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Introductlion:

Thiolbenzolec acid {C HZCOSH) has long been known,
but little work has been done on it since 1910, The
amount of work done before that time does not seem ade-
aguate when we conslder the signlficance of a simple
method of preparing this acid. BSuch a methoed would
prove to he the basgisg for numercug researches on sub-
gstituted thlolbenzolc acids and theilr derivatives., The
purpcse of this paper is to describe efforts toward pro-

duction of thioclbenzolc acld by new methods,

Higtorical:

Thiolbenzolc acid (1) has usually been prepared
by action of benzoyl chloride on alccholic potassium
hydrosulphide. This method of Kym has been regarded
as the best method of obtaining the potasgsium salt,.
The free acid may be obtalned by dissolving this salt
in water and adding dllute hydrochloric acid.

Cther methods of preparatlon are; by the action
of benzoyl chloride on an alcoholic solution of potas-
sium gulfide (2); by the action of carbon oxysulfide
on phenyl magnesium bromide in ether (3); by shaking a
solution of benzoyl chloride in water-alcohollic potash
with sulfur (4); by boiling benzoic acid-phenyl ester
or henzolc anhydride with alcchollic potassium hydro-
sulfide (5); by the action of benzoyl disulfide on al-
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cohollc potassium hydrosulfide (6); by the action of a

water solution of potash on a boiling alecoholic sgolution

of benzoyl disulfide (7); by dissolving tanzoyl disul-
fide in an alcoholic solution of potassium hydrosule
fide (8}; on the addition of amnonia to a solution of

dibenzoyl disulfide in chloroform (9).

Experimental:

For purposges of comparison thiolbenzolc acid was
prepared by the method of Kym (1), An =lecoholic sol-
ution of potassium hydrosulfide was mede by passing
hydrogen sulfide gas in excess through a ccld aleohols
le sclution of 20 grams of potassium hydroxide. To
thie solution 2D grams of benzoyl chloride were added,
the precipitated potassium chloride filtered off and
the flltrate evaporated to dryness on a water bath.
The crude potassliun thiolbenzoate, 28 grams, was dig-
golved in the least possible amount of water and the
free acid precipitated by the addition of (3 N) hydro-

chloric =014, The eaoustisme are:

Pea. -cPsK
O + KSH — O + HQL

O na— (J7+ ko

The vanlolbensosic acld comes down ag a yellow oll
which solidifles in the cold and melts at 24°. One

troutlsgome thing about this nethod is tne ready oxide-

(T)
(1)
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ation of the acld to benzoyl disulfide, as shown by

the fellowing equation (1C):

f,o Y
0 O_GSH._{_,;: T O‘%‘”%O + H,0.

For this reason it chould be kept cut of contact with
ailr as far as poscitle. This method 1s not entirely
gatisfactory as a means of preparing thiclbenzoic acid,
Sodium salts should be used instead of potassium, An
oblection to the use of the zlcohol is the formation

of more cor less ethyl benzoate,

The reduction of benzeoyl disulfide:

Bince benzoyl disulfide has been prepared by a
gimple method (1C) the reduction of this substance wag
suggested as a pessible means of preparing thiclbenzoic
acid., A quantity of benzcyl disulfide was vrepared ac-
cording to the method of Hitchell (10). 24C grams of
crystalline sodium sulfide (NagS+9Hp,(C) were dissolved
in 14C grams of water, 32 grams of finely powdered
rhombic sulfur added, and the mixture warmed until all
was dlssolved. The resulting reddish sclution wasg sod-
ium disulfide (NapgS;)}. The solution was kept at a tem-
perature of 30° while 260 grams of freshly distilled
benzoyl chlcrlde were added, with Intense mechanical
stirrinz. The crude penzcyl c¢isulfide separated out at

once (1C). The =quation for thie preparation is as

(L)



followsg:

2, 069&4- NoiSa — O“@‘S'S‘E‘O F 2 Neat. (IX)

0

The purity of the substance was increased by flltration
and washing with aqueous (3 N) sodilum hydroxide. The
benzoyl disulfide so prepéred wag uged 1ln subsequent
attempts at reduction to thiolbenzole acid.

Several acld reducing mixtures were tried, namely:
iron turnings ancd dilute acetle aclid; iron turnings and
dilute sulfuric acid; granulated zinc and dilute acetic
acld; granulated zinc and dilute sulfurlc acid; tin and
dilute acetic acid; tin and dilute sulfurlc acid.

The sample of benzoyl disulfide was placed 1n &
flasgk fitted up for steam distillation, and the reducing
mixture to be studled added. Steam was then blown
through the mixture, Thlolbenzole acld, being volatile
in steam, pasged over, The yellow, oily drops of the
acid were extracted by dissolving in ether, The water
portion of the dietlllate was then shaken with ether
to remove any small traces of the thiol acild., The
ether was then evaporated, the thlolbenzole acid
welghed and the yield calculated. The equation for

this reduction 1s as fellows:

0
&) « 20 — 2 (o0 (D)
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With all acid reducing mixtures triea the yleld wasg
disappointingly small. Several runs were made using
the aforementioned combinations of acids and metals.
Iron and c¢ilute sulfuric acid gave an average yield of
about 10 per cent, Zinc and dilute sulruriec aciq gave
a slightly smaller yield, 9 per cent being the average,
Lthe same metals with dilute acetic acid yielded about
3 per cent less than with dilute sulturic acig. I'in,
with both aclids, gave only traces of thiolbenzoie acid.

Resulte are glven in the tollowing table:

Acid recucing B. disulfiae ihiol acid” Per cent
mixture {grams) {grams) yield

Fe+HAc 5 0.38 7.6
Fe+HgS0, 5 0.52 10.4
Zn+HAc 5 0,32 6.4
Zn+HesO4 5 0.47 9.4
Sn+HAc 5 traces

Sn+Hp 80 5 traces

“The figures in the third column represent the average

yield for five runese.

From the yields obtained it 1s readily seen that this
method of preparation of thiolbenzoic acid is not satw
tafactory,

Reduction of the benzoyl disulfide in alkaline

golution was tried. With such a reaucing mixture the



~E-
thicolbenzeclic acid would remein as a g2lit, Hence the
dlsulphide and the alkaline reducings aixture were
belled in a flask with a return condenser, When the
digulfide diegsclved the solution was filtered and
aclaified. The alksline reducine agents used were
zine and caustle soda, and arsenious acid with excees
of strong ceustlc seda. The reaction wasg expected to

take place in this manner:
--C-S"S"E‘ NooH -C"'E'Ea-l\-lw .
é C Z e : (IL)

Acidification of the scdium thiolbenzocate would give

the free acid, As shown by the ecuation:

L0 ~O_
O. =&-No. HCD —7 O-c.—s H + NolL. (SZIL)

The results of thesge investigations were disappointing.
The addition of hydrochloric acid gave, instead of the
expected thiolbenzoic acid, a bulky, flocculent, pre-
cipitate of benzoic acid. Traces of thiclbenzoic acid
were notlced but the greater bulk of the precipitate
wag benzole acid, Varying the concentration of the
hydrochloric acid added did not affect results to any
noticeable extent, More than a dozen runs were made
using sodlum hydroxide and zinc dust as the reducing
nmaterials and in no case was an appreciable amount of

thiolbenzoic acld formed,
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Upon acidification traces of sulfur were found in
the mixiture and some hydrogen sulflde was evolved. The

following reaction is recorded in the literature (11):

00 JO
~C-§-S-C - . ok
Oa, i () raxon— () 5“+O "6+ H,0. (vm)

According to this reaction only one half of the disul-

fide molecule would be converted into sodium thiolben-
zoate 1f 1C0 per cent yleld were secured. Actual
regults, however, showed that the greater part of the
final product was benzolc acid, a reaction difficult
to explain. It was first thought that sodium thiol-
benzoate was formed, and when hydrochloric acid was

added the following reaction took place:

O 0
C~S-Na. -C"0-H
O +HQ +H,0 — O + Na.Cl + H.9. (.E)

Later results showed that a water‘solution of sodium
thlolbenzoate does give the thiol acid when hydrochlor-
ic acid 1s added. The obvlious conclusion would seem
to be that sodium thiolbenzoate is not formed in any
quantity, but that sodium benzoate is formed instead.
After repeated trials this method was abandoned as a
meansg of preparing thiolbenzole acid.

1he next method tried was suggested by the work
of Moses and Reld (12) on the action of sodium on

alkyl disulfides. They found that sodium would, in
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gome cases, react with alkyl disulfides in the tollowing

manner:

R-5-5-R + LNa — 2 R-5-Na . (x)

It was thought advisable to study the effect of
godium on an alcoholle solution of benzoyl disulride.
Absgolute alcchol, sodium and benzoyl disulfide were
shaken together in a small flagk, The solution turned
reddish=brown in color; this change evidently being
due to the formation of sodium thiolbenzoate which is
soluble in aleohol. +this solution was then svaporated
to dryness, the red-brown resldue dissolved in the
leagt poesible amount of water and aciaifiea with
hydrochloric acid. Thiolbenzolc acld was formed at

cnce, The reactlons are:

OE5550) + ane — 2 (SN . @@

o-N P s-H
g™ + wa — O“" HaoNe . ()

To get some idea ot the yleld or thlolbenzole acid
runs were made using approximately four grams ot benz-
oyl disulfide in 10C ce, of absolute alconol with ad-
dition ot sodium until the color ot the solution re-

mained unchanged. ‘The results are shown below:
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hé‘ B dlsg;zigsLiiﬂgﬁlﬁl ihiol ascid {grams) % yield
: - 0162 2.9062 72
% *.cc67 2. 2257 56
’ ecese 2.5076 55
) #0059 2.2596 56
- e 08s 2.2130 55
In th

e laat iour 4
NS showy in tne table the yiela or
thiol aciu wa ™
8 apyPOXimately 56%. The rirst yieid or
72% gsemed to pe an e

¥Cebiion anu was not cousiacred

in caiculating the BVerage yielg

To prove that the supbstance preparsd By this aeth-
°d, and By the reductygy . benzeyl disulfide in acid
golution, wag thiolbeanic acld it wag compared with
the thinl acig obtained bY the method of Kym (1). A1l
propertiee were 1dentica1. The tiue molecular welght
of thlolbenzoic acig 18 138,31, The molecular weight
of the suspecteq thiel &cld was obtained by the freez-
e point lowering 1ethod using m-dinitrchenzene as
the solvent., The TESUL bip,

true weleht within g lim

(%1
=

el

¥
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nt, 1%6,1 checked the

I

1te of experimentzl error,
The substance wye
- 2 oxigs .
dlzed apg benzoyl cisulfide was
formed,

The squaticon for thy
L 1 oy . & -
% Teacticn has peen clven as
number {IT1},

The disulfide go
Obtaineg Was icentified by its melting
volnt and pronert .
nettles, “he thicl acid was found Lo be
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very goluble in alechol and ether, and relastively in-
gcluble in water, It was readily volatile in steam.
The odor was very characteristic and exceptionally un-
rleasant. After purification the melting point of the
product checked exactly the M. P. of 24° given in the
literature for thiolbenzole acid, Wheeler (13) found
that when thlolbenzolc acid wasg treated in the cold
with aniline, benzanilide was obtalned cquantitatively
and hydrogen sulfide evolved according to the folleowing

equation:

0
- “NH G-
OGSH* ONL#—-?O?)HO ¢ HS. (XTL)

Identlcal rssults were gsecured with the thiolbenzoie

acld prepared from benzoyl disulfide.

The action of sodium sulfide on benzoyl chloride:

Since thiclbenzoic acid has been prepared by acld-
ification of a water solution of sodium thiolbenzoats,
and slnce we have been told that benzoyl chloride
hydrclyzes only slightly with cold water, it seemed
reasonable to expect a good yield of sodium thiolbenz-
cate when a water solution of sodium sulfide reacted
with the proper amount of benzoyl chloride. If this
reaction would take place we would have a direct method
for preparation of thiclbenzoic acid, since acidifica-

tion of the sodium salt gives the free acid,
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This reaction has been carried out by Mitchell
(1C), who founa that acidification of the supposed
éodium thiolbenzoate gclution gave only traces of the
expected thiol acia and large quantities of benzoic
acla. the same reaction was carriea out and results
ldentical with those of mitchell were gecured, 35 grams
of godlum sulfiae were dissoived in 70 cc. of water and
14 grams ot benzoyl chlsride added, with intense mecn-
anical stirring. When thils reasction was complete acidg-~
1fication of the resulting solution gave benzolc acid
in large quantities along with tracesg of thiolbenzoic
acid. Thig reaction was repeated several times with
the hope of cbtaining some explanation for the unex-
bected results, The temperature was kept low in each
case since benzoyl chloride hydrolyzes readily in hot
water, The reaction proceeded very slowly since there
was little contact surface., The benzoyl chloride
formed olly drops in the mixture hence expesing only
the surface of these drops to the scdium sulPide solu-
ticn,

Because the reaction occurred slowly and was rap-
tdly stirred, it was thought that mcore znd more benzoyl
chloride was hydrolyzed as the contact surface wag in-
creased by breaking up the drops of the acid chicride,
Since the solution was alkaline the final product of

the reaction would be sodlun benzcate, the acidifica-
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tion of which would give benzcie acid, The reactions

would be:

-c"9co. ..c"‘(.)o-Na.
+ NeOH ——y + Mo (m)

-6904h. -Ceo-H
O +HEQ —— O +Na CO, | (_X__AT_)

An alcohol solution of benzoyl chloride and
godium sulfide reacts readily to form sodium thiol-
benzoate. The alcohol is objJjectionable in that 1t
forme more or less ethyl benzoate with the benzoyl
chloride,

A search was made for a solvent that would disg-
golve both sodium sulfide and benzoyl chloride, but
would not react with them. It was believed that such
a golvent would cause the reacticn to take place as
deglred and would prove the factor necesgary to make
thie reaction a good method for the preparation of
thiolbenzoic acid. A water-acetone mixture was found
to give the desired results,

35 grams of sodium sulfide were Gissolved in the
least possible amount of a water-acetone solution (4
volumes acetone to 3 volumes of water) and 14 grams of
benzoyl chloride added. The solution turned brown at
once and acidiflcation gave thiolbenzoic acid, Thie
aclid is soluble in acetone but was thrown out of sol-
ution as water was added. The yield of thlol acid was

guite satisfactory as resulits given below would indi-
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cate:

No. B. Chloride {(grams) Thiol acid (grams) % vield

1 14 11.21% 81
2 14 12,197 89
3 14 12,321 89
4 14 12.246 89
5 140 140, 95

S8ince excess sodium sul fide wag uged the first action
with acid was the liberation of hydrogen sulfide gas,

Hquations are as follows:

C‘OCE dﬁg No
() + Na,5 —> () + Nace . (X¥I)

P -Na. .
()c-su - HOL — c SE**-Nmtﬂ- CEEﬂD

Conclusions:
(1) Thiolbenzoic acid has been prepared by the reduc-
tlon of benzoyl disulfide with acid reducing mixtures,
The yield of thiol acid (10%) was very small,
(2) No appreciable amount of thilolbenzolc acid was
formed in the reaction between zinc, caustic soda, and
benzoyl disulfide, Similar results were obtalned using
arsenious acld with caustic soda &g the alkallne reducing
medium,
(%) 8odium thiolbenzoate has been prepared by the
éction of sodlium on an aleccholic solutlion of benzoyl di=-

sulflde, Acidiflecation of this salt gave the free acid,
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The yield was S6%,
(4) The sodium salt of thiolbenzoic zeid has been
prepared in & simple and direct manner by thea ¢tion
of a water-acetone solution of scdium sulfide with
benzoyl chloride. The yleld of the free acid by this

method varied from 89 to 95%.

Buggestlions for further work:

Two of the procedures outlined in this paper have
broven good methods for the preparation of thiolbenzoic
acld, The laat named is superlor in that it is 8lmple
and has given good yilelds of the acid., It wag planned
to carry out a number of reactions of the acld but
lack of time forced its postponement.

It 18 guggested that the esters of thioclbenzoic
acld be prepared either from the Dotasgsium galt or the
sllver salt, The silver salt should be particularly
useful for making esters from the higher alkyl halides
from Cyo on up.

Another experiment to try would be the coupling of
phenyl dlazonium chloride with the thlolbenzoic acid.
The product should be bhenyl thiolbenzoate which is a
crystal solid melting at 56°. The hydrolysis of this
would give thiophenol, which is rather difficult to
prepare otherwlse, If this should work well with gooed

Yielde we would have a good method of Preparation which
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