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Preparation of cis-2-aminocyclopropanol: [2+1] cycloaddition
reaction of bis(iodozincio)methane with a-ketoimineq
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Abstract—A reaction of a-ketoimine with bis(iodozincio)methane gave a cis-2-aminocyclopropanol derivative via [2+1] cyclo-
addition. The reaction proceeded via a sequential nucleophilic attack of bis(iodozincio)methane to a couple of carbonyl groups in
the substrate, which was fixed into s-cis conformation with a couple of zinc atoms in the reagent. The reaction proceeded with high
diastereoselectivity.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1. Reaction of tosylimine 2 with bis(iodozincio)methane (1).
gem-Dizinc reagents, which possess a couple of nucleo-
philic sites on a carbon have been used for a variety of
characteristic transformations;1;2 the reagents can form
two C–C bonds on one carbon atom. We have reported
a preparation of cis-cyclopropan-1,2-diol from 1,2-
diketone and bis(iodozincio)methane (1).3 This [2+1]
reaction could be applied for the preparation of
2-aminocyclopropanol, which has potential for pharma-
ceutical applications4 and effective ligand for organo-
metallic chemistry.5 In addition, even though an
example for the preparation of trans-2-aminocyclopro-
panol has been performed via photochemical reaction of
b-aminoketone,6 a preparation of cis-isomer has not
been reported. Here we wish to report a highly diaste-
reoselective preparation of cis-2-aminocyclopropanol
from a-ketoimine and bis(iodozincio)methane (1).

As shown in Figure 1, tosylimine of benzil 2 (1.0mmol)
in THF, which was prepared following the reported
procedure,7 was treated with bis(iodozincio)methane (1)
at 25 �C in THF for 1 h. An acidic aqueous work-up
gave cis-2-aminocyclopropanol diastereoselectively in
97% yield. The quenching reagents such as an acetic
anhydride and chlorotrialkylsilane gave the corre-
sponding products.
Keywords: Zinc; Cyclopropanation; 2-Aminocyclopropanol.
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The stereochemistry of the product was also confirmed
by X-ray crystallographic analysis. The ORTEP figure
of 3b was shown in Figure 2.8 The figure shows cis-
configuration of the product. As shown in Figure 2, two
phenyl groups place parallel on the cyclopropane ring to
avoid the steric hindrance.

Other examples are shown in Figure 3. Electron-
donating group, methoxy, on benzene ring 4 did not
disturb the cyclopropanation reaction. Tosylimine of
1,2-di(2-naphthyl)-1,2-ethandione, 6, was also converted
into cis-2-aminocyclopropanol derivative 7 in 92% yield
with high diastereoselectivity. An attempt to isolate 7
without a protection with trimethylsilyl group was not
possible. The ring opening product, b-hydroxyimide,
was isolated quantitatively.

Instead of tosylimine, phenylimine 8 was examined for
the cyclopropanation reaction. Aqueous work-up
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Figure 3. Other examples of reaction of tosylimine with 1.
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Figure 5. Reaction of diimine 12 with bis(iodozincio)methane (1).Figure 2. ORTEP of 3b.8
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afforded cis-2-aminocyclopropanol quantitatively (Fig.
4). An attempt to quench with chlorotrimethylsilane
afforded only a-methylenated imine 10 as a sole product.
The formation of 10 can be explained by a ring opening
of the cyclopropane catalyzed with chlorotrimethyl-
silane as a Lewis acid.

An attempt to prepare 1,2-diaminocyclopropane was
also examined using 1,2-diimine derivative as a sub-
strate. The preparation of the substrate, diimine from
1,2-diketone is not easy, but that from glyoxal is not
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Figure 4. Reaction of phenylimine 8 with bis(iodozincio)methane (1).
difficult. Diimines from glyoxal and aniline, benzyl-
amine and ethylamine were prepared and treated with
the dizinc 1. Those resulted in their decomposition be-
cause of Lewis acidity of 1. On the contrary, the diimine
of glyoxal with a bulky amine would not be decomposed
with a Lewis acid. Treatment of the diimine 12 from
glyoxal and 2,6-di(2-propyl)phenylamine with 1, how-
ever, did not give a cyclopropane derivative (Fig. 5). The
product was a-aminoimine 13 after quenching with
0.1M DCl in deuterium oxide. The precursor before
quenching should be the organozinc compound 16. The
formation of 16 can be explained from a hydride shift in
14, which was formed by an addition of 1 to 12.

In these reactions, the coordination of bis(iodozin-
cio)methane 1 with a-ketoimine would determine the
reaction pathway. In the case of 1,2-diketone, we had
profiled the formation of cis-1,2-cyclopropanediol by
ab initio calculation.3b In this case, as an initial complex,
we concluded that face-to-face coordination in Figure 6
(left) was favorable as an initial complex. In the present
case too, the formation of a sterically disfavored cis-2-
aminocyclopropanol would be explained by the face-to-
face initial complex in the same way. In the case of the
reaction with 12, the bulkiness on nitrogen atom will
prevent the formation of face-to-face complex. So, it
leads to addition of 1 to imine via simple coordination
to s-trans substrate, which would not give a cyclopro-
pane product (Fig. 6, right). Although a limitation
comes from the preparation of a-ketoimine has not been
cleared, the present method gives us a novel route to
prepare cis-2-aminocyclopropanol.

Bis(iodozincio)methane (1): A mixture of Zn (25mmol),
diiodomethane (1.0mmol) and PbCl2 (0.01mmol) in
THF (2.0mL) was sonicated for 1 h in an ultrasonic
cleaner bath under Ar. To the mixture, diiodomethane
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Figure 6. Possible coordination of 1 with diketone, ketoimine and

diimine in the initial complex.
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(10mmol) in THF (20mL) was added dropwise over
15min at 0 �C with vigorous stirring. The mixture was
stirred for 2 h at 0 �C. After the stirring was stopped, the
reaction vessel was stood undisturbed for several hours.
Excess zinc was separated by sedimentation. 1H NMR
spectra of the obtained supernatant showed a broad
singlet at )1.2 ppm at 0 �C, which corresponded to the
methylene proton of 1. The supernatant was used for the
further reaction as a solution of 1 in THF (0.5–0.6M).
Bis(iodozincio)methane in THF can be kept unchanged
at least for a month in the sealed reaction vessel.

General procedure for the preparation of 2-aminocyclo-
propanol: To a solution of a-ketoimine derivative
(1.0mmol) in THF (4mL), dizinc 1 (2.0mmol) was
added dropwise at 25 �C. The mixture was stirred 1–2 h.
Quenching reagent (2.4mmol, water, acetic anhydride
or chlorotrialkylsilane) was added dropwise and the
resulting mixture was stirred for another 30min. The
mixture was poured into satd NH4Cl(aq) and neutral-
ized with NaHCO3(aq). The mixture was extracted with
ether. The combined ethereal phases were washed with
brine and dried over Na2SO4. Purification on a neutral
silica-gel column chromatography gave the corres-
ponding product.
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