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Abstract—An environmentally clean process was proposed for synthesis of thioglycolic acid by condensation
of monochloroacetic acid with sodium disulfide, followed by electrochemical reduction of the resulting

mixture.

Thioglycolic acid (TGA) and its derivatives are
used in production of polymers, drugs, pesticides,
dyes, flotation agents, and perfumes [1].

The known routes to TGA are based on reactions
of monochloroacetic acid (MCAA) in the form of
sodium salt with various sulfur derivatives. MCAA
reacts with sodium hydrosulfide in one stage under
H,S pressure of 5-50 atm; yield of TGA 81.0-90.8%
[2-5]. The reaction of MCAA with sodium thiosulfate
yields sodium 5-carboxymethyl thiosulfate; its hydrol-
ysis in the presence of oxidants affords TGA, yield
92-96% [6-8]. The reaction is sensitive to oxidants,
whose presence results ion formation of dithiodigly-
colic acid (DTDGA) as impurity [8]. DTDGA can be
prepared in a reasonable yield by the reaction of sodi-
um disulfide with sodium monochloroacetate [9] and
can be subsequently reduced to TGA (yield 98-99%)
on hydrogenation catalysts at 140°C and hydrogen
pressure of 50 atm [10]. DTDGA can aso be reduced
electrochemically (yield 80%) [11].

Thus, the known procedures for preparing TGA
either involve the use of high pressures or require
thorough protection of the reaction mixtures from
atmospheric oxygen. Taking into account published
data and the availability of starting compounds for
commercia synthesis, we chose the route based on the
reaction of MCA with sodium disulfide, followed by
electrochemical reduction of the resulting DTDGA.

MCA reacts with sodium disulfide as follows:
N&S, + 2CICH,COOH — HOOCCH,SSCH,COOH
+ 2NaCl.

First, we determined the optimal conditions for this
reaction: 70—-80°C, 30 min. Below 70°C the reaction

takes much longer time, and above 80°C by-products
start to form. Under the optimal conditions, the yield
of DTDGA is nearly quantitative.

Electrochemical reduction of DTDGA occurs with
the consumption of 2F of electricity per mole:

HOOCCH,SSCH,COOH + 2e + 2H* — 2HSCH,COOH.

According to published data, the reaction occurs
with a high yield in a sulfuric acid solution on a lead
anode; however, the process was not optimized.

For the success of the electrochemical synthesis,
TGA should be stable under the electrolysis condi-
tions. We have studied the behavior of pure TGA in
agueous sulfuric acid at 25-30°C and current density
of 200 A m™2. The amount and purity of TGA re-
mained unchanged after passing 2F of electricity per
mole. Similar results were obtained when a double
amount of electricity was passed in the course of
electroreduction of DTDGA (see figure). The maximal
amount of TGA formed remains unchanged after pass-
ing 200% amount of electricity relative to the stoichi-
ometry, with the optimal amount being 140-150%.
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TGA yield Y as a function of the amount of electricity
passed q (relative to stoichiometry). 20-25°C; current den-
sity 200 A m2.
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Table 1. Influence of the current density on the yield and quality of TGA. 20-25°C; 0.3 mol of DTDGA loaded; amount
of electricity passed 11.3 A h (140% relative to stoichiometry)

. i H 0,
RuN i ) Obtained, mol DTDGA con- | TGA yield, | Current ef- Content in isolated product, %
no. Am TGA DTDGA version, % % ficiency, % TGA DTGA

1 100 0.291 0.003 99.0 96.9 69.2 96.0 1.0

2 300 0.288 0.008 97.3 96.1 68.6 95.3 2.7

3 500 0.286 0.010 96.7 95.2 68.0 94.7 33

4 700 0.283 0.014 95.3 94.3 67.4 93.3 47

5* | 500-600 0.290 0.005 98.3 96.7 69.1 96.0 17

* Gradual decrease in the current density.

Table 2. Influence of temperature on the TGA yield and DTDGA conversion. Current density 200 A m=%; 0.3 mol of
DTDGA loaded; amount of electricity passed 140% relative to stoichiometry

Obtained, mol .
Runno. | T, °C TGA yield, % | Current efficiency, 9 | D10 conversion
TGA | DTDGA
1 2023 | 0289 0.008 9.3 68.8 97.71
> 4043 | 0290 0.007 96.7 69.0 97.3
3 6062 | 0288 0.007 96.0 68.6 97.7
4 7075 | 0285 0.005 95.1 67.9 98.3

To find the optimal parameters of the electrochem-
ical synthesis of TGA, we studied the cathodic reduc-
tion of pure DTDGA in 2 N sulfuric acid. The influ-
ence of the current density on the yield of TGA is
illustrated by Table 1.

As seen from Table 1, with increasing current den-
sity the DTDGA conversion and the current efficiency
by TGA decrease, which is due to water decomposi-
tion with the release of hydrogen. Electrolysis a a
low (100 A m™2) or gradually decreased (from 500 to
100 Am™ ) current density affords higher yield and
purity of TGA. At low current density, the electrolysis
takes longer time; therefore, the gradual decrease of
the current density is preferable.

We have studied how the reaction temperature
affects the process parameters and the quality of TGA
in the range 20-80°C (Table 2).

Table 2 shows that variation of temperature in the
range 20— 75°C has no appreciable effect on the TGA
yield. Slightly decreased yield at elevated tempera-
tures may be due to self-esterification of TGA. Thus,
the optimal conditions for the electrochemical reduc-
tion of DTDGA are as follows: i, = 100-400 A m2
T = 20-40°C, and amount of electr|C|ty 140- 150%
relative to stoichiometry.

We have studied under the same conditions the
electrochemical reduction of mixtures from the reac-
tion of MCA sodium salt with sodium disulfide. The
yield of TGA in the process was 92-97% based on
MCA, and the purity, 94-98%; the amount of waste-
water was 2-2.5 times lower as compared to pub-
lished procedures for TGA synthesis.

EXPERIMENTAL

The content of TGA in the reaction mixture and
finished product was determined by iodometric titra-
tion, and the total content of TGA and DTDGA, by
bromatometric titration in the presence of KBr in acid
solution. The DTDGA content in reaction mixtures
and isolated products was determined from the differ-
ence.

Electrochemical reduction was performed in a glass
electrolyzer with a ceramic diaphragm, equipped with
a dirrer and a heat-exchange jacket. A Iead cathode
was used; working surface area 120 cm?. Solutions
were prepared in double-distilled water.

A solution of 11 g (0.1 mol) of sodium disulfide
in 60 ml of water was addded to an agqueous solution
of 23.3 g (0.2 mol) of sodium monochloroacetate in
26 ml of water, heated to 70-80°C. The resulting
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solution was stirred for 30 min, according to [9]. To
the cooled reaction mixture, 19.6 g (0.2 mol) of con-
centrated sulfuric acid was added, and the solution
was subjected to electrochemical reduction at 20—
45°C and current_density gradually decreased from
500 to 100 A m%; 8 A h of electricity was passed.
After the electrolysis completion, the catholyte was
extracted with ethyl acetate, and the solvent was evap-
orated; 17.8 g of 95.2% pure TGA was obtained.
Yield 92.0%. The waste was a solution of 11.7 g
(0.2 mol) of NaCl and 14.9 g (0.1 mol) of Na,SO, in
80 ml of water.

CONCLUSION

The optimal parameters were determined and a
process was developed for the synthesis of thioglycol-
ic acid from sodium monochloroacetate and sodium
disulfide without isolation of intermediates. The yield
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of the target product is as high as 92-97%, with the
amount of wastewater being considerably reduced.
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