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Abstract: A new synthesis of thioethers is described. The reaction
of aryl alcohols with aryl, heteroaryl, and alkyl thiols in the pres-
ence of TAPC as an efficient catalyst affords good to excellent
yields of thioethers. Furthermore, the reaction proceeds under met-
al-free and solvent-free conditions thus represents an interesting
complement to known methods for thioether synthesis. A plausible
mechanism for this reaction is delineated.
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Thioethers are a useful class of organic compounds and
find versatile applications as key reagents in organic syn-
thesis, bioorganic, heterocyclic, and medicinal chemis-
try.! In recognition of their importance, a variety of
methods is available for the preparation of thioethers,
such as deoxygenation of sulfoxides,>* addition of thiols
to carbonyl compounds followed by in situ reduction of
the generated intermediate thionium ion,* anti-Markovni-
kov addition of arene- and alkanethiols to alkenes,>°
Mitsunobu-type reactions,”!! metal-mediated cross-cou-
pling processes,'>* metal-catalyzed hydrothiolation of
alkynes,' thia-Michael addition reaction,'® and S-alkyla-
tion of thiols with alcohols.!” However, the classical
method of choice is the condensation of a metal alkyl or
aryl thiolate with an alkyl halide in the presence of a
strong base.'®

Although moderate to high yields can be obtained, often
harsh reaction conditions or long reaction times are need-
ed in these methods. In addition, thioalkylation is usually
accomplished using alkyl halides which are toxic, danger-
ous, carcinogenic, and nonselective.'*?

1,3,5-Triazo-2,4,6-triphosphorine-2,2,4,4,6,6-chloride
(TAPC) has been widely used in organic reactions;?! how-
ever, it has not been studied as a catalyst in the synthesis
of thioethers through S-alkylation of thiols with alcohols
until now.

In continuation of our interest in exploring new methods
in organic transformations,?? we report that TAPC allows
the efficient preparation of thioethers by the reaction of
thiols with alcohols under solvent-free conditions at 50 °C
(Scheme 1).
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TAPC
R'-S—R?

R'-SH + R2-OH
solvent-free, 50 °C

R' = alkyl, aryl

R? = aryl

Scheme 1 Thioethers from alcohols and thiols

In order to optimize the reaction conditions, condensation
of benzyl alcohol with 4-methylthiophenol was studied as
a model reaction in the presence of TAPC. We found that,
using benzyl alcohol (I mmol), 4-methylthiophenol (1
mmol), and TAPC (0.1 mmol) in the absence of solvent,
the reaction proceeded very cleanly at 50 °C, and the cor-
responding thioether was obtained in 93% yield (Table 1,
entry 5). An increase in the reaction temperature and time
did not improve the yields significantly.

Table 1 Effect of Increasing Amount of TAPC on S-Alkylation of
4-Methylthiophenol with Benzyl Alcohol*

@CHZOH
_— < ; \
+ SOMe

MeOSH

Entry TAPC (mmol) Temp (°C) Yield (%)®
1 0.05 50 50
2 0.07 50 70
3 0.09 50 85
4 0.1 25 60
5 0.1 50 93

* Reaction conditions: 4-methylthiophenol (1 mmol), benzyl alcohol
(1 mmol), 2 min, solvent-free conditions, 50 °C.
® Isolated yield.

The scope of the procedure was assessed with a panel of
representative thiols, and the results are summarized in
Table 2. The present procedure is quite general as a wide
range of thiols such as aromatic, aliphatic, cyclic, and het-
erocyclic thiols can be reacted easily with cinnamyl alco-
hol and electronically diverse benzyl alcohols under mild
conditions. We noted that electronic factors play a role in
these reactions. Aromatic alcohols substituted with elec-
tron-donating groups (Table 2, entry 10) reacted faster
than those substituted with electron-withdrawing groups
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(Table 2, entry 12) whereas in aromatic thiols moderate

electron-donating and electron-withdrawing groups, rep-  cellent yields.
resented by 4-methoxythiophenol (Table 2, entry 3) and
4-fluorothiophenol (Table 2, entry 4), respectively, had
relatively minor influence on the outcome of the conden-

Table 2 Synthesis of Thioethers from Thiols and Alcohols Using TAPC?*

R'-SH + R?>-OH ————— R'-S—R?

sation and gave rise to the corresponding thioethers in ex-

Entry Alcohol
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Time (min) Yield (%) Mp (°C)
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2 92
2 93
3 97
5 95
3 91
4 96
6 93
8 98
10 95
4 98
3 91

4622r

44452

47-49%

32-33%

89-90%

184-185%

0i122r

oil?®

oil'?

867

77-78%

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



2208 K. Bahrami et al.

LETTER

Table 2 Synthesis of Thioethers from Thiols and Alcohols Using TAPC* (continued)

R'-SH + R?-OH ———— R'-S—R?

Entry Alcohol Thiol

Thioether

Time (min) Yield (%) Mp (°C)

@AOH
OoN
13 /©/\OH
eO
14 /©/\OH
|
X"oH
OH

o
0 on
O

18 A~ ~on

S

Me

AT o
o

S/© 60 50 72-74%
Me
/©/ 3 96 66%
Br
Q/ 3 97 87-89%
S

S
Me
M /©/ §\S
S
oo
Me
/©/ 60 0 -
/\/\S

70 0 -

 The purified products were characterized by mp and 'H NMR spectroscopy.

® Yields refer to pure isolated products.

Heterocyclic thiols such as 2-mercaptobenzimidazole
(Table 2, entry 6) and (furan-2-yl)methanethiol (Table 2,
entry 7) worked well without the formation of any side
products. Furthermore, cyclohexanethiol (Table 2, entry
8) and 1-octanethiol (Table 2, entry 9), aliphatic thiols, af-
forded the thioethers in excellent yields. Nevertheless,
this protocol has its limitations. Aliphatic alcohols do not
react with thiols in the presence of this catalyst and remain
intact after the typical reaction times (Table 2, entries 16—
18).

The exact mechanism of the reaction is not clear; genera-
tion of a classical carbocation is unlikely in these reac-
tions because the S-alkylation of thiophenol with 4-
methoxybenzyl alcohol in the presence of mesitylene was
not accompanied by a byproduct. The low yield and the
rather slow rate of the reaction including 4-nitrobenzyl al-
cohol (Table 2, entry 12) is an indication of the generation
of an unstable partially positively charged intermediate.
By considering these facts, the probable mechanism of the
reaction is shown in Scheme 2. The nucleophilic attack of
aromatic alcohol on TAPC leads to the intermediate I in
which benzylic carbon is more electrophilic. Subsequent-
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ly, the nucleophilic attack of thiol derivative on this inter-
mediate produces the intermediate II followed by the exit
of hydrogen ion to yield the corresponding thioether. Fur-

H,0
¢ A" OH
Ccl—P—N
HCI K(X)Zj HCI
c TAPC
?I AI‘\ ?I 5
HO—P—N ----QzzpPz==N

ot |
K(X 3 K(X

R—S—H
cl
_lr—
H* OZP—N- R R

+

K e e e

(X)2 I .
o -H
% I
X = Cl—P=N—

Scheme 2 Plausible mechanistic pathway
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ther studies to establish the mechanistic pathway for the
present reaction are currently in progress.

In conclusion, we have described a new application of
TAPC for the easy and efficient synthesis of different
thioethers by the reaction of aliphatic and aromatic thiols
with cinnamyl alcohol and electronically diverse benzyl
alcohols under solvent-free conditions. The method is not
suitable for the preparation of thioethers from aliphatic al-
cohols. We believe that the use of TAPC as a catalyst for
the present reaction is advantageous in many ways and
will open up several new possibilities for its further use in
developing many metal-free environmentally friendly and
cost-effective methodologies in organic synthesis.

Alcohols and thiols are commercial products (Merck chemical com-
pany) and were used without further purification. TAPC was pre-
pared according to reported procedure.?®

Melting points were determined in a capillary tube and are not cor-
rected. 'H NMR spectra were recorded on a Bruker-200 spectro-
meter using TMS as internal standard.

General Procedure for the Preparation of Thioethers

To the mixture of alcohol (1 mmol) and TAPC (0.1 mmol, 0.035 g),
thiol (1 mmol) was added at 50 °C with continuous stirring for the
appropriate reaction time as indicated in Table 2. The progress of
the reaction was monitored by TLC. After the completion of the re-
action, H,O (10 mL) was added to the reaction mixture. The residue
was then extracted with EtOAc (4 X 5 mL), and the combined ex-
tracts were dried (MgSO,). The filtrate was evaporated, and the cor-
responding thioether was obtained as the only product. The identity
of the products was confirmed by comparing their physical and
spectral data with the known compounds. Spectral and physical data
for selected compounds follow.

Benzyl(4-methoxyphenyl)sulfane (Table 2, Entry 3)
Mp 47-49 °C (lit.>* mp 48-49 °C).

'H NMR (200 MHz, CDCl,): § = 3.83 (s, 3 H), 4.12 (s, 2 H), 6.84—
6.88 (m, 2 H), 7.21-7.36 (m, 6 H).

2-[(Phenylmethyl)thio]naphthalene (Table 2, Entry 5)

Mp 89-90 °C (1it.> mp 90-90.5 °C).

"H NMR (200 MHz, CDCl,): 8 = 4.31 (s, 2 H), 7.24-7.56 (m, 7 H),
7.79-8.08 (m, 5 H).

2-[(Benzylthio)-1H-benzo[d]imidazole (Table 2, Entry 6)

Mp 184185 °C (lit.>* mp 184-185 °C).

"H NMR (200 MHz, DMSO): § = 4.59 (s, 2 H), 7.10-7.16 (m, 2 H),
7.25-7.36 (m, 3 H), 7.45-7.49 (m, 4 H).
2-[(Benzylthio)methyl]furan (Table 2, Entry 7)

Oil (1it.>" oil).

"H NMR (200 MHz, CDCl,): § =3.70 (s, 2 H), 3.80 (s, 2 H), 6.27
(d,J=3.2Hz, 1 H), 6.43 (d, J=3.2 Hz, 1 H), 7.37-7.50 (m, 6 H).
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