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Access to 3,4-furan dithiolate: towards 3,4-dialkylsulfanylfurans
and their Diels–Alder adducts with acrylonitrile
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Abstract—The convenient synthesis of symmetrical and unsymmetrical 3,4-dialkylsulfanylfurans from 3,4-furandithiolate is
described. The reactivity of the furan cycle as a diene in Diels–Alder reactions with acrylonitrile is discussed in relation to the
presence of one or two thiolato substituents. © 2002 Elsevier Science Ltd. All rights reserved.

Furan derivatives exhibit a large variety of applications
involving both the fields of natural compounds and
organic materials.1,2 Owing to the well-known higher
reactivity of the 2- and 5-positions of electron-rich
five-membered heterocycles, the synthesis of 3,4-disub-
stituted furan rings is often a difficult task.3 Conse-
quently, the definition of new synthetic routes allowing
the regioselective preparation of 3,4-disubstituted
furans remains a key issue for the development of these
fields. A possible way of functionalization consists of
the introduction of a sulfide function and the formation
of alkylsulfanyl groups at the �-positions. While 3-
alkylsulfanyl furans corresponding to flavor chemicals
have been strongly studied,4 the 3,4-disubstituted
derivatives have been less developed. Only 3,4-
dimethylsulfanylfuran obtained in very low yields has
been described in the literature.5

On the other hand, substituted furan cycles are well-
known to undergo [4+2] cycloadditions with various
�-bonds and this reaction is frequently used to synthe-
size natural products.6 However, the yields and the
stereoselectivity often depend on the substituents
grafted on the heterocycle and the nature of the

dienophile. Hence, the cycloadditions need a thermal
activation and/or the use of a Lewis acid catalyst,
except with very reactive dienophile.

We report here the generation of the 3,4-furandithio-
late, which represents an efficient precursor for a direct
synthesis of 3,4-dialkylsulfanylfurans. We have also
studied the Diels–Alder reactivity of the mono- or
dithiolate furan with acrylonitrile compared to
dialkylsulfanylfurans.

The 3,4-furandithiolate was generated by treatment of
[3,4]furano-2-oxo-1,3-dithiole 1 with sodium methoxide.
The synthesis of 1 has been performed following
Scheme 1. Reaction of equimolar proportions of the

Scheme 1. (i) Xylene, reflux; (ii) NaBH4, CH2Cl2–MeOH; (iii) acid amberlyst resin, CHCl3; (iv) Hg(OAc)2, CH2Cl2.
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monoacetal of acetylenedicarbaldehyde7 and ethylene
trithiocarbonate 2 gave a mixture of 3 and unreacted 2
difficult to separate.8

Reduction of the mixture by NaBH4 led to alcohol 4
(65% overall yield) and was easily separated from 2 by
flash chromatography on silica gel. Treatment of 4 by
acid amberlyst resin in CHCl3 at room temperature
afforded the dithiolethione 59 (80%), which was con-
verted into dithiolone 1 in 90% yield by treatment with
mercuric acetate in CH2Cl2–AcOH.

The reaction of 1 with 6 equiv. of sodium methoxide in
methanol at room temperature, followed by addition of
iodomethane (2.1 equiv.) or 1,2-dibromoethane (1.1
equiv.) gave symmetrical 3,4-dialkylsulfanylfurans 6
and 7 in 70 and 65% yield, respectively (Scheme 2).

An excess of 3-bromopropionitrile led to the expected
3,4-bis(2-cyanoethylsulfanyl)furan 8 in 40% yield, but
also to compound 9 in 20% yield, which corresponds to
the cycloadduct of 8 with acrylonitrile. 3-Bromopropi-
onitrile or the 2-cyanoethylsulfanyl group are known to
generate acrylonitrile under basic conditions, which can
react as dienophile with the furan cycle. The exo (65%)

and endo (35%) forms of 9 were separated by crystal-
lization of the exo form from a chloroform–pentane
solution. Compound 8 did not directly react with acry-
lonitrile at room temperature, indicating that Diels–
Alder reaction only occurs in the presence of the strong
electron donor thiolate anions.

As demonstrated in tetrathiafulvalene chemistry,10 the
cyanoethyl groups of compound 8 can be readily and
selectively removed by the action of 1 or 2 equiv. of
CsOH generating acrylonitrile and the mono- or the
bis-thiolate anions, respectively (Scheme 3). The treat-
ment of a solution of 8 in DMF with 1 equiv. of CsOH
(in methanol solution) followed by the addition of
methyl iodide after 15 min, gave unsymmetrical dialkyl-
sulfanylfuran 10 in 7% yield and the cycloadduct 11 in
48% yield. As above, the presence of the thiolate group
was necessary to drive the cycloaddition because com-
pound 10 did not directly react with acrylonitrile at
room temperature. The 1H NMR spectrum of 11
showed that this reaction was regiospecific and only
two isomers, identified as the exo (90%) and endo
(10%), were formed. The exo form of the main adduct
and the relative position of the cyano group were
confirmed by X-ray analysis (Fig. 1).11

On the other hand, the fast addition of 2 equiv. of
CsOH followed by an addition of a slight excess of MeI
after 15 min led to compound 6 in 45% yield, while the
cycloadduct 12 was only obtained in 9% yield. When
only 1 equiv. of MeI was added at first to the dithiolate
solution, followed by a second addition of 1 equiv. of
MeI after 15 min, yields of 6 and 12 became 15 and
40%, respectively. Hence, in spite of the presence of the
two strong electron donor groups, the 3,4-furandithio-
late appeared to be less reactive with acrylonitrile than
the mono-thiolate analog.

The energies of the HOMO and LUMO levels of
acrylonitrile, mono- and dithiolate furans were calcu-
lated by ab initio methods.12 Fig. 2 represents the
qualitative scheme of the relative position of the energy
levels for the different compounds. The LUMO of
acrylonitrile and the HOMO of monothiolate furan
present very similar energies, which indicates favorable
interactions allowing a fast reaction. On the contrary,
the interactions with the dithiolate derivative are less

Scheme 2. (i) MeONa, MeOH; (ii) CH3I or BrCH2CH2Br;
(iii) BrCH2CH2CN.

Scheme 3. (i) 1 equiv. CsOH; (ii) MeI (1.2 equiv.); (iii) 2 equiv. CsOH; (iv) MeI (2.2 equiv.); (v) MeI (1 equiv.+1.2 equiv.)
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Figure 1. X-Ray structure of the exo form of 11.

Scheme 4. (i) Acrylonitrile (1.5 equiv.); (ii) MeI (2.2 equiv.).

10, the yield of 13% remained constant. Attempts to
obtain furan cycle from cycloadduct by retro Diels–
Alder reaction gave very low yields due to degrada-
tions. Mass spectrometry studies confirmed the
difficulty in performing a retro Diels–Alder reaction.
Indeed, spontaneous fragmentations of 10 and 11 under
electronic impact were studied by linked scan and
MIKES experiments. The comparison of the results
allows us to propose that the activation energy of an
unimolecular retro Diels–Alder reaction (in vacuum) is
relatively high. Other fragmentations such as acryloni-
trile elimination by 1–3 hybride shift from 2-cya-
noethylsulfanyl group appears energetically more
favorable.13

To achieve the synthesis of unsymmetrical 3,4-dialkyl-
sulfanylfuran in two steps from compound 8 (Scheme
5), it was necessary to avoid the cycloaddition during
the formation of the monothiolate furan anions. Thus,
a rapid addition of 1 equiv. of CsOH in a DMF
solution of 8 cooled at 0°C, immediately followed by
MeI, gave 10 in 60% yield. Only a small amount of
cycloadduct 11 was observed by TLC and the yield was
inferior to 5%. For the second step, treatment of a
DMF solution of 10 in the presence of bromobutyle (2
equiv.) by a slight excess of CsOH (1.5 equiv.) led to
the unsymmetrical 3-methylsulfanyl-4-butylsulfanyl-
furan 13 in 65% yield.

In conclusion, symmetrical and unsymmetrical 3,4-
dialkylsulfanylfurans have been synthesized.14 Taking
advantage of the good reactivity of the monothiolate
furan as a diene, cycloadditions with acrylonitrile have
been performed under mild conditions.15

Materials such as polymers and oligomers built from
these 3,4-disubstituted furans are in progress and will
be described in a future publication.

favorable and the cycloaddition is expected to be
slower. Nevertheless, the cycloaddition can be obtained
at room temperature from dithiolate anion by using a
slight excess of dienophile or by addition of the elec-
trophile agent in two steps allowing the formation of
the more reactive monothiolate as intermediate.

The reaction was also carried out with the dithiolate
anion generated from the dithiolone 1. The successive
addition of acrylonitrile and then methyl iodide in the
dithiolate solution led to a mixture of compounds 6, 10
and 12, which were easily separated by chromatography
on silica gel (Scheme 4). The unsymmetrical furan
derivative 10 was obtained following a Michael addi-
tion of a thiolate function on acrylonitrile and further
reaction of MeI on the second thiolate group. When
MeI (2.2 equiv.) was added in one step 30 min after
acrylonitrile, the yields of 6 and 12 were 48 and 10%
respectively, while for an addition in two steps (1
equiv.+1.2 equiv. after 15 min) the yield of 12 increased
25% and that of 6 down 30%. Concerning compound

Figure 2. Schematic representation of the energy levels for the
HOMO and LUMO of acrylonitrile, mono- and bis-thiolate
furan.

Scheme 5. (i) 1 equiv. CsOH, 0°C, MeI (1.1 equiv.); (ii) 1.2
equiv. CsOH, BuBr, rt.



P. Frère et al. / Tetrahedron Letters 43 (2002) 1825–18281828

References

1. Comprehensive Heterocyclic Chemistry ; Bird, C. W.;
Cheeseman, G. W. H.; Eds.; Pergamon Press: New York,
1984; Vol. 4.

2. (a) Glenis, S.; Benz, M.; LeGoff, E.; Schindler, J. L.;
Kannewurf, C. R.; Kanatzidis, M. G. J. Am. Chem. Soc.
1993, 115, 12519–12525; (b) Gonzales-Tejera, M. J.; Car-
rillo, I.; Hernandez-Fuentes, I. Synth. Met. 1995, 73,
135–140; (c) Benahmed-Gasmi, A.; Frère, P.; Roncali, J.
J. Electroanal. Chem. 1996, 406, 231–234.

3. (a) Yang, Y.; Wong, H. N. C. Tetrahedron 1994, 50,
9583–9608; (b) Hou, X. L.; Cheung, H. Y.; Hon, T. Y.;
Kwan, P. L.; Lo, T. H.; Tong, S. Y.; Wong, H. N. C.
Tetrahedron 1998, 54, 1955–2020.

4. Alvarez-Ibarra, C.; Quiroga, M. L.; Toledano, E. Tetra-
hedron 1996, 52, 4065–4078.

5. Alvarez-Ibarra, C.; Quiroga-Feijoo, M. L.; Toledano, E.
J. Chem. Soc., Perkin Trans. 2 1998, 679–689.

6. (a) Kappe, C. O.; Murphree, S. S.; Padwa, A. Tetra-
hedron 1997, 53, 14179–14233; (b) Lipshutz, B. H. Chem.
Rev. 1986, 86, 795–819.

7. (a) Gorgues, A.; Simon, Le Coq, A.; Hercouet, A.; Corre,
F. Tetrahedron 1986, 42, 351–370; (b) Gorgues, A.;
Stephan, D.; Belyasmine, A.; Khanous, A.; Le Coq, A.
Tetrahedron 1990, 46, 2817–2826.
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Selected examples of furan derivatives:
7: Yellow pale oil, EI MS M+� C6H6O1S2 calcd 157.9860,
found 157.9857; 1H NMR (CDCl3): 7.22 (s, 2H), 3.15 (s,
4H); 13C NMR (CDCl3): 137.37, 111.16, 26.78.
8: White solid, mp=93°C; EI MS M+� C10H10N2O1S2

calcd 238.0235, found 238.0245; 1H NMR (CDCl3): 7.62
(s, 2H), 3.03 (t, 4H, 3J=7.0 Hz), 2.61 (t, 4H, 3J=7.0 Hz);
13C NMR (CDCl3): 147.71, 117.68, 30.11, 18.40.
10: Yellow pale oil, EI MS M+� C8H9N1O1S2 calcd
199.0126, found 199.0132; 1H NMR (CDCl3): 7.56 (d,
1H, 3J=1.6 Hz), 7.35 (d, 1H, 3J=1.6 Hz), 2.97 (t, 2H,
3J=7.2 Hz), 2.59 (t, 2H, 3J=7.2 Hz), 2.40 (s, 3H); 13C
NMR (CDCl3): 147.43, 142.48, 123.11, 117.85, 115.45,
29.95, 1, 18.36, 17.62.
13: Yellow pale oil, EI MS M+� C9H14O1S2 calcd
202.04861, found 202.0465; 1H NMR (CDCl3): 7.40 (d,
1H, 3J=1.7 Hz), 7.32 (d, 1H, 3J=1.7 Hz), 2.74 (t, 2H,
3J=7.4 Hz), 2.37 (s, 3H), 1.56 (m, 2H), 1.42 (m, 2H), 0.90
(t, 3H, 3J=7.4 Hz); 13C NMR (CDCl3): 144.87, 142.17,
122.60, 118.89, 34.45, 31.41, 21.66, 1, 17.82, 13.58.

15. Selected examples of cycloadduct derivatives:
11: White solid, mp=123°C; EI MS M+� C11H12N2O1S2

calcd 252.0391, found 252.0398; 1H NMR (CDCl3): 5.22
(d, 1H, 3J=4.5 Hz), 5.16 (s, 1H), 3.11 (m, 1H), 2.92 (m
1H), 2.68 (m, 2H), 2.58 (dd, 1H, 3J=4.0 Hz, 3J=8.7 Hz),
2.42 (s, 3H), 2.22 (dt, 1H, 3J=4.3 Hz and 3J=4.0 Hz,
3J=11.8 Hz), 1.92 (dd, 1H, 3J=11.8 Hz, 3J=8.7 Hz); 13C
NMR (CDCl3): 147.35, 128.69, 120.71, 117.41, 84.45,
81.24, 33.48, 29.50, 27.93, 18.90, 15.06.
12: White solid, mp=128°C; EI MS M+� C9H11NO1S2

calcd 213.02820, found 213.0290; 1H NMR (CDCl3): 5.24
(s, 1H), 5.19 (d, 1H, 3J=4.42 Hz), 2.52 (dd, 1H, 3J=3.8
Hz, 3J=8.7 Hz), 2.37 (s, 6H), 2.18 (dt, 1H, 3J=4.5 Hz
and 3J=4.0 Hz, 3J=11.8 Hz), 1.90 (dd, 1H, 3J=11.8 Hz,
3J=8.7 Hz); 13C NMR (CDCl3): 140.35, 134.54, 121.03,
84.04, 80.98, 33.74, 29.41, 15.53, 15.23.
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