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Chlorotrimethylsilane —Nitrate Salts as Oxidants: SCHEME 1. Oxidative Chlorination of Thiols to Sulfonyl
Direct Oxidative Conversion of Thiols and Chiorides with TMS-CI/KNO s
Disulfides to Sulfonyl Chlorides X_O_SH TMS-CIKNOs x—@—sozm
CH,Cl,, 50 °C
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and hydrogen chloride-treated silica gel to give the correspond-
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. tion takes longer and the reaction requires the presence of
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groups in the substrate. Use of nitrate salts with@@to give

the sulfonyl chloride from thiols has been reporteth most

R—SH of these methods the separation and purification of the products
are very tedious due to undesirable side reactions resulting in

1
/ \ lower selectivity and yields.

P\ MS-CIMNO; R Herein, we report a simple and convenient method for the
S5 CHlh 0% }‘>\H direct oxidative chlorination of thiols and disulfides to the

S N~—r o C corresponding sulfonyl chlorides using nitrate salt and chloro-
R trimethylsilane as a reagent system. It is further found that

2 3 sulfides and sulfoxides under suitable conditions undergo

A mixture of nitrate salt and chlorotrimethylsilane is found Oxidation to their respective sulfones. In most cases, products
to be a mild and efficient reagent for the direct oxidative obtained need no further purification. Removal of the solvent
conversion of thiols1) and disulfides 2) to the correspond- ~ from the reaction mixture provides analytically pure product.

ing sulfonyl chlorides ) in excellent yields through oxida- To utilize the oxidizing property of the “TMS-CI/KN®

tive chlorination. Sulfides and sulfoxides were also found SYStem. first the thiolsla—f) were subjected to oxidation with

to undergo oxidation to sulfones under similar reaction the TMS-Cl/nitrate salt system. Interestingly, oxidative chlorina-

conditions. In most cases these reactions are highly selective,t'on of the substrates occurred resulting in the direct formation

. - A . .. of the corresponding arene sulfonyl chlorid@s<f) in good
simple, and clean, affording products in high yield and purity. yields (Scheme 1). In all the cases studied arene sulfonyl

chlorides could be obtained in high purity by filtration and

Recently, we have achieved regioselective nitration of aryl- €vaporation of the solvent without further purification.
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TABLE 1. Oxidative Chlorination of Aryl Thiols

entry thiol (1a-f)  time (h) sulfonyl chloride (3a-f)  yield (%)
a @—SH 1 ©—5020| 85
b He— Y-sH 2 Hc—~_Y-so,c 85
c CI—@—SH 25 CI—@—SOch 88
d Br—@—SH 2 Br—@—SOZCI 90
e F—@—SH 1 F—@—SOZCI 95
f H3CO—©—SH 1 HaCO—O—SOZCI 80

dures, the presently developed method appears to be highlyi

useful. Table 1 shows the results of the oxidative chlorination
of some arene thiolsl@é—f). Suitable conditions for these
reactions were explored and found to be3lh at 50°C. At
room temperature reactions required longer time and often
resulted in a mixture of products.

An investigation of the mechanistic aspects of oxidative
chlorination of thiols {) showed the main intermediate to be
the corresponding disulfid®). When the progress of reactions
was monitored at different time intervals by TLC and GCMS,
formation of disulfides Z) was observed. The reactions were
carried out slowly at room temperature and the disulfidds (

were separated in some cases. To further confirm the interme-

diacy of the disulfides in the oxidative chlorination of thiols,
reactions were repeated with different symmetric disulfides.
When disulfides themselves were reacted under similar reaction
conditions, oxidative chlorination took place as expected and
we obtained exclusively the corresponding sulfonyl chlorides
(Scheme 2). All reactions resulted in the formation of the
corresponding sulfonyl chlorides in high yields, in expected
stoichiometric amounts (Table 2). This shows that sequential
oxidation of the thio function followed by-SS bond cleavage
and subsequent chlorination occurs during the direct conversion
of thiols to sufonyl chlorides.

Previous studies by Sohmiya et®athowed that the ease of
cleavage of the €S bond with the neighboring function (S
and C of the benzyl group) is important in their reactions.
However, disulfides gave lower yields and thiols gave unidenti-
fied materials showing that the iodosobenzene/HCI reagent
system is unusually strong for their conversion. Results of our
reactions, in contrast, clearly demonstrate that the “TMS-CI/
nitrate salt” system acts as a very effective selective reagent

TABLE 2. Oxidative Chlorination of Disulfides to Sulfonyl
Chlorides

entry disulfide (2) time (h)  sulfonyl chloride (3) yield (%)
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C 95
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aNH4NO3 was used.

Scheme 3 shows the suggested mechanistic pathway for the
formation of sulfonyl chlorides from the thiolg)and disulfides
(2). Use of chlorotrimethylsilane in conjunction with inorganic
salts as reagents for various organic oxidations and other
reactions is well studied.Chlorotrimethylsilane is known to
react with nitrate salts to give trimethylsilyl nitratg){ which
acts as an efficient oxidizing agéetitLee et al. have also studied
the formation of trimethylsilyl nitrates) from the TMS-CI/
nitrate salt system and its role in the conversion of anilines to
aryl halides and deoximation of aldoximes and ketoxiffes.

Chlorination of thiols 1) leads to the formation of sulfenyl
chloride @), which gives the corresponding symmetric disulfide
(2), similar to the chlorination of thiols by sulfuryl chloridé.

To confirm this route, we have carried out chlorination of
benzenethiol 1a) using chlorotrimethylsilane at 50C (in the
absence of nitrate salt). Observation by GCMS showed the
formation of the disulfide Za) through the intermediacy of
sulfenyl chloride ). After 2 h, most of the thiol Xa) was
converted to disulfideg). Disulfide (2a) can interact with
trimethylsilyl nitrate ) to give rise to an unstable sulfenyl
nitrate intermediate7) and trimethylsilyl thiol derivative8
(Scheme 3, path a). Topping et al. have studied in detail the
formation of sulfenyl nitrate intermediat@)(and its behavior
under thermal conditions.A mechanism involving the decomp-

for the conversion of thiols1) and disulfides %) to their
respective sulfonyl chlorides3) in good yields.

SCHEME 2. Oxidative Chlorination of Disulfides to
Sulfonyl Chlorides with TMS-CI/KNO 3
TMS-CI/KNO3

—

RTS™S™R 4y s0°C

2

R= x@— (X = H, CHs, Cl, NO,)

CHs, CH3CH,, CH;CH,CH,

R—S0,CI
3
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SCHEME 3. Mechanism of Oxidative Chlorination with TABLE 3. Oxidation of Sulfides and Sulfoxides to Sulfones
TMS-Cl/Metal Nitrates

(CHg)3Si—Cl + MNO; — (CH3)3Si—O—NO, + MCI

entry sulfide or sulfoxide MNO; time (h) sulfone (4f-k) yield (%)

5 (active oxidizing reagent) (16ab & 17a-d)
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SCHEME 4. Oxidation of Sulfides and Sulfoxides to TMS-CI/MNOs: 2.2 equiv for sulfoxides and 5 equiv for sulfides.

Sulfones
R.  Ttmscimno, Re R_,0 SCHEME 5. Mechanism of Oxidation of Sulfides and
§ — > S0 —> _.s{ Sulfoxides to Sulfones
R CHCl2, 50°C R RO
16 17 4 | ~ < /s.\
>si—OSNo, /SI 50 NG,
5 )

osition of sulfenyl nitrate ) by a primary homolytic cleavage NO,

is proposed. This leads to the formation of the arylsulfinyl

radical9 followed by its coupling to form the intermedial®, ©/ \© X ©/ O

which undergoes subsequent rearrangement to the thiosulfonate

ester11.10.11 l ?:/:oms
Thiosulfonate estell can react with another molecule of

TMS-CI to give the product sulfonyl chloride3 and the

trimethylsilylated thiol 8), which reacts further with trimeth-

ylsilyl nitrate (5) to regenerate sulfenyl nitrat@&)(followed by @ @ ©/ O

subsequent formation & until all the disulfide is consumed.

This explains the complete conversion of disulfides to 2 equiv

of the sulfonyl chlorides. Another possible route (Scheme 3, sybstantial amounts of chlorine substituted products. However,

path b) is the successive oxidation of both thio groups of the when NHNO; was usedg-chlorination is lowered and the yield
same disulfide molecule by trimethylsilyl nitrate to the inter- of sulfone increased. With KNQas the nitrate salt, formation

mediate 14 (symmetrical a-disulfoxide) that is knowh® to of a silyl—enol ether type of intermediate may be preferred from
undergo rapid isomerization to the thiosulfonafiewhich can  sulfide and sulfoxide having-H followed by further successive
easily furnish sulfonyl chloride3) as described earlier. chlorination to give rise to different chlorinated products.

Since the formation of sulfonyl chlorides proved the potential Reactions of dialkyl sulfides and sulfoxides were also not clean
of the present system as an effective and mild oxidizing agent, due to the competing-chlorination. The mechanistic explana-
oxidation of sulfides 16) and sulfoxides17) to the correspond-  tion discussed for the oxidation of the thio group by pathway b
ing sulfones 4) was studied. Diphenyl sulfoxidd.{g) with 2.2 (Scheme 3) in the case of disulfide®) (can explain the
equiv of the reagent, at room temperature, were quantitatively formation of sulfones4) from the corresponding sulfidels
converted to diphenylsulfondlf) in 24 h. This reaction can be  and sulfoxidesl7. Therefore, the mechanism for the oxidation
achieved with 1 equiv of the reagent but it took 72 h for the of sulfides and sulfoxides can be detailed as shown in
completion of the reaction. Scheme 5.

After optimizing the reaction conditions, we found that the In conclusion, a specific selective oxidative protocol using
best results were obtained with much shorter reaction times, the “TMS-Cl/nitrate salt” reagent system is found to be very
with the reactions performed in a pressure tube atG0The useful for the direct conversion of mercaptans and disulfides to
results are summarized in Table 3. When KN@as used as  their corresponding sulfonyl chlorides in high yields. This
the metal nitrate, the reaction of substrates withl such as reagent system is also found to be a mild and efficient oxidizing
methyl phenyl sulfide and sulfoxide yielded a mixture with agent for the oxidation of sulfides and sulfoxides to the
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corresponding sulfones in good to excellent yields. The reaction solution (10 mL) and then dried over anhydrous,8@,. Solvent

is highly selective, simple, and clean in most cases. was removed under reduced pressure to obtain the products, in
almost NMR grade purity. The products are well-known and are
Experimental Section characterized by comparing their spectroscopic data with those of

the authentic samples.
General Procedure for the Oxidation and Oxidative Chlo-

rination Reaction. A mixture of thiols/sulfoxides (1 mmol) in Acknowledgment. Support of our work by the Loker

dichloromethane (5 mL), nitrate salt (2.2 mmol), and TMSCI (2.2 Hydrocarbon Research Institute is gratefully acknowledged.
mmol) was placed in a sealed glass tube (5 mmol of nitrate salt

and TMSCI were used in the case of disulfides/sulfides). The
heterogeneous mixture was stirred vigorously at°60until the
reaction went to completion (Monitored by TLC). After completion,
the reaction mixture was cooled to room temperature and filtered
and the filtrate was washed with water ¢ 10 mL) and brine JO070907G

Supporting Information Available: General experimental pro-
cedure and copies &H/13C/*% NMR spectra of products. This ma-
terial is available free of charge via the Internet at http://pubs.acs.org.
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