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ABSTRACT

1-Aryl-substituted primary cyclopropylamines are conveniently prepared from aromatic nitriles and diethylzinc. The yields range from 40 to
56% for donor-substituted (five examples) to 62−82% for non- and acceptor-substituted substrates (nine examples).

The titanium-mediated reductive cyclopropanation ofN,N-
dialkylcarboxamides is now a well-established procedure for
the synthesis of a wide range ofN,N-dialkylaminocyclopro-
panes.1,2 While alkyl-substituted primary cyclopropylamines
can be prepared from thus accessibleN,N-dibenzylcyclo-
propylamines by catalytic hydrogenation,3 this deprotection
obviously cannot be applied to alkenyl-substituted derivates.
Not only the alkenyl substituents but also the conjugated
cyclopropyl groups are hydrogenated with ring opening under
such conditions, and this behavior is also observed for
arylcyclopropylamines.4 It was apparent early on that a
titanium-mediated reductive cyclopropanation of nitriles
would provide direct access to primary cyclopropylamines.
However, early attempts to apply the established conditions

for the conversion of carboxamides1-3 to nitriles gave the
corresponding primary cyclopropylamines only in poor
yields.4,5 In the meantime, Szymoniak et al. found that good
yields can be achieved from aliphatic nitriles with alkyl-
magnesium halides and titanium tetraisopropoxide when the
reaction mixture is treated with 2 equiv of BF3‚Et2O before
workup,6 andR-alkoxy- as well as dialkylamino-substituted
aliphatic nitriles are converted to the corresponding primary
cyclopropylamines in good yields even without addition of
a Lewis acid.7 At the same time, we had turned our attention
to the possible use of organozinc instead of Grignard reagents
in the titanium-mediated cyclopropanation of carboxamides8

as well as nitriles, and we report here our first results with
nitriles and diethylzinc in the presence of methyltitanium
triisopropoxide.

Before any nitriles were tried, the conditions for the use
of diethylzinc instead of ethylmagnesium bromide were
optimized for the conversion of dibenzylformamide (1) to
N,N-dibenzylcyclopropylamine (2) (Scheme 1).

Under standard conditions, the expected cyclopropylamine
(2) was obtained in a yield of only 21%.5 This was attributed
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to the lower nucleophilicity of diethylzinc9 compared to
ethylmagnesium bromide, and consequently the addition of
sodium isopropoxide (NaOiPr) was tested.

Indeed, the yield increased to 52 and even 89% with 1
and 2 equiv, respectively, of NaOiPr being present (Table
1, entries 2 and 3). Similar yields were obtained with 2 equiv

of LiOiPr, NaOEt, and NaOtBu (entries 4, 6, and 7) but not
with NaOMe, probably due to the poorer solubility of the
formed titanium methoxide. With NaOiPr as an additive, the
amount of diethylzinc could be lowered to 1 equiv without
a significant loss in yield, but with 0.5 equiv of Et2Zn, the
yield dropped to 43% (Table 1, entries 8 and 9). The added
alkoxide converts diethylzinc to a zincate complex of type
[Et2Zn(OiPr)2]2- as corroborated by an1H NMR spectrum,10

and the latter is much more nucleophilic than the uncoor-
dinated diethylzinc.9

With the optimized protocol, benzonitrile (3a) was con-
verted to 1-phenylcyclopropylamine (4a) in 25% yield, the
major side products being propiophenone7 (18%) and
3-amino-3-phenylpentane9 (15%). Quenching the reaction
with D2O afforded all three products in their deuterated forms
(Scheme 2). Thus, the azatitanacyclopentene5 must be the
intermediate en route to4 and7, the latter being formed by
direct hydrolysis of5 without ring contraction. Apparently,
5 can undergo insertion with a second molecule of the
titanacyclopropane intermediate to yield a 1-aza-2,8-
dititanabicyclo[3.3.0]octane8, which upon hydrolysis or
deuteriolysis yields 3-amino-3-phenylpentane (9) or its
dideuterated analogue, the bisalkylation product of benzoni-
trile (3a).

The obvious solution to this problem would be to favor
formation of the saturated azatitanacyclopentane intermediate
6 by addition of a better nucleophile to the reaction mixture.
Indeed, with added lithium iodide (2.5 equiv) and slow
addition of Et2Zn to avoid formation of the intermediate8,
the yield of 1-phenylcyclopropylamine (4a) went up to 62%.
With this improved protocol, various 1-arylcyclopropyl-
amines4 were obtained from aryl cyanides in moderate to
good yields (Table 2). Acceptor-substituted aromatic nitriles

consistently gave better yields than donor-substituted ones.
Yields were particularly high for 1-pyridylcyclopropylamines
4m,n (80 and 82%, respectively).11 Nitro groups are incom-
patible with these conditions;12 thus, 4-nitrobenzonitrile did
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Scheme 2a

a For details, see Table 2.

Table 2. Various 1-Arylcyclopropylamines from Aromatic
Nitriles, Diethylzinc, and Methyltitanium Triisopropoxide (See
Scheme 2)

nitrile 3 Ar yield 4 (%)

a Ph 62
b 2-Me-C6H4 54
c 3-Me-C6H4 53
d 4-Me-C6H4 56
e 2-MeO-C6H4 47
f 2,4-(MeO)2-C6H3 40
g 4-F-C6H4 65
h 4-Cl-C6H4 75
i 4-Br-C6H4 72
j 3-CF3-C6H4 73
k 3-tBuO2C-C6H4 73
l 3-NC-C6H4 75
m 2-Py 80
n 3-Py 82
o 2-Naph 71

Scheme 1a

a For details, see Table 1.

Table 1. Reductive Cyclopropanation of Dibenzylformamide
(1) with Diethylzinc under various conditions (see Scheme 1)

entry additive (equiv) Et2Zn (equiv) yield (%)

1 - 2 21
2 NaOiPr (1) 2 52
3 NaOiPr (2) 2 89
4 LiOiPr (2) 2 84
5 NaOMe (2) 2 10
6 NaOEt (2) 2 82
7 NaOtBu (2) 2 76
8 NaOiPr (2) 1 82
9 NaOiPr (2) 0.5 43
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not give any of the corresponding 1-(4-nitrophenyl)cyclo-
propylamine.

Under the same conditions, aliphatic nitriles such as
acetonitrile and phenylacetonitrile gave the corresponding
primary cyclopropylamines in poor yields only (12 and 16%,
respectively). This new protocol for the synthesis of 1-aryl-
cyclopropylamines thus ideally complements the recently
published methods of Szymoniak et al., which with one
exception provide only 1-alkyl-substituted primary cyclo-
propylamines from aliphatic nitriles.6,7
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