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Abstract: Catalytic thienylcarbene-transfer reactions have been de-
veloped. The rhodium-catalyzed reaction of alkenes, furans, and
thiophenes with a thiocarbamoyl-ene-yne compound as a carbene
source gave the cyclopropanation products or ring-opened products
of heterocycles. These processes provide efficient synthetic meth-
ods for thiophene-containing complex molecules.

Key words: thiocarbamoyl-ene-yne, rhodium, carbene complex,
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Transition-metal-catalyzed transformations involving
carbene complexes are powerful methods especially for
carbon–carbon bond formation.1 Although diazoalkanes
have been widely used as some of the most common pre-
cursors for carbenoid generation,2 such compounds must
be handled carefully because of their explosive nature.
The activation of alkynes by transition-metal catalysts
giving carbene complexes with cyclization or rearrange-
ment has emerged as an alternative method.3 Among
them, reactions involving carbene complexes generated
with the formation of furan or pyrrole rings as a driving
force are efficient processes in terms of atom efficiency
(Scheme 1, Y = O, NR2).4 However, no such reaction with
the formation of thiophene rings has been reported
(Scheme 1, Y = S). Here we report the catalytic carbene-
transfer reactions via thienylcarbene complexes generated
from thiocarbonyl-ene-yne compounds.

Since thioaldehydes and thioketones are generally unsta-
ble, we employed an ene-yne compound with a thiocar-
bamoyl moiety (1)5–8 as a substrate for the rhodium-
catalyzed cyclopropanation of alkenes, which was report-
ed by us using carbonyl-ene-ynes or imino-ene-ynes as
carbene sources.4 The reaction of thiocarbamoyl-ene-yne
1 with tert-butyl vinyl ether in the presence of 2.5 mol%
of [Rh(OAc)2]2 at room temperature gave the expected

thienylcyclopropane 2a in 84% yield (Table 1, entry
1).9,10 It turned out that the major diastereomer of product
2a was a cis-isomer (cis/trans = 81:19). The reaction of 1
with styrene gave 91% yield of 2b, which was in turn a
trans-rich mixture (cis/trans = 30:70; Table 1, entry 2).
The reaction with 1,1-diphenylethylene also gave the cor-
responding cyclopropane 2c in 80% yield (Table 1, entry
3).

In the reaction of furans with carbene complexes, we have
to consider several pathways including cyclopropanation,
C–O insertion, and ring opening of furans.11 In some cas-
es, the selective ring-opening reaction proceeds. A thie-
nylcarbene complex generated from thiocarbamoyl-ene-
yne is also expected to react with furans. Indeed, 2-meth-
oxyfuran reacted with thiocarbamoyl-ene-yne 1 to give
thienyldienoate 3a in 90% yield (Table 2, entry 1).12 This
reaction is applicable to various 2-substituted furans to
give the corresponding ring-opening products in the opti-
mized solvents (THF or DCE). In the case of 2-alkyl-
furans, the products were obtained only in moderate
yields (Table 2, entries 2 and 3). The reaction with aro-
matic-substituted furans at 2-position gave the dienone
3b–g in high yields (Table 2, entries 4–9).

We next examined the ring-opening reactions of
thiophenes, which are anticipated to be less reactive than
furans because of their resonance stability.13 Under the
above reaction conditions, the reaction of thiocarbamoyl-
ene-yne 1 with 2-methoxythiophene gave the ring-open-
ing product 4a in 62% yield (Table 3, entry 1).14,15 The in-
stability of the methoxythiocarbonyl group of the product
4a resulted in a low yield. Therefore, we employed 2-ami-
nothiophenes,16 which were expected to provide more sta-
ble products having thioamide moieties. As expected, the
use of pyrrolidino-, piperidino-, diethylamino-, and mor-

Scheme 1 Cyclization-induced generation of carbene complexes
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pholinothiophene resulted in high yields of the ring-open-
ing products (Table 3, entries 2–5).12

Interestingly, ethyl diazoacetate, which is widely used as
a common carbene source, showed a different reactivity
from thiocarbamoyl-ene-yne 1 in the rhodium-catalyzed

reaction with 2-aminothiophenes. As shown in Scheme 2,
we examined the reaction of 2-pyrrolidinothiophene with
ethyl diazoacetate under the above conditions, and found
that C–H insertion17 products were obtained as major
products in 64% yield (3-substituted/5-substituted = 67:33).
Other carbene sources were also examined.18 Carbonyl-
ene-yne compound 7,4a,c a previously reported carbene
source, was also reacted with 2-pyrrolidinothiophene.
However, the yield of ring-opening product 8 was only
67% (Scheme 3).

In summary, we have developed catalytic carbene-trans-
fer reactions via a thienylcarbene complex from thiocar-
bamoyl-ene-yne 1. This type of carbene source was
applicable to not only cyclopropanation reaction, which
has been achieved by the use of furyl- or pyrrolylcarbene
complexes, but also ring-opening reactions of furans and
thiophenes. Especially, the ring opening of 2-ami-
nothiophenes succeeded specifically in the reaction of
thiocarbamoyl-ene-yne 1, while other carbene sources re-
sulted in lower yields of ring-opening products or in the
formation of C–H insertion products. Synthetic applica-
tions of thienylcarbene complexes to preparation of con-
jugated heterocycles are under way in our laboratory.
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Table 1 Rhodium-Catalyzed Cyclopropanation of Alkenes via a 
Thienylcarbene Complexa

Entry R1 R2 Product Yield (%)b (cis/trans)c

1 Ot-Bu H 2a 84 (81:19)

2 Ph H 2b 91 (30:70)

3 Ph Ph 2c 80

a The reaction was carried out with 1 (0.30 mmol), alkene (0.5 mmol), 
and [Rh(OAc)2]2 (2.5 mol%) in THF (3.0 mL) at r.t. for 2 h.
b Isolated yield.
c Determined by 1H NMR.
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Table 2 Rhodium-Catalyzed Ring-Opening Reaction of Furansa

Entry R Product Yield (%)b

1 OMe 3a 90

2 Me 3b 48c

3 Et 3c 64c

4 4-MeC6H4 3d 80

5 4-MeOC6H4 3e 97

6 3-MeOC6H4 3f 94

7 2-MeOC6H4 3g 96

8 4-NCC6H4 3h 94

9 4-F3CC6H4 3i 89

a The reaction was carried out with 1 (0.30 mmol), furan (1.5 mmol), 
and [Rh(OAc)2]2 (2.5 mol%) in DCE (3.0 mL) at r.t. for 2 h.
b Isolated yield.
c In THF.
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Scheme 2 Ring-opening reaction with ethyl diazoacetate
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