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[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY OF THE UNIVERSITY O

TORONTO

THE ACTION OF A SOLUTION OF POTASSIUM HYDROXIDE IN
ALCOHOL ON OXALIC ESTERS.

Ry ( Qua o D. McLAgs

One method of preparing the monoalkyl esters of dibasic acids is by the

treatment of the dialkvl esters with the calculated amount of the alcoholie

solution of potassium or sodium hydroxide, the reaction being represented

thus
COOR COOK
KOH + ROH
COOR COOR

Jut it is clear that we might expect the results in some cases to be repre

sented thus
COOR COOK COOR
2KOH t + 2ROH
COOR COOK COOR

salt and

and, in other cases, the product might contain both dipotassium

the potassium alkyl salt
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Experiments were made with the esters of a number of dibasic acids.
The ester was dissolved in the corresponding alcohol and the solution of
potassium hydroxide in the same alcohol added in the proportion of a
little less than one formula weight of potassium hydroxide to one formula
weight of the ester. The precipitate, which usually began to appear after
a few cubic centimeters of the alkali solution had been added, was filtered
off, washed with the alcohol used and dried at 100°. This precipitate
was analvzed by boiling with an excess of standard potassium hydroxide
solution for about one and one-half hours, using a reflux condenser, and
titrated back with standard acid, using phenolphthalein as indicator

Oxalic esters gave practically pure potassium alkyl oxalate

Tartaric esters gave potassium alkyl tartrate and a little dipotassium
tartrate.

Succinic esters gave potassium alkyl succinate and considerable di
potassium succinate

Phthalic esters gave dipotassium phthalate only.

Experiments with sodium hydroxide gave, in some cases, precipitates
which would not crystallize and the reaction of oxalic esters with potassium
hydroxide was selected for further study. It was found that for obtaining
pure potassium alkyl oxalate from a dialkyl oxalate it is better not to use
a very dilute solution of the ester, not to raise the temperature of the
solution, and to use noticeably less than the calculated amount of po
tassium hydroxide

Saloman' noticed that if ethyl oxalate be treated with a solution of
potassium methylate in methyl alcohol the product was potassium methyl
oxalate and he suggested representing this reaction in two stages

(8]
COOC,H; <
H,0 0O 4 2CHOH
COOCsH, 4
0
()
C¢ COOK
>0 + KOCH; =
C4 COOCH,;
(8]

Saloman’s experiment was repeated, using an alcoholic solution of
potassium hydroxide. Ten grams of diethyl oxalate were dissolved in 50 cc.
methyl alcohol and 8¢ cc. of 0.767 N potassium hydroxide solution (in
methvl alcohol) added, drop by drop, with constant shaking, the tempera-
ture being kept about o This was the only case where it was found
necessary to work below room temperature. ‘T'he precipitate was washed
with 50 cc. methyl alcohol, dried, and titrated as shown above. The re-
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ACTION OF POTASSIUM HYDROXIDE ON OXALIC ESTERS 150§

sult of the titration showed the precipitate to be potassium methyl oxa
late. Solutions of potassium hyvdroxide in other alcohols were used with
diethyl oxalate and also with other oxalic esters and the results are given
in T'able 1.

TasrLE 1.—ErrecT oF KOH oN OXALIC ESTERS

Diethyl oxalate Dimethyl oxalate Diisoamyl oxalate
Solvent nt I t
alcohol Result ol I ult alcohol Result
Methyl K methyl oxalate Ethyl K ethyl oxalate Methyl K methyl oxalate
Propvl K propyl oxalate Propy! K propyl oxalat Iithyl K ethyl oxalate
Isoamyl K isoamyl oxalate Isobutyl K i utyl oxalate Propyl K propyl oxalate
Isoamyl K isoamyl oxalate Isobutyl K isobutyl oxalatg

In every case the oxalic ester when treated with slightly less than the
calculated amount of potassium hvdroxide in alcoholic solution gave a
prectic 1y pure potassium alkvl It in which the alkvl corresponded

her experiments showed that if mixed

to the alcohol used as solvent. Furt
alcohols were used as solvent the product consisted of the two potassium
alkyl salts corresponding to the alcohols used

a) Dimethyl oxalate with potassium hydroxide in a solvent consisting
of ethvl alcohol and acetone in equal proportions gave potassium ethyl

oxalate

Dimethyl oxalate was dissolved in ethyl
hours, the alcohol was evaporated and the remaining ester was pure, un
changed dimethy] oxalate

Some solubility determination ere made at room temperature with

the following result

100 cc. methyl | | 100 th leol | )
pot 1 methyl I 1 n 1
‘ 1 | ( 1 | '} 1 \ L}
16 1pot 1 it t n (
I'he precipitation of pot i kvl oxalate rather than dipotassium

oxalate 1s not due to greater insolubility of the former and, also, the pre
cipitation of potassium ethyvl oxalate rather than potassium methyl oxa
late from ethvl alcohol solution lue to greater insolubilit i the
potassium ethyl oxalate
It would be possible to represent the reaction we are consideri n
Y}\I“ wavs
COOC.H COOK COOK
I » >
COOC.H COOC.H COOCH
COOC.H COOCH COOE
» >
COOC.H COOCH COOCH
COOC,H COOC.H COOl
> >
COOC.H COOCH COOCH;




1

dimet

better representation we might expect to find
oxalate or methvl ethvl oxalate in the residual dialkyl
when considerably 1e

than the calculated

ester
imount ol pota

ium hvdroxide
olution is used
our ce. diethvl oxalate were dissolved in 1o ce. methvl aleohol and to
thi 1s added 2 ce. of 0.769 potassium hydroxide solution in methyl
Ucol but no precipitate was obtained although it s left for several
hour I'he alcohol is allowed to evaporate at room temperature and
the dialkyv] ester extr ted ith Horolorm I'he oil residue obtained
W NOt tl hlorofor t1 1 temperature might be diethvl
( | liet] 1 1id dimethyl late or diethyv] oxalate and methvl
etl L 1 t be dime | « ( the meltn omt
{ | is residi 1s titr | ar ¢ results indicate
Q! late | ot 11 1 ¢
{ \ Q 1 | .
le T1 t lat | CT1C | perimet 1 | rvit
it ium hvdr le in methyl )
1 | tl c. ethyvl oxalate 11 N | 1n methvl al 101
| ( 1 ed Id re re of the pota
x1cle m to completel rt it to pot i kvl oxalate and
t lution used is expresse the first 1 i the tab
I 1 I ( I ivert the diethyl
te t ‘ { exp ‘ { ri
( | ter t T limethyl oxalate the analvse
t O ¢ 1al 1 rpr d it ¢ proportion
i ] 1 diethy] oxalat I these peat the last
I'he ere done in duplicate | 1 1 ket
vi O | leth \
I
I { th ¢ ¢ W1 ¢ 1¢ I 1
: p i oxide mvert l1et | ¢ into dimethvl
late that the limet rmed depends on the
LT t of 1sed I'his 1 tion i mpanied by
mother re PO m methvl « lat [ t he
last exper ( R.5 cc. of the potassium hydroxide
olutio Id have been complete conversion to
ot uld ha e¢en the conversion of di
methyl late and not of diethvl oxalate to potassium methvl oxalate
I'he two stages of the reaction are, therefore, represented as first, the
ch of diethv] oxalate to dimethv] oxalate and, second, the hange of
1i I oxalate to pota

inm methvl oxalat 1hove




\CTION OF POTA IUM HYDROXIDE ON

Since experiment on page 1805 showed that an oxalic ester is not

converted to a different ester by treatment with another alcohol, the change

must take place under the influence of the alcoholic solution of potassium
hvdroxide or, possibly, the potassium alkyl salt first formed acts as a
catalyzer I the reaction

Potassium ethyl oxalate was added to ethyl oxalate dissolved in methyl
ilcohol and, after a few hours, the dialkvl ester was found to be unchanged
diethv] o late

In olution of potassium hvdroxide in methyl aleohol 1t ma W Con
idered potassium hvdr e d um cthvlate re i o« |
| 1 \ddition of rtot I disturb t [ 1
forn more pot ium hvdr le Hencee, t wddh ) et 1
potassit lroxide 1 | r r |t iad
( 1 0O | ¢ ( ( | 1

[ 101 {
le TIT contains the result eriments i { lution
I hvdr ¢ in met | 1 f
| t1 m | 1 ¢ ¢
t meth ution of the potassi ind the methyl
Icohol ( 1 thyl e so diluted with er
| ( t i
| | 1
(

I'able TIT she it under t 1t en 1 I 1
hydroxide dissolved in meth leol limeth ate 1 1
when water is present and that the mor ris present the |
oxalate 1s formed It ust be considered that the potassium methvlate
rather than the pota n hvdroxide is the influence causing re

I'he last two columns which record experiments in which the alcohol
was diluted with acetone instead ol iter shows a smaller production of
dimethyvl oxalate than when pure methyl alcohol was used but a much
greater production than when the alcohol was diluted with the correspond
in;r amount of water
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The results of these experiments have been represented graphically,
using as one axis the amount of potassium hydroxide solution used (ex-
pressed as the percentage of the amount necessary to completely convert
the diethyl oxalate to potassium methyl oxalate) and, as the other axis
the percentage of dimethyl oxalate found in the residual dialkyl ester.

KOH
80 3 Ll [ T T T [ |
[ o
70\ L/ 4 | } } ! {
¥
v \ -
= s - |
604 AR ! v | - h
| F 9
0 |
[ o [
50} — IR ) 1| |-
[
a1 / :
40} 0 do —
1 |
b e e t {
30— Vo ot } ! ft !
| @ 4 4 1 8 ! - -
A ¥ n€ + |
I !
20 |—E o - T S - |
. | i [
¢ e I ‘,4! s + 4 W
[ |
- |__lert ) al | | ==
10} v : tethy! ‘
oFot—1—] | 0 s ! R
3 (| | ‘ \dimethyt
/10 ; 3 40 37 &80 7 80 90 a0 Oxalale
Saloman's representation of this reaction need not be seriouslv con
sidered It would be better to assume the formation of an addition com

pound of the ester with the potassium alcoholate, but, with the informa

tion at present available, it is not thought that this would help in the
study of the reaction

Summary.
1. Dialkvl oxalates, when treated with slightly e than the calcu
lated amount of potassium hydroxide in alcoholic solution, give a prac

tically pure potassium alkvl oxalate in which the alkyl corresponds to the
lcohol used a olvent
\ few solubility determinations were made which indicate that the
results obtained in these experiments do not depend on the relative in
solubility of the possible potassium alkyl salts
3. If much less than the calculated amount of the methvl alcohol
solution of potassium hydroxide is used with diethvl oxalate the residual
dialkyl ester contains an amount of dimethyl oxalate which depends on

the amount of potassium hydroxide solution used




HALOGENATION. XI 1809

1. The change from diethyl oxalate to potassium methyl oxalate is
represented as, first, the change of diethyl oxalate to dimethyl oxalate and,
second, the change of dimethyl oxalate to potassium methyl oxalate.

5. The presence of potassium ethyl oxalate in the solution of diethyl
oxalate in methyl alcohol does not cause the formation of any dimethyl
oxalate.

6. If the solution of potassium hydroxide in methyl alcohol be said to
contain potassium hydroxide and potassium methylate, the potassium
methylate is a stronger factor than the potassium hydroxide in causing
the change from diethyl oxalate to dimethyl oxalate

These experiments were done under the direction of Professor I, B. Allan

and it is proposed to continue them using solutions of other alkalies




