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Recently, we developed a facile preparation of cyclo-
propanols and cyclopropanone hemiketals by Ti(II)-
mediated coupling of terminal olefins and alkyl carbox-
ylates or ethylene carbonate.1 This new hydroxycyclo-
propanation, in turn, evolved from the original Kulink-
ovich procedure.2-4 More recently appeared de Meijere’s
adaptation of the original protocol to N,N-dialkylamides
leading to a facile preparation of N,N-dialkylcyclopropyl-
amines 1 (eq 1).3b,5 This recent publication prompted us
to report our variant of utilizing Ti(II)-mediated coupling
ofN,N-dialkylamides and monosubstituted olefins (eq 2).

When commercially available cyclopentylmagnesium
chloride (4.5 equiv) was added slowly (during 30 min) at
room temperature to a THF solution of amide 2 (1.0
equiv), olefin 3 (1.5 equiv), and ClTi(O-i-Pr)3 or Ti(O-i-
Pr)4 (1.5 equiv), the cyclopropylamine 1 was isolated in

moderate to excellent yield. As can be seen from ad-
ditional examples in Table 1, this aminocyclopropanation
appears to be general and is anticipated to tolerate the
presence of other functional groups in the olefin and
carboxamide partners. In the case of amides 2a-2d, the
formation of the products (1a-1d) was accompanied by
a minute (e5%) amount of the acyclic ketones derived
from hydrolysis of the presumed intermediates 5 (vide
infra). Diastereoselectivity of the aminocyclopropane
formation is moderate. With the exception of N,N-
dimethylformamide (2a) and 1-methyl-2-pyrrolidinone
(2h), the stereochemistry of the major products, 1b-g,i,
has the siloxyethyl side chain (R1) in the â-configuration,
i.e., syn to the dialkylamino substituent. The stereo-
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Table 1. Intermolecular Aminocyclopropanation of
N,N-Dialkylamides with 4-(Triisopropylsiloxy)-1-butene

a With the exception of 1h, the cyclopropylamine products were
isolated as a mixture of cis and trans diastereomers. See text for
their stereochemical assignment. b In the case of 2a-d, the
formation of the products 1a-d was accompanied by a small
amount of acyclic ketones derived from 5. For details, see text.
c Except for 1b and 1d, the reported diastereoselectivity was based
on isolation yield. d The major isomer of 1a has the siloxyethyl
chain in the R-configuration. e Determined by GC. f Yield in pa-
rentheses is based on the consumed 2h.
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chemical assignment of 1a (both isomers), 1c (both
isomers), 1h, and 1i (the major isomer) is based on
difference NOE measurements; that of the remaining
compounds was made by analogy and on the basis of their
TLC behavior.6
The intramolecular cyclopropanation of the ω-vinyl-

amides 2j and 2k (eq 3) also took place smoothly to
provide the respective bicyclic cyclopropylamines 1j and
1k in fair to excellent yield.

Not surprisingly, primary and secondary amides do not
undergo the aminocyclopropanation process. For ex-
ample, acetamide and 2-piperidinone were recovered
unchanged under otherwise identical reaction conditions,
while the olefin partner underwent reduction and reduc-
tive dimerization. R,â-Unsaturated amides also failed to
give the corresponding cyclopropylamines.7
With regard to the reaction mechanism, the olefin-

exchange route1a-c is thought to generate the postulated
titanacyclopropane intermediate 4. This key intermedi-
ate reacts with the amide carbonyl group to furnish the
corresponding titanaoxacyclopentane adduct(s) 5 and/or
6, which is then converted to the product 1. The different
reaction course of the carboxamides vis-a-vis carboxylates
(which afford the cyclopropanols as the reaction product)1
can be attributed, to a large extent, to the oxophilicity of
titanium. As part of our mechanistic studies as to which
of the two Ti-C bonds of 4 undergoes the insertion with
the carbonyl group, we explored the possibility of trap-
ping or interrupting the presumed titanaoxacyclopentane
intermediate(s) [5 and/or 6] prior to “cycloreversion”. The
reaction products containing 68% (6.3:1 ds) of 1b and 4%
of 7 (i.e., the hydrolysis product of the intermediate 5)
were obtained from 2b and 3 under the above-mentioned
reaction conditions (employed for Table 1). When the
reaction was quenched (H2O) immediately after the
gradual addition of the Grignard reagent, 1b (64%; 6.4:1
ds) and 7 (14%) were isolated.8 Even when the Grignard
reagent was added rapidly (in 30 s), followed by immedi-
ate quenching, the aminocyclopropane 1b was isolated

in 47% (3.3:1 ds), along with 7 (8%)! The last experiment
indicates that the aminocyclopropanation proceeds rap-
idly at room temperature.9,10 Although the unequivocal
elucidation of regioselectivity (i.e., 5 and/or 6) in the Ti-C
bond insertion step is not possible at this time,11 our
examples represent the first interception of the titana-
oxacyclopentane adducts 5 fromN,N-dialkylamides when
N-alkyl groups are Me or Et.

In summary, we have developed a new, general method
for the synthesis of N,N-dialkylcyclopropylamines by
Ti(II)-mediated coupling of terminal olefins and N,N-
dialkylcarboxamides. While reaction yields are moder-
ate, useful functional groups can be conveniently intro-
duced into the otherwise inaccessible target compounds.
Other key features include the simplicity of operation and
the ready availability of inexpensive reagents. Further
mechanistic and synthetic studies are currently in
progress.
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(6) In all cases, Rf values (on silica gel) of the major and minor
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chain in the â-configuration, i.e., syn to the dialkylamino substituent,
move further. For example, the Rf value of the major isomer of 1c in
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(8) (a) The mixture containing the major product 1b-â and the
ketone 7 was treated with NaBH4 to convert 7 to the corresponding
alcohol so as to facilitate separation from 1b. (b) Diastereoselectivity
was measured by GC.

(9) In several examples, de Meijere et al. heated the reaction mixture
in THF under reflux using the original Kulinkovich protocol.3b In our
hands, however, the reaction of 2e with ethyl or hexyl Grignard
reagents, reported to require heating, readily took place at room
temperature in comparable yields. In any event, we believe that the
postulated intermediate 4 has only a transient lifetime.

(10) (a) In contrast to amides 2a-d, 2e-i gave none of the ketones
derived from hydrolysis of 5 or 6. (b) None of the methyl-branched
ketone, the hydrolysis product of the intermediate 6, was detected in
any of the interception experiments with amide 2a-i. These results
do not necessarily exclude the intermediacy of 6, but rather its
transient nature may have precluded the detection.
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to take place with the opposite orientation to that with alkenes:
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