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Aluminum carbenoids in allene cyclopropanation
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The reactions of aluminum carbenoids with alkyl- and phenyl-substituted allenes and cyclic allenes are
studied. An efficient method for the synthesis of substituted spiropentanes was developed. 1,2-Cyclono-
nadiene was selectively converted into bicyclo[7.1.0]dec-1-ene. An unusual transformation of a-meth-
ylphenylallene into a spiroindane derivative under the action of Et3Al–CH2I2 was found.

� 2010 Elsevier Ltd. All rights reserved.
H

R

H

R

C

Me Me

CH2I2 (3 eq)
Et3Al (3 eq) 1a  R= n-Hex (82%)

1b  R= PhCH2 (85%)
1c  R= Ph (73%)

CH2I2 (1 eq)
Et3Al (1 eq)

(  )n(  )n
(  )n

CH2I2 (3 eq)
Et3Al (3 eq)

CH2I2 (3 eq)
Et3Al (3 eq)

2a  88% (n=1) 3a  95% (n=1)
3b  92% (n=4)

83%

1a-c

4

CH2Cl2, rt, 8 h

CH2Cl2, rt, 8 h CH2Cl2, rt, 12 h

CH2Cl2, rt, 8 h

Scheme 1. Cyclopropanation of allenes.
Earlier, we reported that alkynes react with CH2I2 and trialkyl-
aluminums (Me3Al, Et3Al, and i-Bu3Al) to give substituted cyclo-
propanes.1 It was found that the structures of the products and
the mechanism of their formation depended strongly on the nature
of the multiple bonds. In the case of alkenes, the reaction proceeds
as a one-stage methylene transfer process to afford the product of
cyclopropanation.2 Contrary to this, the reaction of alkynes with
CH2I2–R3Al (R = Me, Et and i-Bu) proceeds via a sequence of rear-
rangements. According to the scheme proposed for the reaction,
carboalumination of the triple bond by aluminum carbenoids oc-
curs in the first stage. Thus, alkenes and alkynes show a curious
difference in behavior toward aluminum carbenoids. This
prompted us to investigate the reaction of aluminum carbenoids
with allenes which contain both sp2- and sp-hybridized carbon
atoms. In order to develop a general method for the selective prep-
aration of alkylidenecyclopropanes and spiropentanes, the influ-
ence of the nature of the substituent on the allene moiety, the
degree of substitution, and the structure of allene have been stud-
ied. It should be noted that in the literature there is a single exam-
ple of the exhaustive cyclopropanation of 3,4-pentadien-1-ol using
Me3Al–CH2I2.3

It was found that the monosubstituted allenes (n-hexylallene,
benzylallene, and phenylallene) reacted with CH2I2 and Et3Al (in
a molar ratio of 1:3:3) in CH2Cl2 at room temperature for eight
hours to give the substituted spiropentanes 1a–c in high yields
(GC) (Scheme 1).4 When using one equivalent of CH2I2 and Et3Al,
a mixture of mono- and bis-cyclopropanation products was
formed. The yield of 1a did not change significantly when i-Bu3Al
was used instead of Et3Al. In contrast to this, the reaction was slug-
gish with Me3Al–CH2I2. The structures of spiropentanes 1a–c were
established by 1D and 2D NMR spectroscopy.5

The cyclopropanation of cyclic allenes (1,2-cyclononadiene, 1,2-
cyclotridecadiene) proceeded in the same way (Scheme 2). In the
case of 1,2-cyclononadiene, the product of mono-cyclopropanation
ll rights reserved.

v).
(bicyclo[7.1.0]dec-1-ene) (2a) was obtained in high yield when
using an equimolar ratio of reagents, apparently due to steric hin-
drance of the second cyclopropanation. The reaction with three
equivalents of CH2I2 and Et3Al gave tricyclo[8.1.0.01,3]undecane
(3a) with the R*R* configuration at the chiral centers.6 Due to molec-
ular symmetry, the two cyclopropyl methylene groups are magnet-
ically equivalent. The cyclopropanation of 1,2-cyclotridecadiene
using equimolar amounts of CH2I2 and Et3Al lacked selectivity with
the preferential formation of the exhaustive cyclopropanation prod-
uct 3b.

The reaction of a-methylphenylallene with three equivalents of
CH2I2 and Et3Al in CH2Cl2 at room temperature for eight hours gave
10-methylspiro(cyclopropane-1,20-indane) (4) in 83% yield.7 Deu-
terolysis of the reaction mixture did not result in the formation
of a deutero-substituted compound.
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Scheme 2. The reaction of a-methylphenylallene with CH2I2–Et3Al.
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Scheme 2 shows two possible routes for the formation of com-
pound 4. Investigation of the mechanism of this unusual transfor-
mation and its scope is the subject of further research.

Earlier, Me3Al–CH2I2 was preferably used for the cyclopropana-
tion of 3,4-pentadien-1-ol.3 It was noted that the use of Et3Al and
i-Bu3Al instead of Me3Al led to the rapid decomposition of alumi-
num carbenoids formed in situ. Contrary to this, in the case of
alkyl- and phenyl-substituted and cyclic allenes, we obtained
cyclopropanation products in high yield using only CH2I2–Et3Al
and CH2I2–i-Bu3Al, whereas the reaction with CH2I2–Me3Al was
slow. We observed the same difference between trialkylalumi-
nums earlier in the reactions with propargyl alcohols.1b The low
activity of Me3Al may be the result of its greater tendency to form
stable complexes.8 In addition, the importance of the procedure
should be emphasized.9

Despite the fact that the cyclopropanation of allenes with metal
carbenoids and CH2N2 is a well known method to prepare spir-
opentanes and methylenecyclopropanes, we have revealed herein
some features of the reactions of aluminum carbenoids with alkyl-
and aryl-substituted allenes and cyclic allenes. Unlike zinc carbe-
noids,10 aluminum carbenoids reacted not only with alkyl-substi-
tuted allenes, but also with phenylallene. It should be noted that
the reaction of phenylallene with CH2N2/Pd(acac)2 gave only the
mono-cyclopropanation product, benzylidenecyclopropane, in
49% yield.11a Interestingly, according to the published data,11a,b

1,2-cyclononadiene reacted with CH2N2 in the presence of a palla-
dium catalyst with the formation of 2a in 85% yield. Further reac-
tion of the latter with CH2N2 gave 3a in only 15% yield.

Thus, compared to other cyclopropanation agents, aluminum
carbenoids show useful activity toward allenes.
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