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Ring-expansion of aryl gem-dichlorocyclopropyl ketones 1
using Lawesson’s reagent afforded unsymmetrically and highly
substituted 5-chloro and 3-chlorothiophenes 2 and 3 with excel-
lent regioselectivity. The Suzuki—-Miyaura coupling of 2 and 3
with PhB(OH), was successfully performed to give 2-aryl-
3-methyl-5-phenylthiophenes 4 and 2-aryl-3-methyl-4,5-di-
phenylthiophenes 5, respectively.

Thiophene is a fundamental 5-membered heterocycle, com-
monly used as a building block in organic chemistry.! Highly
substituted thiophenes have attracted considerable attention
due to the recent production of useful synthetic intermediates
for opto-electronic devices® and biologically active compounds.?
Thus, there is a high demand for synthetic studies of thiophene
derivatives.

Despite the demand, the synthesis of unsymmetrically
and highly substituted thiophenes is quite limited. As a part of
our ongoing program of synthetic studies on the transformation
of gem-dihalocyclopropanes,*® we previously reported a dual
mode of highly regioselective benzannulation of gem-dichloro-
cyclopropylmethanols promoted by Lewis acids to afford o-
and B-arylnaphthalenes (Scheme 1).4* To extend these findings,
chirality-exchange®® and regiocontrolled*? benzannulations were
recently presented. Here, we report a novel method for dual
regioselective syntheses of unsymmetrically and highly substi-
tuted 5- and 3-chlorothiophenes 2 and 3 promoted by (4-MeOCg-
H,PS;), (Lawesson’s reagent),” which involved a novel ring-
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Table 1. Regioselective ring-expansion of gem-dichlorocyclo-
propanes 1 with Lawesson’s reagent®

0o Lawesson's
RlVgL 5 reagent Cl—S\ R? RS\ _R?
S v i v
Me
c’ ¢l R'  Me c’ Me
1 2 3
Entry Substrate R! R? Ratio of 2/3 Product Yield/%"
1 la H Ph >99/1 2a 51
2 1b H 4-MeC¢Hy >99/1 2b 60
3 1c H 4-MeOC¢H4 >99/1 2¢ 74
4 1d Me 4-MeOCgHy >99/1 2d 70
5 le Ph Ph <1/99 3e 75
6 1f Ph  4-MeCgHy <1/99 3f 67
7 lg  Ph 4MeOCeH,  <1/99 3g 75
8 1h Ph  2-MeOC¢H4 <1/99 3h 74
9 1i Ph  4-CICgH4 <1/99 3i 69
10 j  Ph Me <1/99 3j 53

aCarried out in chlorobenzene at 130°C for 10 h. PIsolated.

expansion of gem-dichlorocyclopropyl ketones 1 (Scheme 2).

Application of this method to the synthesis of unsymmetri-
cally and highly substituted thiophenes 4 and 5§ was successfully
performed utilizing the Suzuki-Miyaura coupling of 2 and 3
with PhB(OH),.

The initial attempt was guided by a reaction using ketone 1a
with Lawesson’s reagent. A ring-expansion reaction unexpect-
edly occurred giving thiophene 2a as the sole product in 51%
yield (Table 1, Entry 1).® This result encouraged us to investi-
gate the reaction using ketones 1b—1d (R! = H or Me). The
successful results are listed (Entries 2—4). In clear contrast, the
reaction using ketones le-1j (R' = Ph) gave regioisomeric thio-
phenes 3e-3j in good yields, respectively. In every entry, some
amounts of starting substrates 1 were recovered (18-30%).
Notice that regioselectivity, including in the reaction using 1j
(R? = Me, Entry 10), was excellent in every case examined.

The proposed mechanism of the present reaction is depicted
in Scheme 3. First, (4-MeOCgH4PS,), reacts with the carbonyl
oxygen of 1 to give the oxathiaphosphetane intermediate A or
B. Regioselective ring-expansion of A or B with the concomitant
bond-cleavage (a or b) proceeds to give thiophenes 2 or 3,
accompanied by an oxygen—sulfur exchange and elimination
of HCL.

This switching mode with regard to ring cleavage regiose-
lectivity is consistent with the reported benzannulation
(Scheme 1).* Note that plausible transient thioketones C were
not detected during the present reaction.

To demonstrate the utility of the present ring-expansion re-
action, we planned the Suzuki—Miyaura coupling using chloro-
thiophenes 2 and 3 (Scheme 4). Compared with the popular re-
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action using aryl chlorides with PhB(OH),, the present coupling
proceed more smoothly due to the inherent higher reactivity
of 2 and 3. Thus, the recently improved method® using [1,3-
di(2,6-diisopropylphenyl)imidazol-2-ylidene](3-chloropyridyl)-
palladium(II) dichloride (PEPPSI-IPr) catalyst successfully
afforded the desired 2-aryl-3-methyl-5-phenylthiophenes 4a—4c
and 2-aryl-3-methyl-4,5-diphenylthiophenes 5a-5¢ in good
yields.!?

In conclusion, we developed a novel synthesis of substituted
5-chloro or 3-chlorothiophenes utilizing highly regioselective
ring-expansion of gem-dichlorocyclopropyl ketones. As a
further extension, the Suzuki-Miyaura coupling of these prod-
ucts was successfully performed to give unsymmetrically and
highly substituted thiophenes. The present method provides a
novel and facile access to such thiophene analogs.
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