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HISTORIOCAL.

Kolbe may be regarded as the plonseer of electro=-
lytic synthesis, his discoveries fesulting as a
natural consequence oflhia investigations of the
effects of thé electric current upon aolutiohé of
organic substances. Wﬁen he published
| "Contributions to the Knowledge of Conjugated
Compounds®” (A. 54, 145) in the year 1845 he seems
to have regarded the application of electrolysis io
such solutions merely as a means of submitting the
dissolved substance to the reducing influence of
hydrogen at the moment of its liberation and it is
not until the year 1849 that we find Kolbe regarding
the electric current as an agent for chemical
synfhesin. =

During the prosecution of hia researches upon
the activity of hydrogen and oxygén when liberated
1n'the'ga1fanio circuit, he aubjeoted acetié acld to
the action of the electric current. 'Starting from
the hypothesis that acetic acid was a conjugated
compouhd of oxalic acid and the conjunct methyl,
he expected that electrolysis would effect a separa-
tion of the conjuncts and that, with the simultaneous
| decomposition of water, carbonic acid and marsh gas

would/




| solution 1is electrolysed under similar conditions,

'this reaction ocourred to a much greater extent during

' "valyl", analogous to ethane, an odorous gas was

would be obtained.

Since resulte proved the decomposition to be
other than anticipated Kolbe commenced a series of
experiments upon the homologues of acetio acid and
examined in detail the products of electrolysis.
Pafhapa the most interesting and important discovery
was that the products of electrolysis varied with

varying concentration of the electrolyte. A dilute

aqueous solution of potassium acetate when subjected |
to the influence of the electric current is deoompoaeé
with the formation of oxygen and free acetic acid at |
the anode, while at the cathode hydrogen escapes and |
potessium hydroxide 1e.formed in solutioh: Faraday's

Reaction. On the other hand when a concentrated

while the cathode products remsin unchanged, that at
the anode is now a gaseous mixture consisting for

the most part of carbon dioxide and ethane; Kolbe's

Pirst Reaction. A second reaction proceeds ’
similtaneously, but to a limited extent, reaulting 1n§
the formation of ethyl acetate. Kolbo found tﬁat

the electrolysis of potassium Valéfate, considerable

quantities of the butyl ester of the:acid being

obtained, and that in addition to the hydrocarbon

evolved/
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evolved along with the carbonic acid. This was
subsequently proved to exhibit the composition of
olefiant gas but to have double its specific gravity
(its composition being C, Hg ). Hence came the
interesting discovery that unsaturated compounds may
be obtained by the eleotrol?tio deobmpoaition of

a saturated orgeanic substance. The results of

Kolbe's investigations may be summarised as follows.

| He identified and investigated three distinct types

| of reactions which might occur when an organic acid

(R' COOH) or salt of the fatty series is subjected
to the electric current, these reactions leading to
the isolation of the aclid, a saturated hydrocarbon
of the type R' R', an unsaturated hydrocarbon R'
minus H or an ester R' COOR' according to the con-
ditions under which the experiment was conducted.
Crum Brown and Walker (Trans. Soc. Edin. 38,

211) extended these syntheses to dibasic acids, the

| hydrogen of one carboxyl group being replaced by an

alkyl group R' and that of the other by a potassium
atom. Since éuthrie had previously proved that an
ester group plays no part in electrolysis they
expected decomposition at the anode to take place as
represented by the following equation.-

2 R'00C.R". COOK = R'00C.R".R". COOR' + 2 00,

R" being an alkylene group.




symmetrical/

| whereby the oxalic acld series may be ascended i

| synthetically. In the following year the same

| their properties, including the electrical conduct-

That the highest expectation was fully realised is g
proved by the fact that, by means of electrolysis |
followed by aapoﬁifioation and acldification, they
were able to pass from succinic acid to adipic acid,
thence to sebacic acid and finally to n. hexadecadi-
carboxylio acid, a new acid of the oxalic series.
Another achievement was the synthesis of suberic acid
from glutaric acid, the subsequent electrolysis of
the potassium ethyl salt of the product yielding .
another acid, n. dodecadicarboxylic acid. Thus

the electric current may be regarded as an agent

authors published another paper (Trans. Soc. Edin.
37, 3681) which showed that this method of synthesis
could be extended by submitting to electrolysis the
potassium alkyl salts of saturated dibasic acids
with side chains. From ethyl potassium methyl
malonate they effected the synthesis of two acids
of the composition 06 H O, and by investigating

ivity, found these to be identical with anti and para

symmetrical dimethyl succinic acids. Similarly
i
ethyl potassium ethyl malonate ylelded two isomeric |

soids O, E 0, which were found to be identical with |

para symmetrical diethyl succinic acid and anti i
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symmetrical diethyl succinic acid. KNumerous
interesting products of secondary reactions were also
isolated; for example, dimethyl malonic acid yielded
a considerable quantity of methyl acorylic acid and
diethyl malonic acid gave a remarkably large yield
of ethyl crotonic acid.

when other investigators extended their re-
searches to the electrolysis of the alkall salts of

| oxy, keto, and oxyamino acids it was found that

salts of the aliphatic o =-oxy-aclds were oxidised
at the anode, the anion H R COH.C00' being first
decomposed into carbon dioxide eand H R COH - ,

| oxldation then taking place as follows.-

2HRCOH—-+0 = 2 ROHO+H,O.
Moreover the aldehyde so formed may be further
oxidised with the evolution of carbon monoxide; this
change does not ococur so readily but it may be pro-
moted by dilution and also by the intermediate forma~-
tion of an aldehydic acid as in the case of tartaric
acid electrolysis. /3 = oxy-acids follow Kolbe's
reaction, potassium 43 -amyloxypropionate giving
1:4 butanediol as represented by the equation
2 0_H, 0CH, CH, COO' = -CH 0 (OH,) 0G0 _H,

+2C0C0,

In/




| salts of po1ydxyoarboxy acids behave quite differently,

In contrast to oxy-acids theq and VY ketocarboxy-
acids give Kolbes reaction yielding diketones, but
if the potassium salt is in high concentration it is
oxidised anodioally. An example of diketone forma-
tion is obtained from the electrolysis of a solution |
of the potassium salt of pyruvic acid, diacetyl
being obtained. In a similar way the potassium salt
of levulinic acid yields 2.7 octadion. The alkali

oxidation occurs on electrolysis and the degradation
to an aldehﬁde containing one carbon less than the
original carboxy-acid can be effected. This know-
ledge has been utilised in the synthetic production
of certain sugars, d-arabinose belng obtained by

the electrolysis of the potassium salt of d.gluconic
acid; l-erythose resulting from the electrolysis of
the alkell salts of arabonic acid.

In an analogous manner a mixture of oxy- and
amino~ aldehydes, with one carbon less than the
electrolyte, has been obtalned by the electrolysis
of an oxyamino~acid. . The following two equations

show the extent of oxidation.-

(a)

2

HO.OH ; OH. NH . C00'+ OH'+2@®= no.On’_. CHO
+-001-+ NH
and/ :



and simulteneously

(v) _
HOGOH"GOH L] an'l 000"" OH"‘L 2& OHG-GHLO HHZ

+ 00, +H,0

Wurtz, working with mixtures, successfully

| syntheslaed hydrocarbons by electrolysing a solution

containing the potassium salts of two aliphatiol
carboxylic acids and subsequently effected the
synthesis of a monocarboxylic acid by reacting upon
a mixture containing the potassium salts of an
aliphatic acld and a dicarboxylic acld ester.

In modern times efforts are continually being
made to extend the boundaries of electrolytic
synthesis and to so regulate it that it may be of
universal application. Compounds containing two
carboxyi or two keto groups attached to the same
methylene grouping give, with sodium in alcoholic
solution, salt-like bodies which can be regarded as

formed by the substitution of sodium for a hydrogen

| atom in the methylene group; these salts yield on

| eleotrolysis in aqueous alcoholic solution two

residues which combine at the anode to form high
molecular compounds, the case of sodium malonic ester

being represented as follows:~

/ CH (C00 C.H
2 CH (CO0 C,H,), : A )e

OH (C00 C,H, ),




ethane tetracarboxylic ester being obtained. This
however meay not be regarded as another example of
Kolbe's reaction, it belongs to that anodic process
leading to the polymerisation of anilons. |

Murray (J. O. S. él, 10) states systematically
the various factors which influence the nature of the
ultimate products of electrolysis: he shows that the
Faraday reaction is promoted by dilution, while the
Kolbe reaction prevails with a highly concentrated
electrolyte and that, in addition, ocurrent strength,
variation in the size of the anode, temperature,
affect the yleld; increase of current, decrease of
anode surface and lowering of temperature all favour-
| ing kolbe'a reaction. He also proved that the
presence elther of an acid or an alkali, even in a
comparatively small quantity, reduces the yield of
ethane during the electrolysis of a potassium acetate
solution.

Scientists have advanced various hypotheses to
explain electrolytic syntheses and from these
attempted theories two schools have developed.

Kolbe himself may be regarded as the founder of one
of thes® although his ideas have been modified and
extended by Bourgoin, John, Bunge, Fichter and

Krummenacher who put forward a chemical explanation

for/




for these electrolytic phenomena the nucleus around
which their thouéhts and theories revolve being the
extraordinary oxidising powser that Kolbe proved to

be possessed by a platinum anode. They consider the
formation of ethane to be due to the intermediate

| formation of the anhydride which is then oxidised by
the anodic oxygen to give ethane and carbon dioxide,
the reaction being similar to that observed by

| Schutzenberger when he oxidised acetic anhydride by
means of barium peroxide. Foerster and Piquet also
incline to the possibility of the transient separa-‘
tion of intermediate products at the anode. The

. second school led by Crum Brown and Walker base their
. explanations on the hypothesis of electrolytic |
| dissoclation. When an aqueous solution of an acid
is electrolysed a migration of the ions in solution
| occurs, the electro-positive hydrogen or metal going
towards the negative electrode, the cathode, while
the electro-negative residue goes to the positive
electrode, the anode. At the respective electrodes
: these ions give up.thair electrical charges and
become chemically free. This discharge of lons on
their reaching the electrode of opposite charge
explains all electrolytic reactions, for the ions
freed from their charges are, in general incapable
of existing as such, hence subsequent chemical changes

ocour/
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occur resulting in the formation of more atable
compounds. But besides being able to unite with each
other the lons may suffer decomposition into simpler
compounds; they may react on the solvent, become
oxidised or reduced. -Hence while this school does
not refute oxidation during electrolysis it stipulates
that the oxidation 1s the oxidation of ions and not
of an intermediate product like an anhydride or an
acld and that those complicated secondary reactions
which usually accompany the primary change are due

to the presence of large and easlily oxidisable groups.
These ldeas are supported by Murray who regards the
oxidation theory as a highly improbable and circuitous
explanation. Moreover the latter theory does not
afford a ready explanation of ester formation.

In support of his views Jahn assumed that the more
condensed the oxygen produced the more complete would
be the oxidation and therefore that the use of a small
anode would reduce the yield of ethane. He auooeededi
iin proving this to be the case but his experimental
details were rough and unreliable and his results
were completely overthrown by Crum Brown and Walker
in the year 1890, who conducted a series of careful
experiments proving conclusively that a large anode
decfaased the yield of ethane. They thus strengthened
their/
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their hypothesis that electrolytic reactions are
ionic and that when the discharged ilons are spread
over a wide area they have not the same opportunity
of reacting with each other and are consequently
forced to attack the water, the organic acid in this
case being regenerated and nautrqlised by the

potassium hydroxide produced at the cathode. Fichter
| ‘and Krummenacher: vigorously oppose the ionic
hypothesis; they argue that it is too mechanical, it |
falls to account for the formation of unsaturated
hydrocarbons and the experimental conditions under
which Kolbe's synthesis of hydrocarbons 1s possible
are exactly those under which electrochemical
oxidation is specially promoted, a smooth platinum
or smooth iridium anode being regquired. Since such
an anode, possessing a high overvoltage 1is necessary
for the evolution of oxygen, they malntain that
oxidation is the basis of all electrochemical re-
actions and that there is an indissoluble union
between the complete oxidation of acetic acid and
the hydrocarbon synthesis.

While the above statements are based upon facts
they do not lead to a theory which oxidation
enthusiasts believe to be contrapositive to the
theory of electrolytic dissociation which does not
deny/




| which occur can be clearly explained.

- * i
| @.g. Fe™ — Feb in Fes0o,—> Fe , (S0, );

12.

deny oxidation although it states that the oxidation
is that of ions and not of intermediate compounds.
Indeed, Jahn's oxidation theory rests on a doubtful
foundation for, as Murray states, acetic acid is not
easlly oxidised by electrolytic oxygen, a solution
containing 10% sulphuric acid and 10% acetic acid
giving on electrolysis less than .B% of carbon diloxide
in the evolved gases. On the other hand if the view
taken be that it is the acetions themselves which
suffer oxidation* to carbon dioxide, it can be
supported by numerous experimental results and, in

addition, most of the subsidiary secondary reactions

# Oxidation is here used in its wide sensee of the
loss of a negative charge or the gain of a
positive one.

K — K*  in K ¥n0o, —> Kin 0,

3 /
2 (CH, C00)'— 2 CH, in CH, COO _ CH,
s 7 | <+ 200,
OH, COO  OH,
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PREPARATION OF SUBERIC ACID AND AZELAIC ACID

FROM OCASTOR OIL.

- Markownikoff (Ber. 26, 3089) states that if
200 grammes of castor oll be oxidised by 400 grammes
of nitric acid (specific gravity 1.25) azelaic acid
can be obtained. Care must be taken to add the
nitric acid in smell portions as a brisk reaction
ensues at ordinary temperatures, but if this pre-
caution be'taken the author affirms that once the
first violent frothing 1s over the mixture can be
heated, under a reflux condenser, on a sandbath until
the reaction is complete. He obtained azelalc acid

crystals in this way, hie yield being 13%.

On attempting to obtain suberic acid and azelaic

--._—_.--"""-""\‘ e L e e

acid by the above method, the present author found
that many alterations, involving additional pre-
cautions, had to be made as the reaction was excess=-
ively violent and at times quite uncontrollable.
Oxzidation proceeded quite quietly when the nitric
acid was first introduced into the flask (fitted with
a mechanical stirrer) and then one gramme of a
catalyst, potagsium nitrite, and a few pieces of
porous tile added, the castor oil being finally run
in/
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in in emall quantities. When all the oillhad been
added the flask and its contents were heated for half
an hour on a sandbath after which the o0il was
repeatedly extracted with considerable quantities of
hot water. These solutions were then ooncenﬁrated
until a white powder began to separate out; this was
filtered off and the filtrate again concentrated,
the process being repeated until precipitation of
solid ceased. The total yleld was 40 grammes.
Titration of the product of oxidation with standard
éodium hydroxide, free of carbon dioxide, showed it
to consist of azelalc acid and suberic acld, the
proportion present in the mixture being roughly one
part of azelaic to two parts of suberic.

Experiment proved that a better yield was
obtained by first hydrolysing and acidifying the
castor oll and then oxidising the product obtained.

SEPARATION OF THE TWO ACIDS.

The method employed by . Markownikoff was found
to be both tedious and unsatisfactory while the
following scheme gave a speedy and efficient
separation. Advantage being taken of the compara-
tively great solubility of azelalc acid in ether

at 15°C. compared with that of suberic acid in the

same/
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same medium (solubility of azelaic 2.7 per 100, that
of suberic 0.8 per 100), enough ether was taken to
dissolve the whole of the azelaic acid in the mixture
and leave the suberic acid undissolved, the quantity
required being ascertained by calculation based upon
the solubilities of the acids and the results of
titration. Owing to the inflammable nature of ether
end the proportionately large amount required to
effect the separation (100 c.c. of ether for 10 gm.
of mixed ecids) the mixture was treated in batches

| of 50 grammes, Solution was promoted by means of a
mechanical stirrér and preceutions taken to prevent
loss of ether by evaporation, the wide neck of the
containing bottle being fitted with a cork through
which passed, in addition to the stirrer, a safety
tube loosely plugged with cotton wool. After being
continuously stirred for one and a half hours the
contents of the bottle were filtered through a
Buchner funnel and the ether distilled off from the
filtrate. The residue of distillation was found

to be impure azelaic acid, a welghed quantity being
titrated with standard barium hydroxide and the
amount of suberic acid present obtained by calculation.
Water was then added to this impure acid, the
quantity being Just sufficient to keep the Buhefic
acid/
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acid present in solution at room temperature: finally
heat was applied by means of a steam bath until
complete solution occurred and the solution was then
gset aside to cool slowly. Large glistening flakay |
orystals separated and these were found to be azelaic
acid in an almost pure condition, their melting point
being 102°C. - 104° c. The acid was further purified
by réoryaﬁallisation from benzene and the melting
point again determined: the acid now melted sharply
and suddenly at 108°C.

The crude suberic acid (melting point 130°C. -
135°C.) 1left in the Buchner funnel was purified by
boiling it with benzene and so removing the last
traces of azelalc acid which 1s extremely soluble in
hot benzene while suberic acid is practically
Laclupls The purified product melted at 139°C.
In this way, from 200 grammeés of the mixture 106
grammes of suberic acid and 64 grammes of azelailc
acid were obtained in an absolutely pure orystalline
condition.

This work was done in the spring of the year 1919

before the recent puhlidation of a paper by Stosius
end Wiesler. (Biochemische Zeitschrift 1920). l

These chemists obtained azelaic acid by the oxidationi
of ricinoleic acid in alkaliﬁe solution, the
oxidising/
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oxidising agent used being potassium permanganate.
According to their own statement azelaic acid is
thus obtalned but only in small yield and in an
impure condition. While oxidation by means of
nitric acid as conducted by the present author does

not produce a magnificent yield of azelaic acid and

suberic acid, these are obtalned in a perfectly
pure ocondition.

Day, Kon and Stevenson (J. C. S. May 1920)
also obtalned these acids bﬁ the oxidation of
castor oll on a large scale with nitric acid, but
their experiments have theldisadvantaga of being
extremely lengthy and cumbersome, moreover their
1aborioua‘proceaaes only afforded an extremely low

yleld.
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THE ELECTROSYNTHESIS OF #-HEPTANE DICARBOXYLIC ACID

AND ITS SUBSEQUENT IDENTIFICATION WITH THE AZELAIC

ACID OBTAINED FROM CASTOR OIL.

Preparation of diethyl suberic ester:-

60 grammes of suberic acld were introduced into
a flask containing 500 cublc centimetres of absolute
alcohol and hydrochloric acid gas was then passed
in from a Kipp for one hour, the contents being
subsequently boiled on a water bath for four hours
| and left standing overnight. After distilling off
the alcohol, the ester was repeatedly washed with
water to remove any traces of hydrochloric acid.
(It was found necessary to add ether in order to
effect a sharp separation into two layers).
On drying the solution and distilling off the ether

66 grammes of pure ester were obtained.

Preparation of potassium ethyl salt.

The dlethyl ester (50 gms.) thus prepared was
dissolved in rectified spirits (1100 c.c.) and half
saponified at room temferature by treatment with the
caloulated quantity of potassium hydroxide in four
successive portions; the agueous extract was finally

concentrated to a 50% solution on the water bath.
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Half saponification of diethyl malonic ester.

Diethyl malonate (100 gms.) obtained from mono-
chloracetic acid by Noyes' method was helf saponified
in one stage by dissolving it in half a litre of
alcohol and slowly adding a solution consisting of
40 grammes of potassium hydroxide sticks 1n half e
litre of alcohol. The hygroscoplc potassium ethyl
salt of malonic acid so formed was then.dissolved in

an equal weight of water.

Electrolysis: The two 50% solutions were added

together, the proportions taken being

such that the mixture contained three
molecular proportions of malonate to one of suberate.
Electrolysis was conducted in a platinum crucible
5 centimetres high and 4 centimetres in diameter,
which served as a cathode, the anode being a stout
platinum wire spiral which dipped into the orucible,
the distance between it and the crucible being
approximately .5 centimetre. The reason for this
choice of anode was that a great current density could
be obtained on account of the relatively small surface
area, hence the discharged anions would be closely
packed and tend to react with each other and not with
the water used as solvent, the former reaction being

that/
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that required for the successful synthesls of new
dicarboxylic esters. In the experiment conducted
the current averaged 1.7 amperes and 7.5 volts and
the temperature was caontrolled so that it never rose
above 15° O: this was accomplished by means of a
continuous stream of cold water which encircled the
orucible during the reaction. The mixture (20 cc.)
was electrolysed for two hours and the yellow oil

(¢ cc.) which formed on the surface of the electrolyte
was removed; successive experiments were conducted
and in all 22 grammes of the pale yellow oll were
obtained. This was subjected to steam distillation
in order to remove any low boiling esters of monobasi¢
acids which might be present: subsequent saponifica-
tion and aclidification of the residual oil produced
a sludgy precipitate. Aocting upon the hypothesis
that this contained - ethanedicarboxylic acid,

COOH (CH,), COOH, #-heptanedicarboxylic acid

COOH (GH,_)7 COOH and ~- dodecanedicarboxylic acid’
COOH (CH,),, COOH, a scheme was devised for the
separation and isolation of - heptanedicarboxylic
acld., The following 6hart indicates the general

scheme adopted.-
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Sludgy Precipitate (of mixed acids)

Heat with doHHHum water,
cool slowly and filter.

4 _

Viscous Residue : ; Filtrate.

Extract with ﬂmnoﬂ

Extract with ether
at 60°C, filter hot

B 6 : o b@;oonm layer mawoﬂwrw layer
Filtrate Residue (m.pt.121 C - 123 C) Hummumoﬂw dnwmdpw off ether.
. Dodecanedicarboxylic Residue (m.pt. 78°C - 90°0.)
cool and Acid. :
filter. Extract with water
: at 680°C., filter hot.
: |
morwnﬂm (m.pt 103°C.) . Filtrate. M. f g
Heptanedicarboxylic evaporate ; 0il Aqueous extract
Acid. to dryness. (neglect) _ cool
Residue (m.pt. 180°C.-182°C.) Precipitate (m.pt. 104°C.)
meﬂwbo@»omwwowMH»o Heptanedicarboxylic

Acid. Acid.




22.

Special note should be made of the method of
separating a mixture of organic compounds by treating
it with water at a definite temperature. Since the
solublility of the dicarboxylic acids decreases with
increase of ﬁolacular weight, it seemed reasonable
in the present research to assume that the acid of
greatest molecular weight could be separated from
the mixture by dissolving out the remaining two acids
| by means of water at a definite temperature.

The validity of the theoretical hypothesis was proved,
for on treating the mixture with water at 60°C.
dodecanedlcarboxylic acld was isolated in practically
a pure state: further separation of the constituents
was effected by allowing the hot filtrate to cool
slowly, white orystals melting at 108° C. being
precipitated. On qyaporating the mother liquid to
dryness another compound was obtained whose melting
"point (180° . - 182° 0.) indicated its identity as
impure succinic acid.

The product melting at 103°0, which from its
mode of formation may be called -heptanedicarboxylic
acid, was recrystallised from benzene and the
melting point of the purified produoct was noted to be
108°C. It ylelded the following results on analysis.
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Titration: 6.3 cc. of .0979 N caustic soda were

required to neutralise .0679 gm. of
the synthetic acid. Theoretically
6.28 co. of .0979 N caustié soda are required to

neutralise .0679 gm. of COOH (CH,)_, OCOOH.

Combustion: .1056 gm. of the synthetlic acid gave

+0805 gm. H,0 and .2225 gm. GO,
. s. H=8.49% C = 57.46%

¢, H, 0, requires H =8.51% O = 57;45%.

All these results point to the identity of

n heptanedicarboxylic acid and azelaic acid; this
identity was confirmed by a mixed melting point
determination, the azelalc acid used being that
obtained by the oxidation of castor oil.

This electrosyﬁtheaia of azelaic acid proves con-
clusively its straight chain structure, a fact which
was previously indicated by its chemical synthesis
by Haworth and Perkin (J.C.S. 1894). '
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THE ELECTROSYNTHESIS

oF N-TETRA%AGANEDIGARBOXYLIG ACID. E

Preparation of the Potessium ethyl salt of

azelsic acid:-

Azelaic acid, (62 gms.) obtained by oxidation
of castor oil, was first converted into the diethyl
ester the same method being adopted as that used in
the preparation of diethyl suberate. The diethyl
salt (B8 gms.) obtained was then dissolved in 25
times its own weight of rectified spirits and half
seponified in stages, any trace of the normal
potassium sslt being removed by teking adventage of
the fact that 1f is insoluble in absolute alqoﬁol
while the half ester is solublse. The resulting
aqueous solution of potassium ethyl azelate was

concentreted to the consistency of a fine syrup.

Electrolysis: The apparatus empléyed was exactly

the seme as in the case of the

azeleic acid synthesis, 20 cubic
centimetres of the syrup being treated at a time.
Here the current averaged 2 amperes and the voltage
20. In this cese, in addition to the layer of
yellow oil which formed on the surface during

electrolysis,/
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electrolysis, a white solid seperated and ether had
to be added in order to maintain current conduction,
This white solid was found to be potassium carbonate,
the source of this being the reaction between the
anodic carbon dioxide and the potassium hydroxide
formed by the liberation of potassid; at the cathode.
The oily layer, consiéting of impure esters, was ©X-
tracted with ether, dried, and the ether distilled off;
the residue weighing 23 grammes, was then steam
distilled until no more oil was carried over. In this
wey most of the impurities were removed. A greasy
solid remained in the distilling flesk but on drying
this on porous tile and then recrystallising from
methyl alcohol a pure white powder (17 gms.) was

obtained which melted at 39°¢.

Combustion:

*1483 gm. ester gave °1471 gm. H, O

and *3826 gm. C O,

H=11:02% and C-= 70-33%
(2) °1489 gm. ester gave °1487 gm. H, O

and 3826 gm. C 0,

H = 11.11% and C = 20°156%

C,, H,30, requires H = 11-11% and C = 70-19%
Hence the diethyl ester of tetradecane = dicarboxylic
acid has been synthesised and, from the
~ method/
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method of synthesis, since azelaic acid has been
proved to possess e straight chain structure,this

is a normal ester.

Saponificationt The synthetic ester (3 gms.) was

.boiled on the water-bath with

caustic soda (2 gms) and an ex-
cess of methyl alcohol. Saponification occurred
elmost immediately. When the alcohol was distilled
off and the residue extracted with water complete
solution occurred showing that all the ester had
been converted into the sodium salt. On scidific-
ation a gelatinous product was obteined which had
to be isoclated by extrection with ether.
Recrystallisation from boiling ether yielded a white
powder ( 1.8 gms.) of melting point 124°C. Analysis

yielded the following results.

Titration: -0515 gm. acid required 3-.lcc of -1180N
Ba (OH), but
0515 gm. CooH (CHL)JQ CooH requires
5°05cc.

Combustion:

*1458 gm. acid geve -1375 gm. H, 0 and
+3683gm. C 0,

H = 10+47% and C = 67-02%
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, H;,0, requires H ="10249%; © = 67°1837%.

The synthetic acid is therefore n tetradecane-
dicarboxylic scid and its formetion therefore fills
up the gep in the series of the even members of the
synthetic dicsrboxylic acids.

The synthesis was completed in March 1919
before the publication of the paper (1920) "Uber
die electrosynthesische Darstellung der Tetrade-
cemethylene dicerbonssure" which was the work of
Stosiues and Weisler. These authors slso success-

fully isoleted the ecid by a method differing only

in deteil from that described in the present :
thesis. They pointed to its identity with Bougalt's } h““?“”ur
Thapsic acid (C. r. 150) by means of anelysis cdn—
ducted according to Pregl's micrb—analytic method.

The identity of the n-tetradecanedicarboxylic
acid prepered in the present research with that of
the Thepsic Acid obtained by Canzoneri (Ghzetta
Ghﬁmica,ls, 5§14) was proved beyond doubt by the
results obtained from the preparation of two
derivatives. First, the snhydride of the synthetic
acid was obtained by boiling a small quanfity of
the latter with excess of scetic anhydride. On
subéequent cooling and dilution with water an’
0il sepaerated which raepidly solidified

This/




This impure solid was then recrystallised from
ligroin and dried in a vacuum dessicator; the
melting point of the pure produ;;h%as found to be
71902 Further confirmetionii of the identity of
the synthetic and the hatural acids was scquired
by prepering the anilide and determining its melting
point;

In this preparation the synthetic acid was
heated with excess of aniline in a sesled tube at a
temperature of 180°Cc. The present author: found
that the time stated by Canzoneri wes not sufficient
to ensure complete coﬁversion, a much better result
being obteined by boiling for 4 hours then allowing
the experiment to stand overnight and finally boil-
ing for another 4 hours. The most satisfactory
method of isoclating the anilide was found to be
thet of extracting the contents of the tube with
ether, dilute hydrochloric acid being added to
dissolve out the excess of aniline. On subsequently
drying the ethereal layer and distilling off the
ether the anilide was obtained as a pale wiolet
powder which on recrystallisation from alcohol was
found to melt at 163°C. Since the melting point
of either derivative coincides with that obtaihed
'by Canzoneri from the corresponding derivative of
Thepsic acid there is no doubt whatever about the

identity of the two acids.
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IDENTIFICATION OF THE LOW BOILING ESTER.

The oily aqueous distillate collected during
steam distillation was extracted with ether éhd
the extract subjected to fractional distillation.
As & large proportion distilled between 210°C and
212°C it was collected separately and & series of
qualitative tests applied in order to classify the
compoﬁnd. On hydrolysis it wes found to décolourise
-potassium permenganate in aqueous solution, the
originel substance therefore can be relegated to
the class of unsaturated’ esters. Its boiling point

was found by the Smith method to be 210°C. These

results suggested the possible identity of this

substance as n heptene-cerboxylic ester.

Combustion:

(1) +1614 gm. ester gave °1557 gm. H_ O
and °4168 gm. C O,
H =1071% ; 0O = 70-.44%.

(2) ' +1760 gm. ester gave +1665 gm. H O

and «4556 gm. C O
H = 10°51%; C = 70+61%°
C H,¢ CH (CH.), COO C H,requires
H = 1059% and C = 70°60%

These/
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These results are in accordance with the suppos-
ition that the ester is n heptenecarboxylic ester,

a normal product of the electrolysis.
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LIMITS OF APPLICABILITY

OF THIS METHOD OF ELECTROSYNTHESIS.

The many synthesis alfeady achieved show that
electrolytic synthesis is applicable to most if not
all members of the malonic acid series; moreover,
the synthesis of azelaic acid as described in the
present thesis shows that the electric current can
be utilised for the building up of new ébmpounds
not only from a single substance in solution but
also from a mixture of two half esters of fatty
dibasic acids. This opens up the way to the
electfolytic synthesis of the odd members of the
dibesic acid series.

Yp to the present day it has not been possible
to apply this method to unsastured dibesic acids.
Shields (J.C.S. 59,737) made un unsuccessful
sttempted synthesis from hydrogen ethyl maleate.

Tt would appear that from unsaturated scids contain-
ing the éthylene union between two carbon atoms,

one of which is combined to & carboxyl group whose
hydrpgen is replaced by & metal, no synthetic
products ere formed by electrolysis, only simple
substances being obtained and thet these may be re-
gerded as oxidation products of the anion.

An/
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An attempt was next made to ascertain whether
an unsaturated half ester containing the ethylene#
grouping further removed from the carboxyl group
could not be made the basis of an electrolytic
synthesis, but it too failed to yield synthetic
products.

The present author conducted a series of
experiments in order to discover the limits of
electrolytic synthesis: resuits showed these to
be comparitively restricted and firmly fixed,
oxidation occurring with remarkable facility and
vigour, in many ceses the intensity being so great

that the molecule was completely smashed up into

= = ———

carbon dioxide and water. For example although
synthesis occurred during the electrolysis of the
fatty acids and their salts it failed when one of
the hydrogen atoms in theo( alkyl group was re-
placed by chlorine, sodium chloracetate being com-
pletely oxidised even in the presence of an equal
quantity of a strong reducing agent like a formic
acid.

Previous investigators had discovered that
aromatic acids behaved like unsaturated acids in
undergoing practically complete oxidation at the
anode and the following fresh investigations

yielded /
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yielded no more setisfactory results although they
| ehow the remarkable oxidising effect tﬁe electric
current has upon aromatic compounds under the most
diverse circurmstences.

A concentrated equeous solution of sodium
benzoate yielded no synthetic product; on electro-
dysis a precipitaté of benzoic acid and caustic soda
Separated while rapid charring occurred which con-
tinued even in the presence of sodium formete and
sodium acetate. Of the many acid and aikaline
reducing egents used in order to control the oxid-
ation sodium sulphite was found to be the most
successful, but success wes only relative for no
synthetic product was isolated. Electrolysis of
the benzoate in strongly alksline and strongly acid
solutions yielded only benzoic ecid; still, one :
noteble results was the fact that practically no
charring was observed when 10% sulphuric acid was
used as solvent. '

When the current was passed through e mixture
conteining 8 cubic centimetres of sodium ethyl
malonate end 2 cubic centimetres of sodium benzoate
en interesting result waes observed - charring was
modified, a‘ﬁrecipitate of benzoic scid was obtained,
but contrery to expectation no oily lsyer of diethyl

succinate separated:/




separated:! this seems to indicate a close connection
between electrosynthesis and discharge potential, the
‘|benzoate ion being discharged st a much lower potent-
ial than the malonate -one.

The same results were obtained when a 50%
S8O0lution of sodium salicylate was subjected to the
action of the electric current; under none of the
aforementiqned conditions wes it possible to obtain
& synthetic product.

Burnishing of the platinum anode to diminish
I'the surface ares had no appreciable effect on the
electrolytic phenomena; change of solvent was like-
wide useless, charring taking place with grest
repidity with.methyl elcohol; even the substitution
of the mobile solvent by a viscous one like glycerine
did not check the oxidation.

To ascertain the effect of the electric current
upon an orgenic compound conteining, in addition to
the dibesic fatty acid structure an aromatic grouping
in the’e position, the diethyl ester of Benzyl
melonic ecid was prepsred by reacting upcn sodium
ethylate in alcoholic solution with melonic ester
end then with benzyl chloride.

The desired product, which %&s distilled at 200°C at

14 millemetres of mercury was half ssponified in

ene stege,

on/
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On subjecting & 59? aquevus solution to electro-
lysis, charring occurred showing, that even if the
arometic radicle is situated on the fé carbon from
the ordinary point of _attack for the Kolbe.aynthesis,
it is not protected from electrolytic decompositiPn
end oxidation.

Investigators have concentrated upon the electros
lysis of the fatty acids and their ethereal derivat-
ives and, as before stated Murray discovered @hat
during the electroiysis of potassium acetate the
presence either of acid or alkali, even in com-
peratively small quantities, reduces the yield of
ethene. During the present research it wes found
that when glycerine wes used es a solvent in place
of waeter in potassium ethyl malonate electrolysis,
electrosynthesis occurred exactly aé in the case of
the squeous solution but the oily layer was slightly
diminished in volume; hence both in the case of
monobasic and dibasic acide the solvent affects,
though slightly, the ultimete products of electro-
lysis.

A remarkabléfresult wés obteined when & gold
spiral wés used s anode  and subsequently replaced
-by e platinum one after the currént hed passéd for
two hours. ©No oily layér appeared during the

electrolysis/
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electrolysis of a 50% aqueous solution of potessium
ethyl melonate when the gold anode wes employed.
When however, it was removed and the platinum one
substituted, on passing the current for enother
hour a well defined layer of yellow oil separated
on the surface of the electrolyte, the volume of
this o0il being 18% of the volume of the originsl
solution. This indicetes the vital part played
by the electrode meteriesl in electrolytic synthesis
end it is not without the bpunds of possibility
that a suitable material remeins yet to be discovered
whereby universal application of the Kolbe synthesis

may be achieved.




