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The development of new, efficient methods for the construction
of carbocycles from single acyclic blocks represents an important
ongoing challenge for synthetic organic chemists. In particular,
dialkylidenecycloalkanes are valuable building blocks for further
structural elaboration. Among these compounds, the 1,2-dialkyli-
denecycloalkanes are relatively accessible from 1,n-enynes via
transition-metal-catalyzed cycloisomerization reactions.1 In this
regard, while the cycloisomerization of 1,6-enynes to cyclopentane
derivatives has been very efficiently performed and that of 1,7-
enynes to the cyclohexane ring works fairly well, the cyclization
of 1,8-enynes to the 1,2-dialkylidenecycloheptane derivatives has
been reported to fail.2,3 Taking advantage of the chance of success
that allenes4 offer to accomplish this task, and based on our own
experience on Fischer carbene complexes,5,6 we present a new
access to 3,4- and 2,4-dialkylidenecyclohptanones by nickel(0)-
mediated and rhodium(I)-catalyzed [3+2+2] cyclization of alkenyl
carbene complexes and allenes.7

First, we found that the treatment of chromium alkenyl carbene
complexes1a-d with 1,1-dimethylallene2a (3 equiv) at-10 °C
in acetonitrilein the presence of [Ni(cod)2] (1 equiv), followed by
warming to room temperature over 2 h, resulted in the formation
of the [3+2+2] cycloadducts3. Chromatographic purification of
3 led to the 3,4-diisopropylidenecycloheptanone derivatives4 in
moderate yields (40-56% overall yield) (Scheme 1; Table 1, entries
1-4).8 It is interesting to note that not only a stereogenic center
(C6) is created along the reaction course, but axial chirality arises
from the atropisomerism about the sp2-sp2 single bond of the
butadiene unit (C3-C4) (see Figure 1 for the X-ray structure of
compound4a; C8-C3-C4-C11 dihedral angle) 89.5°).9,10 Also
noteworthy is the selectivity of the process: (i) three C-C bonds
are regioselectively formed; (ii) the less substituted CdC of the
allene is solely involved (head-to-head allene-allene coupling); and
(iii) only one diastereoisomer is detected.

In accordance with a previous report,6d we propose that the nickel
carbeneI , formed by chromium-nickel exchange, inserts a single
allene unit through the less substituted CdC bond to generate
metallacycle speciesII . In the present case, this intermediate does
not undergo reductive metal elimination, but the insertion of a
second allene into the more reactive C(allyl)-Ni bond takes place
to afford the speciesIII , which in turn evolves to the observed
[3+2+2] cycloadduct by reductive metal elimination. At this point,
the crucial role of the solVent arises, as we previously found that
the [3+2] cyclization resulting from a single allene insertion occurs
exclusively if the reaction is performed intoluene.6d We argue that,
in the present case, the half-life of the speciesII is enhanced by
Ni-acetonitrilecoordination,11 thus allowing speciesII to suffer
another allene insertion.

Next, we questioned whether the [Rh(naphthalene)(cod)]+-
catalyzed [3+2] cyclization of carbenes1 and allenes, recently
reported by us,6d could also be switched to the [3+2+2] cyclization
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Scheme 1. Ni(0)-Mediated [3+2+2] Cyclization of Chromium
Alkenyl Carbene Complexes 1a-d with Allene 2a

Table 1. Cyclization of Carbene Complexes 1 and Allenes 2 to
Cycloheptane Derivatives 4 (Scheme 1) and 5 (Scheme 2) in the
Presence of Ni(0) and Rh(I)

entry R1 R2 R3 R4 4 (%)a,b 5 (%)a

1 p-MeOC6H4 H Me Me 4a (53) 5a (55)
2 nBu H Me Me 4b (40) 5b (61)
3 Ph H Me Me 4c (52)
4 2-furyl H Me Me 4d (56)
5 iBu H Me Me 5c (70)
6 tBu H Me Me 5d (58)
7 Me H Me Me 5e(60)
8 ferrocenyl H Me Me 5f (63)
9 Me Me Me Me 5g (71)
10 Me H -(CH2)5- 5h (64)
11 Me Me Ph Ph 5i (55)
12 Me H Ph H 5j (50)

a Yields of isolated products.b Overall yield from carbene complex1.

Figure 1. X-ray structures of4a (top) and6f (bottom) (ellipsoids at 30%
probability level).
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by modifying the catalyst. This was brought about by using
[Rh(cod)Cl]2, instead of the cationic catalyst[Rh(naphthalene)-
(cod)]+.11 When carbene complexes1 were mixed with 1,1-
disubsituted allenes2 (3 equiv) (CH2Cl2, 25 °C, 18-36 h) in the
presence of 10 mol % of [Rh(cod)Cl]2, 1,3-dialkylidenecycloheptene
derivatives5a-i were obtained with total regioselectivity and in
moderate yields (55-71% after column chromatography) (Scheme
2; Table 1, entries 1, 2, 5-11). In turn, acid hydrolysis of5a-i
produces quantitatively 2,4-dialkylidenecycloheptanones6a-i.8 The
X-ray structure of6f is displayed in Figure 1. The cyclization
involves regioselective formation of three C-C bonds through the
less substituted allene CdC bond (head-to-tail allene-allene
coupling). Moreover, the cycloadduct5j (R3 ) Ph, R4 ) H; entry
12) is formed from phenylpropadiene as a soleE,E diastereoisomer
(NOESY 1H NMR experiments performed on6j).

At this early stage, a mechanistic proposal to cycloadducts5 is
tentatively suggested in Scheme 3. Chromium-rhodium exchange
followed by reversible metalla-[4+2] cycloaddition would produce
intermediateIV , which would evolve to the thermodynamically
more stable metallacycleV. Insertion of a second molecule of allene
would give rise to the metallacyclooctene speciesVI , which would
yield compounds5 upon reductive elimination.12

In conclusion, we have found that 1,2- and 1,3-dialkylidenecy-
cloheptane13 derivatives are chemo-, regio-, and diastereoselectively
synthesized by the [3+2+2] cyclization of chromium alkenyl-
(methoxy)carbene complexes and allenes in the presence of Ni(0)
and Rh(I), respectively. The carbene nature of the nickel carbene
complexes6a accounts for the formation of metallacycleII via [2+2]
cycloaddition to allene, while the low carbene character of Fischer
rhodium carbene complexes6b must be responsible for the different
insertion mode to form the regioisomeric metallacycleIV .14 In both
cases, the stabilization of the metallacyclohexene speciesII , IV
seems crucial to retard the metal elimination and thus allow the
second allene insertion to occur. In terms of scope, 1-substituted
and 1,1-disubstituted allenes do work well, and a wide array of
carbene complexes1 can be employed. This study brings to us the
belief that new ways to expand the usefulness ofR,â-unsaturated
alkoxy carbene complexes can still be devised by combining them
with a diversity of transition metals and unsaturated substrates.
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Scheme 2. Rh(I)-Catalyzed [3+2+2] Cyclization of Chromium
Alkenyl Carbene Complexes 1 with Allenes 2

Scheme 3. Proposed Mechanism for the Rh(I)-Catalyzed [3+2+2]
Cyclization of Chromium Alkenyl Carbene Complexes 1 with
Allenes 2
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