
succinic acid remains behind.

Adipic acid was prepared synthetically by Wislicenus by treat-
ing B-iodopropionic acid, CH,I.CH, CO,H, with finely divided
silver. This shows that it is the normal compound.® It
dissolves in about 18 parts of cold water, and much more readily
in hot water, alcohol, and ether, and crystallizes in lamina or
flattened ncedles, melting at 148°—149°.

he salts of adipic acid have been investigated by Arppe. Of

1 Sillim. Journ. xliii. 301 ; Smith, ¢5. xlii. 252.
? Malaguti, Ann, Chim. Phys. [8], xvi. 84.

8 Gerhardt, Rev. Scient. xiii. 862,

4 Jahresh, 1864, 877.

5 A.n. Chem. Pharm, cxlix. 22'.
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these ammonium adipate is the most characteristic, depositing
in monoclinic crystals resembling those of augite.

Ethyl Adipate, C.Hy(CO,.CoH;),, was first observed by Malaguti
in the products of the action of hydrochloric acid on an alcoholic
solution of impure adipic acid. It is described as an oily liquid
having a strong smell of apples. According to Arppe it boils
without decomposition at 245°.

645 Substitution-products of Adipic Acid. Mono- and dibrom-
adipic acids are obtained by the action of bromine. The first when
heated with alkalis yields adipomalic acid, C,H,(OH)(CO;H),,
forming a syrup which gradually crystallizes. Its lead salt is a
precipitate which, like the corresponding malate, melts under
boiling water. The dibromadipic acid yields, on heating with
water to 150°, adipotartaric acid, C Hy(OH),(CO,H),, a body
crystallizing from boiling water in monoclinic tables, and forming
a difficultly soluble acid potassium salt.!

The following acids isomeric with adipic acid have been
obtained from ethyl acetacetate :

M.P,
C,H,.CH.CO
*Ethyl succinic acid, ? ! Fine prisms.  98°
H,CO,H
(CH,),C.CO,H
3 a-Dimethyl-succinic acid, Needles. 74°
CH,CO,H ’
CH, CH.CO,H
¢ 8-Dimethyl-succinic acid, | Crystals. 165-167°
CH,CH.CO,H
CH,.CH.CO,H
$ a-Methyl-glutaric acid, | *" Crystals. 76°
CH,CH, CO,H.

B-methyl-succinic acid is also formed when a-brompropionic
acid is heated with finely divided silver.®

1 Gal and Gay-Lussac, Compt. Rend. 1xx. 1175.
3 Tuggenberg, Ann. Chem. Pharm. cxcii. 148,
3 Tate, Inaugural Dis. Wiirzburg, 1880.

4 Hardtmuth, 4»n. Chem. Pharm. cxcii. 143,
8 Wislicenus and Limpricht, . cxcii. 134.

¢ Wislicenus, Ber. Dewtsch. Chem, Ges. ii. 720,
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The following acids have been obtained from ethyl malonate :

M.P
CHy ,/COE

C.H NCO,H

CH, CO oH
2 Isopropyl-malonic acid, CH/ CH_CH\CO - Prisms. 87°

! Methyl-ethyl-malonic acid, Prisms, 118°

3 Propyl-malonic acid, CgH,. CH\gg g Tables  96°

Dimethyl-dioxysuccinic Acid, or Dimethyl-tartaric Acid,
CH,.C(OH).CO,H
CH,.C(OH).CO.H,

is formed together with lactic acid by the action of zinc on an
alcoholic solution of pyroracemic acid. The acid obtained from
the insoluble zinc salt remains as a syrup on evaporating its
solution. The characteristic calcium salt is a crystalline almost
insoluble precipitate.
1 Conrad and Bischoff, Arm Chem. Pharm. cciv, 146,
3 Loc cit.

2 b, 144.
4 Bottinger, Ann, Chem. Pharm. clxxxviii. 815,
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646 Normal Heptylene, C,;H,,, can exist in three isomeric forms.
Of these Limpricht has obtained pentyl-ethylene, C,H,;,.CH_CH,,
from cenanthol by treating it with phosphorus pentachloride and
decomposing with sodium the cenanthidene dichloride, C,H, CL,
thus obtained, which is a liquid boiling at 191°.

Pentyl ethylene is a liquid possessing an alliaceous smell and
boiling at 95°. The heptylerre obtained from Pinus sabiniana is
a similar liquid boiling at 98°. On oxidation it is split up into
acetic and pentoic acids, and it is consequently methyl-butyl-
ethylene, CH,CH—=CH.C H, (Schorlemmer and Thorpe).

Isoheptylene, (CH,),C;H,. If the mixture of primary and
secondary heptyl chloride obtained by the action of chlorine on
isoheptane be boiled with potassium acetate and glacial acetic
acid, an heptylene is obtained in addition to the corresponding
acetates. This boils at 91°, and combines almost entirely with
hydrochloric acid in the cold,! and is probably identical with the
heptylene obtained from methyl-amyl-carbinol by decomposing
its iodide with alcoholic potash.”

Diethyl-methyl-ethylene, C;H .CH_C(CH,)C,H,, is a liquid
boiling between 90° and 95°, obtained from methyl-ethyl-propyl-
carbinol, whilst methyl-ethyl-isopropyl-carbinol yields ethyl-
trimethyl-ethylene (CHy),.C — C(CHy)C,H,, a body boiling at
between 75° and 80°2 ’

Dimethyl-isopropyl-ethylene, (CH,),C.—- CH.CH(CHj),, was ob-
tained first by Markownikow by heating oxyisocaproic acid,
(C;H,),(COH)CO,H, with water and a little sulphuric acid to
180°4 Pawlow obtained it from dimethyl-isobutyl-carbinol.®
It boils at 83°—84°, has a specific gravity at 0° of 07144, and

1 Grimshaw, Ckem. Soc. Journ. [2], xi. 209 ; Schorlemmer, 5, 823.
2 Rohn, cxc. 314.
3 Pawlow, Ber. Deutsch. Chem, Qes. ix. 1311,

& Zeitsch. Chem. 1870, 518 ; 1871, 268.
8 Ann. Chem. Pharm. clxxvii, 194.
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combines readily with hydriodic acid to form the iodide of the
tertiary alcohol.

Trimethylearbyl-methyl-ethylene, (CH,)C,.C(CHy) — CH,, was
obtained by Butlerow by heating pentamethyl-ethyl iodide with
alcoholic potash. It boils at 75°—80°, smells like camphor and
oil of turpentine, and combines readily again with hydriodic acid
to form the tertiary iodide. When left in contact with water to
which a small quantity of alcobol and nitric acid has been added,
it forms pentamethyl-ethol (Part L., p. 645).

OXYACIDS HAVING THE FORMULA G,H, 0,

M.P.
2 Oxycenanthylic acid, C;H,,.CH(OH)CO,H Prisms. 65°
8 Amyl-hydroxalic acid, (CH,),CsH; CH(OH)CO,H Scales. 60°-5
4 Methyl-ethyl-oxybutyric acid,
,CH
CH,.CH(OH)C:C-’COSH Syrup. —
§ Methyl-propyl-ethylene-lactic acid, e
C
Ci)C(OH).CH,.co,H Syrup. —

¢ Diethyl-ethylene-lactic acid,
(C;Hp,C(OH)CH,;CO,H Needles. 71-73°

KETONIC ACID, C,H,0,

B.P.
CH,
7 Ethyl methyl-ethyl-acetacetate, CH,CO.C-CO,C,H,  198°
\C.H,
8 Ethyl isopropyl-acetacetate, CHSCO.CH<(C)§(%L}§)2 201°
A a3

647 The first of these compounds yields a violet colour with
ferric chloride, and on heating with sodium ethylate free from
alcohol, forms together with ethyl acetate the ethyl salt of
methyl-ethyl-acetic acid. The second salt yields a pale reddish
violet colour with ferric chloride.?

1 Butlerow, Ber. Deulsch. Chem. Ges. viii. 166.

3 Helms, . viii. 1169 ; Ley, . x. 231.

3 Frankland and Du;po, Proc. Roy. Soc. xiv. 191.

¢ Saur, Ann. Chem. Pharm. clxxxviii. 257.

8 Zemlianicin, Ber. Deutsch. Chem. Ges. xii. 2375. ¢ Schirokow, 5.

7 Saur, loc. cit. 8 Frunkland and Duppa, Journ. Chem. Soc. [2], v. 102
? Demarcay, Bull. Soc. Chim. xxvii. 224,
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DIBASIC ACIDS, C,H,,0,

648 Pimelic Acid, C;H,(COH), It has already been stated
that Laurent believed that he found an acid of this composition
amongst the oxidation products of oleic acid, whilst other
chemists obtained the same acid by the oxidation of other
fatty acids or fats, and also that Arppe showed that the substance
thus obtained is a mixture of adipic and suberic acids. An acid
having the above composition is, however, obtained by fusing
camphoric acid, C;H, (CO,H),, with caustic potash, and the
name of pimelic acid, which was suggested by Laurent, has been
retained for this body.! It forms crystalline crusts or triclinic
crystals which melt at 114°, and are very soluble in water,
alcohol, and ether. The calcium salt is a characteristic one. It
is difficultly soluble in cold, and even less soluble in boiling water,
and hence, on warming the cold saturated solution, the salt
precipitates as a crystalline powder. On distillation, the acid
decomposes into water and the anhydride C,H,,0,, a thick oily
liquid which boils at 245°-250°. Pimelic acid is probably
wopropylsuccinic acid (CH,),.CH.CH(CO,H).CH,.CO H.2
¢ a-Pimelic Acid is formed by the oxidation of suberone,
C,H,,0, with nitric acid ® as well as by heating furonic acid,
C,H;O4 with hydriodic acid and amorphous phosphorust It
crystallizes from hot water in large thin rhombic tables, and
from benzene in fine long needles, which melt at 100° and
volatilize without decomposition. Its calcium salt is also less
soluble in hot than in cold water, and separates on heating the
cold saturated solution as a granular crystalline precipitate.

Jsopimelic Acid was obtained from common amylene, which
88 has been stated is a mixture of isomeric olefines, by com-
bining it with bromine and heating the product with potassium
cyanide and alcohol. It is easily soluble in water, alcohol, and
ether, crystallizes in rhombic needles concentrically grouped,
and melts at 104°. The difficultly soluble calcium salt is also
characteristic, as its solubility increases to begin with, on rise
of temperature, and then gradually diminishes.®

I:ixl.““i“tz and Grabowsky, 4nn. Chem. Pharm. cxlv. 207 ; Kachler, .
3 168.

2 Waltz, Ann. Chem. Pharm. ccxiv. 58.

3 Dale and Schorlemmer, Chem, Soc. Trans. 1879, 633.

¢ Baeyer, Ber, Deutsch, Chem. Ges. x. 1358.

% Bauer and Schuler, Wien. Akad. Ber. 1xxvii. 239.
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Diethyl-malonic Aeid, (C;H,),C(COH);. The ethyl salt of
this acid is formed when one molecule of ethyl malonate is treated
with an alcoholic solution of two molecules of sodium malonate
and two molecules of ethyl iodide. It is an oily liquid having a
fuint but pleasant smell, and boiling at 223°. The acid obtained
from this is easily soluble in water, alcohol, and ether, and crystal-
lizes in prisms which melt at 121°. When it is neutralized with
ammonia and calcium chloride added, a crystalline precipitate is
formed only when the solution is very concentrated, the separa-
tion of which is accelerated by warmth.!

Tsobutyl-malonic Aeid, (CH,),C;H,,CH(CO,H),. By the action
of isobutyl iodide on ethyl sod-malonate, ethyl isobutyl-
malonate is obtained. This liquid boils at 225°. The acid
prepared from this is crystalline, easily soluble in water, alcohol,
and ether, and melts at 107°. The solution neutralized with
ammonia yields a crystalline precipitate with calcium chloride.

By the action of chlorine on the ethyl salt a monochlorinated
ethereal salt, (CH,);C,H;.CCl(CO,.C,Hy),, is obtained, boiling be-
tween 245°and 247°. When treated with alcoholic caustic potash
1sqbutylozymalonic acid, or isobutyl-tartronic acid, (CH,),C,H,
C(OH)(CO,H),, is obtained, a crystalline body which is
highly hygroscopic and deliquescent, and melts at 110°—114%.
When heated to 180° it decomposes into carbon dioxide and
oxyisocaproic acid.?

Tsopropylsuceinic  acid, COH.CH[(CH,),CH]CH,CO,H, is
prepared by the acetacetic reaction; it is readily soluble in
water, crystallizes well, and melts at 114°3

1 Conrad, Ann. Chem, Pharm. cciv. 138.
3 Guthzeit, Ann. Chem. Pharm. ccix. 232.
3 Roser, Ber. Deutsch. Chem. Ges. xv, 295.
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649 Normal Octylene or Caprylene,CgH, g, is formed by the dis-
tillation of secondary octyl alcohol with anhydrous zinc chloride.
It is a colourless rather strongly-smelling liquid, boiling at
125° and having at 17° a specific gravity of 0-723."! Moslinger”
obtained an octylene boiling at 122°-123°, and having a specific
gravity at 17° of 07127 by heating primary octyl alcohol with
iodine and amorphous phosphorus? This evidently is heryl-
ethylene, C;H,,, CH — CH,. and is probably identical with that
obtained from secondary octyl alcohol or its iodide, which, how-
ever, may also be methyl-pentyl-ethylene, C;H,.CH — CH.CH,.

Octylene Glycol, CgH,((OH), is obtained from octylene
bromide, a heavy liquid, decomposing on distillation, and
being converted by the action of silver acetate and glacial acetic
acid into octylene diacetate, a liquid boiling at 245°—250°. By
heating with caustic potash the glycol is obtained as an oily
liquid having a burning taste, boiling at 235°—240°, and having
at 0° a specific gravity of 0°932.3

When this compound is treated with hydrochloric acid, or when
octylene is brought in contact with dilute hypochlorous acid,
octylene chlorhydrate, CgH (C1(OH), is formed. This is a mobile
liquid having a camphor-like smell and a burning taste. It is
not volatile without decomposition, is insoluble in water, and
at 0° has a specific gravity of 1-003.

Octylene Oxide, CH, 0, is obtained by the action of caustic
potash on the chlorhydrin. It is a mobile liquid having a
pleasant aromatic smell, boiling at 145° and having at 13° a
specific gravity of 0-831.4

Octylene Chloride, CgH,(Cl,, is an oily liquid, boiling au
197°—200°.%

! Bouis, 5. xcii. 396. 2 Ann. Chem. Pharm. clxxxv. 52.

3 de Clermont, Ann, Chem. Pharm. Suppl. iii. 254.
¢ de Clermont, 4nn. Chem. Pharm. clvi. 122, 3 Dacheuer, 5. cvi. 271,
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Nitro-octylene, CgH;NO,, is formed together with dinitro-
octylene by the action of nitric acid on octylene. It is a yellow
oily liquid, lighter than water, and when heated to the boiling
point it has an unpleasant, powerful, pungent smell. It is coloured
red by caustic potash, and dissolves in the concentrated ley.

Dinitro-octylene, CgH, (NO,),, is obtained by the action of a
mixture of sulphuric and nitric acids on the foregoing com-
pound. It is a heavy oily liquid dissolving slightly in water,
imparting to it a yellow colour and a very powerful pungent
smell. When heated the boiling-point rises from 100° to 200°,
and if the lamp be then removed the temperature rises to 212°,
with evolution of red vapours, whilst pure nitro-octylene distils
over, a black residue soluble in potash remaining in the retort.!
Hydriodic acid decomposes it below 100°, with formation of
octylene and ammonia, and of a heavy oil which is probably
octyl iodide.?

Di-isobutylene or Dimethyl-pseudobutyl-ethylene, (CH;),C—CH.
C(CHy);. In order to prepare this compound one volume of
liquid isobutylene is brought in contact with two volumes of a
mixture of equal weights of water and sulphuric acid in closed
tubes. After standing one or two days the olefine is dissolved,
and the mixture is then heated for another day to 100°. The
following equation represents the formation of this compound :

H CH
CH\q¢—cH, + HO cfgﬂ’ ~CHN 0— cr.cZCHE’ + H,0
CHa/ — z + . \CH: CHS/ JR— C -C(SH: + Hg .

It is, therefore, also formed when one part of trimethyl-carbinol
and two volumes of the dilute acid are heated to 100°2 as well as
when isobutylene is heated with tertiary butyl iodide and lime.*

Di-isobutylene is a liquid which smells like petroleum, boils
at 102*5, and at 0° has a specific gravity of 0734, It easily
combines with hydrochloric and hydriodic acids with formation
of the haloid ethereal salts of isodibutol (Part I, p. 655). Itis
oxidized by chromic acid solution in the cold, with formation
of acetone and trimethyl-acetic acid, acetic acid being produced
at the same time, as well as the ketone (CH,);C.CH,.CO.CH;
and an octoic acid, CgH,;O,. The formation of this latter

1 Bouis, Ann. Chim. Phys. [3], xliv. 118.

2 Mills, Jahresb. 1864, 517,

3 Butlerow, Ann. Chem. Pharm. clxxxix. 44.

4 Julie Lermontoff, 4nn. Chem. Pharm. cxevi. 116,
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compound is explained by Butlerow by the assumption that
during the oxidation a part of the di-isobutylene combines with
water to form di-isobutol, and that this again decomposes into
water and an octylene having the following constitution :

H
(0H,),C.0H,C<8H;

When this re-combines with water a pnmary alcohol is formed,
and this by oxidation yields the octoic acid, which is an oily
liquid similar to trimethyl-acetic acid, though possessing a less
powerful smell and decomposing somewhat on distillation.

When on the other hand, di-isobutylene is oxidized with
potassium permanganate, it yields, together with trimethyl-
acetic acid, the oxyoctoic acid shortly to be described, and also
ozyoctenol, CgH,,0,. This crystallizes in needles, melts at 49°.5,
boils at 178°—178°.5, and has a camphor-like smell. It contains
an hydroxyl group and has the constitution (CH,);C.CO.
C(OH)(CHy),!

Di-isopropyl-ethylene, (CH,),CH.CH—CH.CH(CH,);, When
the mixture of primary and secondary chlorides, got by acting
upon di-isobutyl with chlorine, is heated with potassium acetate
and acetic acid, an octylene which probably possesses the above
constitution is obtained, together with the corresponding acetates
(Part I, p. 654). This boils at 122°, and at 16° has a specific
gravity of 0752632

Methyl-ethyl-pinacone or Diethyl-dimethyl-ethylene  Glycol,
CHINCOR).COB) ST}, is formed, together with methyl-
etixyi-wbinol, when mettxyf-ethyl ketone is brought in contact
with a concentrated solution of carbonate of potash, and sodium
gradually added. It is a white crystalline mass which melts at
28° and boils at 200°—205°. When boiled with dilute sulphuric
acid it is converted into the corresponding pinacoline (Part I,
p. 663), and this on oxidation decomposes into acetic acid and
ethyl-dimethyl-acetic acid. Hence it possesses the following
constitution :

/CH,

C;H,CO.C—CH,.
26 N Chsﬁ
It is a liquid possessing strong camphor-like smell, and

boiling at 145°—150°3

1 Butlerow, Ber. Deutsch. Chem. Ges. xv. 1575.

2 W. Carleton-Williams, Journ. Chem. Soc. 1877, i. 541.
3 Lawrinowitach, Ann. Chem. Pharm. clxxxv, 124,
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OXYACIDS, C,H,,0,
M.P.

1 Oxycaproic acid, C;H,,, CH(OH).CO,H Tables. 693
Oxyoctoic acid (CHy),C.CH,.C(OH)CH,.CO,H. Prisms. 1ur
2 Dipropyl-oxalic acid, (C,H,),C(OH).CO,H Prisms. 80°-81°
8 Di-isopropyl-oxalic acid,
[(CH,),CH],.C(OH).CO,H Needles.110°-111°
4 Diethyl-oxybutyric acid,
CH,.CH(OH).C(C,H,),.CO,H Syrup. —

KETONIC ACIDS, C,H,0,
B.P.

5 Ethyl diethyl-acetacetate, CH;.CO.C(C,H,),.CO,C,H, 218°
8 Ethyl isobutyl-acetacetate,

CH,.CH(CH,) .
CI{?.CO’CH\CO:CzHB 8/2 217°'218

DIBASIC ACIDS, C,H,0,

650 Suberic Acid, CH o(CO,H),. This acid was first obtained
by Brugnatelli, in 1787, by heating cork with nitric acid. Accord-
ing to the then prevailing views, he considered that this acid
exists already formed in cork, which he believed to consist of this
peculiar acid combined with phlogiston and a small quantity of
earth, these being withdrawn from the cork by means of the nitric
acid.* Brugnatelli also found that paper, when treated with
nitric acid, yields suberic acid.® It may also be thus obtained
from linen rags or from lignine.?

The existence of this acid was again verified, in 1797, by
Bouillon-Lagrange, who found that it could be sublimed.?* Many
5 1 Erlenmeyer and Sigel, b, clxxvii. 103; Ley, Ber. Deutsch. Chem. Ges. xi.

32.
3 Rafalsky, Ber. Deutsch, Chem. Qes. xiv. 2068.
3 Markownikow, Zeitsch. Chem. 1870, 516 ; 1871, 268.
4 Schnapp, dnn. Chem. Pharm. cci. 65.
3 Frankland and Duppa, Proc. Roy. Soc. xiv. 458 ; Wislicenus, 4nn. Chem.
Pharm. clxxxvi. 191 ; Matthey, Journ. Prakt, Chem. [2], vi 160,
¢ Rohn, Ann. Chem. Pharm. cxc. 306.

7 Creil's Ann. 1787, 145. 8 Gehlen, 4nn. i. 340.
9 Berzelius, Lehrd. iii. Aufl. 8, 47. 10 gnn. Chim. xxiii. 42.
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other chemists occupied themselves with the examination of this
acid ;! amongst others, Laurent found that it can be obtained by
oxidizing oleic acid with nitric acid. Itis also produced by the
action of nitric acid on stearic acid? castor oil?® linseed oil,*
and other fats.

Suberic acid was first prepared in the pure state by Arppe,
who showed that the compound described under this name
always contained azelaic acid, and that this cannot be removed
by crystallization from water but easily by treatment with
ether.® It is to be remarked, however, that Laurent used ether
for the separation of the two acids, and he states that much of
the suberic acid dissolves ; but, as he probably did not repeat the
operation, he did not obtain a pure suberic acid. Spiegel then
showed that on oxidizing cork, oxalic acid and other acids are
formed as well as azelaic acid.®

In order to prepare suberic acid, palm oil 7 or castor oil may
be employed. In the latter case the oil is allowed to run into
boiling nitric acid of specific gravity 1'25 until no further red
vapours are evolved ;® the mass is then distilled with frequent
addition of water in order to remove the oenanthylic acid, and
the hot liquid then separated from the nitrated oil which occurs
with it. On cooling, a mixture of suberic and azelaic acids
separates out, and this is recrystallized frequently from hot
water and then treated in a Mohr's extraction apparatus with
ether until the residue crystallizes well from water. From 100
parts of castor oil, 4 parts of suberic acid and 3-3 parts of azelaic
acid are obtained.®

When fats are distilled with superheated steam, paraffins and
fatty acids are formed, and, together with these, suberic acid and
its homologue azelaic acid, C;H,,0,.1

Suberic acid dissolves at 15*5 in 700 parts of water, and is
much more easily soluble in boiling water, crystallizing, on
cooling, in needles often an inch long or in irregular tables which
melt at 140°. In presence of azelaic acid it separates in grains

1 H. Brandes, Ann. Pharm. ix, 295; Chevreul, 4nn. Chim. lxii. 828; xcvi '
182 ; Berzelius, loc. cit.

3 Bromeis, Ann. Chem. Pharm. xxxv. 89.

3 Tilly, Chem. Soc. Mem. i. 1.

4 Sacc, Ann. Chem. Pharm. 1i. 222,

8 Jb. cxx. 288 ; cxxiv, 89.

¢ Ann. Chem. Pharm. cxcix. 144.

7 Gantter and Hell, Ber, Dcutsch, Chem. Ges. xiii. 1165.

8 Grote, Ann. Chem. Pharm. cxxx. 208 ; Spiegel, loc. cu.

® Dale, Journ. Chem. Soc. [2], ii. 258.
1 Cahours and Demargay, Compt. Rerd. xciv. 610.

182
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or warty concretions which, according to the quantity of ad-
mixture, melt at 120°—130°. When more strongly heated it
evolves pungent vapours and sublimes in needles. It boils at
about 300° without decomposition. Heated with caustic baryta
it decomposes partly into normal hexane and carbon dioxide
whilst another part suffers further decomposition.!

The salts of suberic acid have been investigated by Arppe,
but especially by Gantter and Hell. The difficultly soluble
suberates of calcium, barium, and several other metals are some-
what more soluble in cold than in hot water.

Ethyl Suberate, CgH,,(CO,.C.,H,), is obtained by heating
suberic acid with alcohol and sulphuric acid. It is a pleasantly
smelling liquid which boils at 280°—282° with slight decom-
position (Gantter and Hell),

Suberaldehyde, CgH,,0,, is formed together with suberic acid
and palmitic acid, C,;H,0,, when palmitoleic acid, C,;Hx0,, is
oxidized with fuming nitric acid. It is a bright yellow oily liquid
boiling at 202°, and is converted by bromine and water into
suberic acid*

Oxysuberic Acids. When suberic acid is heated with a mole-
cule of bromine, monobromsuberic acid is formed, and this when
treated with caustic potash yields an amorphous suberomaleic
actd, CH, (OH)(CO,H),, the salts of which crystallize badly.
If the double quantity of bronune be employed, dibromsuberic
acid is obtained, and this yields with caustic potash suberotartaric
acid, C;H, (OH),(CO,H),, which is also an amorphous substance’

651 Suberone, C;H,,0. By distilling suberic acid with lime
Boussingault obtained a liquid boiling at 186°, whose analysis
gave the formula C;H,,0, and its vapour a density of 4-392
‘He called this substance suberyl hydride as it yields suberic
acid on oxidation$ Tilley repeated these experiments,and found
that the crude product when distilled yielded a volatile liquid
which he considered to be benzene, whilst at 176° Boussingault’s
compound came over, leaving behind a black tarry mass, On
oxidation he obtained together with suberic acid a considerable
quantity of another acid crystallizing in needles, from which he
concluded that the so-called suberyl hydride, to which he gave
the same formula, is not the radical of suberic acid.’

1 Riche, Ann. Chem. Pharm. cxiii. 105 ; Dale, loc. eif.
3 Schroder, Ann Chem. Pharm. cxliii. 34.
3 Gay-Lussac and Gal, 1b. clv, 251.

4 Ann. Chem. Pharm. xix. 808.
5 Chem, Soc. Mem, i. 1.
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Gerhardt then remarked that the formuls C,H,,O of suberone
as he called it, does not show how it is relsted to suberic acid,
whilst the probable formula C,H,,0O does not explain the re-
formation of suberic acid! Kekulé then assumed that suberone
has the formula C,H,0O,, and is the ketone of suberic acid,
‘standing to it in the same relation as common acetone does to
acetic acid.? The formation of two acids is favourable to this
view, but on the other hand the vapour density obtained by
Boussingault does not correspond to this. The correct formula
was determined by Dale and Schorlemmer, who showed that on
oxidation no suberic acid, but a-pimelic acid is formed, and that
the volatile body observed by Tilley is hexane, whilst at the
same time other higher boiling products than suberone are
obtained®

Suberone is a liquid possessing a peppermint-like smell,
boiling at 179°—181°, and having a vapour-density of 3:73.¢
It combines with nascent hydrocyanic acid forming the cyan-
hydrine or nitril C,;H ,(OH)CN, a colourless liquid which is
decomposed by concentrated hydrochloric acid, with separation of
sal-ammoniac, into axysuberancarborylic acid, C,H,,(OH).CO,H.
This crystallizes from water in glistening small tables an inch
in length which contain half a molecule of water of crystalliza-
tion, which they lose at 60°. It crystallizes from hot benzene in
anhydrous glistening needles melting at 79°—80° It possesses
at first a sweet and then an astringent taste like alum. When
heated with hydrochloric acid it is first converted into chlor-
suberancarboxylic acid, C,H,,C1.CO.H, a thick liquid attacking
the skin, and being converted by alcoholic potash into suberan-
carboxylic acid, C;H,;.CO,H., a body slightly soluble in water,
and crystallizing from dilute alcohol in glistening scales melting

at 53°—54°. By the action of sodium and water it is converted
into suberancarboxylic acid, C,;H,;. CO,H, a liquid baving a fatty
acid odour, and volatilizing in a current of steam. When oxidized
with nitric acid, a crystalline dibasic acid is obtained having
either the formula C;H,,0,, or that of C;H,,0, The more com-
plete investigation of this will probably explain the constitution
of suberone® There is, however, no doubt that suberone is a
peculiar ketone in which the carboxyl is not placed between
two monad alcohol radicals, but is combined to a diad hexylene.

! Traité Chem. Org. ii. 782, 2 Lehrd. ii. 41.
3 Chem, Soc. Journ. [2], xii. 985.

4 Dale and Schorlemmer, 5. 1879, i. 686.

8 Spiegel, Ann, Chem. Pharm. ccxi, 117




THE OCTYLENE COMPOUNDS.

u fact that azelaic acid and sebacic acid, the two
omologues to suberic acid, do not yield any
suberone on heating with lime, but give a very
xture of different compounds! Succinic acid
iilar way. The calcium salt of this body when
ry distillation was formerly thought to yield a
g at 120°% but recent investigations have, how-
t this is a mixture.?

id. When ethyl monobrombutyrate is heated
led silver a singularly smelling liquid boiling at
formed together with other compounds. This
omposition of ethyl suberate. It is a mixture
I salts of two suberic acids, of which one is
le in water and crystallizes in feathery grouped
¢ at 184—185°, whilst the more easily soluble
crystals which melt at 127°4

acids are obtained in the same way from ethyl
, of which the readily soluble one crystallizes
sinic acid and melts at 95°, whilst the difficultly
3 not melt till 146°5.5

nd Schorlemmer, Journ. Chem. Soc. 1879, i. 687.
ot, Ann. Chim Phys. [8], ix. 206.

), Ber. Deutsch. Chem. Ges. xiv. 2240,

nd Miihlhauser, 1. xiii. 479.

nd Wittekind, . vii. 319 ; Hell, . x, 2229,




OLEFINES CONTAINING MORE THAN EIGHT
ATOMS OF CARBON.

652 Of these series only a few members are as yet known,
and of these only those which have been more exactly described
will be here mentioned.

Diamylene, C,,H,,, was first obtained by Cahours by the re-
peated distillation of amyl alcohol over phosphorus pentoxide,
and described as amylene.! Balard then obtained it, together with
common amylene, by heating amyl alcohol with zinc chloride,
and termed it paramylene Bauer found that it is also easily
formed, together with higher polymerides, when amylene obtained
from fusel oil is heated with zinc chloride to 100°% According
to Cahours and Balard this body boils at 160°, and according to
Bauer at 165°, but as common amyl alcohol and the amylene
obtained from this are mixtures, and as the reaction produced
by zinc chloride is a very complicated one, the diamylene
obtained in this way is also doubtless a mixture. On the other
hand the diamylene obtained by the action of sulphuric acid on
trimethyl ethylene is probably a simple product. This boils at
154—156°, and has a specific gravity at 0° of 078454 The
diamylene obtained by the action of sulphuric acid on common
amylene ® or on the mixtures of amylenes produced by heating
amyl iodide with alcobolic potash, is probably identical with this.®
In order to prepare it one volume of common amylene is shaken
up at 0° with two volumes of sulphuric acid of specific gravity
1647

A peculiar weak oily acid bhaving the composition C,H,,0,

! Ann. Chim. Phys. 1xx. 81. 3 Jb. [3], xii. 322.

% Jahresb. 1861, 660.

¢ Wyschnegradsky, Ber. Deutsch. Chem. Ges. viii. 434.

12:?33511&, Sitzu; Wien. Akad. xliv. [2], 87 ; Berthelot, Compt. Rend. 1vi.

24'6 LeYedew, Ber. Deutsch. Chem. Ges. viii. 767 ; Journ. Russ. Chem. Ges. vii.

di];:-‘];nmeyer, Zeitsch, Chem. 1865, 362 ; Schuneider, Ann. Chem. Pharm.
Vi 2075, :
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is obtained, together with acetic acid and acetone, by oxidizing
diamylene with chromic acid solution. To this body Schneider
gave the name of amethenic acid. A neutral oil is also formed
which has the composition C,;H, 0, when amylene dibromide is
heated with water and lead oxide,! and this by further oxidation
is decomposed into carbon dioxide, acetic acid, and amethenic
acid.

As the formation of diamylene from amylene corresponds to
that of di-isobutylene from butylene, it probably possesses,
according to Butlerow, the following constitution :

C
A

cu’’C =C\cm,

Hendecatylene, C,,H,,, is obtained from secondary hendecatyl
bromide, and therefore is probably methyl-octyl-ethylene. It is
a liquid boiling at 192°—193°2

653 T'ri-isobutylene, C,,H,,, is obtained when isobutylene is
passed into a cold mixture of five parts of sulphuric acid and one
part of water,? or when di-isobutylene or isobutylene is heated with
tertiary butyl iodide and lime to 100°¢ According to Dobbin it
is also formed, together with traces of isobutylene but no di-
isobutylene, when the tertiary iodide is brought in contact with
zinc oxide at the ordinary temperature.® It is a colourless
liquid which boils at 177%5—1785, and at 0° has a specific
gravity of 0774. When oxidized with chromic acid solution
it yields carbon dioxide, acetone, acetic acid, trimethyl-acetic
acid, and methyl-dibutyl-acetic acid, C,;H,0,, a body crystal-
lizing from alcohol in glistening scales, melting at 60°—70°,
boiling at 266°, and possessing but faintly acid properties.

Tri-isobutylene has most probably the following. constitution:

C(CH,)
CH HC = C<C(CH:):

Di-hexylene, C,,H,,, i3 obtained by the action of sulphuric acid
on a-ethyl-dimethyl-ethylene, and boils at 196°—199°. The
isomeric B-ethyl-dimethyl-ethylene yields a di-hexylene boiling
at 193°—197°.8

‘& Eltekow, Journ. Russ. Chem. Ges. x. 229.

3 Giesecke, Zeitsch. Chem, 1870, 431. 3 Dutlerow, Jahresh. 1879, 364
4 Julie Lermontow, Ann. C’Iwm. Pharm. cxcvi. 116.

3 Journ, Chem.. Soc. 1880, 1. 236. 6 Jawein, Lichig’s Ann. cxev. 261.



CETYLENE. 285

In addition to these olefines, others may here be mentioned
which are obtained by the distillation of solid paraffin (Part I.,
p- 137),and by the dry distillation of the lime-soaps of train-oil !
or occur in Burmah petroleum.?

From Paraffin. Lime Soap.”  Petroleum.
B.P. B.P B.P.

Nonylene, C;H,, 145°-148°  153° —
Decatylene, C, H,, 170°-172°  174>6  175°8
Hendecatylene, C,;H,,  193°-195° 1954  195°9
Dodecatylene, C,H,, —  212°6 2083-214°6
Tridecatylene, C,;H,y, — — 232*7

Triamylene, C ;H,,), is formed by the action of zinc chloride
on amyl alcohol. It is a liquid smelling like turpentine, and
boiling at 245°—248°.

In addition to this olefine, tetra-amylene, C, H,, is also
formed, boiling between 390° and 400°. This body was noticed
by Balard and termed by him metamylene.3

654 Cetylene or Cetene, C,gHyy, was obtained by Dumas and
Peligot by heating cetyl alcohol with phosphorus pentoxide. It is
also formed by boiling cetyl chloride for some time,*and is found
amongst the products of the dry distillation of spermaceti® It
is a liquid boiling at 274°, and having a specific gravity at 15° of
07893°.% It combines easily with bromine to form cetylene
dibromide, C,gHg,Br,, a heavy yellow liquid which decomposes
on heating. It also unites with hypochlorous acid to form cetylene
chlorhydrin, C,;HyCI(OH), an oily liquid boiling at about 300°
and being converted by caustic potash into cetylene oxide, C ¢Hg,0,
a body crystallizing in small needles melting at 30° and boiling
at about 300°.7

It has already been mentioned that the so-called oil of wine
(oleum wvitriolt dulce) is a mixture of ethyl sulphate with
several olefines (Part I, p. 354). When shaken up with water the
sulphate is dissolved, and an oily liquid remains, which on cool-
ing deposits prisms of etherol, a body melting at 110°, and boil-
ing at 260°. The liquid separated from this is termed etherin,
and this does not solidify above —35° and boils at 280°8 These
two olefines are probably isomeric with cetylene, as is also that

1 Storer and Warren, Zeitsch. Chem. 1868, 229, 2 b, 231.

3 Ann. Chim. Phys. (3) xii. 326, ¢ Tiittschew, Jahresb. 1860, 406.

8 Smith, Ann. Chem. Pharm. xlii. 241,

¢ Mendelcjeff, Jahresb. 1860, 7.

7 Carius, Ann. Chem. Pharm. cxxvi. 201.
8 Serullas, Ann. Chim. Phys. [2], xxxix. 152.
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which is obtained together with heptane and other products when
azelaic acid is distilled with baryta. This cetylene crystallizes
in needles, melts at 41°—42°, and boils at 283°—285°.1
Hexpropylene, C,gHy,, is formed together with propylene and
other polymerides by the action of zinc and acetic acid on

_propylene bromide. It is a liquid boiling between 390°—400°.

655 Ceryleneor Cerotene, CyH,, is formed together with cerotic
acid, in the distillation of Chinese wax. It is a paraffin-like

~mass, melting at 57°—58°. When it is melted in a closed tube

bent at right angles, and distilled six or seven times backwards
and forwards, it is converted into a mixture of combustible gases

and of oily liquids boiling between 75° and 260°.8 In this
. respect it resembles solid paraffin.

According to Konig and Kiesow a solid hydrocarbon is found
in hay, and this which melts at 65°—66°, is either an olefine,
Cy,Hy, or a paraffin.

Melissylene or Melene, CgHgy, was obtained by Ettling by
distilling beeswax, and was believed by him to be a paraffin.®
Brodie then obtained it by distilling melissyl alcohol and myricine
(Part I, p. 682).6 It forms colourless crystals which melt at 62°,
and are difficultly soluble in cold, but more readily soluble in
boiling alcohol.

OXYACIDS CONTAINING MORE THAN EIGHT
ATOMS OF CARBON. P

7 Ethyl-amyl-oxalic acid, g 115> C(OB)CO,H Crystalline. —
8 B-Dlpropyl-ethylene-lactlc a.cld

(G,H,),C(OH).CH,CO,H  Syrup. —
® Diamyl-oxalic acid, (C; H“)Q.C(OH)CO H Silky threads. 122°
10 Oxymyristic acid, C,,HyO4 Glistening plates. 57°

11 Oxymargaric acid, CuHuO, Plates.  80°

1 Dale and Schorlemmer, Ann. Chem. Pharm. cxxxvi. 265.

2 Prunier, Compt. Rend. 1xxvi, 98.

3 Brodie, Phil. Trans. 1848 [1], 167.

4 Ber. Deutsch. Chem. Ges. vi. 500,

5 Ann. Chem. Pharm. ii. 255. 6 Phil. Trans. 1849, i. 99.
7 Frankland and Dupps, Phil. Trans. 1866, 829.

8 Schirokow, Ber. Deutsch. Chem. (les. xii, 23/5

? Frankland and Duppa, loe. cit.

10 R. Miiller, Ber. Deutsch. Chem. Ges. xiv. 2476.

11 Ebert, Ber. Deutsch. Chem. Qes. viii. 775.
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Oxymyristic acid is found, together with methyl-ethyl-acetic
acid in the ethereal oil of the fruit of Angelia archangelica.

KETONIC ACIDS.

B.P.

Ethyl heptyl-acetacetate, Primary ! 271°-273°

C.H,0.CH(C,H,;)CO,..C.H, { Secondary®  250°-260°

3 Ethyl octyl-acetacetate, C,H;0.CH(C,H,,)CO,.C,H, 280°-282°
4 Ethyl di-isobutyl-acetacetate, C,H;0.C(C H,),CO,.C,H;

250°-253°

¢ Ethyl diheptyl-acetacetate, C;H;0.C(C,H,;),CO,.C,H, 331°-332°

¢ Ethyl dioctyl-acetacetate, C;H;0.C(CgH,;), CO,.C,H; 340°-342°

‘DIBASIC ACIDS.

656 Azlaic Acid, C;H,(CO,H),. It has already been stated
that Laurent gave this name to an acid which he found
amongst the products of oxidation of oleic acid. Buckton then
obtained anchoic acid by boiling Chinese wax with nitric acid,’
and Wirz obtained lepargylic acid ® from coco-nut oil. According
to Arppe these acids are identical, and he retained for them
the original name, and was the first to prepare pure azelaic ‘acid.
The particulars of this have already been given under suberic
acid, from which acid it is separated by treatment with ether
in which it is easily soluble. A mixture of the two acids may
also be dissolved in ammonia and fractionally precipitated with
calcium chloride, when the calcium salt of azelaic acid is first
thrown down.?

Azelaic acid crystallizes from water in large thin scales, melt-
ing at 1065, and dissolving in 900 parts of cold, but in a much
smaller quantity of hot water. On heating, the greater portion
volatilizes without decomposition and with evolution of pungent
vapours, whence its name, from dyyw, I strangle or suffocate.

1 Jourdan, Ann. Chem. Pharm. cc. 105,

2 Venable, Ber. Deutsch. Chem. Ges. xiii. 1651.

3 Guthzeit, 4nn. Chem. Pharm. cciv. 2.

4 Mixter, Ber. Dewtsch. Chem. Qes. vii. 500.

8 Jourdan, loc. cit. ¢ Guthzeit, loc. cit.

7 Journ. Chem. Soc. x. 166,

8 Ann. Chem. Pharm. civ. 265.

9 Jrote, Ann. Chem. Pharm. cxxx. 208 ; Spiegel, . cxcix. 145 ; Gantter and
Ilell, Ber. Deutsch. Chem. Ges. xiv. 560.
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Its salts have been investigated by Arppe and by Gantter
and Hell.

a-Azelaic Acid i3 formed by heating butyro-furonic acid,
C,H,;0;, with hydriodic acid and amorphous phosphorus. It
crystallizes from chloroform in small ncedles' which melt at
117°—118°1 ,

657 Sebacic Aeid, CH, ((CO,H),. The fact that when fats are
distilled an acid is obtained was known in the last century.
Crell believed it to be a peculiar acid, and termed it fat-acid,
and made many experiments upon it in 1778 and 1779, but
Thénard in 1801 showed that this volatile acid was acetic acid
as Gren had suggested. This same chemist, however, further
showed that a much less volatile acid was obtained by distilling
lard* This fact was confirmed by V. Rose? It is formed
from the oleic acid contained in fats® and can, therefore, be
obtained by distilling this acid alone.® Berzelius considered
this acid to be a benzoic acid, the properties of which were
altered by admixture. Its individuality was first established
by Dumas and Peligot in 1834.%

Sebacic acid is formed together with methyl-hexyl-carbinol
when castor-oil soap is heated with caustic alkali” and this
reaction serves as the best means of its preparation. For this
purpose castor oil is dissolved in an excess of the strongest soda
ley, allowed to stand for some time at 40°, the hard cake then
separated from the aqueous liquid, and the cake broken up and
dried quickly, with stirring, in an iron vessel, and then heated until
the smell of capryl alcohol becomes perceptible. It is then
poured at once into cold water, and on the addition of hydrochloric
the acid separates out.® It dissolves in 1000 parts of water at
17°, and in fifty parts at 100°. It is easily soluble, and forms
feather-like crystals or thin plates which melt at 127",

The salts have been investigated by Neison.

By the action of nitric acid on jalapin and some of its
derivatives, W. Mayer obtained an acid having the composition
of sebacic acid, which, as it melted at 104°, he believed to be
distinct from this substance, and termed it ipomic acid.’ As,

1 T8nnies, Ber. Deutsch. Chem. Ges. xii. 1200. :

2 Ann. Chim. xxxix, 193, 3 Neu. Journ. Chem. iii. 170.

4 Gehlen, Journ, Chem. Phys. ii. 275.

3 Redtenbacher, Ann. Chem. Pharm. xxxv. 188.

6 Ann. Chim. Phys. lvii. 332, 7 Bouis, .b. [3], xliv. 100 ; xlviii. 99

3 0. N. Witt, Ber. Dcutsch. Chem. Ges. vii. 220; see also Neison, Journ.

Chem. Soc. 1874, 301,
9 Ann. Chem, Pharm. 1xxxiii. 145.
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however, Neison and Bayne found, this substance is really
sebacic acid, Mayer not having properly purified his product.!

Heptyl-malonic Acid, (C,;H,yCH(CO,H),, is obtained by the
action of secondary heptyl bromide on ethyl sod-malonate. It
forms crystals which melt at 97°—98°2 ‘

Brassylic Acid, CyH,(COH),, is formed, together with
dioxybehenoleic acid and brassylic anhydride by the action of
fuming nitric acid on behenoleic acid, C;H,,0,, the chief
product being the aldehyde, a light oily liquid which is oxidized
to brassylic acid by means of bromine and water. The acid
is scarcely soluble in cold, and only slightly soluble in boiling,
water. It dissolves readily in ether and crystallizes in scales
which melt at 108>5.3

Roccellic Acid, C jHy(COH),, was discovered by Heeren in
the lichens Roccella fuciformis and Lecanora tartarea! and
further examined by Liebig,® Kane? and Schunck.” Its exact
composition was determined by Hesse.® In order to prepare it
the lichens are treated with dilute ammonia, the solution
precipitated by chloride of calcium, and the washed precipitate
decomposed with hydrochloric acid. Roccellic acid is insoluble in
boiling water, but dissolves very easily in alcohol and ether, and
crystallizes in silver-white rectangular four-sided tables which
melt at 130°, and at a higher temperature partially volatilize,
another part being converted into the oily anhydride.

Dioctyl-malenic Acid, (C/H,;);C(CO,H), is insoluble in
water, and separates out from hot benzene in crystals which melt
at 75°.°

v Journ. Chem. Soc. 1874, 729.

2 Venable, Ber. Deutsch. Chem. Qes. xiii. 1651.

3 Haussknecht, Ann. Chem. Pharm. cxliii. 45.

4 Schweigg. Journ. lix. 346. § Pogg. Ann. xxi. 81.

€ Phil. Trans. 1840, 299. 7 Chem. Soc. Jours, iii. 158,

& Ann, Chem. Pharm. cxvii. 332.
% Conrad and Bischoff, 5. cciv. 163,
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658 Uric Acid, CHN,O, The attention of the alchemists,
and especially of Paracelsus, was naturally directed to the peculiar
deposits known as urinary concretions. In comparing, as was
his wont, the changes which occur in the animal body with
those which take place in ordinary chemical reactions, Para-
celsus explained that the deposition of these concretions was
similar to that of cream of tartar observed in the manufacture
of wine, and hence these bodies were classed together by him
under the name of tartarus. Van Helmolt held similar views,
but he made these deposits the subject of an experimental in-
vestigation, and observed that on dry distillation they yielded
the volatile alkali, a yellow crystalline mass, some combustible
oil, and carbon! Similar experiments were made by other
chemists, But the examination of umnc acid in the wet way
yielded no important results, until Scheele in 1776 discovered
uric acid and showed that certain of these concretions dis-
solve in alkali, and are reprecipitated on the addition of
acids. He likewise noticed that they dissolve in nitric acid
with evolution of nitrous vapours and fixed air, and that the
solution on evaporation leaves a red residue. In one passage
Scheele explains that the concretion is an oily salt in which
the acid is in 2xcess, and in another he calls it a new acids
About the same time Bergman was occupied in an investiga-
tion of a urinary calculus and he also noticed the formation
of the red colour produced by the action of nitric acid.?

Uric acid was first termed lithic acid, the name which it now
bears having been introduced by Pearson in 1797 in the form
of unc oxide,* whilst Fourcroy, in 1799, designated it as acid
uriqueb

1 Tractate de Lithiasa, 1644,

* Opusc. ii. 733 Crell. N. Entdeck. iii. 227.

3 Opusc. 1v. 387 ; Crell. iii. 232,
¢ Scherer, Journ. Chem. i, 48, 8 Ann, Chem. xvi. 116 ; xxvii, 225.
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Amongst the numerous chemists who L:ave investigated uric
acid the names of Licbig and Wohler deserve the first mention.
In their classical research they showed that the acid yields a large
number of derivatives, which may be grouped together under
alloxan, C,H,N,O,, and parabanic acid, C;H,N,0,! Schlieper
then made us acquainted with many other derivatives? but it
is to Baeyer’s investigation that we are indebted for the first
clear insight into the constitution of these somewhat complicated
compounds, inasmuch as he showed that most of these derivatives
are compound ureas containing acid radicals.?

Uric acid is a product of the mietabolism of the animal
organism. It occurs in human urine, which normally contains
about 05 grams per diem. It is likewise found in the urine
of other mammalia, especially in that of the carnivora, and also
in carnivorous and graminivorous birds and reptiles. The excre-
ment of insects and other lower animals also contains uric acid ;
it is likewise found in the flesh of the alligator, and in the
lungs, spleen, liver, and brain of the ox* In gout and other
diseases it occurs in the blood as the acid sodium salt,’ and it is
deposited in the joints, as so-called chalk stones, and is also found
in various secretions, as in the saliva, perspiration, gastric juice,
&c.® Urinary concretions, as well as the buff-coloured sediment or
muddiness observed in the urine of man and of many animals,
usually consists of uric acid or acid ammonium urate, and this
re-dissolves when the urine is warmed.

Amido-acids, such as glycocoll, leucine, aspartic acid,” as well
as urea itself,® when brought into the organism of fowls are
changed to uric acid found in the urine.

Preparation. Uric acid was formerly prepared either from
urine, from urinary concretions, or from the excrement of
graminivorous birds and serpents’® Guano is now best employed
for the purpose, and not long ago uric acid was manufactured
on a large scale from this source for the preparation of the red

1 Ann. Chem. Pharm. xxvi. 241. S I, lvi. 1.

3 Ib. cxxvii. 1 and 199 ; cxxx. 129.

4 On the Occurrence of Uric Acid, see Gmelin’s Handbook, vol. x. p. 455.

% Garrod, Med. Chir. Trans. xxxi. 83. Ib. xxxvii. 826.

¢ Boucheron, Compt. Rend. xciii. 391.

7 Knieriem, Ber. Deutsch. Chem. Ges. x. 1930 ; Jaffe and Meyer, 5.

& Braconnot, Ann. Chim. Phys. xvii. 392; Prout, Phil. Trans. 1818, 420 ;
Bensch, Ann. Chem. Pharm. liv. 189 ; Allenand Bensch, ¢. 1xv. 181 ; Fritsche,
Journ. Prakt. Chem. xiv. 245 ; Arppe, Ann. Chem. Pharm. 1xxxvii. 237.

? Bibra, dnn. Chein. Pharm. liii. 111 ; Bensch, . lviii. 266 ; Lowe, Journ.
Prakt. Chem. xcvi. 403.
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colouring-matter murexide, the demand for which has, however,
now disappeared, owing to the introduction of aniline red.

In order to prepare uric acid, guano is first moistened with
dilute hydrochloric acid, to dissolve the oxalates, carbonates,
and phosphates which are present. The residue is then boiled
with caustic soda, and the clear solution acidified with hydro-
chloric acid. If the uric acid which is then precipitated be
not colourless, a small quantity of potassium permanganate
or potassium bichromate is added to the boiling alkaline
solution, and the uric acid then reprecipitated by hydrochloric
acid, the precipitate being afterwards repeatedly boiled with
strong hydrochloric acid. The crude acid may also be dissolved
in concentrated sulphuric acid, and precipitated by the addition
of water.!

Fre. 111.

659 Synthesis of Uric Acid. Uric acid has recently been ob-
tained synthetically. Strecker had noticed some time ago that,
when heated with concentrated hydriodic acid to 160°—170°, uric
acid decomposes into glycocoll, ammonia, and carbon dioxide}
the two latter compounds being products of decomposition of
urea. Horbaczeweski has now made the interesting discovery,
that when glycocoll is heated with an excess of urea to 200°—
300°, uric acid is formed : 3

C,H,NO, + 3CH,N,0 = C,H,N,0, + 3NH, + 2H,0,

1 Hofmann, Rep. London Ezhibition, 186? 118.
3 Zcitshr. Chem. 1868, 216. 3 Ber. Deutsch, Chem. Ges. xv. 2678.
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Properties. Uric acid consists of a crystalline powder of small
scales or tables (Fig. 111), which become larger when slowly
deposited from urine. It dissolves at 20° in from 14,000 to
15,000 parts, and at 100° in from 1,800 to 1,900 parts of water.
It is insoluble in alcohol but tolerably soluble in glycerine, and
it also dissolves without decomposition in strong sulphuric acid.
On dry distillation uric acid decomposes without fusion, yielding
ammonia, cyanic acid, cyanuric acid, and urea.! Scheele noticed
that a solid acid is deposited on the sublimation of uric acid, and
this be compared to succinic acid, whilst Pearson considered it
to be benzoic acid. William Henry held the opinion that it was
a peculiar acid, and this was confirmed, in the year 1820, by
Lassaigne and Chevalier who termed it pyro-uric acid, and this
was shown by Wohler to be cyanuric acid. When oxidized in
acid solution it yields urea and alloxan or mesoxalyl urea,
C,0,(NH),CO, and when heated with ammonia, mycomelic
acid, C;O(NH),CO, is formed,® which latter compound is also
obtained when uric acid is heated with water to 180°, carbon
monoxide being evolved.® These reactions point to the constitu-
tional formula of uric acid which was first given by Fittig : 4

Alloxan. Mycomelic Acid.

HI|‘1—CO H|N-—F:NH
|

(|)O ?O + 2NH; = CIO (iO + 2H,0.

HN—-CO HN—C=NH
Uric Acid. Mycomelic Acid.
HN—C—NH HN—C—-NH
NN\ N

(O CO CO = C(/) CO + CO.

N / N

HN—C—NH HN—C—-NH

Another constitutional formula for uric acid proposed by
Medicus, which corresponds well with most of the reactions, is

the following :
HN—CO

bo b
| || o
HN—C—NH

1 Wohler, Pogg. Ann. xv. 529 and 626.

2 Wohler and Liebig, Ann. Chem. Pharm. xxvi. 314,

3 Wohler, Ann. Chem. Pharm. ciii. 118 ; Hlasiwetz, 1b. ciii. 211.

¢ Grundy. Org. Chem. 10 Aufl. 309 ; Ber. Deutsch. Chem. Ges. xi. 1792.
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Tests, When uric acid is heated with a small quantity of nitric
acid and evaporated to dryness, a pinkish residue is obtained,
which, on addition of ammonia, yields a deep reddish-purple
solution. Potash converts the colour into a violet blue. This
reaction, which was first observed by Prout, will be explained
under the head of Murexide.

If uric acid be dissolved in a drop of carbonate of soda solution,
,and then brought on to a piece of filter-paper moistened with
a solution of silver nitrate, a dark brown stain of metallic silver
is formed.!

Estimation of Uric Actd. In order to determine the quantity
of uric acid cootained in urine, 200 cc. of the liquid are mixed
with 10 cc. of a saturated solution of carbonate of sodium, and
after standing a few hours 20 cc. of concentrated sal-ammoniac
solution are added, and the mixture allowed to stand for forty-
eight hours longer in a cool place. The precipitate is collected
on a weighed filter and washed two or three times, and then a
mixture of one part of hydrochloric acid of specific gravity
1123, and ten parts of water poured on until the whole of
the ammonia has been removed. The filtrate is then allowed
to stand for six hours, and the uric acid which precipitates
is added to that on the filter, and the whole washed twice
with water and then with alcohol. It is dried at 110°, 003
gram being added to the weight found.?

THE URATES.

660 Uric acid is a weak dibasic acid. Its salts, which have
been chiefly investigated by Bensch,® and Bensch and Allen,* are
for the most part difficultly soluble in water, the normal urates
of the alkali metals being the most soluble ; from these solutions
carbon dioxide precipitates the difficultly soluble acid salts.

Normal Potassium Urate, CCH,N,O,K,. Uric acid dissolves
readily in potash ley forming a liquid which has a sweetish taste
and which froths like soap-suds (Scheele). The normal salt is
precipitated from this solution by carbon dioxide. It is also
obtained by dissolving the acid in dilute caustic potash and
evaporating the solution in a retort. The salt is obtained in

s Qchiff, 4an. Chem. Pharm. cix. 67.
2 Salkowski, Fresenius’ Zeitach. xvi. 871.
8 dnn. Chem. Pharm. liv. 189. ¢ Ib. 1xv. 181
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needles or as a white crystalline meal. It possesses a strong
alkaline reaction and a caustic taste, and it is gradually decom-
posed by boiling water with formation of the acid salt. Thirty-
six parts of water at 15° dissolve one part of the salt, but it
appears to be partially decomposed as the solution contains a
small quantity of free caustic potash, and the undissolved residue
contains the acid salt.

Acid Potassium Urate, C;H,N,O;K, is an amorphous or
granular mass which dissolves at 20° in from 700 to 800 parts,
and at 100° in from 70 to 80 parts of water. In fevers it occurs
as a urinary deposit.

Normal Sodium Urate, C;H,N,O,Na, + H,O, closely resembles
the potassium salt, and forms hard nodules which dissolve with
partial decomposition in 62 parts of water.

Fie. 112

Acid Sodium Urate, 2C;H,N,O,Na + H,0, is formed not only
by the action of carbon dioxide on the normal salt, but also
when uric acid is boiled with carbonate of soda, borax, sodium
phosphate, or sodium acetate. It is a crystalline powder ex-
hibiting under the microscope the forms shown in Fig. 112, and
dissolving at 15° in from 1100 to 1200 parts, and at 100° in
from 123 to 125 parts of water. It occurs in amorphous grains
as a urinary deposit, and also in gouty concretions.

Acid Lithiwm Urate, C;HgN, O Li, crystallizes in grains and
dissolves at 20° in 3678 parts, and at 100° in 39 parts of water.
The normal salt does not exist.!

! Schilling, Ann. Chem, Pharm. cxxii. 241,
188
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The ready solubility of uric acid in carbonate of lithium is
remarkable, inasmuch as this salt itself requires 200 parts of
water for its solution. If, however, equal parts of uric acid and
lithium carbonate be brought in contact with 90 parts of water
at blood-heat, a clear solution is obtained, and at the boiling-
point one part of the carbonate and no less than four parts of
the acid dissolve. Owing to this property, lithium carbonate is
much used in cases of gout or in other diseases in which deposits
of uric acid are formed. Lipowitz, who made these observations,
remarks that lithium is truly a nomen ¢ omen when we re-
member its power of dissolving calculi.

Acid Ammonium Urate, C;H,N,O4(NH,). This, as has been
stated, occurs in many urinary concretions, and in the solid
excrements of birds and serpeats, and is formed when uric acid

Fre. 113,

is boiled with ammonia. It crystallizes in microscopic needles
(Fig. 113) which dissolves at 15° in 1608 parts of water. When
boiled for some time this solution loses all its ammonia.

The normal salt does not exist, but salts having the following

composition are known :
(@) CsHyN,O4(NH)) +C;H,N,0,(NH,), and
() 2CH,N,04NH,) + C;H,N,O4(NH,),*

The urates of other metals either dissolve with more difficulty
than the foregoing, or are altogether insoluble.

1 Ann. Chem. Pharm. xxxviii. 852.
2 Maly, Journ. Prakt. Chem, xcii. 10,
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66x Sulphates of Uric Acid. By dissolving uric acid in hot
sulphuric acid and cooling the solution Fritzsche obtained large
transparent crystals baving the formula C,HN,044H,SO,!
Lowe also obtained similar crystals, containing two molecules of
sulphuric acid,? and Lassaigne, on dissolving in warm sulphuric
acid the crystals which are first formed by saturation with uric
acid at 100°, obtained on cooling large transparent crystals
containing three molecules of sulphuric acid.?

Methyl Uric Acid, CgHy(CH,)N,O,, is obtained by heating
lead urate with methyl iodide to 150°—160°. It forms small
thin prisms which dissolve in about 250 parts of boiling water,
and are alrost insoluble in cold water and boiling alcohol. It
gives the murexide reaction, and when heated with hydrochloric
acid under pressure it decomposes into carbon dioxide, ammonia,
methylamine, and glycocoll, whilst on oxidation with nitric acid
it yields methyl-alloxan. Itis a dibasic acid, and forms, with the
metals of the alkalis and alkaline earths, easily soluble salts.*

Dimethyl Uric Acid, C;H,(CH,),N Oy, iz obtained by heating
basic lead urate with methyl iodide and forms small oblique
prisms containing one molecule of water. It dissolves in about
200 parts of boiling- and 800 parts of cold-water, and is scarcely
soluble in alcohol. On heating with hydrochloric acid it yields
the same products as methyl uric acid, and on oxidation de-
composes into methyl urea and methyl-alloxan, from which it
appears that the two methyl groups are contained in two
different urea-residues. It is also dibasic.®

Uroxanic Acid, CH.N,O,, is formed when a solution of uric
acid in caustic potash is exposed for some mon<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>