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ABSTRACT

It has been shown that diene −titanium complexes exhibit substrate-dependent 1,2- or 1,4-dicarbanion reactivity. On this basis, 3-cyclopen-
tenylamines and spiro-vinylcyclopropane lactams were easily prepared by using homoallylic Grignard reagents, Ti(O- i-Pr)4, and nitriles or
cyanoesters, respectively.

Titanacyclopropanes (A1), which can also be considered as
π-complexes (A2), are typically formed by transmetalation
and a successiveâ-fragmentation (Scheme 1).1 These putative

intermediates are involved in the Kulinkovich hydroxycy-
clopropanation of esters2 as well as in the related syntheses
of tertiary3 and primary4 cyclopropylamines from amides and
nitriles, respectively.

Following the discovery of the Kulinkovich reaction, Ti-
(II) chemistry has been widely developed,1 particularly due
to the 1,2-dicarbanion pattern of titanacyclopropanes. In
addition, exchange of alkenes, imines, or alkynes starting
from the initial Ti(II)-alkene complex has broadened the
scope of the cyclopropanation and other reactions.5

In contrast toA, reactions of diene-titanium complexes
B have been less investigated.6-10 This species can be
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described by several canonical forms,η2 or η4, including
metalacycles (B1 or B2) or π-complexes (B3 or B4) (Scheme
2).

Two approaches for generating diene-titanium complexes
are known. The ligand exchange between (η2-alkene)Ti(Oi-
Pr)2 and 1,3-dienes (Scheme 2, path i) is a convenient
procedure.6-9 More recently, the low temperature addition
of homoallylic Grignard reagents to titanium isopropoxide
(path ii) has been reported.10 In some cases, 1,4-dicarbanion
reactivity has been revealed. Thus, the addition of electro-
philes such as aldehydes, ketones, or nitriles led to the
corresponding open-chain products.7,10 In contrast, 1,2-
dicarbanion reactivity has been observed when usingN,N-
dialkylamides as starting materials.6 In these reactions,
performed under ligand-exchange conditions, 2-vinylcyclo-
propylamines were exclusively formed. Based on the di-
chotomous 1,4- vs 1,2-dicarbanion pattern of diene-titanium
complexes, we describe herein simple synthetic approaches
to three- and five-membered carbocyclic compounds which
use nitriles or cyanoesters and homoallylic Grignard reagents
as starting materials.

As a part of our work on the titanium-mediated synthesis
of cyclopropylamines from nitriles,4 we studied the feasibility
of preparing 2-vinylcyclopropylamines. The ligand-exchange
procedure with the initial propene-titanium complex and
isoprene was applied. To make the exchange efficient, the
temperature was allowed to slowly increase from-78 to 20
°C and during this period a nitrile was added. When the
nitrile addition took place at about-20 °C, 3-cyclopente-
nylamines1 were formed in good yields (Scheme 3).

To gain a better insight into this [4+ 1] assembly reaction,
the diene-titanium intermediate of typeB was then generated

from Ti(O-i-Pr)4 and a homoallylic Grignard reagent ac-
cording to Goeke et al. (Scheme 4).10 When 3-butenylmag-
nesium bromide (2 equiv) was added at-70 °C to
benzonitrile and Ti(O-i-Pr)4 in Et2O and the mixture allowed
to warm to-30 °C during 1 h, the ketone2a was obtained
in 59% yield after hydrolysis at-30 °C, in agreement with
Goeke’s results. Interestingly, when the reaction mixture was
warmed to room temperature the cyclopentenylamine1awas
obtained after hydrolysis, albeit in low yield (20%), and no
trace of2a was detected. This result clearly indicated that
the contraction of the azatitanacycle intermediateC, leading
to a five-membered carbocycle, occurred only at temperatures
higher than-30 °C.

It should be noted that the simultaneous use of homoallylic
Grignard reagent and a nitrile is possible. This is in contrast
to the ligand-exchange method in which the nitrile must be
added only after the Grignard reagent-promoted transmeta-
lation-fragmentation and ligand-exchange processes occur.8

As a consequence, an efficient room-temperature procedure
for directly preparing cyclopentenylamines could be envi-
sioned. The feasibility of such reactions was checked by
simply adding the homoallylic Grignard reagent to a mixture
of the nitrile and Ti(O-i-Pr)4 at room temperature. The
reactions were carried out for about 1 h, followed by a
hydrolytic workup. Some results obtained by employing
aromatic and aliphatic nitriles as well as unsubstituted and
substituted Grignard reagents are presented in Scheme 5.

With this room-temperature-based protocol, the corre-
sponding cyclopentenylamines were obtained in moderate
to good yields. The unsubstituted cyclopentenylamines1a
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and1b were formed by using 3-butenylmagnesium bromide,
which amounts to the ligand-exchange-based protocol in-
volving the gaseous 1,3-butadiene. This straightforward
method uses readily available and simple starting materials.

Starting from nitriles, no trace of the vinylcyclopropy-
lamine derivative was observed. This contrasted sharply with
the exclusive formation of 2-vinylcyclopropylamines from
N,N-dialkylamides.6 In the case of cyanoesters, a 1,2-
dicarbanion pattern was observed which was similar to
amides and different from nitriles. Thus,4a was the only
product formed from ethyl 3-cyanopropionate (3a) under the
conditions employed for nitriles (Scheme 6).

The formation of the azaspirocyclic compound4a can be
explained as depicted in Scheme 6. The chemoselective
insertion of the CN group intoB produces the intermediate
D. The carboxylate-induced ring opening ofD affords the
allyltitanium intermediateE, which in turn reacts intramo-
lecularly with theN-acylimine moiety to give the spiro-
vinylcyclopropane lactam4a after hydrolysis.11,12

As depicted in Table 1, the titanium-mediated reaction of
cyanoesters or cyanocarbonates with homoallylic Grignard
reagents led to 1-azaspirocyclic compounds4a-f, having a
vinylcyclopropylamine (and not a cyclopentenylamine) moi-
ety.

When using THF instead of Et2O as solvent,4a was
obtained in higher yield and in almost pure diastereomeric
form (entry 1).13 With a substituted Grignard reagent, i.e.,
3-methyl-3-butenylmagnesium bromide, the regioisomers4b
and4c were obtained in a 2:1 ratio regardless of the solvent
used (entry 2). The presence of both4b and 4c supported
the intermediacy of complexB, followed by a nonselective
insertion of the CN group.14 Mixtures of diastereomeric
spirocyclic lactams4d and 4e (entries 3 and 4) could be
separated by flash chromatography.15 Finally, the oxazoli-

dinone4f, prepared from Boc-protected glycononitrile (3d),
was obtained as a unique stereoisomer in THF (entry 5).

In summary, diene-titanium complexes, generated from
homoallylic Grignard reagents and Ti(O-i-Pr)4, exhibit
substrate-dependent 1,2- or 1,4-dicarbanion reactivity. On
this basis, a straighforward access to 3-cyclopentenylamines
from nitriles and spiro-vinylcyclopropane lactams from
cyanoesters has been developed. The simultaneous presence
of aminocyclopropane16 and vinylcyclopropane17 moieties
would make the latter compounds versatile synthetic inter-
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Scheme 6

Table 1. Ti-Mediated Synthesis of Spirocyclic Lactams from
Cyanoesters and Homoallylic Grignard Reagents

a Isolated yields.b Only the major diastereomer is depicted. Diastereoi-
someric ratio is given in parentheses.c 3-Methyl-3-butenylmagnesium
bromide was used.
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mediates. Mechanistic investigations and synthetic applica-
tions are underway in our laboratory.
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