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Abstract: The facile access to 3- and 3,4-bis(2-cyanoethyl-
sulfanyl)thiophenes allows the straightforward synthesis of
3-alkylsulfanyl and symmetrical or unsymmetrical 3,4-
dialkylsulfanylthiophenes by using a methodology based on
a highly efficient sequence of deprotection/alkylation reac-
tions of thiolate group(s).

3-Substituted and 3,4-substituted thiophenes are sub-
ject to considerable current interest as basic units of
thiophene-based s-conjugated systems? usable as organic
semiconductors in electronic? or optoelectronic®# devices
or as electrode materials for energy conversion® or
sensors.®

Among the large number of 3-substituted thiophenes
synthesized so far,” quite a few can be used as starting
compounds for the development of strategies aiming at
the synthesis of 3-functionalized polythiophenes (PTs).
Initial work in that direction used 3-(2-hydroxyethyl)-
thiophene® or thiophene-3-acetic,® whereas chain length-
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ening required tedious sequences based on malonic
synthesis.'® More recently the synthesis of 3-(w-halo-
alkyl)thiophenes'! with variable chain lengths has given
access to a large number of functional PTs in which the
problems posed by steric interactions among substituents
grafted on adjacent thiophene rings can be resolved by
adjusting the length of the alkyl spacer group. Despite
its obvious advantages, the use of 3-(w-haloalkyl)thio-
phenes presents some inherent limitations, namely, (i)
multiple synthetic steps are required, (ii) final deprotec-
tion of the halide group requires rather drastic conditions
that are not applicable to longer thiophene oligomers, and
(iii) this approach is not applicable to alkyl chains
containing less that four carbons. In this context, the
definition of alternative synthetic approaches for PT
functionalization remains a problem of current interest.

As a possible way for PT functionalization, we report
here various examples illustrating a new approach in
which thiophene derivatization is achieved by formation
of a sulfide function at a -position. Besides its synthetic
interest, this method presents the advantage of decreas-
ing the oxidation potential of the polymer and hence
improving the stability of the doped state as a result of
the electron-donating effect of the sulfide group.? In
addition, sulfur atoms can contribute to control of the
solid-state long range order in the material owing to their
propensity to generate intermolecular S---S interac-
tions.'3

Formation of the sulfide function is achieved by reac-
tion of a functional group bearing a terminal halogeno-
methyl moiety onto a 3-thiophenethiolate and/or 3,4-
thiophenedithiolate. These later intermediate compounds
are efficiently produced from 3-(2-cyanoethylsulfanyl)-
thiophene 1 and 3,4-bis(2-cyanoethylsulfanyl)thiophene
2. The straightforward alkylation of the later thiolate
intermediates leads to related alkylsulfanylthiophenes
in good yields, paving the way for a new approach of
functionalization of thiophene-based z-conjugated sys-
tems. Moreover, the selective monodeprotection of only
one thiolate group of compound 2 gives a ready access to
symmetrical or unsymmetrical 3,4-dialkylsulfanylthio-
phenes.

As demonstrated in tetrathiafulvalene chemistry, the
cyanoethyl group is a convenient protecting group of
thiolate anion.'* The protection reaction involves S-
alkylation using 3-bromopropionitrile, and regeneration
of the thiolate anion is carried out in mild basic conditions
with acrylonitrile as side product. Thus, compound 1
(83% vyield) was prepared in a one-pot reaction from
3-bromothiophene after lithium—bromine exchange with
n-butyllithium at low temperature and insertion of
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Scheme 12

2 (62%)

a (i) n-BuLi (1 equiv) for 1 and t-BuLi (1 equiv) for 2, Et,O, —78
°C, 30 min; (ii) Sg (1 equiv), —78 °C, 30 min; (iii) 20 °C, 30 min;
(iv) 3-bromopropionitrile, 0 — 20 °C; (v) 20 °C, 2 h.

elemental sulfur generating 3-thiophenethiolate,'®> which
was further alkylated using 3-bromopropionitrile (Scheme
1).

The preparation of 3,4-thiophenedithiolate is more
delicate®®~18 and implies the preparation of either thieno-
[3,4-d]-2-thioxo-1,3-dithiole, obtained in low yields (25—
33%) from 3,4-dibromothiophene,® or thieno[3,4-d]-2-oxo-
1,3-dithiole by a multistep synthesis.t” An improved route
has been recently proposed by Reynolds et al.,** who
prepared 3,4-bis(isopropylsulfanyl)thiophene in two steps
from 3,4-dibromothiophene. The isopropyl groups were
eliminated by treatment with sodium in refluxing pyri-
dine, generating the 3,4-thiophenedithiolate, which was
characterized after reaction with Mel.

An important advantage of the cyanoethyl group for
thiolate protection lies in the milder deprotection condi-
tions. Thus, by analogy with the initial work of Cowan
et. al.,*62 we prepared the lithium salt of 3,4-thiophene-
dithiolate starting from 3,4-dibromothiophene. After two
successive monolithiations with tert-butyllithium and
treatment with elemental sulfur at low temperature, the
lithium salt of 3,4-thiophenedithiolate was allowed to
warm to room temperature. Double S-alkylation was
achieved with a slight excess of 3-bromopropionitrile to
give 2 (62%) in yields about twice larger than those
reported for related precursors.'® This improved yield can
be related to the replacement of n-butyllithium by tert-
butyllithium, which limits the formation of the mono- or
dialkylsulfanyl thiophenes observed in significant amounts
with n-butyllithium, probably because of the easy S\2
reaction between n-bromobutane and lithium thiolate
derivatives. On the other hand, an efficient alkylating
reagent such as 3-bromopropionitrile allows a better
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Scheme 22
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a (i) CsOH-H»0 (1.1 equiv), MeOH, DMF, 20 °C, 30 min; (ii)
excess of Mel, 20 °C, 2 h; (iii) CsOH-H0 (2.2 equiv), MeOH, DMF,
0 °C, 5 min; (iv) excess of Mel, 0 — 20 °C, 2 h; (v) 1,2-
dibromoethane (1 equiv), 0 — 20 °C, 1 h; (vi) 1,11-diiodo-3,6,9-
trioxaundecane (1 equiv), 0 — 20 °C, high dilution.

guenching of the 3,4-dithiolatethiophene than with CS,,
usually employed for the preparation of thieno[3,4-d]-2-
thioxo-1,3-dithiole.’® Finally, the ease of purification of
2 by chromatography on silica gel due to the presence of
cyano polar groups and its good stability under atmo-
spheric conditions allow both a preparation at a multi-
gram scale in an efficient one-pot reaction from 3,4-
dibromothiophene and its long-term storage.?®

The versatility of compounds 1 and 2 is demonstrated
in Schemes 2 and 3. Upon treatment of a DMF solution
of compound 1 (1 equiv) with CsOH (1.1equiv) in metha-
nol, the cyanoethyl group is cleanly eliminated to give
the cesium salt of 3-thiophenethiolate. Alkylation with
Mel in excess gives 3-methylsulfanylthiophene 3?2122 in
88% yield, demonstrating the efficiency of the deprotec-
tion/alkylation process (Scheme 2). Similarly, treatment
of compound 2 with 2.2 equiv of CsOH and alkylation of
the resulting cesium salt with an excess of Mel or 1 equiv
of 1,2-dibromoethane gave 3,4-dimethylsulfanylthiophene
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a (i) CsOH-H20 (1 equiv), MeOH, DMF, 20 °C, 45 min; (ii) excess
of Mel, 20 °C, 2 h; (iii) CsOH-H20 (1.3 equiv), MeOH, DMF, 20
°C, 30 min; (iv) excess of Mel, 20 °C, 1 h; (v) 1-bromobutane (5
equiv), 20 °C, 1 h; (vi) 1,2-dibromoethane (0.5 equiv), 20 °C, 1 h.

422f (81% yield) or 3,4-ethylenedisulfanylthiophene 5162
(70% vyield), respectively. Note that lower yields were
obtained, e.g., in the case of the preparation of 4, when
the reaction of double deprotection was performed at 20
°C (54% vyield) instead of 0 °C, indicating a significant
decrease of stability of 3,4-thiophenedithiolate at 20 °C.
For this reason, the synthesis of the oxathia crown ether
compound 6 in high dilution conditions was adapted in
order to allow the 3,4-thiophenedithiolate to react im-
mediately with the corresponding a,w-dihalogeno com-
pound. Thus, slow addition of a mixture of 2 and 1,11-
diiodo-3,6,9-trioxaundecane to a solution of CsOH in a
mixture of MeOH/DMF at 0 °C gave compound 6 in
satisfactory yield.

Selective deprotection of only one thiolate group can
be readily achieved by treatment of compound 2 with 1
equiv of CsOH (Scheme 3), thus providing direct access
to unsymmetrical 3,4-disubsituted thiophenes. For ex-
ample, subsequent S-alkylation of the later monothiolate
intermediate with an excess of iodomethane gave com-
pound 7 (88% yield), which was then deprotected and
again S-alkylated with Mel (excess) and 1-bromobutane
(5 equiv) or 1,2-dibromoethane (0.5 equiv), leading to the
disubstituted compounds 4 (86% yield), 8 (76% yield), and
9 (61% yield), respectively. Compound 4 has already been
obtained from 3-bromo-4-methylsulfanylthiophene but in
a much lower yield (5%).2%" Thus, the high yields obtained
for the stepwise synthesis of 4 via the intermediate
compound 7 show that the above-described stepwise
deprotection/S-alkylation sequences can be easily ex-
tended to the synthesis of unsymmetrically disubstituted
molecular systems, thus opening interesting new routes
for the synthesis of functionalized w-conjugated oligomers
and polymers.

To summarize, we have shown that 3-(2-cyanoethyl-
sulfanyl)thiophene 1 and 3,4-bis(2-cyanoethylsulfanyl)-
thiophene 2 can be prepared in an efficient one-pot
reaction. These compounds can be deprotected under mild
basic conditions, thus giving a straightforward access to

(23) Goldoni, F.; Langeveld-Voss, B. M. W.; Meijer, E. W. Synth.
Commun. 1998, 28, 2237—2244.
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3-substituted thiophenes and to symmetrical and/or
unsymmetrical 3,4-disubstituted thiophenes.

Experimental Section

1H and 13C NMR spectra were recorded at 500.13 and 125.7
MHz, respectively; 6 are given in ppm (relative to TMS) and
coupling constants (J) are in Hz. IR spectra were recorded by
using samples embedded in KBr disks or thin films between
NacCl plates. Melting points are uncorrected. Commercial 3-bro-
mothiophene was used as received, and 3,4-dibromothiophene
was prepared from tetrabromothiophene after a selective double
debromination using Zn/AcOH?* and then purified by distillation
before use.

3-(2-Cyanoethylsulfanyl)thiophene 1. To a solution of
3-bromothiophene (3 mL, 32 mmol) in anhydrous Et,O (25 mL)
under N, at —78 °C was added dropwise a solution of n-BuLi
2.5 M in hexane (13.4 mL, 1.05 equiv) over a period of 30 min.
After 15 min of stirring at —78 °C, the lithiated salt precipitated,
and then elemental sulfur (1.05 g, 1.05 equiv) was added in one
portion. After 30 min of additional stirring at —78 °C, the
reaction mixture was allowed to warm to room temperature and
stirred for 30 min. Then the solution was cooled to 0 °C, and
3-bromopropionitrile (8.23 g, 5.1 mL, 2 equiv) was added
dropwise. The reaction mixture was stirred for 1 h at room
temperature. After careful addition of an aqueous solution of
HCI (0.5 M, 40 mL), the mixture was extracted with CH,Cl, (200
mL). The organic phases were dried over Na,SO4 and evaporated
in vacuo. The excess of 3-bromopropionitrile was separated by
distillation (1 mbar, 78 °C) using a Kugelrhor apparatus. The
resulting oil was purified by chromatography on silica gel
(eluent, CH,Cly/petroleum ether 1:1) to give compound 1 as a
slightly yellow oil (4.5 g; 83% yield). 'TH NMR (CDCI3) 0: 2.57 (t,
2H, CH,—CN, 3J = 7.2 Hz); 3.02 (t, 2H, CH,—S, 3J = 7.2 Hz);
7.08 (dd, 1H, 33 = 4.9 Hz, 4J = 1.3 Hz); 7.37 (dd, 1H, 4J =1.3
Hz, 43 = 3.0 Hz); 7.38 (dd, 1H, 4J = 3.0 Hz, 3J = 4.9 Hz). 13C
NMR (CDCl3) 9: 18.4 (CH,—CN), 31.3 (CH>—S), 118.0 (CN),
127.1, 128.0, 128.4, 130.6. MS (70 eV, El) m/z (1%): 169 (M,
53), 129 (54), 116 (29), 85 (50), 71 (100). IR (NaCl) » cm~*: 2249
(C=N). Anal. for C;H;NS; Found (Calcd): C, 49.20 (49.67); H,
4.22 (4.17); S, 36.54 (37.88); N, 8.10 (8.28).

3,4-Bis(2-cyanoethylsulfanyl)thiophene 2. To a solution
of 3,4-dibromothiophene (7.12 g, 29.4 mmol) in anhydrous Et,0O
(40 mL) cooled at —78 °C under a nitrogen atmosphere was
dropwise added a solution of t-BuL.i (1.5 M in pentane, 19.6 mL,
1 equiv)?® over a period of 20 min, and the mixture was stirred
at —78 °C for 0.5 h. Elemental sulfur (0.94 g, 1 equiv) was then
added in one portion, and stirring was maintained at —78 °C
for an additional 0.5 h. An additional 1 equiv of t-BuLi (1.5 M
in pentane, 19.6 mL) was dropwise added over a period of 15
min, and the solution was stirred at —78 °C for 0.5 h before
addition of 1 equiv of elemental sulfur (0.94 g) in one portion.
After stirring for 0.5 h at —78 °C, the reaction mixture was
allowed to warm to 20 °C and stirred at this temperature for 2
h. A solution of 3-bromopropionitrile (5.5 mL, 66.3 mmol) was
slowly added to the mixture cooled at 0 °C, which was then left
under stirring overnight at 20 °C. After addition of water (50
mL), the mixture was extracted with CH,ClI; (3 x 100 mL), and
the organic phases were gathered and washed with water (3 x
75 mL), dried over MgSO,4, and evaporated under reduced
pressure. The resulting yellow-brown oil was purified by chro-
matography on silica gel (eluent, CH,Cl,/petroleum ether 1:1 and
then CHCl,) to give 3,4-bis(2-cyanoethylsulfanyl)thiophene 2
(4.64 g, 62% yield) as an oil that slowly crystallized affording a
beige solid. Crystallization of the oil in a mixture of solvents
(CH,Cl,/MeOH/pentane) was also possible after cooling with
liquid nitrogen to give 3.43 g of white powder, mp 61—64 °C. 1H
NMR (CDCls) o: 7.44 (s, 2H); 3.11 (t, 4H, 33 = 7.1); 2.62 (t, 4H,
8J = 7.1). 13C NMR (CDCl3) 6: 131.25; 129.48; 117.75; 30.20;
18.22. FAB MS: 255.06 ([M + H]*); 254.05 (M*). IR (KBr) v cm~%:

2249 (C=N). Anal. for CioH1oN2Sz Found (Calcd): C, 47.54
(47.22); H, 3.96 (3.96); N, 10.75 (11.01); S, 36.58 (37.81).

(24) Zhang, Q. T.; Tour, J. M. J. Am. Chem. Soc. 1998, 120, 5355.
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lents of t-BuLi per bromine atom instead of 1 led to lower yield in
compound 2 (45%).
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3-Methylsulfanylthiophene 3. Under a nitrogen atmo-
sphere, a solution of CsOH-H,0 (0.50 g, 1.2 equiv) in nitrogen-
degassed MeOH (7 mL) was dropwise added over a period of 5
min to a nitrogen-degassed solution of compound 1 (0.42 g, 2.48
mmol) in dimethylformamide (25 mL) at 20 °C. After 30 min of
additional stirring, an excess of methyl iodide (0.62 mL, 9.94
mmol) was added in one portion, and the reaction mixture was
left under stirring for 1 h at 20 °C. After addition of Et,O (150
mL), the organic phase was washed with a 1 M aqueous solution
of HCI (4 x 50 mL) in order to get rid of DMF and then dried
over MgSO,. Et,0O was evaporated, and the resulting residue
was purified by chromatography on silica gel (eluent, petroleum
ether/CH,CI, 7:3) leading to a slightly yellow oil (0.28 g, 88%
yield) after evaporation of the eluent under reduced pressure
(150 mbar at 40 °C). *H NMR (CDCls) d: 7.34 (dd, 1H, 3J =5.1
and 4J = 3.0); 7.01 (dd, 1H, 33 = 5.1 and 4J = 1.4); 6.98 (dd, 1H,
4J = 3.0 and 4J = 1.4); 2.48 (s, 3H).
3,4-Dimethylsulfanylthiophene 4. Bisdeprotection. Un-
der a nitrogen atmosphere, a solution of CsOH-H,0 (0.63 g, 3
equiv) in nitrogen-degassed MeOH (10 mL) was dropwise added
over a period of 5 min to a nitrogen-degassed solution of
compound 2 (0.32 g, 1.26 mmol) in dimethylformamide (30 mL)
at 0 °C. After 5 min of additional stirring at 0 °C, a solution of
iodomethane (0.50 mL, 6 equiv) was added to the reaction
mixture, which was then left under stirring for 20 min at 0 °C
and then 1 h at 20 °C. After evaporation of the solvents in vacuo
and subsequent addition of CH,Cl, (100 mL), the solution was
washed with water (3 x 50 mL), dried over MgSO,4, and
concentrated under reduced pressure. Purification by chroma-
tography on silica gel (eluent, CH,Cl,/petroleum ether 1:1) led
to a yellow-orange oil (0.18 g, 81% yield). Monodeprotection.
Under a nitrogen atmosphere, a solution of CsOH-H,0 (0.20 g,
1.3 equiv) in nitrogen-degassed MeOH (5 mL) was dropwise
added over a period of 5 min to a nitrogen-degassed solution of
compound 7 (0.20 g, 0.93 mmol) in dimethylformamide (15 mL)
at 20 °C. After 30 min of additional stirring, an excess of methyl
iodide (0.25 mL, 4.02 mmol) was added in one portion, and the
reaction mixture was left under stirring for 1 h at 20 °C. After
evaporation of the solvents in vacuo and subsequent addition of
CH_ClI; (100 mL), the solution was washed with water (2 x 75
mL), dried over MgSO,, and concentrated under reduced pres-
sure. Purification by chromatography on silica gel (eluent,
cyclohexane/CH,Cl- 8:2) led to a slightly yellow oil (0.14 g, 86%
yield). 'H NMR (CDCls) ¢6: 7.01 (s, 2H); 2.46 (s, 6H). 13C NMR
(CDCls) ¢: 134.70; 121.20; 17.38. EI MS m/z (1%): 176 (M**, 61);
161 (8); 97 (17); 58 (50); 43 (100).
3,4-Ethylenedisulfanylthiophene 5. Under a nitrogen
atmosphere, a solution of CsOH-H,O (0.46 g, 2.2 equiv) in
nitrogen-degassed MeOH (10 mL) was dropwise added over a
period of 5 min to a nitrogen-degassed solution of compound 2
(0.32 g, 1.26 mmol) in dimethylformamide (30 mL) at 0 °C. After
5 min of additional stirring at 0 °C, a solution of 1,2-dibromo-
ethane (0.11 mL, 1 equiv) was added dropwise to the reaction
mixture, which was then left under stirring for 20 min at 0 °C
and then 1 h at 20 °C. After evaporation of the solvents in vacuo
and subsequent addition of CH,Cl, (100 mL), the solution was
washed with water (3 x 30 mL), dried over MgSQO,4, and
concentrated under reduced pressure. Purification by chroma-
tography on silica gel (eluent, cyclohexane/CH,CI, 7:3) led to a
beige oil (0.15 g, 70% yield). *H NMR (CDCls) 6: 6.97 (s, 2H);
3.22 (s, 4H). 13C NMR (CDCls3) 6: 125.23; 118.10; 28.03. EI MS
m/z (1%): 174 (M*+, 100); 159 (82); 146 (32).
3,4-(4,7,10-Trioxa-1,13-dithiatridecane-1,13-diyl)thio-
phene 6. Under a nitrogen atmosphere, a mixture of compound
2(0.51 g, 2.00 mmol) and 1,11-diiodo-3,6,9-trioxaundecane (0.83
g, 2.00 mmol) in dimethylformamide (25 mL) was dropwise
added over a period of 30 min to a nitrogen-degassed solution
of CsOH-H;O (1.00 g, 5.95 mmol) in a mixture of solvents
(MeOH/DMF, 10 mL/50 mL) cooled to 0 °C. The reaction mixture
was then allowed to warm to 20 °C and stirred again for 1 h.
After evaporation of the solvents in vacuo and subsequent
addition of EtOAc (100 mL), the solution was washed with brine
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(3 x 50 mL), dried over MgSQ,, and concentrated under reduced
pressure. Purification by chromatography on silica gel (eluent,
CHCI,/EtOAc 95:5) led to a yellow oil (0.29 g, 47% yield). 'H
NMR (CDCls) ¢: 7.21 (s, 2H); 3.76 (t, 4H, 3J = 6.5); 3.63—3.59
(m, 8H); 3.10 (t, 4H, 3J = 6.5). 13C NMR (CDClg) 6: 134.2; 125.5;
71.0; 70.5; 69.6; 35.2. EI MS m/z (1%): 306 (M**, 74); 174 (80);
159 (84); 146 (80). Anal. for C12H1503S3 Found (Calcd): C, 46.78
(47.03); H, 5.89 (5.92); O, 15.58 (15.66).

3-(2-Cyanoethylsulfanyl)-4-methylsulfanylthiophene 7.
Under a nitrogen atmosphere, a solution of CsOH-H,O (0.47 g,
1 equiv) in nitrogen-degassed MeOH (9 mL) was dropwise added
over a period of 10 min to a nitrogen-degassed solution of
compound 2 (0.70 g, 2.76 mmol) in dimethylformamide (30 mL)
at 20 °C. After 45 min of additional stirring, an excess of methyl
iodide (0.7 mL, 11.24 mmol) was added in one portion, and the
reaction mixture was left under stirring for 2 h at 20 °C. After
evaporation of the solvents in vacuo and subsequent addition of
CH_CI, (150 mL), the solution was washed with water (2 x 75
mL), dried over MgSO,, and concentrated under reduced pres-
sure. Purification by chromatography on silica gel (eluent, CH»-
Cly/petroleum ether 1:1) led to a beige oil (0.52 g, 88% yield). *H
NMR (CDCls) ¢6: 7.51 (d, 1H, 3J = 3.2); 6.88 (d, 1H, 3J = 3.2);
3.03 (t, 2H, 33 = 7.2); 2.56 (t, 2H, 3J = 7.2); 2.48 (s, 3H). 13C
NMR (CDCls) ¢: 138.32; 131.23; 127.35; 118.73; 117.92; 30.12;
18.28; 16.67. EI MS m/z (1%): 215 (M**, 100); 162 (52); 160 (38).
IR (NaCl) v cm™%: 2251 (C=N). Anal. for CgHgN;S; Found
(Calcd): C, 44.54 (44.62); H, 4.04 (4.21); N, 6.40 (6.50); S, 45.10
(44.66).

3-n-Butylsulfanyl-4-methylsulfanylthiophene 8. Under a
nitrogen atmosphere, a solution of CsOH-H,0 (0.51 g, 1.3 equiv)
in nitrogen-degassed MeOH (15 mL) was dropwise added over
a period of 10 min to a nitrogen-degassed solution of compound
7 (0.50 g, 2.32 mmol) in dimethylformamide (30 mL) at 20 °C.
After 30 min of additional stirring, an excess of n-bromobutane
(2.25 mL, 11.63 mmol) was added in one portion, and the
reaction mixture was left under stirring for 1 h at 20 °C. After
evaporation of the solvents in vacuo and subsequent addition of
CHClI;, (200 mL), the solution was washed with water (2 x 75
mL), dried over MgSQ,, and concentrated under reduced pres-
sure. Purification by chromatography on silica gel (eluent,
cyclohexane) led to a colorless oil (0.39 g, 76% yield). 1H NMR
(CDClg) 0: 7.18 (d, 1H, 43 = 3.2); 6.91 (d, 1H, 4J = 3.2); 2.85 (t,
2H, 33 = 7.3); 2.46 (s, 3H); 1.64—1.58 (m, 2H); 1.46—1.42 (m,
2H); 0.91 (t, 3H, 3J = 7.3).13C NMR (CDCls) ¢: 136.67; 132.27;
124.96; 119.43; 34.48; 31.25; 21.84; 17.10; 13.59. EI MS m/z (1%):
218 (M**, 89); 162 (100). Anal. for C9H14S; Found (Calcd): C,
49.45 (49.50); H, 6.44 (6.46); S, 43.56 (44.04).

1,2-Bis[4-(methylsulfanyl)-3-thienylsulfanyl]ethane 9.
Under a nitrogen atmosphere, a solution of CsOH-H,0 (0.19 g,
1.3 equiv) in nitrogen-degassed MeOH (5 mL) was dropwise
added over a period of 5 min to a nitrogen-degassed solution of
compound 7 (0.18 g, 0.84 mmol) in dimethylformamide (15 mL)
at 20 °C. After 30 min of additional stirring, a solution of 1,2-
dibromoethane (36 uL, 0.5 equiv) was added dropwise to the
reaction mixture, which was then left under stirring for an
additional 1 h at 20 °C. After evaporation of the solvents in vacuo
and subsequent addition of CH,Cl, (100 mL), the solution was
washed with water (3 x 30 mL), dried over MgSO,4, and
concentrated under reduced pressure. Purification by chroma-
tography on silica gel (eluent, cyclohexane/CH,CI, 8:2) led to a
white solid (0.09 g, 61% yield), mp 84—86 °C. *H NMR (CDCls3)
0:7.22 (d, 2H, 33 = 3.2); 6.88 (d, 2H, 3J = 3.2); 2.98 (s, 4H); 2.45
(s, 6H). 13C NMR (CDCI3) o: 137.45; 129.96; 127.52; 119.06;
33.95; 16.96. EI MS m/z (1%): 350 (M*, 43); 189 (100); 175 (37);
161 (69); 160 (35); 97 (57). Anal. for C1,H14Ss Found (Calcd): C,
41.26 (41.11); H, 4.10 (4.02); S, 54.21 (54.87).
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