FULL PAPERS

DOI: 10.1002/adsc.200505122

Ionic Liquid as Catalyst and Reaction Medium: A Simple,
Convenient and Green Procedure for the Synthesis of
Thioethers, Thioesters and Dithianes using an Inexpensive Ionic

Liquid, [pmIm|Br

Brindaban C. Ranu,* Ranjan Jana

Department of Organic Chemistry, Indian Association for the Cultivation of Science, Jadavpur, Kolkata — 700 032, India

Fax: (4 91)-33-2473-2805, e-mail: ocbcr@iacs.res.in

Received: March 22, 2005; Accepted: June 6, 2005; Published online: September 26, 2005

Abstract: An easily accessible and inexpensive room
temperature ionic liquid, 1-pentyl-3-methylimidazoli-
um bromide, [pmIm]Br efficiently catalyzes the reac-
tion of alkyl halides or acyl halides with thiols without
any solvent at room temperature leading to the syn-
thesis of thioethers and thioesters in high yields.

This reaction has also been extended for the prepara-
tion of dithianes and transthioetherification. The ionic
liquid is recovered and recycled for subsequent runs.

Keywords: dithianes; ionic liquids; thioesters; thioeth-
ers; transthioetherification

Introduction

The thioethers and thioesters are very useful building
blocks for the synthesis of various organosulfur com-
pounds,'" and they also play important roles in biologi-
cal and chemical processes.l”! A variety of the methods
for their synthesis is available in the literature.” Howev-
er, the most convenient and direct method involves the
conversion of thiols to thioethers or thioesters by the re-
action of thiolate anions with organic halides."* The cat-
alysts and reagents used for this reaction are various ba-
sic compounds including BuLi,* phase-transfer
agents,* palladium(0) complex,*? platinum(II) com-
plex,* tellurium complex, tin sulfides,* other orga-
nometallic sulfides,***" clay materials,* trifluoroacetic
acid,”!! CSF-celite,’™ thiomolybdate® and InI.®™ The
yields of products and reaction conditions depend on
the solvent, the catalyst and the acidity of thiols. Howev-
er, in general these reactions require very long reaction
times (reflux/room temperature) and the yields are not
always satisfactory. Moreover, many of these catalysts
are highly toxic and expensive. Thus, a convenient and
efficient procedure involving a simple and environment
friendly reagent for the synthesis of thioethers and thio-
esters is still of high demand.

In recent times room temperature ionic liquids have
been the subject of considerable interest in the context
of green synthesis.”! Although ionic liquid was initially
introduced as an alternative green reaction medium,*
today it has marched far beyond showing its significant
role in controlling the reaction as catalyst.”! As a part
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of our program to explore the potential of ionic liquids
in organic synthesis we initiated an investigation to un-
ravel the novel utilities of ionic liquids as catalysts as
well as reagents in chemical transformations.'’ We re-
port here the application of a simple ionic liquid
[pmIm]Br as catalyst as well as reaction medium for
the conversion of thiols to thioethers or thioesters by re-
action with alkyl or acyl halides (Scheme 1).

[pmIm]Br

RSR'
r. t.

RX + R'SH

R = alkyl/acyl

Scheme 1.

Results and Discussion

The experimental procedure is very simple. A mixture of
alkyl halide (5 mmol) and thiophenol (5 mmol) is stirred
at room temperature in ionic liquid [pmIm]Br (1 g) for a
certain period of time (10—60 min) as required to com-
plete the reaction (TLC). The product was isolated by
direct distillation of the reaction mixture under reduced
pressure. In case of small-scale reactions where distilla-
tion is not feasible, the product may be isolated by ex-
traction with ether followed by usual work-up and chro-
matography. The ionic liquid remaining in the reaction
vessel after being washed with ethyl acetate and dried
at 80°C under vacuum for 3—-4 h was recycled in subse-
quent runs.
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Table 1. Preparation of thioethers from alkyl halides and thiols in [pmIm]Br.

[pmim]Br
RX + R'SH — RSR!
r.t
Entry Alkyl Halide Thiol Product Time Yield Ref.
[min] (%]
1 PhCH,CI PhSH PhCH,SPh 25 90 3m
2 PhCH,Br PhSH PhCH,SPh 20 92 3m
3 PhCH,l PhSH PhCH,SPh 20 93 3m
4 (p-OMe)CgH,CH,Br  PhSH (p-OMe)CeH,CH,SPh 15 95 3m
[o] CH,Br (o] CH,SPh
5 <:©/ 2" PhSH <©/ 2 20 96 3m
o o)
\ x
6 ©/\/\ Br  PhSH ©M SPh 47 95 3m
7 N g, PhSH "gph 20 92 3m
8 g PhSH gph 15 93 3m
9 Br—/_\—Br PhSH PhS—/:\—SPh 100 82 9
10 PhCH,Br n-BuSH PhCH,SBu-n 50 89 10
11 CH;(CH,),Br n-BuSH CH,(CH,),SBu-n 30! 82 11
CH,SPh
12 @CHzBr PhSH @ 2 25 92
CH,Br CH,SPh
CH,Br CH,SCH,Ph
13 ﬁ PhCH,SH 60 87
Br SCH,Ph
CH,Br CH,SPh
14 O~ PhSH O 60 85
0 o)
15 X PhSH P 12 97 3m
PH CH,Br PH CH,SPh
0
16 A PhSH A 10 98 3m
H.C™ CH,Br H,C™ CH,SPh
17  BrCH,CO,Et PhSH PhSCH,CO,Et 10 98 3m
18 Br(CH,),CO,Et PhSH PhS(CH,),CO,Et 15 89 12
19 )Bl PhSH )th 25 89 3m
Ph™CH, Ph” > CH,
20 )BL p-CI-C4H,SH SCeH,-Cl-p 25 87 3m
Ph™ "CH, Ph” CH,
B
21 I EtSH iEt 30 92 13
Ph™ “Ph Ph”™ ~Ph

marked difference was observed in terms of reaction
time and yield. The primary (entries 1-18), secondary
(entries 19-27) and tertiary (entries 28 —32) halides par-
ticipate in this reaction without any difficulty. Allylic
bromides (entries 6-9) and dibromides (entries 9, 12,

A wide variety of alkyl halides underwent reactions
with thiophenol, ethanethiol and butanethiol by this
procedure to produce the corresponding thioethers.
The results are summarized in Table 1. Alkyl chlorides,
bromides and iodides are equally effective and no
1812 asc.wiley-vch.de
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Table 1. (Continued)

Br

22 PhSH
P ~ph
B
23 n-BusH
Ph” > Ph
24 >Br PhSH
Br
25 O PhSH
26
COOH
Br>_ PhSH
27 PhSH
Br
28 %m PhSH
29 5 g PhSH
30 %| PhSH
31 %Br n-BuSH
32 %Br PhCH,SH
33 Pho/\A Br PhSH
OH
OMe
3 g X PhSH
OMe
35 |3r/\A Br PhSH
Br

SPh

30 85 3m
Ph)\Ph
)S\B“'” 35 95 13
Ph” >Ph
}sph 3¢ 82 3m
SPh
O 40 90 3m
>—000H 80 65 14
PhS
55 92
SPh
%Sph 30 g2 3m
%—Sph 40 85 3m
%Sph 30 82 3m
%SBu-n 25" 80 15
—>—SCH,Ph 50l 90 16
PhO SPh 25 92 23
OH
OMe 12 95 24
phs” X
OMe
SPh SPh 120 82k 25
SPh

[ Yields refer to isolated pure products unless otherwise stated.
(®] The reaction was carried out under heating at 60°C.

13) are also converted to the corresponding thioethers
without any side products. Several sensitive functional
groups such as CO,Et, CO,H, COCH;, COPh, O-allyl,
O-acetal present in the alkyl halides remained unaffect-
ed under the reaction conditions. The bromohydrin (en-
try 33) which is prone to epoxide formation under basic
conditions was cleanly converted to the corresponding
thioether. This procedure is also efficient for consecu-
tive tris-thioether formation in a single operation (entry
35).

Following the same procedure when acyl halides were
used in place of alkyl halides, the corresponding thioest-
ers were obtained. The results are presented in Table 2.
Aliphatic as well as aromatic acid chlorides react with
both aromatic and non-aromatic thiols by this proce-
dure.
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By simple manipulation of the strategy when geminal
or vicinal dihalides were reacted with ethanedithiol or
propanedithiol under heating a variety of dithianes of
different ring size were obtained. The results are report-
ed in Table 3. These reactions do not proceed at room
temperature; however the reactions went very cleanly
at 60°C during 5-7 h although the reaction of 1,2-di-
choroethane required microwave heating. Presumably,
higher energy (heat) is required because of the relatively
weak nucleophilicity of the dithiol compared to the thiol
and involvement of simultaneous inter- and intra-C—S
bond formations. The dithianes are very useful inter-
mediates in organic synthesis!”! and this procedure
makes an easy access to these compounds.

Recently we have developed a convenient procedure
for bromination of alcohols to the corresponding alkyl

asc.wiley-vch.de 1813
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Table 2. Preparation of thioesters from acid chlorides and thiols in [pmIm]Br.

o) [ 0
pmim]Br
+ R'SH ————
R)J\CI rt R)J\SR1
Entry Acid Chloride Thiol Product Time Yield Ref.
[min] [0/0][6]
1 CH,COCI PhSH CH,COSPh 12 96 3m
(0] (0]
2 O)km PhSH O)J\Sph 12 97 3m
0 o)
3 PhSH 10 98 3m
Ph)J\m Ph)J\SPh
2, !
4 n-BuSH 15 97 17
PR cl Ph)J\SBu-n
L i
5 PhCH,SH 10 95 18
PR i ’ Ph)J\SCHzPh
o)
S phsH /©)kSPh 10 8 3m
MeO

Cl p-Cl-C4H,SH

(o]

6 Q)k
MeO

Oi

MeO

Cl

[ Yields refer to isolated pure products unless otherwise stated.

bromides using fert-butyl bromide in the same ionic lig-
uid [pmIm]Br.'° Thus, combining this protocol with the
present one an alcohol is directly converted to a thioeth-
er by a one-pot reaction with fert-butyl bromide and a
thioalcohol at 60 °C in [pmIm]Br. This combined opera-
tion did not go at all at room temperature. Although the
bromination of many alcohols at 60°C with -BuBr/
[pmIm]Br was not very clean!® this combined reaction
proceeded well at 60 °C. This reaction may also be car-
ried out under sonication as tested by us for three sub-
strates. A wide range of structurally varied alcohols un-
derwent reactions with thiophenol or butanethiol to
provide the corresponding thioethers by this procedure.
The results are reported in Table 4. The same procedure
has also been successfully applied for transthioetherifi-
cation of ethers (Table 5). Both aromatic and non-aro-
matic thiols take part in this reaction. On the other
hand, cyclic as well as open chain benzylic and allylic
ethers are transthioetherified; however simple aliphatic
dialkyl ethers remained inert. In the case of open chain
ethers, although two products are formed, the lower
boiling one such as methyl thioether (or methyl bromide

1814 asc.wiley-vch.de

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

when it is formed by initial bromination) was eliminated
during the distillation or work-up process.

In general, all the reactions are clean, high yielding
and reasonably fast. The products are of high purity
("H and "C NMR) irrespective of whether they are ob-
tained by direct distillation or solvent extraction. No te-
dious purification is required either way. The products
are easily characterized by spectroscopic data (IR, 'H
and *C NMR). The recovered ionic liquid may be recy-
cled for five runs without any loss of efficiency. After five
runs 50% fresh ionic liquid was mixed with it to maintain
equal efficiency.

Conclusion

In conclusion, the present procedure using a neutral and
inexpensive ionic liquid, [pmIm]Br, provides an effi-
cient and convenient procedure for the synthesis of thi-
oethers, thioesters and dithianes by a simple reaction of
alkyl halides and thiols. This method is also applied for
direct conversion of alcohols to thioethers and trans-

Ady. Synth. Catal. 2005, 347, 1811-1818
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Table 3. Preparation of dithianes from dihalides and dithiols in

[pmIm]Br.
S
X HS—_ N
CH) <+ S(CHyy, lPmimiBr (CH2)< _C(CHy),
X HS 60 °C S
Entry Dihalide  Dithiol Dithiane ~ Time [n]  Yield [%]®  Ref.
HS S
T CHyl, j C j 55 92 19
HS S
HS s
2 CHaly > < ) 6 94 20
HS S

Br
s [
Br HS
Cl HS
4 [ ]
Cl HS
Br HS
s )
Br HS

]
.

55 92 20

8 [min]® 81 20

S
< )7 80 20
S

[ Yields refer to isolated pure products unless otherwise stated.
[l The reaction was carried out under microwave irradiation.

thioetherification of ethers. The significant advantages
offered by this method are: (a) general applicability to
all types of alkyl halides and thioalcohols, (b) clean reac-
tions and high yields, (¢) mild and neutral reaction con-
dition tolerable to sensitive functional groups, (d) reus-
ability of catalyst and cost-effectiveness. Another im-
portant feature of this methodology is the use of ionic
liquid as catalyst as well as reaction medium and avoid-
ance of hazardous organic solvent. Thus we believe, this
simple and green procedure will provide a practical and
better alternative to the existing procedures.!

Experimental Section

NMR spectra were recorded on Bruker DPX-300 instrument
at 300 MHz for 'H and 75 MHz for *C NMR in CDCI, solu-
tions. IR spectra were measured on a FT-8300 Shimadzu spec-
trometer as neat samples. All liquid substrates were distilled
before use. Ionic liquid [pmIm]Br was prepared by the reaction
of 1-methylimidazole and pentyl bromide following a reported
procedure.!

Conversion of Benzyl Bromide to 1-Thiophenyl-1-
phenylmethane; Typical Procedure for Conversion of
Alkyl halides to Thioethers (entry 2, Table 1)

A mixture of benzyl bromide (855 mg, 5 mmol) and thiophenol
(550 mg, 5 mmol) in the ionic liquid 1-pentyl-3-methylimida-
zolium bromide, [pmIm]Br was stirred at room temperature
(25-30°C) for 15 min until completion of reaction was indicat-
ed by TLC. The product was then directly distilled out from the

Ady. Synth. Catal. 2005, 347, 1811-1818
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reaction vessel under reduced pressure to furnish 1-thiophen-
yl-1-phenylmethane as a colorless oil (low melting solid, m.p.
42°C); yield: 920 mg, (92%); R;=0.80; IR: v=1581, 1479,
1438, 1024 cm %; 'H NMR: §=7.53-7.55 (m, 1H), 7.23-7.37
(m, 9H), 4.15 (s, 2H); *C NMR: §=138.0, 137.0, 130.8 (2C),
129.4 (4C), 129.0 (2C), 127.7, 126.8, 39.5. These values are in
good agreement with the reported data.?™

When the reaction was carried out with 1 mmol or smaller
amounts the product was isolated by extraction with ethyl ace-
tate followed by column chromatography. The residual ionic
liquid was washed with small amount of ethyl acetate, dried un-
der vacuum at 80°C for 4 h and recycled.

This procedure is followed for the conversion of all the alkyl
halides into thioethers listed in Table 1, acyl halides into thio-
esters in Table 2 and dihalides to dithianes in Table 3. All the
products except four (entries 12, 13, 14, 27 in Table 1) are
known compounds (references in Tables 1-5) and were identi-
fied by comparison of their spectroscopic data with those re-
ported. The new compounds were properly characterized by
their spectroscopic data (IR, 'H and *C NMR) and elemental
analysis. These values are reported below.

1,2-Di(methylthiophenyl) benzene (entry 12, Table 1): Vis-
cous liquid; R;=0.80; IR: v=1585, 1570, 1479, 1454, 1436, 730,
716 cm™'; 'TH NMR: 8 =7.14-7.32 (m, 14H), 4.23 (s, 4H); °C
NMR: 6=136.5 (2C), 135.8 (2C), 130.8 (2C), 130.7 (4C),
129.2 (4C), 128.0 (2C), 126.9 (2C), 37.0 (2C); anal. calcd. for
C,oH;sS,: C 74.49, H 5.63; found: C 74.35, H 5.65.

2-Oxyallyl-1-(methylthiophenyl)benzene (entry 14, Ta-
ble 1): Colorless viscous liquid; R;=0.75; IR: v=1581, 1479,
1454, 1436, 730, 716, 688 cm™'; '"H NMR: 6=7.33-7.36 (m,
2H), 7.19-7.27 (m, 5H), 6.83-6.86 (m, 2H), 6.00-6.06 (m,
1H), 5.25-5.47 (m, 2H), 4.24-4.56 (m, 2H), 4.19 (s, 2H); *C
NMR: 6=156.2, 137.0, 133.3, 130.3, 129.8 (2C), 128.7 (2C),
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Table 4. One-pot synthesis of thioethers from alcohols.

ROH + %Br + R'sH

[pmIm]Br

RSR'
60 °C
Entry Alcohol Thiol Product Time Yield Ref.
[h] (%]
1 PhCH,OH PhSH PhCH,SPh 125 92 3m
2 PhCH,OH n-BuSH  PhCH,SBu-n 2 85 10
3 CHy(CHy,),OH PhSH CHy(CH,),SPh 3 72 3m
AN A
4 WOH PhSH Wsph 1.5 87 3m
5 Ny PhSH N"gpn 2 75 3m
6~ X"ph PhSH - N"gph 25 79 3m
7  Pp-MeO-CeH,CH,OH  PhSH  p-MeO-CeH,CH,SPh 1 95 3m
0 CH,OH o CH,SPh
5 < PhSH < 125 93 3m
(o] o
OH SPh
9 O/ PhSH O/ 25 82 16
OH SPh 5
10 PhSH 2 85 m
P~ TCH, p )\CH3
)Oi SBu-n
11 n-BuSH 25 83 13
PH~ “Ph P /\Ph
OH SPh
12 PhSH 2 87 3m
Ph)\Ph Ph)\Ph
13 %OH PhSH %Sph 15 92 3m
14 %OH PhCH,SH %—somph 158 16
15 %OH n-BuSH %SBu-n 25 75 15

2] Yields refer to isolated pure products unless otherwise stated.

128.4,126.3,126.1,120.6,117.2,111.4,68.9, 33.5; anal. calcd. for
C,¢H,4,0S: C 74.96, H 6.29; found: C 74.83, H 6.30.
1-Methylthiophenyl-4-(1-methyl-1-thiobenzylmethylene
benzene (entry 13, Table 1): Colorless viscous liquid; R;=0.80;
IR: v=1586, 1572, 1480, 1452, 1435, 736 cm '; '"H NMR: 6 =
7.27-17.35 (m, 14H), 3.66 (s, 2H), 3.63 (s, 4H), 3.61 (q, J=
13.5 Hz, 1H), 1.57 (d, J=6.9 Hz, 3H); *C NMR: 6=142.6,
142.5, 138.2, 136.9, 129.1 (2C), 129.0 (2C), 128.8 (3C), 128.4
(3C), 127.6 (2C), 127.4,126.8, 43.2, 35.7, 35.6, 35.3, 22.2; anal.
calcd. for C;3H,,S,: C 75.77, H 6.64; found: C 75.65, H 6.67.
1,7,7-Trimethyl-2-phenylsulfanyl-bicyclo[2.2.1] heptane
(entry 27, Table 1): Viscous liquid; R;=0.80; IR: v=2950,
1454, 1436, 1022 cm~!; 'TH NMR: §=7.56-7.65 (m, 2H),
7.25-7.31 (m, 3H), 3.40 (dd, J,=9.1 Hz, J,=5.8 Hz, 1H),
221-225 (m, 1H), 2.10 (dd, J,=14.1 Hz, J,=8.5 Hz, 2H),
1.69-1.80 (m, 4H), 1.15 (s, 3H), 1.03 (s, 3H), 0.86 (s, 3H); *C

1816 asc.wiley-vch.de
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NMR: §=132.9 (2C), 131.6, 129.3 (2C), 127.0, 54.9, 50.0,
479, 46.4, 41.3, 38.5, 27.5, 20.6, 202, 15.7; anal. caled. for
CyeH,,S: C 77.99, H 9.00; found: C 77.92, H 8.98.

Conversion of Benzyl Alcohol to Benzyl Thiophenyl
Ether; Typical Procedure (entry 1, Table 4):

A mixture of benzyl alcohol (540 mg, 5 mmol) and tert-butyl
bromide (1.02g, 7.5mmol) in ionic liquid [pmIm]Br
(500 mg) was heated at 60 °C with a cold water circulating con-
denser for 1.5 h. The excess tert-butyl bromide was then re-
moved from the reaction flask under reduced pressure and thio-
phenol (550 mg, 5 mmol) was added. The reaction mixture was
then heated again at 60 °C for 20 min (TLC). The product ben-
zyl thiophenyl ether was isolated by distillation under reduced

Ady. Synth. Catal. 2005, 347, 1811-1818
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Table 5. Transthioetherification of Ethers.

mim]Br
ROR'" + R¥SH + [prmirn] RSR?® [+ R'SR?
60 °C
Entry Ether Thiol Product Time Yield Ref.
[h] [%]e
PhS._
1 L) PhSH (CHa). 1.5 95 21
o) PhS
p-CICcH,S
2 &) p-CI-CgH,SH TCH) 15 92 21
o) p-CICeH,S
PhS_
3 PhSH (CHa)s 1.3 94 21
(6] PhS
-CICH,S
4 O (p-CI)C4H,SH PSS ony, 15 90 21
o p-CICeH,S
5 PhCH,OCH,Ph  PhSH PhCH,SPh 1.6 91 3m
6 PhCH,OCH,Ph  n-BuSH PhCH,SBu-n 2 85 10
7 PhCH,OMe PhSH PhCH,SPh 2 88 3m
8 PhCH,OMe n-BuSH PhCH,SBu-n 2 87 10
Ph Ph
9 }OMe PhSH >—sPh 15 90 3m
Me Me
Ph Ph
10 >—OMe  pCLCiH,SH —SCHClp 15 91 3m
Me Me
Ph Ph
11 >—OMe PhSH >—SPh 18 89 3m
Ph PH
Ph Ph
12 >—OMe EtSH skt 2 85 13
PH Ph
Ph Ph
13 fOMe n-BuSH fSBu-n 2 87 13
Ph Ph
CH,0Me CH,SPh
14 PhSH 1.6 92 3m
OMe OMe
CH,0Me CH,SPh
15 PhSH Q 15 20 3m
o) o)
-0 -0
CH,0OCH,Ph CH,SPh  CH,SPh
16 PhSH E> + (j 1.8 93 3m,3m
OMe OMe (50:50)
CH,CH,SPh  CH,SPh
_CH,CH,Ph
17 0L PhSH + 2 87 22,3m
CH,Ph
(40:60)
X N
18 ote PR ©/\/\3Ph 2 2  3m
P

[ Yields refer to isolated pure products unless otherwise stated.
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pressure as in earlier procedure (alternatively, it was obtained
by extraction with benign solvent for relatively small scale re-
actions) as a colorless liquid (low melting solid); yield: 920 mg
(92%). The product was identified by comparison of its spectra
(*H and *C NMR) with those of an authentic sample prepared
earlier. The ionic liquid was recycled in the same way as in ear-
lier experiment.

This procedure was followed for the conversion of all alco-
hols into the corresponding thioethers listed in Table 4. All
the products are known compounds and were easily identified
by comparison of their spectra with those of authentic samples.

This procedure was also followed for the transthioetherifica-
tion of ethers listed in Table 5 using 3 equivalents of fert-butyl
bromide and 2 equivalents of thiophenol for one equivalent of
ether. All the products in this series are also known compounds
and were easily identified by comparison of their spectroscopic
data with those of authentic samples.
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