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Oxidation of Aromatic Aldehyde and Ketone
Alkylthiothiocarbonylhydrazones with Dimethyl
Sulfoxide and Acetic Anhydride: A New Synthesis of
Disulfides

Seiju KUBOTA*, Hemant K. MISRA, Masayuki SHIBUYA

Faculty of Pharmaceutical Sciences, University of Tokushima, Shoma-
chi, Tokushima 770, Japan

The dimethyl sulfoxide/acetic anhydride reagent has been
used to oxidize various functionalized alcohols to the corre-
sponding carbonyl compounds under mild conditions"?. Di-
methyl sulfoxide can, for example, also be used as a reagent
for the oxidative S—S coupling of thiols to disulfides™* but,
as we have found, no reaction takes place when aldehyde or
ketone alkylthiothiocarbonylhydrazones are heated with di-
methyl sulfoxide at 100 °C for several hours.

We report here a new convenient method for the synthesis of
bis[(alkylthio)-(1-arylalkylidenehydrazono)-methyl] disulfides
(4a-i) by the oxidation of various aromatic aldehyde and ke-
tone alkylthiothiocarbonylhydrazones (3a-i) with the dime-
thyl sulfoxide/acetic anhydride reagent at room temperature.
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Whereas the reaction of benzaldehyde methylthiothiocarbonyl
hydrazone (3a) with acetic anhydride gives 3-acetyl-5-methyl-
thio-2-phenyl-2,3-dihydro-1,3,4-thiadiazole (5; structure sup-
ported by mass-, L.R.-, and 'H-N.M.R.-spectrometric data) in
analogy to the cyclocondensation of semicarbazones with ace-
tic anhydride®, the reaction of 3a with the dimethyl sulfoxide/
acetic anhydride system affords only the open-chain bis[(ben-
zylidenehydrazono)-(methylthio)-methyl] disulfide (4a).
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The structural assignment of compounds 4a-i is based on mi- i 0
croanalyses, mass-, and 'H-N.M.R.-spectral data. The disul- "¢ _ A7 MG o .| @0—L-cHy
fide 4a is used here as a representative example. The mass y¢” Nc—CH, Hye”
spectrum {C.1., NHs) of da shows a M+ 1 peak at m/e=419 |c|> 6
and a prominent 1/2 M* peak at m/e=209 resulting from
§—S cleavage. The 'H-N.M.R. spectrum of disulfide 4a ¢z s ®,CHs o
showed methine protons at §=8.44 ppm (2H) and two multi- JJCNN=C SR 3) Rz\C —N—N—c"s_ Seri. | @o-t—ch
plets of aromatic protons centered at §="7.8 (4H) and 6="7.40 R T Nert ’ ’
ppm (6 H), due to the effect of the adjacent azomethine group.
A similar type of disulfide (4; R'=C,Hs, R?=CHs, R’ =H) 7
has been prepared by oxidation of benzaldehyde ethyl-dithio- RZ_ i SR! 3R’

i T Sl C=N-NH—C-SR {3) R2 R?
carbohydrazone with iodine®. Oxidation of compound 3a 3’ T ez N=é_ s—s—tn_N=C!
with iodine by the reported procedure® gave the disulfide 4a R “r3

which was found identical with the compound obtained by
oxidation of 3a with dimethyl sulfoxide/acetic anhydride.

The formation of the disulfides 4a-i may be rationalized as follows.
Acetic anhydride reacts with dimethyl sulfoxide to give acetoxydime-
thylsulfonium acetate (6) as an intermediate’. The reaction of this in-
termediate with compound 3 gives the substituted thiodimethylsulfon-
jum acetate 7, which is converted into disulfide 4 by the action of an-

4

The method described here affords high yields and is applica-
ble to a wide variety of aromatic and heteroaromatic alkyl-di-
thiocarbohydrazones.

Aldehyde and Ketone Alkylthiothiocarbonylhydrazones (3):
Compounds 3a-i are prepared from aldehydes or ketones (1) and al-
kyl hydrazinedithiocarboxylates (2) according to known meth-

other molecule of compound 3.

ods

5,89

Table. Bis[(alkylthio)-(1-arylalkylidenehydrazono)-methyl} Disulfides (4) prepared

4 R! R? R3? Reaction Yield®  m.p.[°C] Molecular M.S.4 'H-N.M.R. (CDCl,/ TMS;,)°
time [h}* [%] (solvent) formula® m/e (M+1) & [ppm]
a CH, H 7 N 23 90 165° C1H16NSS, 419 2.50 (s, 6H, SCHs): 7.50-
(acetone) (418.6) 7.35 (m, 6H,om): 7.84-7.77
(m, 4H.om): 844 (5, 2H,
CH=)
b CH, H —@—t:N 23 89 202-203° CoH NeS4 469 2.51 (s, 6H, SCH,): 7.76-
(chloroform) (468.6) 7.04 (m, 4H,,on); 7.96-7.84
(M, 4Huom): 8.44 (s, 2H,
CH=)
c CHy H L a2 79 204° CoHiCLNS, 488 248 (s, 6H, SCH,): 7.44-
(benzene) (487.5) 7.30 (m, 4H,.n); 7.80-7.67
(m, 4H,.,.); 837 (s, 2H,
CH=)
d CH, H —@-—Br 26 81 200° CsHBrN,S, 577 2.50 (s, 6H, SCH,); 7.60-
(benzene) (576.4) 7.48 (m, 4H,om); 7.73-7.63
(m, 4H,m): 837 (s, 2H,
CH=)
e CHy H L Dcny 28 70 176-177° CaoHN,S, 447 283 (s, 6H, CHy): 2.50 (s,
(benzene) (446.6) 6H, SCH,); 7.34-7.20 (m,
4H, om):  7.76-7.63  (m,
N 4H,om); 838 (5, 2H, CH=)
f CH, H m 21 93 186° CuHy0NGS, 521 2.56 (s, 6H, SCH,): 8.33-
(chloroform) (520.7) 7.48 (m, 12 Hyuinotine); 8.67 (s,
2H, CH=)
g nCH, H —© 23 89 106-107° CrHygNgS, 475 1.04 (t, 6H, CH3); 1.92-1.60
{ethanol) (474.7) (m, 4H, CH,~-CH); 3.08 (1,
4H, SCH,): 7.48-7.35 (m,
6Hyom): 7.88-7.72 (m, 4
Hycom): 840 (s, 2 H, CH=)
h i-CH; H —@ 16 85 160° C1,HxN,S, 475 140 (d, 12H, CH,); 4.00-
(chloroform) 474.7) 372 (m, 2H, —CH); 7.50~
7.32 (m, 6H, o) 7.88-7.76
(m, 4H,,m): 8.41 (s, 2H,
) CH=)
i cH, CH, 7 N 22 89 169-170° CyH3N,S, 447 2.48 (s, 6H, SCH.); 2.52 (s,
(acetone) (446.6) 6H, CH,); 7.50-7.34 (m,

6 Hrom);
H:\rnm)

8.00-7.84 (m. 4

¢ Stirring at room temperature,

" Yield of pure isolated product after crystallization.

¢ The microanalyses were in satisfactory agreement with the calcu-
lated values: C, +0.30; H, +£0.30; N, +0.30.

¢ Obtained on 2 JEOL JMS-D300 spectrometer. All mass spectra were
taken in ammonia gas for chemical ionization.
¢ Obtained on a JEOL PS-100 spectrometer.
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Bisl(alkylthio)-(1-arylaikylidenehydrazono)-methyll Disulfides (4a-i);
General Procedure:

A mixture of dimethyl sulfoxide (3 ml) and acetic anhydride (2 ml) is
stirred at room temperature for | h. Then, the aldehyde or ketone al-
kylthiothiocarbonylhydrazone (3; 1 mmol) is added and stirring is
continued for 1 h. The separated yellow crystalline product 4 is iso-
lated by suction and recrystallized from a suitable solvent (see Ta-
ble).

3-Acetyl-5-methylthio-2-phenyl-2,3-dihydro-1,3,4-thiadiazole (5):

A mixture of benzaldehyde methylthiothiocarbonylhydrazone (3a;
3.15 g, 0.015 mol) and acetic anhydride (20 ml) is heated at 100 °C for
1 h, and then concentrated under reduced pressure. The resultant solid
is crystallized from methanol to give colorless crystalline 5: yield:
3.47 g (92%); m.p. 75-76 °C.

C,H;:N,08, cale. C 5236 H479 NILI0

252.3) found 52.47 4.81 10.96

M.S. (70 eV): m/e=252 (M*}; 209 (M* —CO—CH;).

LR. (KBr): v=1660 cm ' (C==0).

‘H-N.M.R. (CDCL,/TMS,,,.): 8=2.30 (s, 3H, CO—CH.); 2.56 (s, 3H,
SCH‘); 7.06 (S, lH, S'H), 7.30 ppm (S, 5 Hur(nn)-
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