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The oxidation of thiobenzanilide with phenyliodosodiacetate in ether was
investigated. It was found that when the oxidation was carried out in the absence
of water, depending on the molar ratio, bis(a-phenyliminobenzyl)-sulphide or
bis(a-phenyliminobenzyl)disulphide was obtained as a the final product, and in
the presence of water benzanilide was obtained.

Various oxidizing agents have been used so far to oxidize thioamides. It
has been found that different oxidation products can be obtained depending on
the employed agent, the reaction condition and the nature of the thicamide itself.
A detailed review of the pertinent studies up to 1961 has been given by Hurd
and DeLaMater!. The period up to 1971 has been reviewed by Petrov and Andreev?
and a number of more recent papers3-18 also deal with the oxidation of thioamides.

The aim of our present investigation was to study the oxidation of thiobenz-
anilide (1) in ether, both anhydrous (in the presence of acetic acid anhydride
or anhydrous sodium carbonate) and containing water in various molar ratios.
To the best of our knowledge, phenyliodosodiacetate which we used as an oxidizing
agent, has not been employed as an oxidant for thioamides. When the reaction was
carried out in the presence of water only benzanilide (2) was formed
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Whereas in the absence of water depending on the molar ratio bis(«-phenylimino-
benzyl)sulphide (3) or a mixture of bis(«-phenyliminobenzyl)-sulphide (3) and
bis(x-phenyliminobenzyl)disulphide (4) were obtained.

According to the views found in the literature, the formation of benzanilide
(2) by the oxidation of thiobenzanilide may proceed either via thiobenzanilide-S-
-oxide? (5) or via bis(«-phenyliminobenzyl)disulphide2 (4).

We have, therefore, studied the oxidation of these possible intermediates
by phenyliodosodiacetate under the same reaction conditions as those employed
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in the oxidation of thiobenzanilide (1) itself. It was found that thiobenzanilide-S-
-oxide (5) indeed gives benzanilide (2) when the reaction is carried out both in
the presence and absence of water,

Ph—C—NH-Ph PhI(OAc) Ph— C—NH-—Ph
Ii ether il
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whereas bis(a-phenyliminobenzyl)disulphide (4) was oxidized by our agent only
to bis(a-phenyliminobenzyl)sulphide (3) both in the presence and absence of water
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It could, thus, be concluded that bis(e-phenyliminobenzyl)disulphide (4) could
be excluded as a possible intermediate in the formation of benzanilide (2) under
our experimental conditions.

The given results show the possibility that thiobenzanilide-S-oxide (5) is an
intermediary in the formation of benzanilide (2), although we were unable to
isolate or identify it in any case.

Also we can accept thiobenzanilide-S-oxide (5) as an intermediary in the
oxidation of thiobenzanilide (1) to bis(x-phenyliminobenzyl)disulphide (4) respec-
tively bis (a-phenyliminobenzyl) sulphide (3). This can be concluded from the
results in the reaction between thiobenzanilide-S-oxide (5) and thiobenzanilide (1).
It was found out that the reaction takes place in the absence of water when bis(a-
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phenyliminobenzyl)disul phide (4) is obtained, whereas in the presence of water
no reaction takes place

Ph—C—NH—-Ph -+ Ph—C—-NH-Ph Ph—C=N-—-Ph
1 I T |
SO S S
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|
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EXPERIMENTAL

Oxidation of thiobenzanilide (1) with phenyliodosodiacetate in presence of water

In a solution of 2.13 g (0.01 M) of thiobenzanilide!® (1) in 300 ml of ether saturated with
water 3.22 g (0.01 M) of phenyliodosodiacetate?? are added at once. The reaction mixture is stirred
for one hour at room temperature. In order to remove the unreacted phenyliodosodiacetate 0.5 ml
of ethylene glycol are added and the reaction mixture is evaporated to dryness in vacuo. The
reaction product is easily and completely soluble in ethanol. From the ethanolic solution crystals
of benzanilide (2) (1.59 g, 81%) were separated on cooling and were further purified by repeated
recrystallization; m. p. 162—163°; Ref.20 m. p. 162°. A sample mixed with authentic benzanilide
(2) does not show depression of the m. p. and the i. r. spectrum of the product was identical with
that of the authentic benzanilide (2).

The oxidation of thiobenzanilide (1) with phenyliodosodiacetate was carried out in an
identical manner, but using molar ratios 2:1 and 4:1. In every case benzanilide (2) was isolated
as the reaction product.

In the course of the oxidation, samples from the reaction mixture were removed and tested
with iron(III) chloride?! on the presence of thiobenzanilide-S-oxide (5) the presence of which
was never registered.

Oxidation of thiobenzanilide (1)with phenyliodosodiacetate in the molar ratio 1:1 in absence of water

To 300 ml of ether to which 1 ml of acetic acid anhydride or 2 g of anhydrous sodium
carbonate have been added, 1.63 g (0.0075 M) of thiobenzanilide (1) and 2.42 g (0.0075M) of
phenyliodosodiacetate are added. The reaction mixture is stirred for 1 h and then, in order to
remove the unreacted phenyliodosodiacetate, 0.5 ml of ethylene glycol are added. The reaction
mixture is evaporated to dryness in vacuo. The product is only slightly soluble in ethanol and
is recrystallized from benzene from which, on cooling, crystals of bis (x-phenyliminobenzyl)sul-
phide(3) (1.2 g, 819 were separated and were further recrystallized from benzene; m. p. 211 —2127;
Lit.1¥ m. p. 211°.

Ca6H20N2S caled. 9,C 79.56 %H 5.14
(392.52) found %,C 79.30 9% H 5.25

Oxidation of thiobenzanilide (I) with phenyliodosodidcetate in the molar ratio 2:1 or 4:1 in the
absence of water

To 300 ml of ether to which 1 ml of acetic acid anhydride or 2 g of anhydrous sodium
carbonate have been added, 1.63 g (0.0075 M) of thiobenzanilide (1) and 1.21 g (0.0037 M) of
phenyliodosodiacetate ave added. The reaction mixture is stirred for 1 h and then, in order to
remove the unreaction mixture is stirred for 1 h and then, in order to remove the unreacted phen-
yliodosodiacetate, 0.5 ml of ethylene glycol ave added. The reaction mixture is evaporated
to dryness in vacuo. The dry residue is treated with hot 96%, ethanol which dissolves it partly.
After the recrystallization of the undissolved part from benzene, 0.34 g (209%,) of bis(x-phenyl-
iminobenzyl)sulphide (3) (m.p. 211—212°) were obtained and identified as described above.
From the hot alcoholic solution 0.4 g (25%) of the crystals separated on cooling. After recrystaliiza-
tion from ethanol yellow crystals of bis(u-phenyliminobenzyl)disulphide (4) were obtained
having a m.p. of 103—104° (Lit.2? m.p. 104—105°).
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Ca6H20N2S2 cald. 9%C 73.59 %H 4.72
(424.59) found 9% C 73.31 %H 5.03

The product was further identified by its infrared spectrurn which was identical to that of an
authentic sample.

The oxidation of thiobenzanilide (1) with phenyliodosodiacetate was also carried out,
under identical conditions, using a molar ratio of 4:1. The oxidation of 1.6 g (0.0075 M) of thio-
benzanilide (1) with 0.61 g (0.0018 M) of phenyliodosodiacetate resulted in the formation of
0.12 g (13.6%) of bis(x-phenyliminobenzyl)sul phide (3) and 0.8 g (50.3%) of bis(a-phenylimino-
benzyl)disul phide (4).

Oxidation of thiobenzanilide-S-oxide (3) mwith phenyliodosodiacetate

Thiobenzanilide-S-oxide23 (5) (1.14 g. 0.005 M) is dissolved in 100 ml of ether saturated
with water. Phenyliodosodiacetate (1.65 g, 0.005 M) is added, the reaction mixture stirred for
1 h at room temperature and then, in order to remove the unreacted phenyliodosodiacetate, 0.5
ml of ethylene glycol ave added. The reaction mixture is evaporated to dryness in vacuo. The
reaction product is recrystallized from ethanol. Benzanilide (2) (0.8 g, 85%) is obtained; m.p.
161 —162°.

The oxidation of thiobenzanilide-S-oxide (5) was also carried out in anhydrous ether
(in the presence of acetic acid anhydride or anhydrous sodium carbonate) and again benzanilide
(2) was obtained as the reaction product.

Oxidation of bis(u-phenyliminobenzyl)disulphide (4) with phenyliodosodiacetate

Bis (x-phenyliminobenzyl disulphide (4) (1 g, 0.0025 M) is dissolved in 100 ml of ether
saturated with water. Phenyliodosodiacetate (0.8 g, 0.0025 M) is then added and the reaction
mixture is stirred one hour. After the addition of ethylene glycol the mixture is evaporated in
vacuo to dryness. The reaction product is only slightly soluble in ethanol. It is recrystallized
from benzene to obtain yellow crystals of bis(x-phenyliminobenzyl)sulphide (3) (8.3 g, 909%);
m.p. 211—212°; Lit.1® m.p. 211°,

The oxidation reaction was carried out in anhydrous ether as well and again bis(a~-phenyl-
iminobenzyDsulphide (3) was the reaction product.

Using the same procedure the oxidation of bis(«-phenyliminobensyl)-eul phide (3) was
also attempted but it was found that the compound remained unchanged.

Reaction between thiobenzanilide-S-oxide (5) and thiobenzanilide @))]

To a solution of 0.57 g (0.0025 M) of thiobenzanilide-S-oxide (5) in 100 ml of dry ether
(in the presence of Na2COs) 0.53 g (0.0025 M) of thiobenzanilide (1) are added. The reaction
mixture is stirred for 1 hour at room temperature and then the ether is evaporated, the product
was recrystallized from ethanol and bis(a-phenyliminobenzyl)disulphide (4) (0.8 g, 75%,) was
obtained; m.p. 103—105°; Lit.25 m.p. 104—105°

N 3BOJQ
OKCHIAUMNJA HA THUOBEH3AHWINI CO ®EHUIJOTO30OUAIIETAT

BOJAH [. IIOJOJIEHIOB u BOTJIAH BOLJAHOB
Xesmucku daxyitieii, Yuugepsumiesi ,,Kupus u Meiwioduj*, 91000 Croiije

HcnuryBana e peaxnujata Ha OKCHAALUja Ha THOBEH3aHIIIN ¢O0 hEeHMITjON0304aleTaL
BO eTep. YTBPAEHO € JieKa KOra OKCHJALUjaTa Ce O/BMBA BO OICYCTBO HA BOJd, BO 3aBUCHOCL
O MOJIADHYIOT OJHOC, KaKO KpaeH MPOU3BOA ce fobuBa Ouc(o-heHnIMMuHOGEH3WI)Cy by HiK
Euc(a-beHunumuHOGeH3nM)AUCYIDUT, 2 BO IPUCYCTBO HA BOAA KaKO KpaeH IIPou3BOJ ce aoduBa
Genzanmnuy. MenuryBaHa e m peaxiujata Ha OKcHjauuja xa THOGEH3aHMINA-S-0KCU €O eHII-
jOHO30/MAlETaT IPH HMCTHTE YCIOBM M KOHCTATHPAHO € HeKa KaKo PEaKHHOHEH NPOU3BOI ce
AobuBa Gensanunug. McTo Taka mcnuTyBaHa e M peauujata nomMery THOGEH3AHUIH/I-S-OKCH/
1 THODEH3aHUIM[ H YTBPAEHO € [eKa UCTaTa BO OTCYCTBO Ha BOJA noBeayBa J0 dopMHUpamLe
na Ouc(a-dennnumunobensmm)aucyndus, a IpH OKCHAAIMja HA TAaKa (popMHPAHUOT IUCYADUL
ce 1o6uBa Guc(a-heHNIMMIHOOEH3UI)CY T,

(ITpumspero 1. jyna 1980; pemupupano 12. HOBemOpa 1980)
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