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Summary: Rh(I)-catalyzed cycloisomerization of 1,3-
dienes with alkenes in a tether proceeded smoothly,
giving cyclopentene derivatives in good yields. It was
interesting that the existence of a heteroatom between a
1,3-diene moiety and alkene in the tether affected the
reaction course and that only a [4 + 2] cycloaddition
product was produced.

Transition-metal-catalyzed cyclization is one of the
most promising strategies for the construction of various
cyclic compounds.1 We have recently reported a Rh(I)-
catalyzed intramolecular hydroacylation of 4,6-dienals
by which various cycloheptenones were obtained in good
yields via reductive elimination from rhodacyclooctene
3c (Scheme 1).2 During our ongoing investigation of this
hydroacylation, we found that the reaction of 4,6-dienal
4, having an olefin in the tether, gave cyclopentene 5
in 77% yield via cycloisomerization of the 1,3-diene
moiety and the tethered olefin (Scheme 2). Although
several Rh(I)-catalyzed [4 + 2] cycloadditions of 1,3-
dienes with alkenes or alkynes have been reported,3 no
report on the Rh(I)-catalyzed cycloisomerization of 1,3-
dienes with alkenes has appeared in the literature to
date.4,5 Herein we report the results of further investi-
gation of this novel cycloisomerization.

Initially, the reaction of (2E)-6a, having no aldehyde
moiety, was carried out in order to investigate the effect
of an aldehyde group in the substrate 4 on this reaction.
Treatment of (2E)-6a with 10 mol % of [Rh(dppe)]ClO4

in dichloroethane at 65 °C for 2 h gave cycloisomeriza-
tion product 7a in 85% yield (Scheme 3). This result
indicates that an aldehyde group in the substrate is not
necessary for this cycloisomerization. Since [4 + 2]
cycloadditions of 1,3-dienes with alkenes or alkynes
under similar conditions (catalyst [Rh(dppe)]SbF6, CH2-
Cl2, 25 °C) have already been reported,3e,f the reaction
of (2E)-6a was carried out at room temperature using
[Rh(dppe)]ClO4 as a catalyst in dichloroethane. As a
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result, 7a′ was obtained in 27% yield along with an
inseparable mixture of the products (51% yield) (Scheme
3). When the mixture was treated again with a catalytic
amount of [Rh(dppe)]ClO4 in dichloroethane at 65 °C,
7a was obtained in 90% yield as a single isomer. This
result indicates that this cycloisomerization proceeds
even at room temperature and that [4 + 2] cycloaddition
does not occur under our conditions.

Next, we turned our attention to the use of various
Rh(I) complexes in the reaction of (2E)-6a. The use of
[Rh(dppe)]Cl, generated in situ from [Rh(cyclooctene)2Cl]2
(5 mol %) and dppe (10 mol %), gave no product, and
the starting material (2E)-6a was recovered in 78%
yield. On the basis of this result, our investigation was
focused on the cationic Rh(I) complexes, and the results
are summarized in Table 1. The reaction of (2E)-6a with
[Rh(dppp)]ClO4 gave the cycloisomerization product 7a
in 34% yield along with the [4 + 2] cycloaddition product
9 in 41% yield. The use of [Rh(dppb)]ClO4 or RhCl-
(PPh3)3 promoted [4 + 2] cycloaddition, and 9 or 8 was
obtained in 70% or 81% yield, respectively. These results
suggested that the reaction course of this cycloisomer-
ization is strongly affected by the nature of ligands, and
[Rh(dppe)]ClO4 is the best catalyst for this cycloisomer-
ization.

Encouraged by these results, cycloisomerization of
various trienes using [Rh(dppe)]ClO4 was investigated
(Table 2). The reaction of (2Z)-6a, an olefinic isomer of
(2E)-6a with respect to the C2 carbon, gave 7a in 80%
yield (run 1), indicating that the difference in geometry
at the 1,3-diene moiety does not affect the reaction
course. In the reaction of the terminal diene 6b, the
corresponding cyclized product 7b was produced in 59%
yield (run 2). The reaction of 6c, having an internal
diene and disubstituted olefin in a tether, also proceeded
smoothly to afford 7c in 77% yield (run 3). The existence
of a silyloxy group in the side chain is tolerated in this
cycloisomerization, and the reaction of 6d gave cyclo-
pentene 7d in 85% yield (run 4).

When 10a, whose reaction was expected to give a six-
membered-ring product, was treated with 10 mol % of
[Rh(dppe)]ClO4 in dichloroethane at 65 °C for 18 h, the
five-membered-ring product 7c was obtained in 83%
yield (Scheme 4). It was thought that the olefin isomer-
ization of 10a occurred under the conditions, giving 6c,
and that 7c was produced via rhodacycle 11 generated
from 6c and the rhodium catalyst. On the other hand,
the reaction of 10b under the same conditions gave the
six-membered-ring product 12b in 60% yield along with
the five-membered-ring product 7e in 13% yield. Inter-
estingly, we found that only a [4 + 2] cycloaddition
reaction proceeded in the case of 6f or 6g, having a
heteroatom between a 1,3-diene moiety and alkene in
the tether, to give 8f or 8g in 37% or 92% yield,
respectively (Scheme 5).6

Table 1. Reactions of (2E)-6a Using Various Rh(l)
Complexes

yield (%)

run cat. time (h) 7a 8 9

1 [Rh(dppe)]ClO4 2 85 - -
2 [Rh(dppp)]ClO4 6 34 - 41
3 [Rh(dppb)]ClO4 12 trace - 70
4 RhCl(PPh3)3 30 - 81 -

Table 2. Reactions of Various Trienes with
[Rh(dppe)]ClO4

a R ) CH2OBn. b All reactions were carried out in ClCH2CH2Cl
using 10 mol % [Rh(dppe)]ClO4 complex generated in situ from
[Rh(nbd)(dppe)]ClO4 under an atmosphere of hydrogen.

Scheme 4

Scheme 5
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A plausible reaction course of the cycloisomerization
and [4 + 2] cycloaddition is shown in Scheme 6. The
rhodacyclopentane 14 or 17 would be initially formed
via oxidative cycloaddition of 13 to a Rh(I) complex. The
rhodacyclopentane 14 would be in equilibration with
rhodacycloheptene 17, and â-elimination of 14 or 17
would give the rhodium hydride complex 15 or 18. The
cycloisomerization product 19 would be produced through
reductive elimination from 15 or 18 followed by an olefin
isomerization reaction. On the other hand, the [4 + 2]
cycloaddition product 16 would be obtained via reductive

elimination from 17. At present, the diverging point in
the cycloisomerization vs the [4 + 2] cycloaddition is still
unclear, although the results for the reaction of 6e and
6f, in which only a [4 + 2] cycloaddition product was
produced, suggest the existence of a diverging point.
Further studies to determine the scope, limitations, and
the mechanism of this cycloisomerization are in progress.

Supporting Information Available: Text giving the
typical procedure for cycloisomerization and spectral data of
the substrates (4, (2E)-6a, (2Z)-6a, 6b, 6c, 6d, 10a, and 10b)
and cyclized products (5, 7a, 7a′, 7b, 7c, 7d, 7e, 8, 9, and 12b).
This material is available free of charge via the Internet at
http://pubs.acs.org.

OM0206958

(6) The [4 + 2] cycloaddition of 6f or 6g had been independently
reported by Livinghouse (6f and 6g) and Gilbertson (6f),3 in which the
same [4 + 2] adduct 8f or 8g was obtained. The spectral data of 8f
and 8g obtained by us were completely identical with those.

Scheme 6. Mechanism of Cycloisomerization and [4 + 2] Cycloaddition
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