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ABSTRACT

N-Bromosuccinimide (NBS) catalyses the ring opening of various epoxides with different thiols in CH,CN at room temperature
under mild reaction conditions. The corresponding 3-hydroxysulphides are obtained in short reaction times and in good to high
yields with nearly complete regioselectivity. The catalyst was compared with previously reported catalysts and only one that we
have found [B(C(F;);] gave the same regioselectivity, but the reaction time was much longer (4 h versus 5 min) and the yield was
considerably lower. Zn(ClO,),-6H,O gave slightly lower selectivity but higher yields. The reaction time was about 12 times longer.
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1. Introduction

p-Hydroxysulphides are valuable intermediates that have
been used for the synthesis of allyl alcohols,' cyclic sulphides,®
a number of important natural products,’ and a variety of
compounds with pharmacological and/or biological activity.**

The ring opening of 1,2-epoxides by sulphur-containing
nucleophiles (thiolates, thiols and disulphides) is a convenient,
practical and widely employed strategy for the synthesis of
B-hydroxysulphides. Thiolysis of 1,2-epoxides with thiols to
yield f-hydroxysulphides has been promoted in the presence of
some activating agents such as Et,N,°(n-Bu),NE’ B(C,F,),* InCL,’
p-TsOH,’ LiCl10,,” CsF-celite,' AIPW,,0,,,'" Zn(II),"
LiClO,-3H,0,” [Emim|BF," HBF,-5i0,'* Zn(ClO,),-6H,0,"*
Sc(OTf),,"” 1,5,7-triazabicyclo[4.4.0]dec-5-ene (PS-TBD),"
indium-bipyridine,” montmorillonite K-10,* Sn(IV)(TPP)
(BF,),”* MgBr, OEt,” cyanuric chloride” and additive-free.”
However, some of these reagents suffer from disadvantages
such as the use of stoichiometric amounts of the reagents,
requirement of excess thiols, drastic reaction conditions,
prolonged reaction times, elevated temperatures, moisture
sensitive/hazardous/costly reagents, poor regioselectivity and
low yields. Thus there is a need for the development of protocols
using readily available reagents under mild conditions to over-
come the above limitations.

In the last decade organocatalysis has became a field of great
interest.” Organocatalysts are usually robust, inexpensive,
readily available, non-toxic and inert towards moisture and
oxygen. Because of the absence of transition metals, organo-
catalytic methods seem to be especially attractive for the prepa-
ration of compounds that do not tolerate metal contamination
such as pharmaceutical products.

2. Results and Discussion
In continuation of our interest in the application of N-halo
compounds in organic synthesis,” we have found that NBS is an

* To whom correspondence should be addressed. E-mail:a_rostami372@yahoo.com,
a.rostami@uok.ac.ir

inexpensive, commercially available and versatile reagent.” This
reagent has recently been used as an effective catalyst for the
acetalization of carbonyl compounds,® the conversion of
aldehydes to 1,1-diacetates,” and acylation of alcohols® under
mild and nearly neutral reaction conditions. In this paper we
present the catalytic application of NBS as a selective reagent for
the efficient ring opening of various epoxides with different
thiols in CH,CN.

At first the effect of different ratios of RSH/catalyst was exam-
ined. A ratio of 1:0.05 for thiols gave the best result and produced
B-hydroxysulphides in good to high yields (see Table 1).

In order to understand the scope and limitations of NBS as a
catalyst for the preparation of S-hydroxysulphides, various
epoxides were treated with aromatic, benzylic, heterocyclic,
cyclic and aliphatic (primary, secondary and tertiary) thiols. The
results are shown in Table 2.

Interestingly, the reaction of tert-butyl thiol (as a model for
tertiary thiols) and 2-mercapto benzimidazolyl (as a model for
heterocyclic thiols) with different epoxides gave the correspond-
ing B-hydroxysulphides in good to excellent yield at room
temperature.

Unsymmetrical epoxides underwent cleavage by a variety of
thiols with preferential attack at the less substituted carbon
atom, except for styrene epoxide, for which the thiol attack is
driven predominantly, as expected, at the benzylic carbon by
electronic effects. Complete regio- and chemoselectivity were
observed for the reaction of thiols with epichlorohydrin. This
reaction gives the corresponding p-hydroxysulphides via
nucleophilic attack of thiols at the less substituted carbon atom
of the epoxide.

In order to study the catalytic activity of NBS, we compared
our results for the reaction of styrene epoxide with thiophenol,
with the best of the well-known data from literature (Table 3). As
shown in Table 3, NBS, as catalyst, shows higher regioselectivity
for the ring-opening of styrene epoxide with thiophenol in a
shorter reaction time.
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Table 1 The effect of different ratios of RSH/catalyst for ring opening of epoxides.
Entry Epoxide Thiol Ratio Time/min Yield/%
RSH:NBS
1 styrene epoxide PhSH 1:0.01 5 50
2 styrene epoxide PhSH 1:0.03 5 100
3 styrene epoxide PhSH 1:0.04 5 100
4 styrene epoxide PhSH 1:0.05 5 100
5 1,2- butane epoxide PhSH 1:0.01 5 trace
6 1,2- butane epoxide PhSH 1:0.03 5 50
7 1,2- butane epoxide PhSH 1:0.04 5 70
8 1,2- butane epoxide PhSH 1:0.05 5 85
9 styrene epoxide t-butylthiol 1:0.01 5 trace
10 styrene epoxide t-butylthiol 1:0.03 5 50
11 styrene epoxide t-butylthiol 1:0.04 5 60
12 styrene epoxide t-butylthiol 1:0.05 5 80
Table 2 NBS-catalysed ring opening of epoxides by thiols in CH,CN at room temperature.
o OH SR
0,
%/B<l/i‘<, + RSH Ns:(i:l”r'f’) 2/‘\/2 . a)\(ﬁ’z,
o aCN,
SR OH
(C-a) (C-B)
Entry Epoxide Product ** R Ratio a/f Time/min Yield(isolated) /%
1 WOH a) R =phenyl 5 92(82)
(:[:o O\ b) R = benzyl 10 90(84)
c) R = furfuryl 90 50
SR d) R =benzimidazol 10 90(80)
e) R = cyclohexyl 25 84(73)
f) R = n-butyl 35 90(85)
g) R = t-butyl 30 90(83)
2 o] a) R =phenyl 0/100 5 100(93)
SR b) R = benzyl 5/95 10 100(95)
¢) R = furfuryl 10/90 45 83(76)
d) R =benzimidazol 0/100 5 90(83)
OH e) R = cyclohexyl 0/100 15 85(70)
f) R = n-butyl 10/90 20 92(83)
g) R = t-butyl 10/90 15 90(80)
3 o) OH a) R =phenyl 100/0 5 85(80)
\/Q b) R = benzyl 95/5 10 94(86)
¢) R = furfuryl 90/10 90 50
SR d) R =benzimidazol 90/10 15 90(82)
e) R = cyclohexyl 80/20 45 85(74)
f) R = n-butyl 90/10 45 80(74)
g) R = t-butyl 90/10 30 87(80)
o] a) R =phenyl 100/0 5 90(83)
N OH b) R = benzyl 100/0 10 92(86)
4 CI\)\ ¢) R = furfuryl 100/0 90 trace
d) R =benzimidazol 100/0 15 85(82)
SR e) R = cyclohexyl 100/0 50 93(84)
f) R = n-butyl 100/0 60 90(84)
g) R = t-butyl 100/0 35 90(85)
5 o OH a) R =phenyl 95/5 5 91(85)
b) R = benzyl 95/5 10 90(85)
Pho\/Q Pho\/‘\ o) R = furfuryl 50/50 90 93(85)
SR d) R =benzimidazol 90/10 10 91(83)
e) R = cyclohexyl 85/15 20 90(85)
f) R = n-butyl 80/20 30 92(85
g) R = t-butyl 80/20 35 90(85)

Continued on p. 117
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Table 2 — continued.
6 o) OH a) R =phenyl 100/0 5 100(97)
O\/Q o b) R = benzyl 100/0 10 100(97)
\r o) R = furfuryl 100/0 90 trace
SR d)R =benzimidazol 85/15 15 95(89)
e) R = cyclohexyl 90/10 35 90(86)
f) R = n-butyl 70/30 40 96(86)
g) R = t-butyl 70/30 40 91(85)
7 o OH a) R =phenyl 100/0 5 90(81)
/\/O\A /\/O\)\|/ b) R = benzyl 100/0 10 91(82)
c) R = furfuryl 100/0 90 trace
SR d)R =benzimidazol 90/10 20 90(82)
e) R = cyclohexyl 90/10 30 83(76)
f) R = n-butyl 80/20 40 82(75)
g) R = t-butyl 90/10 40 90(84)
2 All the compounds were characterized by IR and NMR spectroscopy and compared with authentic samples.'>13
b All the 1,2-epoxides considered in this paper gave only anti-oxirane ring opening,
¢ Regioselectivity was determined by GC and "H-NMR.
4 Conversion.
¢ Refer to the sum of both products.
Table 3 Comparison of the activity of various catalysts for ring opening of styrene epoxide with thiophenol at room temperature.
0 OH SPh
Catalyst
o
P “ 4 PhsH "
SPh OH
(C-o) (C-B)
Entry Catalyst Conditions Catalyst/mol% Time/min Yield/% Ratio a/f Ref.
1 NBS CH,CN, rt 5 5 90 0/100 -
2 AIPW,,0,, CH,CN, rt 2 10 90 15/85 11
3 LiClO, -3H,0 solvent-free, rt 125 20 98 17/83 13
4 Zn(1I) H,O, rt 10 20 100 16/84 12
5 p-TsOH solvent-free, rt 2880 73 5/95 9
6 InCl, solvent-free, rt 1 10 85 5/95 9
7 B(C(Ey), CH,CL, rt 5 240 84 0/100 8
8 Zn(ClO,),-6H,0 solvent-free, rt 2.5 60 99 2/98 16
9 Et,N MeOH, rt 100 240 99 55/45 6

At this stage the precise role of NBS is not clear. However, on
the basis of previous reports of the catalytic application of NBS,*
one hypothesis about the role of NBS for this process is that
NBS probably generates small quantities of HBr in situ, which
may be the actual catalyst for the ring-opening reaction (Scheme
1). The actual role of this catalyst should be further studied in
detail.

3. Conclusion
In conclusion, notable features of this methodology are as
follows:

NBS is an inexpensive organocatalyst, commercially available,
moisture-insensitive, non-metallic, with low toxicity, corrosive
and air stable. The reactions take place in short reaction times,
under mild conditions and in good to high yields with nearly
complete regioselectivity. In this method, the use of protic acids
and metallic Lewis acids is avoided. Therefore, the reaction
conditions are mild and are not sufficiently acidic to cause side
reactions. Comparison of the results obtained using NBS as
catalyst with recently reported methods indicate the superiority
of the present protocol in terms of reaction time, yields and
regioselectivity.

0O

CH3CN, rt
NBr + RSH —m— NSR + HBr
e} (o]

o
,‘z’/<l/i‘«, P RSH 2

a)\g’% . H)\Of‘s

Scheme 1
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4. Experimental

4.1. General Procedure for the Synthesis of
B-Hydroxysulphides

To a mixture of epoxide (5 mmol) and NBS (0.25 mmol) in
CH,CN (5 mL), thiol (5 mmol) was added and the mixture was
stirred at room temperature for the specified time (see Table 2).
The progress of the reaction was monitored by TLC. On comple-
tion of the reaction, the solvent was removed under reduced
pressure and the crude products (where necessary) were
purified through simple plate chromatography (ethyl acetate:
n-hexane, 1:4) to obtain pure S-hydroxysulphides.

Selected spectral data for 1-chloro-3-phenylsulphanyl-
propan-2-ol (Table 2, entry 4a) are:

IR(Neat): 3630-3220, 1570, 1475, 740 and 690 cm™; 'H NMR
(200 MHz, CDCL,) ¢ 2.88 (br, 1H, OH), 3.05-3.18 (m, 2H, CH.,S),
3.72 (d, 2H, ] = 8.00 Hz, CICH,), 3.90-4.10 (m, 1H, OCH) and
7.20-7.50 ppm (m, 5H, Ph); *C NMR (CDCL,): 4 38.60,48.40, 69.90,
127.30, 129,70, 130.50 and 135.10 ppm.
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