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Tetrafluoroborates with Alkynes to give 2-Substituted Benzo[b]thiophenes
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An easily effected aromatic annelation is described involving reaction of o-thioalkyl and o-thioaryl substituted
phenyl radicals with alkynes to give 2-substituted benzo[b]thiophenes; the mechanism is discussed.

Radical displacement reactions at bivalent sulphur of disul-
phides or thiosulphones are well established! while those at
sulphur of sulphides are less usual and are known only when
the bond between sulphur and the departing radical is
relatively weak or when the displacement is intramolecular.2
Homolytic substitutions at a sulphur atom which is part of an
aromatic ring are uncommon and have been reported only in
the case of 1,2,3-benzothiadiazole.? We describe here a
versatile synthesis of 2-substituted benzo[b]thiophenes occur-
ring through an annelation process involving an Syi substitu-
tion at sulphur.

The reaction of o-methylthioarenediazonium tetrafluoro-
borates (1) (5 mmol) at room temperature with alkynes (2) (25
mmol) in acetone solution in the presence of Nal or freshly
prepared copper powder, or in dimethyl sulphoxide deoxy-
genated with nitrogen and containing FeSO,, gives benzo-
[b]thiophenes (3) (Scheme 1 and Table 1).

High yields were obtained in the reactions involving
arylacetylenes, but yields were lower with but-3-yn-2-one and
ethyl propiolate (see Table 1).

This synthesis is of interest since it provides 2-arylbenzo-
[b]thiophenes in high yields without the concomitant forma-
tion of the 3-substituted analogues,* and it also provides
2-acetyl- and 2-ethoxycarbonylbenzo[b]thiophenes which are
not always obtainable directly from benzo[b]thiophene.5

With the aim of establishing the mechanism of the displace-
ment at sulphur the diazonium salts (4) and the N-nitroso-
acetanilide (5) were prepared.

The reaction of the tetrafluoroborate (4a) (5 mmol) with
phenylacetylene (25 mmol) in acetone in the presence of
freshly prepared copper powder or in deoxygenated dimethyl
sulphoxide containing FeSO, provided (3a), hexa-1,5-diene,
and phenyl hex-5-enyl sulphide. The same products were
obtained from the decomposition of the N-nitrosoacetanilide
(5) at room temperature in acetone in the presence of
phenylacetylene. A similar reaction of the tetrafluoroborate
(4b) gave biphenyl, 2-phenyldibenzothiophene, and biphenyl-
4-yl phenyl sulphide, together with (3a).t
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Scheme 1. Reagents: i, acetone, Nal; acetone, Cu powder; or dimethyl
sulphoxide, FeSO,.

+ Biphenyl and hexa-1,5-diene were determined by g.1.c.; in addition,
biphenyl was also separated from the reaction mixture by column
chromatography and identified by spectra comparison with an
authentic specimen; the structure of hexa-1,5-diene was confirmed by
13C n.m.r. spectroscopy.

These results can be rationalized by assuming the mechan-
ism shown in Scheme 2; the tetrafluoroborate (4), via electron
transfer, gives rise to the corresponding diazenyl radical which
affords the aryl radical (6) by fast loss of nitrogen. Addition of
(6) to phenylacetylene leads to the vinyl radical (7) which then
cyclizes, via an Syi mechanism, to give the sulphuranyl radical
(8). The latter can be oxidized to the corresponding cation (9)
with which it is assumed to be in equilibrium; both (8) and (9)
may provide the benzo[b]thiophene (3) either by loss of R’ or
via an E, process, depending on R’. Moreover radical (6a)
would lead to phenyl hex-5-enyl sulphide by hydrogen
abstraction, whereas radical (6b) would afford 2-phenyldi-
benzothiophene via an intramolecular aromatic Sy2 reaction
and biphenyl-4-yl phenyl sulphide by hydrogen abstraction.

The proposed mechanism seems reasonable in the light of
the following considerations; first, the reaction of (4a) with
phenylacetylene gives (3a) and hexa-1,5-diene but none of the
products expected from an elimination of the hex-5-enyl group

Table 1. Substituted benzo[b]thiophenes (3).

Product R X  %Yielda M.p.(t°C) Ref.
(3a) Ph H 95 174—175 7
(3b) Ph cl 95 190—191
(3c) Ph OMe 95 143—144  ®
(3d) Ph Me 80 157—159 5
(3¢) m-MeOCH, H 80 88—89 b
(3f) mMeOCH, Cl 71 120—121  °®
(3g)  m-MeOCgH, OMe 70 85—86 b
(3h)  m-MeOCgH, Me 55 85—87 b
(3i) p-CIC¢H, H 75 200202 b
(3j) p-CIC¢H, cl 85 164—165  ©
(3k) p-CIC¢H,  OMe 82 177—179  »®
3N p-CIC¢H, Me 73 219—221 ®
(3m) CO,Et H 75 33—35 8
(3n) CO,Et Cl 40 7980 9
(30) CO,Et OMe 58 65—67 10
(3p) CO,Et Me 50 69—70 b
(3q) COMe H 37 86—88 b
(3r) COMe Me 55 113—115  ®

a Yields were calculated for pure product based on starting tetrafluo-
roborate decomposed in acetone with Cu powder. ® New compound;
satisfactory 'H n.m.r. and mass spectra and elemental analyses were
obtained.
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Scheme 2

either as a radical or as a cation.® In fact, no methylcyclopen-
tane, hex-1-ene, fluorocyclohexane, or cyclohexane could be
detected in the reaction mixture. Thus, (3a) and hexa-1,5-
diene conceivably arise from (9) via a bimolecular elimination,
E,. Secondly, the reaction of (4b) and phenylacetylene affords
(3a) and biphenyl, but none of the products expected from an
elimination of the biphenyl group as a cation (4-fluoro-
biphenyl could not be detected). Therefore, (3a) is obtained
directly from (8) by detachment of the biphenyl-4-yl radical
which abstracts hydrogen from the solvent giving biphenyl.

From the dichotomy of the mechanism by which 2-phenyl-
benzo[b]thiophene is produced, the sulphuranyl radical (8)
can be presumed to be a true intermediate.

1391

We gratefully acknowledge financial support from C.N.R.,
Rome, and the Ministry of Public Education. We also thank
Professor J. K. Kochi, Houston University (Texas), for
suggestions and helpful comments, and Dr. A. Sughi for
experimental assistance.

Received, 20th February 1985; Com. 226

References

1 K. U. Ingold and B. P. Roberts, ‘Free-radical Substitution
Reaction,” Wiley-Interscience, New York, 1971, p. 200 and
references cited therein; L. Benati, P. C. Montevecchi, A. Tundo,
and G. Zanardi, Gazz. Chim. Ital., 1975, 105, 841.

2 U. Schmidt, A. Hochrainer, and A. Nikiforov, Tetrahedron Lett.,
1970, 3677; L. Benati, P. C. Montevecchi, A. Tundo, and G.
Zanardi, J. Chem. Soc., Perkin Trans. 1, 1974, 1272; J. A.
Kampmeier, R. B. Jordan, M. S. Liu, H. Yamanaka, and D. J.
Bishop, ‘Organic Free Radicals,” ed. W. A. Pryor, A. C. S.
Symposium Series 69, Washington, D.C., 1978, p. 275, and
references cited therein; L. Benati and P. C. Montevecchi, J. Org.
Chem., 1976, 41, 2639.

3 L. Benati, P. C. Montevecchi, A. Tundo, and G. Zanardi, J.
Chem. Soc., Perkin Trans. 1, 1974, 1276, L. Benati, P. C.
Montevecchi, A. Tundo, and G. Zanardi, J. Org. Chem., 1976,
41, 1331; P. C. Montevecchi and A. Tundo, ibid., 1981, 46, 4998;
A. Albertazzi, R. Leardini, G. F. Pedulli, A. Tundo, and G.
Zanardi, ibid., 1984, 49, 4482.

4 B.Iddon and R. M. Scrowston, Adv. Heterocycl. Chem., 1970, 11,

177.

K. J. Brown and O. Meth-Cohn, Tetrahedron Lett., 1974, 4069.

P. D. Bartlett, V. D. Closson, and T. J. Cogdell, J. Am. Chem.

Soc., 1965, 87, 1308; K.U. Ingold, ‘Organic Free Radicals,” ed.

W. A. Pryor, A. C. S. Symposium Series 69, Washington, D.C.,

1978, p. 187.

7 A. W. Horton, J. Org. Chem., 1949, 14, 761.

8 R. Weissgerber and O. Kruber, Chem. Ber., 1920, 5§3B, 1551.

9 P. G. Marshall, J. R. Henderson, N. B. Chapman, K. Clarke, B.
Iddon, J. W. James, and M. J. Hedge, Br. Pat. 1174411, 17th
Dec. 1969; Chem. Abstr., 1970, 72, 100 493t.

10 N. B. Chapman, K. Clarke, B. A. Gore, A. Manolis, H. Porter,

and T. M. Sutton, J. Chem. Soc., Perkin Trans. 1, 1973, 750.

N W






