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Abstract An alternative approach is described for the oxidation of or-
ganosulfides to the corresponding organosulfones by using trifluoro-
methyl 3-oxo-1A3,2-benziodoxole-1(3H)-carboxylate as an oxidant. The
oxidation of the sulfides was performed by using 2.4 equivalents of the
oxidant in refluxing acetonitrile. The oxidation products were isolated in
good to excellent yields.
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Organosulfones are important scaffolds in medicinal’
and natural-product chemistry.2 The presence of a sulfone
functionality makes these compounds more suitable as
synthetic intermediates and as chemical building blocks for
many biologically active compounds, for example 1-6 (Fig-
ure 1). Rofecoxib (Vioxx; 1) has been introduced as a COX-2
inhibitor and is a potent anti-inflammatory drug?® and an
analgesic.# Laropiprant (2) is a prostaglandin D, receptor
antagonist.> Dapson (3) and sulfamethoxazole (4) have
been developed as potent antibiotics for the treatment of
leprosy and urinary infections, respectively.®” Glyburide (5)
has been developed as a second-generation sulfonylurea,
and is used in treating type 2 diabetes by enhancing insulin
secretion.® Carbutamide (6) is classed as a first-generation
sulfonylurea, and is also used as an antidiabetic agent.® In
addition, various naturally occurring garlicnins isolated
from Allium sativum L. have been shown to prevent cancer-
cell growth.?

Numerous procedures have been developed for the oxi-
dation of sulfides to sulfoxides and sulfones by various oxi-
dants.’%12 In most of these approaches, oxidation of sul-
fides has been achieved by using various transition-metal
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Figure 1 Structures of biologically active compounds 1-6 possessing a
sulfone moiety

derivatives, including Ti,"* Sc,'® Ru,'* Mn," Zr,'® Cu,!” or
Fe'® complexes. In addition, several metal-free approaches
have also been reported.'®?° Most oxidation approaches,
however, involve the use of toxic metals or harsh reaction
conditions. Recently, a synthesis of sulfones has been devel-
oped by using hypervalent iodine salts.?!

In the past few decades, the chemistry of hypervalent
iodine reagents has received attention due to their favor-
able safety profile and ease of handling.???* 1-Hydroxy-
1A3,2-benziodoxol-3(1H)-one 1-oxide (IBX) is one of the
most common hypervalent iodine reagents, and it has been
used in various oxidation reactions.?*?> Despite being a ver-
satile oxidant, IBX has several drawbacks, such as poor solu-
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bility in common organic solvents?® and a tendency to ex-
plode at elevated temperatures,?” which limit its applica-
tions. We synthesized trifluoromethyl 3-oxo0-1A3,2-
benziodoxole-1(3H)-carboxylate (8) by the oxidation of 2-
iodobenzoic acid (7) with Oxone as oxidant in the presence
of TFA (Scheme 1).28 The synthesis of compound 8 has been
reported previously,?® but its oxidative properties are still

unexplored.
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Scheme 1 Synthesis of trifluoromethyl 3-oxo-1A%,2-benziodoxole-
1(3H)-carboxylate (8) by the oxidation of 2-iodobenzoic acid (7).

Herein, we report the selective oxidation of sulfides 9 to
the corresponding sulfones 10 by using benziodoxole 8 as
an oxidant. The precursors 9a-c were synthesized by the
reaction of the corresponding thiophenols with t-butanol in
the presence of an acid.?® Other starting materials 9d-h
were synthesized by the reaction of thiophenols with alkyl
bromides in the presence of sodium ethoxide 3%

Initially, our efforts were directed at optimizing reaction
conditions for the oxidation of tert-butyl phenyl sulfide
(9a) as a model substrate. When the oxidation of sulfide 9a
was performed with 1.0 equivalents of benziodoxole 8 in
acetonitrile at room temperature for 36 hours, the oxida-
tion product 10a was not obtained (Table 1, entry 1). When
the same reaction was performed at the reflux tempera-
ture, conversion of the starting material was observed, and
tert-butyl phenyl sulfide (10a) was obtained in 40% yield

Table 1 Optimization of the Stoichiometry of the lodine(lll) Reagent 8
for the Oxidation of Sulfide 9a to Sulfone10a
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Entry Reagent 8 (equiv) Temp Time (h) Yield (%)
1 1.0 r.t. 36 -
2 1.0 reflux 24 40
3 1.5 reflux 24 56
4 2.0 reflux 16 80
5 2.4 reflux 16 85
6 3.0 reflux 16 86

(entry 2). The oxidation product 10a was isolated in 56%
yield when 1.5 equivalents of reagent 8 were used (entry 3).
In this reaction, full conversion was not observed, and 40%
of the starting material was recovered. When reactions
were carried out by using 2.0 or 2.4 equivalents of 8, prod-
uct 10a was obtained 80 and 85% yield, respectively (entries
4 and 5). When the reaction was performed with 3.0 equiv-
alents of 8, no significant improvement was observed, and
10a was isolated in 86% yield (entry 6).

Next, our efforts were directed toward the optimization
of the solvent. Various polar and nonpolar solvents were in-
vestigated for the oxidation of sulfide 9a (Table 2). Initially,
the oxidation was performed in MeCN, and oxidation prod-
uct 10a was isolated in 85% yield (Table 2, entry 1). The oxi-
dation proceeded well in the polar aprotic solvents DMSO
and dichloromethane, giving 10a in 65 and 60% yield, re-
spectively (entries 2 and 3). In the polar protic solvents
methanol and ethanol, 10a was obtained in 50 and 52%
yield, respectively (Table 2, entries 4 and 5). When the oxi-
dation was performed in THF or 1,3-dioxane, 10a was ob-
tained in 43 and 30% yield, respectively (entries 6 and 7).
Therefore, the use of 2.4 equivalents of 8 in acetonitrile at
the reflux for 16 hours was concluded to be optimal for the
oxidation of sulfide 9a to the corresponding sulfone 10a.

Table 2 The Optimization of Solvent for the Oxidation of Sulfide 9a to

Sulfone 10a
Oo. .0
N
QS\K oxidant 8 ©/S\§
& solvent, reflux, 16-20 h
9a 10a
Entry Solvent Time (h) Yield (%)
1 MeCN 16 85
2? DMSO 20 65
3 CH,Cl, 20 60
4 MeOH 20 50
5 EtOH 20 52
6 THF 20 43
7 1,3-dioxane 20 30

2 The reaction was performed at 100 °C.

A series of sulfides 9b-h was then successfully oxidized
to the corresponding sulfones 10b-h in 68-91% yield under
the optimized conditions (Table 3, entries 1-8).3! All the ox-
idation reactions proceeded well, and both electron-with-
drawing and electron-donating aromatic substituents were
tolerated. The oxidation products were isolated in slightly
better yields with substrates having electron-donating
groups on the aromatic ring in comparison to substrates
bearing electron-withdrawing groups.
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Table 3 Oxidation of Sulfides 9b-h
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F MeCN, 16-20 h >
9 10 (68-91%)
Entry R R? Time (h) Product  Yield (%)
1 H t-Bu 16 10a 85
2 4-Cl t-Bu 20 10b 75
3 3-MeO t-Bu 17 10c 89
4 H Bn 16 10c 86
5 4-Cl Bn 20 10e 81
6 3-MeO Bn 16 10f 91
7 H CH(Et)COEt 16 10g 75
8 4l CH(Et)CO,Et 18 10h 68

Next, we examined the selectivity of 8 towards the oxi-
dation of sulfoxides and sulfides. To check the selectivity, a
competitive reaction was performed between sulfide 9a
and sulfoxide 11 in acetonitrile at the reflux temperature.
Sulfoxide 11 was synthesized by the oxidation of sulfide 9¢
with m-CPBA at low temperature.3? Sulfide 9a was oxidized
to the corresponding sulfone 10a in 16 hours, whereas the
oxidation of sulfoxide 11 to sulfone 10c was completed in
eight hours. After the purification, sulfone 10a was isolated
in 82% yield, and sulfone 10c was obtained in 89% yield
(Scheme 2). The results of the competitive reaction suggest
that reagent 8 can be used for the oxidation of either sul-
fides or sulfoxides to sulfones, but the oxidation of sulfox-
ides is selective over that of sulfides.

S.
Bu
AL NP
9a 8 (3.6 equiv) ~ ~t
N Bu + Bu
ﬁ MeCN, reflux
S\‘B 9ato 10a: 16 h, 82%
U 11t012:8h,89% OMe
10a 10c

OMe
11

Scheme 2 Competitive oxidation of sulfide 9a and sulfoxide 11 by us-
ing reagent 8

In conclusion, we have developed an alternative ap-
proach for the oxidation of organosulfides to the corre-
sponding organosulfones by using trifluoromethyl 3-oxo-
1A3,2-benziodoxole-1(3H)-carboxylate as an oxidant. This is
the first report of the use of this compound as an oxidant.
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