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ABSTRACT: [-Butyl-3-methylimidazolium bromide ([bmim]Br) as an ionic-liquid promoted

selectively oxidation of aliphatic and aromatic sulfides to the corresponding sulfoxides and

the oxidative coupling of thiols to disulfides by NaBrOjs in excellent yields under neutral conditions.
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INTRODUCTION

Organosulfur compounds, such as sulfoxides and
sulfones, are useful synthetic reagents in organic
chemistry. In particular, sulfoxides are valuable synthetic
intermediates for the production of a range of chemically
and biologically active molecules including therapeutic
agents such as antiulcer (proton pump inhibitors),
antibacterial, antifungal, anti-atherosclerotic, antihypertensive
and cardiotonic agents as well as psychotropics and
vasodilators [1-7]. The oxidation of sulfides and
utilization of sulfoxides has been reviewed recently [8].
Many reagents are available for the oxidation of sulfides,
but most of them are conventional oxidants, which are not
suitable for medium to large scale synthesis.

Sodium bromate is. commercially available as
an inexpensive stable solid, which potentially is an interested
candidate for the oxidation of organic compounds
because of its capability in multielectron transfer.
Although, sodium bromate is thermodynamically a strong
oxidant, but according to the literature bromate itself
is not able to oxidize organic compounds [9]. Standard
redox potential of the bromate ion, BrOs, is 0.61 V
in neutral and alkaline aqueous solution while in aqueous
acidic media it has a potential of 1.52 V. Due to low

standard redox potential in neutral or weak acidic media
and very low solubility in most of organic solutions,
it is usually used in aqueous media in the presence of strong
acidic co-reactants such as: NaHSO; [10], HBr [11],
cerium (IV) ammonium nitrate (CAN) [12], H,SO, [13],
KHSO, [14], BuyNHSO, [15], HCIO, [16 ], Mg(HSOy), [17],
silica sulfuric acid [18] and cation exchange resin and
ruthenium complexes [19].

In spite of their potential utility and solubility in these
media, most of the homogeneous acids present limitations
due to use of corrosive reagents, the tedious work-up
procedure, the necessity of neutralization of strong acidic
media, is producing undesired washes. In addition, high
acidity of solution not only increased the oxidizing
powerful of BrO; and restricted to apply this reagent
for the selective oxidation of most of organic compounds,
but due to bromine generation under acidic conditions
in the presence of reducing agents [20-21] the main product
becomes contaminated by the formation of bromo
substituted of sulfides and sulfoxides. So, due to bromine
generation we have to neutralize the reaction mixture
with sodium thiosulfate before separating of product.
Furthermore, in most of these oxidation systems
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the removal of excess sodium bromate from reaction
mixture and separation of bromate or bromide from
co-reactant salts is difficult.

Therefore, the discovery of new approaches for
the selective oxidation of sulfur compounds by NaBrO;,
in which there is no need to use acidic co-reactants is
of some importance in synthetic organic compounds.
One can wonder whether inert Ionic Liquids (ILs) are useful
solvents for NaBrO; mediated organic transformations;
taking into account the popularity of ionic liquids
as alternative solvents for organic reactions [22-29].
To the best of our knowledge, ILs has not been explored
for reactions with NaBrO; yet.

In continuation of our studies on the oxidation of
organic compounds [20, 30-34], in this paper we evaluate
various ionic liquids for BrO;” mediated the oxidation of
aliphatic and aromatic sulfides and thiols under neutral
conditions in non-aqueous media (Scheme 1).

EXPERIMENTAL SECTION

Melting points were measured on an Electrothermal 9100
apparatus and are uncorrected. Mass spectra were
recorded on a Shimadzu GCMS-QPI1100EX mass
spectrometer operating at an ionization potential of
70 eV. IR spectra were recorded on a Shimadzu IR-470
spectrometer. 'H and *C NMR spectra were recorded
on a BRUKER DRX-300 AVANCE spectrometer
at 300.13 and 75.47 MHz. NMR spectra were obtained on
solution in DMSO-d6 using TMS as internal standard.
The chemicals used in this work were purchased from
Merck and Fluka Chemical Companies.
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General procedure for oxidation of sulfide using
NaBrO;and [bmim]Br

The oxidant (NaBrOs;, 0.5 g, 3.3 mmol) was placed
in a round-bottom flask and added the sulfide (1.0 mmol)
and [bmim]Br (0.3 g). The reaction mixture was stirred
continuously at 70°C  using a  magnetically
controlled stirring bar; TLC was used to monitor
sulfide

completely reacted or until a reasonable amount of time

the progress of the reactions until the
had elapsed. Upon completion, the reaction mixture
was washed with EtOAc or CH,Cl, (20 mL). Evaporation
of the solvent gave a product of sufficient purity
for most purposes.

General procedure for oxidation of thiol using NaBrO;
and [bmim]Br

The oxidant (NaBrOs, 0.5 g, 3.3 mmol) was placed
in a round-bottom flask and added the thiol (1.0 mmol)
and [bmim]Br (0.3 g)..The reaction mixture was stirred
continuously at room temperature using a magnetically
controlled . stirring bar; TLC was used to monitor
the progress of the reactions until the thiol completely
reacted or until a reasonable amount of time had elapsed.
Upon completion, the disulfide is isolated by washing
the reaction mixture with water.

RESULTS AND DISCUSSION

In order to select the best ionic liquid, various ionic
liquids we examined, such as 1-butyl-3-methylimidazolium
([bmim]Br),  1-butyl-3-methylimidazolium
([bmim]Cl)  and
triflouroacetate (TMGT) in acidic [molar ratio of
tetramethylguanidine (TMG):triflouroacetic acid (TFA)
or TMG:TFA 1:1.5], basic (molar ratio of TMG:TFA 1.5:1)
(molar ratio of TMG:TFA 1:1)
conditions. Oxidation of benzyl phenyl sulfide to

bromide

chloride tetramethylguanidinium

and neutral

benzyl phenyl sulfoxide and oxidative coupling of
2-naphtalene thiol to 2-naphtalene disulfide were selected
as model reactions. Test reactions were carried out by
mixing NaBrO; (0.5 g, 3.3 mmol) with various ILs (0.3 g)
sulfide
(0.2 g, Ilmmol) or 2-naphtalene thiol (0.16g, 1mmol).
As indicated in Table 1, the most of these ionic liquids
are not effective oxidants for this transformation under
the mentioned conditions, and [bmim]Br is the best
oxidant under these conditions.

followed by addition of benzyl phenyl
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Table 1: Oxidation of benzyl phenyl sulfide and oxidative coupling of 2-naphtalene thiol in the various Ionic Liquids.

e
Entry Substrate Product Tonic Liquid Time (min) Yield® (%)
1 PhCH,SPh PhCH,SOPh [bmim]Br 45 91
2 PhCH,SPh PhCH,SOPh [bmim]Cl 45
3 PhCH,SPh PhCH,SOPh TMG:TFA 1:1.5 45
4 PhCH,SPh PhCH,SOPh TMG:TFA 1.5:1 45
5 PhCH,SPh PhCH,SOPh TMG:TFA 1:1 45
SH S
. 0 ) — . o0
2
SH S
; ) ) — S
2
SH S
8 OO > TMG:TFA 1:1.5 25
2
SH S
2
SH S
10 > TMG:TFA 1:1 25
G - J

a) Reaction conditions: NaBrO; (0.5 g, 3.3 mmol) with various ILs (0.3 g) followed by addition of benzyl phenyl sulfide (0.2 g, Immol)

or 2-naphtalene thiol (0.16 g, Immol).

As shown in Table 2, using this oxidation system,
a wide variety of alkyl aryl and. dialkyl sulfides was
oxygenated to their corresponding sulfoxides in high
yields within less than 1 hour. The sulfoxides are isolated
by washing the reaction mixture with appropriate (EtOAc
or CH,Cl,) solvent. Evaporation of solvent under vacuum
produces pure sulfoxide = without any purification.
All the reactions occurred with complete selectivity for sulfoxide
formation, no overoxidation products such as sulfones
or bromo derivatives sulfoxide were detected in the
reaction mixtures. This method offers a simple, general, fast,
selective and highly efficient approach for converting
sulfides to the corresponding sulfoxides under the neutral
conditions. Observation of oxidation benzyl phenyl sulfide
and dibenzyl sulfide to the corresponding sulfoxide
(Entries 9 and 10 Table 2) indicates that the reaction
proceeds by way of an oxygen transfer mechanism.
If the reaction involved electron transfer instead of
oxygen transfer, substantial amounts of benzaldehyde
would have been formed [35-36].

We have compared the results of our investigations
with reported reagents such as BuNIO,J/AICl; [37],
Ba(MnOy,), [38], Bi(NO;).5H,O/HOAC [39], H,0, [40],
CuBr;, [41] and TBAPI/AICI; [42] (Table 3). The results
show that NaBrOs/[bmim]Br is a best oxidant system
reagent in times and yields.

The presented oxidation coupling of thiols by
NaBrO;/[bmim]Br is a convenient alternative to the
reported reagents in terms of the reaction times, the yields
of the disulfides, mild
no necessary use acidic media. In addition to the greater
safety in handling and ease use of NaBrOs/[bmim]Br,
the product can be isolated by simple washing and filtration

reaction conditions and

with water. To demonstrate the utility of the procedure
described here, a 10 fold scale oxidation was carried out
with NaBrOs/[bmim]Br for the oxidative coupling of
4-chlorothiophenole and the corresponding disulfide
was obtained in 85% yield within 40 min.

One of the advantages of ionic liquids is their ability
to function as a recyclable reaction medium. The IL was
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Table 2: Oxidation of sulfides to sulfoxides and oxidative coupling of thiols to disulfides by NaBrO3/[bmim]Br.

. . s M. p. or B.p('C) M.p. or B.p.(C)

éntry Substrate Product Time (min) Yield" (%) Found Reported rof.

1 (CH;CH,),S (CH;CH,),SO 35 88 102-104 103-106*

2 [CH3(CH,),1,S (CH5(CH,),),SO 35 81 23-25 24.5-25.5%

3 [CH3(CH,)31,S (CH;3(CH,)3),SO 40 80 27-30 29-31.6%

4 Cs Cs=o 35 83 233-234 235-237%

5 PhSCH; PhSOCH; 30 91 32-34 33-34%

6 PhSCH,CH; PhSOCH,CH; 40 89 143-145 146*

7 p-O,NC4H,SCH; p-0,NCsH,SOCH; 45 93 139-141 140-142*

8 PhSPh PhSOPh 50 92 67-69 70.5%

9 PhCH,SPh PhCH,SOPh 45 90,91,88° 121-123 123-124%

10 PhCH,SCH,Ph PhCH,SOCH,Ph 40 88 130-131 133-135%

0. O.
11 C[ jij @SQ 45 91 151-154 153-155"
S S

12 PhSOPh No reaction 20 (hr) - - -

13 CH;(CH,),SH (CH3(CH)),S), 30 79 189-191 193*

14 CH;(CH,);SH (CH3(CH,):S), 35 83 187-190 192%

15 CH,(CH,),SH (CH3(CH,)sS)> 35 91 127-129 128-130%

16 CH;(CH,);SH (CH3(CH))-S), 40 90 72-74 74-75%

17 C¢H,;SH (CeHi1S)2 50 86 121-123 125-130%

18 PhSH (PhS), 45 91 59-61 61-62%

19 p-CICeH,SH (p-CICHLS), 40 93 72-73 73-74%

20 p-CH;CeH,SH (p-CH3CgH.S), 40 89 42-44 45-46%

21 PhCH,SH (PhCH,S), 45 94 67-69 69-72%

SH N

2 ) 25 90 137-139 139°

K ( 2 j

“ isolated yields. ” the same ionic liquid was used for each of the three runs

Table 3: Comparison of the results of NaBrO3/[bmim]Br with those obtained from BuNIO,/AICI; (1) [37], Ba(MnOy,), (2) [38],
Bi(NO;). 5H,0/HOAC (3) [39], H,0, (1) [40], CuBr, (2) [41] and TBAPI/AICI; (3) [42].

f Yield % (min) Yield % (h) reported by other methods \
Entry Substrate Product
NaBrOs/[bmim]Br 2 3 4 5 6
1 PhSCH; PhSOCH; 91 (30) 70 (4) - - 82 (1.5) - 70
2 PhCH,SCH,Ph PhCH,SOCH,Ph 88 (40) - 85 (4) 88 (4) - 75
k 3 [CH3(CH,)512S (CH3(CH»)3).SO 80 (40) 75 (4) 77 (4) 68 (2) 92 (2) 89 (2.25) - j
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Table 4: Oxidation of benzyl phenyl sulfide with NaBrOjin the presence of NH,Cl, NH /Br, KBr and various ionic liquids.

/ Entry Substrate Product Catalyst Time (min) Yield" % \
1 PhCH,SPh PhCH,SOPh NH,Cl 45 85
2 PhCH,SPh PhCH,SOPh NH,Br 45 87
3 PhCH,SPh PhCH,SOPh KBr 45 70
4 PhCH,SPh PhCH,SOPh TMG:TFA 45 0
5 PhCH,SPh PhCH,SOPh [bmim]F 45 0
6 PhCH,SPh PhCH,SOPh [bmim]I 45 87
7 PhCH,SPh PhCH,SOPh [bmim]PF, 45 14
8 PhCH,SPh PhCH,SOPh [bmim]Cl 45 0
k 9 PhCH,SPh PhCH,SOPh [bmim]Br 45 91 /

a) Reaction conditions: NaBrOj; (0.5 g, 3.3 mmol) with in the presence of NH,CI, NH,Br, KBr, TMG:TFA and ionic liquids (0.3 g)

Sfollowed by addition of benzyl phenyl sulfide (0.2 g, Immol).

4 N

o) é’R 3

(0] : \R
8_gl _lbmimyr o 1 ‘R.® LY,
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o o O r
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Scheme 2

separated from the reaction medium easily by washing
with cold water and. evaporating the solvent under vacuum,
and reuses it for subsequent reactions (Table 2, Entry 9).

proposed as
Scheme 2. The oxidation may involve the initial
polarization of the Br=0O bond by [bmim]Br then
a nucleophilic attack of sulfur on the hypervalent bromine (V)

The mechanism was depicted in

center followed by a concerted oxygen transfer to give
sulfoxides. Over-oxidation to sulfones does not occur and
this could be attributed to the low nucleophilicity of
sulfoxide (Table 2, Entry 12 and Scheme 2) [14].

For clarifying the proposed mechanism, we have also
investigated the oxidation reaction in the presence of
NH,C1, NH,Br, KBr and ionic liquids such as [bmim]ClI,
[bmim]I and [bmim]PFs. As, indicated in Table 4,

the reaction proceed efficient in the presence of NH,Cl,
NH Br, KBr and which
the proposed mechanism.

[bmim]I in supported

CONCLUSIONS

In summary, we have developed an efficient and fast
procedure for selectively oxidation of sulfide to sulfoxide
and oxidative coupling of thiols to disulfide using BrOs
mediated with [bmim]Br as an ionic liquid. This method
possesses increased compatibility to different functional
group and the oxidation reaction is carried out in neutral
conditions and unlike previously reported methods,
this one requires neither an acids as co-oxidant nor protic
solvents such as water. Further application of these
reagents combination is under investigation in our novel
neutral media system derived from BrO; mediated
with IL for the oxidation of other organic compounds.
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