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We have reported a new and simple method for isothiazole ring formation using thionyl

&Y This method was found thereafter to be applicable to

chloride or sulfur chlorides.
various types of compounds, and it is our purpose of this communication to report a new
approach to the general preparation of sulfur-containing heterocycles such as isothiazoles,
benzo(b]thiophenes and thiophenes.

Reaction of benzylidenemalenonitriles(l) with sulfur chlorides or thionyl chloride in
the presence of pyridine led to formation of 5-aryl-3-chloro-L-isothiazolecarbonitriles(2)

{2)

shown in Table 1. In a typical experiment a mixture of benzylidenemalononitrile (1.0
mole), pyridine (0.2 mole) and sulfur monochloride (3.0 moles) was heated at 140 - 150° for
5 ~ 6 hours and poured into ice water. The precipitated material which was collected by
filtration was dissolved in hot ethanol to remove inscluble gumwy sulfur. The supernatant
gave 3—chloro-s—phenyl—h-isothiazolecarbonitrile(gg), which could be converted to the known

{3)

3-methyoxy-5-phenyl-4-isothiazolecarbonitrile with sodium methoxide.

_CN 5,01,, SC1, or 50C1, Cy ' o
Ar-CH=Q\ — N Ar
N Py ~5
1 2
C1, I R' 3 a: R=R'=C1, bp 95-96°/33mm, yield 31%
N AR b: R=CH, ,R'=C1, bp 103-104°/26mm, yield 27%
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Table 1. 5-Aryl-3-chloroisothiazolecarbonitriles (2)
Compounds Reagent Yield(%) M.p. (%) Kﬁ:ﬁﬂ mp(€)
5,01, 80
2a, A1'=C6H5 sc12 73 85-86 281 (15000)
501, L3
5,01, 72 )
2b, Ar=p-C1-C H 119 285 (16000
64 sc1, 70
5.1, 73
2c, Ar=o-C1-C/H, sc1 58 97-98 270.5 (11500)
2
5,01, 73
2d, Ar=2,6-diC1-C o3 SC1, 56 1.0-141 268 (9500)
50C1, 38

Acrylonitrile and crotononitrile gave 3,L,5-trichloroisothiazole(3a) and 3,k~dichloro-5-
methylisothiazole(}_g), respectively, whereas cinnamonitrile(4) gave 3-chlorobenzo[b]thiophene—-
2-carbonitrile(5) instead of the expected 3,k-dichloro-S-phenylisothiazole by the reaction
with sulfur monochloride. Ethyl benzylidenecyanoacetate(§) gave also 5 together with ethyl
3-chloro~-5-phenyl-L-isothiazolecarboxylate(7) which was identical with 7 derived from 2a.

This finding prompted us to investigate the related compounds for the benzc{b]thiophene
synthesis, Although a reaction of cinnamic acid(8) with thionyl chloride gave only cinnamoyl
chloride(g), the reaction in the presence of pyridine afforded 3—chlorobenzo[b)thiophene—Z—
carbonyl chloride(l_O)(l’) and a-chloro-trans~cinnamoyl chloride(_lg),(S) whereas the similar
reaction with sulfur monochloride did not give any identified product. Compounds 9 and 11
were converted to 10 with both sulfur monochloride and thionyl chloride in the presence of
pyridine. Hydrolysis of 5 and 10 gave 3-chlorcbenzo[b Jthiophene-2~carboxylic acid(12),
which was decarboxylated by heating to the known 3—chlorobenzo[b)thiophene.(6)

From 13, 15 and 16, 10 was also obtained by the action of thionyl chloride and pyridine.

In the reaction of 13 with thionyl chloride and pyridine, o,8-dichloro-¢is-cinnamoyl chloride

(L)(lo) was isolated from the filtrate of 10. In a similar way compounds l7a-c gave benzo-

(b)thiophene derivatives l8a-c, respectively. The aldehyde 18a could be converted to 3 in a
usual way via the oxime. Styrene(1l7d) carrying no substituent on the B carbon gave 2,3-

dichlorobenzo[b]thiophene(_l_gz_i)(é) using thionyl chloride and pyridine.
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SOCl2 or 32012 C1
céH5—CH==CH—R ! R
Fy S

YA 18
a: R=CHO a: R=CHC (7), mp 104°, yield 30%
b: R=COCEt b: R=COCEt (8), mp 69-69.5°
c: R=CH, e R=CgH, (9), mp 67-69°, yield 45%

d: R=H d: R=C1 (6), mp 54-55°, yield 41%
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Three aliphetic acids 19, 20 and 21 were reacted with thionyl chloride and pyridine to

form thiophene derivatives 22 (mp h5°, yield 637:),(11) 23 (bp 97-100°/25mm, ll%)(lz) and

2 (16;‘2),(1)) respectively.
CH2— CH2 ﬁ}{—(llﬂz CH—CH
HOOCCH2 CH2000H CH2 CH2COOH HOGCCH CHCOUOH
9 20 2
U ] Ccl T Ccl
it ‘
c1ce s CcOoCcl s cecl ClCOI s ICOCl
22 23 2
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