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ABSTRACT: An efficient method for the prepa-
ration of symmetrical diketosulfides of the type
ArCOCH,SCH,COAr has been developed from the re-
action of [hydroxy(tosyloxy)iodo]benzene with var-
ious acetophenones, followed by treatment with
Na,S-9H,0. © 2009 Wiley Periodicals, Inc. Het-
eroatom Chem 20:172-176, 2009; Published online in
Wiley InterScience (www.interscience.wiley.com). DOI
10.1002/hc.20524

INTRODUCTION

[Hydroxy(tosyloxy)iodo]benzene (HTIB or Koser’s
reagent) is a valuable trivalent iodine reagent used
for inducing «-tosyloxylation of enolizable ketones
[1]. Since it is generally not necessary to isolate
a-tosyloxy ketone, they can be utilized in situ as a
strategic precursor for the one-pot synthesis of a
wide range of heterocycles such as thiazoles, sele-

Correspondence to: Nandkishor N. Karade; e-mail: nnkarade@
gmail.com.

Contract grant sponsor: Department of Science and Technol-
ogy, New Delhi, India.

Contract grant number: SR/FTP/CS-77/2005.

Contract grant sponsor: University Grants Commission,
New Delhi, India.

Contract grant number: MRP 32-245/2006 SR.
© 2009 Wiley Periodicals, Inc.

172

nazoles, oxazoles, imidazoles, pyrazoles, and benzo-
furans [2]. The «-functionalization of ketones can
also be accomplished by the reaction of enolizable
ketone with HTIB, followed by nucleophilic sub-
stitution reactions with KSCN [3], NaN; [4], and
ArNH, [5].

Thiophenes have been synthesized by the well-
known Paal-Knorr reaction, involving the cycliza-
tion reaction of 1,4-diketones with hydrogen sul-
fides or P,Ss [6]. However, the application of Paal-
Knorr reaction for the synthesis of thiophene deriva-
tives is limited due to less commercial availability
of wide range of 1,4-dicarbonyl compounds. An-
other alternative noteworthy route of the synthe-
sis of 2,5-disubstituted thiophene is demonstrated
from diketosulfides of the type RCOCH,SCH,COR
via the base-catalyzed condensation reaction with
1,2-dicarbonyl compounds (Scheme 1) [7].

This reaction involves an important building
block, diketosulfide of the type RCOCH,SCH,COR
that contains two active methylene groups flanked
by carbonyl and sulfide groups. There is only one
literature report for the synthesis of diketosul-
fide, RCOCH,SCH,COR from «-haloketones and
Na,S - 9H,0 in refluxing ethanol or acetone [7]. In
this case, the required «-haloketones (RCOCH,X,
where X is Br or Cl) were in turn obtained from
the side chain bromination reaction of methyl
ketone using molecular bromine as well as the
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nuclear chloroacetylation reaction of appropriate
substituted acetophenones using CICH,COCI/AICI;.
«-Haloketones are potentially unstable, relatively
toxic, and lachrymatory in nature. Owing to the haz-
ards associated with the «-halogenation of methyl
ketones and the limited commercial availability of a
wide range of «-haloketones, the alternative to the
use of a-haloketones is desired. The «-tosyloxy ke-
tone, which is obtained easily from enolizable ke-
tone by the reaction with HTIB is, therefore, con-
sidered as environmentally benign alternative to the
toxic and lachrymatory «-haloketones. In continu-
ation of our interest in hypervalent iodine reagents
[8], herein we report the novel synthesis of diketosul-
fide by the reaction of enolizable ketones with HTIB,
followed by treatment with Na,S - 9H,0 (Scheme 2).

RESULTS AND DISCUSSION

The optimum reaction conditions were investigated
by using the model reaction of acetophenone with
HTIB to furnish a-tosyloxyacetophenone, followed
by the treatment with Na,S - 9H,0. The problems as-
sociated with the insolubility of Na,S-9H,O0 in dif-
ferent solvents such as CH;CN, DMSO, DMF, and
THF were the major concern while selecting the ap-
propriate solvent for the reaction. However, the
choice of CH;CN was relatively unambiguous as the
a-tosyloxylation of enolizable ketones is usually car-
ried out in CH;CN. A homogeneous mixture of ace-
tophenone (2 mmol) and HTIB (2.2 mmol) in CH;CN
(15 mL) was refluxed for 1 h, and the formation of
a-tosyloxyacetophenone was ascertained as moni-
tored by TLC. Then, Na,S - 9H,0 (4 mmol) was sub-
sequently added to the above reaction mixture and
continued the reflux for another 7-8 h. The insolubil-
ity of Na,S-9H,0 in CH;CN prompted us to utilize
excess quantity. In spite of these quantitative vari-
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ations in the stoichiometry of Na,S-9H,0, we no-
ticed the formation of several side products and the
desired product, that is PhCOCH,SCH,COPh 2a was
obtained in poor (17%) yield. To circumvent this sol-
ubility problem of Na,S - 9H,0, we decided to carry
the reaction of Na,S - 9H, 0 with in situ generated «-
tosyloxyacetophenone using the grinding technique,
developed by Toda and coworkers in which many
reactions can be conducted in high yields under
solvent-free conditions just by grinding the reactants
together [9]. Usually these reactions were carried out
on a very small scale in an agate pestle and mor-
tar. After the formation of «-tosyloxyacetophenone
from the reaction between acetophenone (2 mmol)
and HTIB (2.2 mmol) in CH;CN solvent, the re-
action mixture was subjected under vacuum and
the crude solid a-tosyloxyacetophenone was trans-
ferred to mortar and it was subsequently mechan-
ically ground with Na,S-9H,0 (3 mmol, 0.720 g)
using pestle for 20 min. After the usual workup pro-
cedure, the formation of 2a with 73% yield was real-
ized (see the section Experimental Procedure for the
Preparation of Symmetrical Diketosulfides).

To demonstrate the efficiency and the applica-
bility of the present method, we performed the re-
actions of a variety of substituted acetophenones
with HTIB, followed by treatment with Na,S - 9H,0
and the results are summarized in Table 1. This
method is as such general as it permits the syn-
thesis of a wide range of diketosulfides from eas-
ily accessible substituted acetophenones. It follows
from Table 1 that acetophenones containing both
electron-donating groups (such as methoxy and
methyl) and electron-withdrawing groups (such as
halogens and nitro) were employed and reacted well
to give the corresponding diketosulfides in good
to excellent yields. The methodology was extended
to the other ketones such as propiophenone, bu-
tyrophenone, pentanophenone, and phenyl benzyl
ketone (Table 1, entries 11-14). All the isolated prod-
ucts, ArCOCH,SCH,COAr were completely charac-
terized by IR, NMR, and mass spectral analysis. The
'"H NMR spectra of the symmetrical diketosulfides
show a sharp singlet around § 3.91-3.94 ppm, which
is reminiscent of the methylene protons flanked by
carbonyl and sulfide groups (see the section Spectral
Data of Selected Molecules).
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S
Ar Ar
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TABLE 1 Synthesis of Symmetrical Diketosulfide from Eno-
lizable Ketones Using HTIB and Na,S - 9H,O

Entry Ar R Product  Yield (%)?
1 CgHs H 2a 73

2 2-MeOCgHg4 H 2b 56

3 4-MeOCgHy H 2c 77

4 4-MeCgHgy4 H 2d 72

5 2-CICgHg4 H 2e 61

6 3-CICgH4 H 2f 67

7 4-CICgHg4 H 2g 71

8 2-BrCgHs H 2h 59

9 4-BrCgHy H 2i 73

10 3-NO>CgHs H 2j 64

11 CgHs CH3 2k 69

12 CgHs CH>CH3; 2l 67

13 CGH5 (CH2)20H3 2m 64

14 CeHs CeHs 2n 63

4|solated yield.

In summary, a novel and highly efficient method-
ology for the synthesis of symmetrical diketosulfides
from the reaction between enolizable ketones with
HTIB, followed by the reaction with Na,S-9H,O is
reported. In view of the synthetic possibilities of
diketosulfides, this method no doubt will find wide
application.

Experimental Procedure for the Preparation
of Symmetrical Diketosulfides

A mixture of appropriate acetophenone (2 mmol)
and HTIB (2.2 mmol) in CH;CN (15 mL) was re-
fluxed for 1-2 h. After the disappearance of ketone,
as indicated by TLC, the reaction mixture was sub-
jected to vacuum under reduced pressure to obtain
the intermediate «-tosyloxy ketone as crude solid
product. The resulting solid «-tosyloxy ketone and
Na,S-9H,0 (3 mmol, 0.720 gm) were then trans-
ferred to mortar and ground mechanically using pes-
tle for 15 min. The progress of reaction was again
monitored by TLC by taking a small amount of
the mixture and dissolving it in chloroform. After
completion of reaction, the solid reaction mixture
was washed with water and extracted with CH,Cl,
(3 x 15mL). The combined organic extract was dried
over anhydrous sodium sulfate, concentrated in vac-
uum and subjected to column chromatography (sil-
ica gel mesh size 100-200) to obtain the symmetrical
diketosulfide in pure form.

Spectral Data of Selected Molecules

2-(2-Oxo0-2-phenyl-ethylsulfanyl)- 1-phenyl-ethan-
one (2a). mp 77-79°C (lit. [7a] 76-77°C); IR (KBr)
v: 2913, 1676, 1599, 1275, 1213, 755, 672 cm™';

'H NMR (400 MHz, CDCl,, §): 3.94 (s, 4H, CH,),
7.45-7.49 (m, 4H, ArH), 7.59 (t, 2H, J =7.36 Hz,
ArH), 7.96-7.99 (m, 4H, ArH); *C NMR (400 MHz,
CDCl,, §): 37.67, 128.69, 128.80, 133.65, 135.38,
194.24; LCMS nv/z: 271 (M + 1), 293 (M + 23).

1-(2-Methoxyphenyl)-2-[2-(2-methoxyphenyl)-2-
oxo-ethylsulfanyl]-ethanone (2b). mp 123-125°C;
IR (KBr) v: 2907, 1674, 1598, 1432, 1302, 1212,
1032, 752, 670 cm™'; '"H NMR (400 MHz, CDCl;, §):
3.89 (s, 4H, OCHs;), 3.94 (s, 4H, CH,), 6.95 (d, 2H,
J =8.4 Hz, ArH), 7.01 (t, 2H, J = 8.36 Hz, ArH), 7.48
(t, 2H, J =8.4 Hz, ArH), 7.80 (d, 2H, J =7.76 Hz,
ArH); 3C NMR (400 MHz, CDCl;, 8): 42.61, 55.67,
111.64, 120.90, 126.28, 131.28, 134.20, 158.80,
195.96; LCMS m/z: 331 (M +1), 353 (M +23).

1-(4-Methoxyphenyl)-2-[2-(4-methoxyphenyl)-2-
oxo-ethylsulfanyl]-ethanone (2¢). mp 86-88°C (lit.
[7a] 88-89°C); IR (KBr) v: 3028, 2908, 1687, 1593,
1508, 1458, 1377, 1323, 1267, 1166, 114, 1022, 829,
740 cm~!; 'H NMR (400 MHz, CDCl;, 8): 3.87 (s,
6H, OCH3;), 3.93 (s, 4H, CH,), 6.93 (d, 4H, J =8.88
Hz, ArH), 7.96 (d, 4H, J =8.92 Hz, ArH); *C NMR
(400 MHz, CDCl;, 8): 37.53, 55.60, 113.97, 128.44,
131.10, 163.91, 193.06; LCMS »7/z: 331 (M +1), 353
(M +23).

2-(2-Ox0-2-p-tolyl-ethylsulfanyl)- 1-p-tolyl-ethan-
one (2d). mp 91-92°C; (lit. [7a] 89-90°C); IR (KBr)
v: 2912, 1678, 1603, 1572, 1411, 1278, 1187, 1011,
807, 755, 670 cm™!'; 'H NMR (400 MHz, CDCl;,
8): 2.41 (s, 6H, ArCHs;), 3.96 (s, 4H, CH,), 7.26 (d,
4H, J=7.96 Hz, ArH), 7.87 (d, 4H, J =8.24 Hz,
ArH); C NMR (400 MHz, CDCl;, §): 21.80, 37.68,
128.85, 129.50, 132.94, 144.59, 194.04; LCMS nv/z:
299 (M + 1), 321 (M +23).

1-(2-Chlorophenyl)-2-[2-(2-chlorophenyl)-2-oxo-
ethylsulfanyl]-ethanone (2e). mp 109-111°C; IR
(KBr) v: 2869, 1697, 1591, 1432, 1283, 1037, 821,
756, 671 cm~'; 'H NMR (400 MHz, CDCL, 8): 3.95
(s, 4H, CH,), 7.32-7.36 (m, 2H, ArH), 7.40-7.42 (m,
4H, ArH), 7.58 (d, 2H, J =7.32 Hz, ArH); *C NMR
(400 MHz, CDCl;, 8): 40.94, 127.06, 129.86, 130.57,
131.31, 132.34, 137.50, 196.74; LCMS (M +1) n/z:
339 (M+1), 341 (M +3).

1-(3-Chlorophenyl)-2-[2-(3-chlorophenyl)-2-oxo-
ethylsulfanyl]-ethanone (2f). mp 162-165°C; IR
(KBr) v: 2926, 2912, 1679, 1569, 1422, 1287, 1270,
1212, 1031, 880, 759, 672 cm™'; '"H NMR (400 MHz,
CDCl,, 5): 3.87 (s, 4H, CH,), 7.35 (t, 2H, J =7.88
Hz, ArH), 7.49 (d, 2H, J= 7.96 Hz, ArH), 7.76
(d, 2H, J=7.72 Hz, ArH), 7.86 (s, 2H, ArH); *C
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NMR (400 MHz, CDCl;, §): 37.58, 126.80, 128.75,
130.16, 133.64, 135.20, 136.84, 192.78; LCMS n/z:
339 (M+1), 341 (M + 3).

1-(4-Chlorophenyl)-2-[2-(4-chlorophenyl)-2-oxo-
ethylsulfanyl]-ethanone (2g). mp 123-125°C (lit.
[7a] 122-123°C); IR (KBr) v: 2918, 1701, 1671, 1591,
1400, 1361, 1288, 1174, 1093, 968, 819, 777 cm™';
'"H NMR (400 MHz, CDCl,, 8): 3.93 (s, 4H, CH,),
7.45 (d, 4H, J =8.6 Hz, ArH), 7.91 (d, 4H, J =8.6
Hz, ArH); C NMR (400 MHz, CDCl;, §): 37.52,
129.16, 130.11, 133.61, 140.84, 192.94; LCMS wmi/z:
339 (M+1), 341 (M +3).

1-(2-Bromophenyl)-2-[2-(2-bromophenyl)-2-oxo-
ethylsulfanyl]-ethanone (2h). mp 94-96°C; 'H NMR
(400 MHz, CDCl;, 8): 3.94 (s, 4H, CH,), 7.34 (t, 2H,
J =7.84 Hz, ArH), 7.40 (t, 2H, J =7.56 Hz, ArH),
7.51(d, 2H, J =7.64 Hz, ArH), 7.63 (d, 2H, J =7.92
Hz, ArH); *C NMR (400 MHz, CDCl;, §): 40.58,
127.56, 129.50, 132.19, 133.75, 139.90, 197.54;
LCMS (M +1) mi/z: 339 (M + 1), 341 (M + 3).

1-(4-Bromophenyl)-2-[2-(4-bromophenyl)-2-oxo-
ethylsulfanyl]-ethanone (2i). mp 141-143°C (lit.
[7a] 142-143°C); IR (KBr) v: 2922, 1671, 1583, 1402,
1204, 1071, 814, 769 cm™!; 'H NMR (400 MHz,
CDCl;, 6): 3.92 (s, 4H, CH,), 7.62 (d, 4H, J =8.56
Hz, ArH), 7.82 (d, 4H, J = 8.64 Hz, ArH); 3*C NMR
(400 MHz, CDCl;, §): 37.51, 129.04, 130.22, 132.19,
134.05, 193.16; LCMS n/z: 427 (M + 1), 429 (M + 3),
449 (M +23).

1-(3-Nitrophenyl)-2-[2-(3-nitrophenyl)-2-oxo-
ethylsulfanyl]-ethanone (2j). mp 129-131°C; IR
(KBr) v: 2924, 1678, 1526, 1405, 1348, 1262, 1022,
810, 764, 679 cm™!; '"H NMR (400 MHz, CDCl;, §):
4.03 (s, 4H, CH,), 7.72 (t, 2H, J = 8.0 Hz, ArH), 8.30
(d, 2H, J =7.8 Hz, ArH), 8.46 (d, 2H, J =8.24 Hz,
ArH), 8.78 (s, 2H, ArH): 3C NMR (400 MHz, CDCl,,
8): 37.58, 123.59, 127.99, 130.22, 134.22, 136.53,
148.57, 191.69; LCMS nv/z: 361 (M + 1).

2-(1-Methyl-2-oxo-2-phenylethylsulfanyl)- 1-phe-
nyl-propan-1-one (2k). mp 146-148°C; IR (KBr)
v: 3061, 2974, 2928, 2866, 1994, 1682, 1595, 1578,
1512, 1442, 1374, 1340, 1234, 1204, 1078, 1001, 951,
797, 716, 687 cm™!; '"H NMR (400 MHz, CDCl;, §):
1.44 (d, 6H, J =5.12 Hz, 2CH3;), 4.45 (q, 2H, J =5.36
Hz, 2CH), 7.37 (t, 2H, J =8.2 Hz, ArH), 7.48 (t, 3H,
J =7.64 Hz, ArH), 7.56 (t, 1H, J =8.08 Hz, ArH),
7.81 (d, 2H, J =7.04 Hz, ArH), 7.99 (d, 2H, J =7.04
Hz, ArH); *C NMR (400 MHz, CDCl;, §): 18.60,
41.95, 128.67, 128.88, 133.56, 135.20, 196.97; LCMS
m/z: 299 (M +1).
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2-(1-Benzoyl-propylsulfanyl)-1-phenyl-butan-1-
one (21). mp 133-135°C; IR (KBr) v: 3061, 2960,
2926, 2008, 1682, 1597, 1579, 1449, 1340, 1221,
1076, 1030, 905, 685 cm™!; 'H NMR (400 MHz,
CDCl;, 6): 0.89 (t, 6H, J =7.32 Hz, 2CH;), 1.73-1.82
(m, 4H, 2CH,), 4.09 (t, 2H, J =8.2 Hz, 2SCH), 7.26
(t, 2H, J =8.0 Hz, ArH), 7.39 (t, 3H, J =7.84 Hz,
ArH), 748 (t, 1H, J=7.4 Hz, ArH), 7.71 (d, 2H,
J=7.2 Hz, ArH), 7.92 (d, 2H, J =7.08 Hz, ArH);
13C NMR (400 MHz, CDCl;, §): 12.09, 25.94, 48.69,
128.45, 128.75, 133.06, 135.97, 197.12; LCMS wni/z:
327 (M +1).

2-(1-Benzoyl-butylsulfanyl)-1-phenyl-pentan-1-one
(2m). mp 154-157°C; IR (KBr) v: 3061, 2959, 2924,
2980, 2342, 1813, 1682, 1598, 1580, 1447, 1368,
1339, 1202, 1105, 1001, 899, 812, 746, 689 cm™!; 'H
NMR (400 MHz, CDCl;, §): 0.91 (t, 6H, J =2.72 Hz,
2CH,), 1.24-1.28 (m, 4H, 2CH,), 1.82-1.85 (m, 2H,
2CH,), 4.25-4.29 (m, 2H, 2SCH), 7.35 (t, 2H, J =8.0
Hz, ArH), 7.48 (t, 3H, J = 7.88 Hz, ArH), 7.57 (t, 1H,
J=7.4 Hz, ArH), 7.79 (d, 2H, J =8.2 Hz, ArH), 8.0
(d, 2H, J =7.2 Hz, ArH); 3*C NMR (400 MHz, CDCI;,
8):13.65, 20.50, 34.17, 46.57, 128.44, 128.74, 133.05,
135.94, 197.19; LCMS nv/z: 355 (M + 1).

2-(2-Oxo-1,2-diphenyl-ethylsulfanyl)- 1, 2-diphenyl-
ethanone (2n). mp 69-71°C; IR (KBr) v: 3061,
2928, 1804, 1676, 1595, 1571, 1493, 1449, 1273,
1207, 1001, 841, 760, 694 cm~'; 'H NMR (400 MHz,
CDCl,, §): 5.28 (3, 2H, 2ArCH), 7.18-7.45 (m, 12H,
ArH), 7.48-7.51 (m, 3H, ArH), 7.76-7.79 (m, 5H,
ArH); ¥*C NMR (400 MHz, CDCl;, §): 62.31, 127.87,
128.07, 128.42, 128.43, 133.46, 133.56, 135.61,
136.32, 195.57; LCMS »/z: 377 (M + 1).

SUPPORTING INFORMATION

Supporting Information related to the structure and
spectral data of different compounds is available
from the corresponding author (e-mail: nnkarade@
gmail.com).
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