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Starting from readily available substrates, we have devel-
oped a new synthesis of primary cyclopropylamines. The
reaction involves a cooperative Ti(m)- and Lewis acid-
mediated coupling of alkanenitriles with Grignard rea-
gents.

Cyclopropylamines are not only versatile synthetic inter-
mediates,! but also a variety of biologically active molecules
contain a cyclopropylamine moiety.2 Yet, a few synthetic
methods that allow preparation of these important com-
pounds!-3 often require multi-step reactions. Among the
available methods, the recent de Meijere adaptation* of the
Kulinkovich hydroxycyclopropanation® presents a useful syn-
thesis of N,N-dialkylcyclopropylamines from N,N-dialkylcar-
boxamides and Grignard reagents in the presence of Ti(OPri),
or MeTi(OPr);. Here we disclose that primary cyclopropyl-
amines may be easily obtained in one step by a Ti(ir)-mediated
coupling of Grignard reagents with alkanenitriles.

The idea of transforming nitriles to cyclopropylamines
directly was initially based on our recent approach to cyclopro-
panes from carbonyl compounds via Cp,Zr chemistry.® This
reaction involves a deoxygenative contraction of an inter-
mediate oxazirconacycle into a carbocycle under Lewis acid
activation conditions [Scheme 1, eqn. (1)]. We envisioned that,
in an analogous way, nitriles might be converted to cyclopropyl-
amines following eqn. (2).

However, attempts to perform the reaction by using
Cp,Zr(ethylene) invariably led to complex reaction mixtures.
Therefore, we investigated the feasibility of the reaction using
the in situ formed (ethylene)Ti(OPri),*> instead of (ethyl-
ene)zirconocene. We noticed that cyclopropylamines were
formed by combining the use of this reagent with the subsequent
addition of a Lewis acid, BF5-OEt, or TiCl,. After optimizing
the reaction conditions, synthetically useful yields were ob-
tained. In a representative procedure, to a solution of benzyl
cyanide (1 eq.) and Ti(OPri)4 (1.1 eq.) in Et,O was slowly added
at rt EtMgBr (2 eq., 1 M solution in ether). After stirring for 1
h, BF5-OEt; (2 eq.) was added, and the reaction mixture further
stirred for 0.5 h at rt. Finally, basic workup (10% NaOH aq)
followed by extraction with ether and flash chromatography
purification afforded (1-benzyl)cyclopropylamine (2) in 70%
yield.

The following additional observations gave an insight into
the reaction: (i) BF5-OEt, and TiCl, gave rise to similar results.
(ii) The yields of 2 in the reactions employing BF3-OEt, were
similar in THF and in Et,0. (iii) Cyclopropylamine 2 was also
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formed in the absence of the additional Lewis acid, however, in
this case, the yields were markedly lower in Et,O (31%) and
negligible in THF (7%); in these reactions benzyl ethyl ketone
(3) was the major product formed (60% yield in Et,O and 70%
yield in THF). (iv) When using more than 2 eq. of EtMgBr the
yield of 2 decreased significantly to detriment of the tertiary
carbinamine 4, which was obtained solely in 67% yield with 4
eq. of EtMgBr. (v) Lowering the quantity of Ti(OPrf), below 1
eq. decreased the yield of 2 to the detriment of 3 and 4.

The competing reactions to afford compounds 2, 3 and 4 are
summarized in Scheme 2. In accordance with our initial
hypothesis, and by analogy with the cyclopropanation of
carbonyl compounds,® the Lewis acid plays a crucial role for the
ring contraction leading to cyclopropane 2. The reaction differs
to that of the Kulinkovich and de Meijere reactions, in which the
ring contraction occurs in the absence of an additional Lewis
acid, spontaneously from the intermediate oxatitanacycle. In
our reaction, in the absence of BFs3-OEt, the intermediate
azatitanacycle (cyclic titanium iminate) remains unchanged to
furnish the ketone 3 on hydrolysis. The minor formation of 2 in
this case can be explained by assuming that weak acid species
always present in solution (Mg, Ti) operate, to a significantly
lower degree, however, in the more coordinating THF (7% yield
of 2) than in the less coordinating Et,O (31% yield of 2). In
contrast, when a strong Lewis acid is used, the cyclopropanation
step proceeds efficiently (70% yield) in both solvents. The
competing formation of 4 also deserves some comments. It is
known that simple nitriles do not undergo double alkylation by
alkyl Grignard reagents.” In contrast, the attack of a second
equivalent of EtMgBr on the C atom of the titanium iminate
(Scheme 2) would be an efficient process. This reaction
possibly opens a simple, general way to tertiary carbinamines.
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Table 1 Reaction of nitriles with Grignard reagents promoted by Ti(OPri),
and BF3'OE{2
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@ Yields of isolated products. » Mixture of diastereomers.

Furthermore, since an excess of EtMgBr strongly favours the
dialkylation over the cyclopropanation reaction, the nucleo-
philic attack of a Grignard reagent on titanium seems not to be
determining the ring contraction.8

To further explore the scope of the cyclopropanation reaction
we tested other nitriles and Grignard reagents under the
optimized reaction conditions. As shown in Table 1, the
reaction employing EtMgBr proceeded smoothly from different
alkanenitriles to afford the corresponding cyclopropylamines in
moderate to good yields (entries 1-5). Both acyclic and cyclic
nitriles were used. Particularly, the reaction took place starting
from the sterically crowded adamantane-1-carbonitrile (7)
(entry 4), and the nitrile 8 having the benzyloxy group (entry 5).
Benzonitrile and acrylonitrile did not afford the corresponding
cyclopropylamines under the conditions used here. The reac-
tions employing other Grignard reagents, namely Bu"MgBr,
BusMgBr and PhCH,CH,MgBr, could also be accomplished
leading to 1,2-disubstituted cyclopropylamines 14, 15 and 16
(entries 6-9). Interestingly, starting from the isomeric Grignard
reagents Bu"MgBr and BusMgBr, the same compound 14 was

formed solely (entries 6 and 7). A unique reaction pathway
through (but-1-ene)Ti(OPri), accounts for the totally regio-
selective formation of 14. In all cases, a moderate diastereo-
selectivity of about 2:1 was observed.® The very easy
separation by flash chromatography of diastereomeric primary
cyclopropylamines (14, 15 and 16) is noteworthy,” and should
be synthetically useful.

In summary, we have presented a new method for the
preparation of primary cyclopropylamines. The described
reaction involves a cooperative Ti(i1) and Lewis acid-mediated
coupling of nitriles with Grignard reagents. Simplicity of the
procedure, cheap reagents as well as readily available starting
materials, and particularly different alkanenitriles, are the major
advantages of this method. Studies aimed at further exploring
the reaction are currently underway.
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