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THIOLBENZOIC ACID

HEistorical:

Thiolbenzoic acid has been prepsred by a variety of methods,
the most iwmportant of which heve been summarized by Calaway (1).
The most convenient method at the sresent time is Calavay!s
modification of a method first suggested by Engelnardt, Lat-
schinoff, and Malyschieff (£). The latter investigators pre—
rared the acid by the zddition of benizoyl chlouride to an alco-
holic solution of potassium suliide with subsequent asciditfication,

Since tne ethyl alcohol would tend to fors more or less
ethyl benzoate, Calaway suggested tnst a mixture of water and
acetone cogéisting of three voiwdes of the furier snd four vol-
umes of the latter be used as the solvent. The purpoese vl the
acetone was to decresse the rate of hydrolysis of the benzoyl
cnleride,

Calawey recommended that tuirty-five grams of hydrated
sodium sulfide (NaQS-SHBO) be dissolved in tre swallest possible
amount of the water-acetone mixture, fourteen graws of benzoyl
chleride added, the solution acidified, and the acid precip-

itsted by the addition of water.

Experimental:

Thiolbenzolce acid wes prepared by Calaway's metnod, bouth

(1) calaway, (Unpublished Thesis), Georgis Schiool of Tecinnol-
ogy, 1933.

£) Engelhardt, Latschinoff, and Malyschieff, Zeitschrift fur
Chemie, 184d, pp. 355y,
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2ALTS OF THIOLBENZOGIC ACID

Historical:

Engelhiardt, Latschinoff, and Kalyschieff (&) reported that
@ water solution of the potassium salt of thiolbenzoie acid
geve @ greenish yellow precipitute with cupric sulfzte. Upon
standing for s time, this precipitate became = bright red, and
benzoyl disulfide was obtained by extracting with carbon disul-
fide. 1In a private comwunication Dr. E. Smuet Reid suggested
that by analogy to copper xanthate the final product might be

cuprous thiolbenzoete,

Exgerimental:

In order to determine the idenitity of the rrecipitate, it
was prepared by addition of agueous cupric sulfate to & solu-
tion of the potassium thiolbenzoate purified as previously dis-
cussed. The precipitate so formed was yellow with no trace of
green, but a greenish yellow precipitate had been previously ob-
tained when s loss carefully purified sawpie of potassium thiol-
benzoate was used. The greenlsh color was probably caused by
the formwetion of cupric hydroxide or cuprie penzoate, both of
winicii are blue and insoluble. The blue preciplitate formed from
the free alkali or from a salt of benzoic scid would lmpart a
greenish tinge to the yellow precipitate of cupric taiolbenzoate,

The equations for the three possipvle resctions sre as follows:

it

Cuso, + 2 CuyHgCOSK (66H5COS)ECu + 80, (IX)

If

Cuso, + 2 XOH Cu(OH),, + K, 80, ( X))
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In an attempt to prepare the ethyl ester, elghty grams of
sodiwn thicibenzoate (338% excess) in ayueous solution were re-

fluxed with forty-one graws of ethyl bromide, The layers were

separated, and the non-syueous layer dried and distilled three
times at thirty-one millimeters pressure. A final frzcetion
was obtained, boiling at 142,5°-144,5° (corr.) at the above l
pressure, The bolling point of ethyl thiolbenzuate is recorded ;
in the literzture as 146° &t tie pressure aentloned. Tiae finsl

product welghed 8.0 grams, a yield of only 14.5%! Tne ester !
was redistilled at 740 mw, pressure, with a boiling pcint of
£45°-240%, uncorrected, being reised to 246°-248° when corrected J
for emergent stem. The bolling points recorded in the litera-
ture are: 241°-243° (2); 243° (1ll1); and =be°-2588° (10), The
latter value seems to have been yuite a careful determination,
sn Anscnutz tnermouweter heving been used woich was probably
much more accurate than the uncalibrated instrument used in
tils case. In an endeavor to obtain & better check, the tuer-

mometer was cnecked against & calibrated Anschwutz therwometer

e

at ten degree intervals in the range 240°-80°, At a thermon-

eter reading of ©40° tue correction was +7.4°., A micro boiling :
point wes then taken on the ester according to the method de- #
scribed by Shriner and Fuson (12), using the cslibrated ther-

mometer. The uncorrected builing point was £43,5°-244.5°, which

I

was reised by the correction factor 7.4° to 251°-£52°, checking

Vheeler's value feirly closely.

511\ Seifert, J. Prakt. Chem., (), 31, 471.
23 shriner and Fuson, Identificetion of Organic Compounds,
John Wiley wna 3ons, page 54,
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The isoamyl ester wes wmede by refluxing thirty-two grams
of godium thiclbenzvate in water sclution with £32.5 grams of
izoemyl broride for one and cne-hslf hours, The ester loyer
was separated, dried, end distilied twice at tiirty ma. pressure,
with & definite frection &t 177-¢° (corr.)., & micro boiling
point was taken as sbove, giving a velue of 27:-4°%, uncorrected,

8l-£° sfter the 8.2° correction was made, Ingelhardt,
Latschinoff, &nd Malyschieff (2) reported a boiling point of
271° for the isocamyl ester, The fact that their boiling points
for the ethyl snd iscemyl esters were both sovwe ten degrees low
suggests thst the stem correction wes neglected, It will be
noticed thet in each cese thelr value 1s within two degrees of
tlie uncorrected value recorced here,

Since the yields were very poor when a woter sclution of
the salt was used in the preparation of the ester, it wes ae-
cloed to use & solvent wihich would dissolve both the salt end
the elkyl nalide. Such & sclvent is ethyl slconul, but in tais
case there is denger of re-esterification of the tniol ester

by the ethyl slcohol &s showns:

I'e

C6H5COSR + Cﬁf ol = u<H5CGUCSH5 +  ESH ( XV )

In order to determine if tre re-esterificaticn would take
plece, thirty grawms of allyl bromide snd fifty-three grams of
the sodlwum selt were placed in ive hundred cc. of azlcohol
end refluxed fur twelve hours, After refluxing, the alcohol
wes cistilled off from the weter bath, “When the separstion of

g¢0lid began to ceuse buwmping, ether wes edded, the solid ril-
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teraed, the distilletion continued, sud the process repeatoed

uritil 511 the solic was reuwov:d,  The otie

H

was dautilizc, and

the residusl liculc aistilled tvice @£ ceven ws,, witn & fracticn

leX}
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et 120 B°-17l.B0, celgnirg 0.8 grews, £ 406,07 yield., The ester

sns redlistilied 2t 1E.5 v, pressurs
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gnG conblnued deepenlig as that
temperature wes weinteined. The uncorrected boiling pLoirt wes
260.0°-231 .57, nioh vies Teissc to D80,5%-0Gu.D% nnen tac T 8°
correcticon wes rpplied,

The beilileg polnt soows tnat tols Congouud coLld not
pors1bly be eltaner etuyl censuate forved o5 in egustion (A7),
sllyl veniovate, or ethyl thiovlbensuate, &s the boiling Loints
ol thiecs fnree conpounds are respectively sll=zey ol aid

2ol-2%,  Unseturstlion rs shumn by fthe resdy cecvlorizetion of

bromine weter snd potessiun pereengenste solvtlion,  # strong

guslitetive test for sulfur 5 obteireu. The fect toet tie m
bosling ,wint is scwe sinteen degrecs nigher tnanr tnot Tor the
etnyl ester adas te the evideunce thot 1t is the 2llyl ester of
tricibenseie sold, #8 in weny ceses (benluste, Cinnewste, 1so- !
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described by Fieser (12), a simyle medified procedure Lsang
crdinery anelytical balsznces veing used, For some reas 5011,
posslbly an error in procedure, four combustions failed to give
setisfretory results. No twe runs crnecked, and no run cuecked
the celeulated velue,

-
I E_Hlk}ther sttem E to roeve the luﬁ:ntlt‘ ot tf‘.i,f) cunpound
i i ¥ 2

a swell sample of it was refluxed for several nours witn oEa

potessiuw hycroxice soluticn:
LphHstG3k + 2 KOl = CghiglUul.  +  Hor  + FaO ( xVI

however, the hydrolysis wos only vertially completed, the reze-
tion being quite slow, Upon geldificaticn, extrscticn with
etner, and eveporstion of the etner, & white solid and o swell
amount of & yellow liculd were left., The former was identified
as benzole acid, In order to sevarate tue liguid frowm tne ben-

cid

s

zole s both were dissclved in & swmall excess of pCotassium
aydroxilde soluticn end the liquid distilled. pulligen (1)
svates that under these conditions the pOtassiun wercaptide
nyarolyzes and tne mfrcaptan dlstils. The wistillate nad the
odor of gerlic, snd gsve & wnite fluky precipitate upon addi-
tion of wercuric cihleride. The amount of tae rrecipitate wes
too smell to allow recrystollivation, and could not be identi-
fied as CH_=( Ch_uhgb] wnicn snould begin to decompuse st 1609,
2 <
However, the sepsretion of tne mercesptan I'rou thne penzolc acid

swemed Lo be lricomplete, #s the residue frouim toae alksli distil-

lation reteined ¢ yellow color.

§l“) Fieser, Experiments in Organic Chemistry, ,age #50,
14) Julllﬁen ibid., pege 17,
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In spite of thne fellure to urove deffinitely tict the zster
is allyl thlcioenzoate, there secews to be little rinson <o
doubt its ldentity, ss it wayg shown to be rn esher conteliing
sultur, st least one point of wisaturation, nd & penzene nu-
cleus, The buliing point elininsated allyl beusoste, ethyl

‘bemzuate, and ethyl thiclbenzouate os possitilities, leaving
allyl thiovlbenzoate =5 the only resmsiiiing pussibility,

i order to deterwmine il o thicl ester could be forwed by
tiie reacticn of & selt of trniolbensoic scid Upoll &l & Leyl
hallde using no solvent, 18,6 grems of potassica thicibenroate
and 16,7 grems of bansyl ciloride were rotluned for five hours
#t the boiling point of benzyl ehleride (17u°).  Tie mixture
was allowed to 2001, etier added, snd the solia 'ilterea, Xo
putessium tniclbenzoste rewnined in the recotion mixture, as
10 precipltete was furmeu uoun adolog cuprle scetate to & water
solution of tue resicusl solid. Ween the etucr wes distilleq,
end distiliation of tne resicusl oil sltzumpted under roeduced
pvressure, dirficulty wes encountered vecause of the excessive
ease wita wuich tone lowest Irecticn solidified in too appiratus,
ceusing clogging. Tie apparatls wes Siluplified sid tue watevial
distilled rapidly enougs to prevent soliaification, a1l being
ceught in one receiver, Three fracticns wore noticed, the low-
25t belng en slwost wunite solid, too second ci oralige ligula,
ord the highest belng & very smell smount of = heevy reu oil,
solidifying in the tube zs it distilled.

The solid fron tie rew 0il was recrvetellived from etner,

L3

°-lu?, b9 uneceryr

giving very pele yellow ncedles, welting ot 140

17

.‘,“-




18

Tnis wes probably tetraphenyl tiiophene (thionessal), wuich is
reported as wmelting ot 1od®.,  Fromw snd Sciamoldt (4) reported
that thionessal was forwed by the dry distillation of sodium
thiolbenzoate. The same effect &5 in the dry distilistion of
the szlt could very easily have been cobtained to & small ex—
tent, 2s the volume of the benzyl chloride was insuificient to
keep tne whole bulk of the potassiwa thiolbenzoate moistencd.

The fraction containing the wnite solid was separated by
aistilling at a sonmewhat higher gressure, as the boiling point
is furtner removed from the freezing point by sn incresase in

pressure. The remsinder of the mixture was then cdistilled at

L o pressure of five mm., ana an orange colored fraction obtailned
woich distilled between 183° and 15G° at tals pressure.

The white solid was recrystallized several tiwes frowm

etiter, but in ezch case the product had a wide welting range.
» ¥ 8 4

Registillation did not improve the product, However, when

F pretroleum ether was used as the recrystallizing solvent, a white
compuund cry.teilized in glistening needles, leaving benzoic
acid in the solvent, After tiree recrystallizations from petro-
leum ether, tnis compouns melted sherply ot 96.5°, with no

chiangce on further recrystallization. A determinstion of tue

boiling point by the micro method gave a value ol approximately

07° after applying the correction. It wes shown yualitatively
1Y 4

that the compound contained neitier halogen nor sulfur.
Atter the compownd melting at ou,5° stood for some time,
its wmelting point was no longer snarp, but ranged up to 115°,

Sodium hydroxide then extracted bensoic scic fruw tie solid,

l‘h...........-...........----.--.------------IIIIIIIIIIIIIIIIIIII



leeving o wnite residus elbting ot

(b 1r4e

?_.J
-
i
b
-
=
k=i
’,.m
——

A g

Leddiy [T ifi ¥

LI G

R I
net serve well

. e -
ja M n e
A0 De .l Td

teilozning Tor thils

Ty

AT PSR (Y R ST

ire goeod yield, Tres ITol Dy— L louuc b



http://ai.iou.ts

ﬂ 20

CONCLUSIONS

(I) The sodium salt of thicvlbenzoic seid has been prepared
I'rom benzoyl disulfide in imiroved vield {eighty wercent), by
the action of metallic sodiwm in dry toluene.

(11) 1t hizs been shown, both by analysis and by comparison
to cuprous thiclbenzoate prepared directly, that cupric thiocl-
benizoate is converted sponteneously into cuprous thiolbenzoate
upon standing, torming slso benzoyl disulfide,

(II1) Eighteen other metallic ions were added to soluticns of

potassium thiclbenszoste in an effort to obtain asnother salt
which wndergoues o change similsr to that exhibited by cupric
thiclbenzoate, hone were found which underwent rearly zs rapid
ur &s coumyplete changes,

(IV) The known etiiyl and isoamyl esters of tuiclbenzouic acid
were prepared, The boiling point of the etiyl ester cnecred
with tnat reported by *heeler. The bulliing point of the iso-
sliyl. ester did not check with that reported by Engelunsrat,
Latseninoff, and Melyschiefr,

(V) The 21ilyl and benryl esters of thiolbenzuic acid were
Jroparad,

(VI) 1t wes shown that in the reaction between sodium thiol-
benzoste snd slkyl nalides & poor yvield is obtsined if no sol-

vent 1Is used, tnst s sligntly pvetter (thougs still less than

15%) yield 1s obteined if wa*s=> is used ss toe soivent, and .

07}

that & still bett=r (sbout 45) vield is obteined if etnyl

alcohol is the solvent, |




