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Aziridines are useful intermediates for the synthesis of the
amino alcohols, amino acids, and nitrogen-containing
heterocycles. Though a variety of methods have been
developed for the synthesis of aziridines, the simplest one is
either the addition of a carbene to an imine or the addition of
nitrene to an alkene.' Recent advances have been made in
this area using various Lewis acid catalysts including
LiClO,,? chiral boron complexes,’ BF;-Et,0,* AICL,* TiCly,*
SnCly,® InCl;,* Cu complexes,” Zn(OTf),,® Fe complex,’
[Ir(cod)Cl]2,'° and Ln(OTf);.%!" In this report, we wish to
describe the asymmetric synthesis of cis-aziridines from
chiral N-benzylimines and ethyl diazoacetate (EDA) using
cobalt(Il) as Lewis acid catalyst and the synthesis of
arylalanine derivatives by regioselective ring opening of
chiral aziridines. We previously reported the aziridine
forming reaction from N-arylimines and EDA using copper
catalysts.”” However, copper catalyzed aziridination did not
proceed for N-alkylimines. We found the cobalt catalyst
gave the cis-aziridines in moderate yields for N-alkylimines
(Scheme 1 and Table 1). Also, some rearranged products,
enamines 4 and 5 were obtained.''

A number of experiments were performed to maximize
the efficiency of the aziridine forming reaction. In this effort,
we found that reactions of imines with 3 equivalents of EDA
using 20% CoCl, in the presence of AgBF, at room
temperature gave the aziridines in highest yield (Table 1,
entries 1-4)."> And the reaction gave the lower yield of
aziridine (29%) and higher yield of rearranged enamines 4
and 5 (69%) in refluxing acetone (entry 10). Though the
reaction performed at 0 °C to improve the diastereo-
selectivity, the reaction did not proceed (entry 11).
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While imines with electron-withdrawing substituent at
carbon atom afforded higher yields of the aziridines (entries
13-14), p-methoxybenzaldimine 1k with electron-releasing
substituent at carbon atom gave no reaction (entry 16). The
ratios of two cis-aziridines produced in these reactions were
found to vary from 1.3 to 2.7. The structure of aziridines was
determined by 'H, '*C NMR, and elemental analysis. The 'H
NMR spectra of the cis-diastereomer of aziridine 2a,
prepared from N-benzylbenzaldimine, contained two
doublets, 2.63 (1H, J = 6.9 Hz) and 3.06 (1H, J = 6.9 Hz)

Table 1. Aziridine forming reaction using Co(II) catalyst

Entry Imine R Ar 2+3 (%) 2/3¢
1¢ la H Ph 8 -
24 1a H Ph 20 -
3¢ la H Ph 34 -
& 1a H Ph 45 -
5 1b Me Ph 64 2.1
6 1c Me p-FCsHa 66 2.2
7 1d Me 0-CICgHy4 65 22
8 le Me m-CIlC¢Hy 71 2.4
9 1f Me p-CICe¢Hy4 69 2.1
102 1f  Me p-CICeH, 29 2.0
11" 1f Me p-CICeHy no reaction —

12 1g Me p-BrCgH,4 70 2.0
13 1h Me P-NO2C6Hy4 &9 2.7
14 1i Me Pp-CNCgH,4 85 23
15 1j Me p-CH5CgHy 43 24
16 1k Me p-CH;0C6H, no reaction -

17 11 Me 2-naphthyl 58 1.3
18 1m Me 2-pyridyl 34 1.8

“Isolated yields. *Ratios were determined by 'H NMR analysis. “One
equivalent of EDA and 10% CoCl, were used. “One equivalent of EDA
and 20% CoCl, were used. “Two equivalents of EDA and 20% CoCl,
were used. “Three equivalents of EDA and 20% CoCl, were used. *The
reaction performed in refluxing acetone. "The reaction performed at 0
°C.
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Table 2. Regioselective ring reduction of aziridines 2
Entry Aziridine Ar Yield (%)¢
1 2b Ph 89
2 2f p-CICH4 97"
3 2g p-BrCgHy 99*
4 2h p-NO>CgHy 67¢
5 2i p-CNCgH, 84
6 21 2-naphthyl 94

“Isolated yields. *Product was dehalogenated phenylalanine ethyl ester
(Ar = Ph). “Product was reduced p-aminophenylalanine ethyl ester (Ar =
p-NH2CHa).

ppm corresponding to the vicinally disposed ring protons.'®

The absolute stereochemistry of the products 2 and 3 were
determined by transformation of the aziridines to arylalanine
derivatives 6 via regioselective reduction of N-C3 bond of
aziridines using Pd/C or Pd(OH),/C (Scheme 2 and Table
2)"? and by comparison of specific rotations of 6 with those
of known compounds. Under the present reaction conditions,
ring substituted halogens were reduced to give the
phenylalanine ethyl ester (Table 2, entries 2-3) and nitro
group was also reduced to give the aminophenylalanine
derivative (Table 2, entry 4).

Also, N-Boc protected arylalanines 7 were prepared in
high yields by regioselective ring opening of aziridines 2
using catalytic hydrogenolysis in the presence of (Boc),O in
methanol (Scheme 3)."

In general, it is known that the aziridines are formed via
carbene complexes, azomethine ylides or Lewis acid cata-
lyzed intermediates.' Under the present reaction conditions
the products formed from dimerization of EDA, i.e., diethyl
maleate and fumarate, were not observed. So, the reaction
proceeds via Lewis acid catalyzed intermediates.

In summary, chiral aziridines were prepared from chiral N-

Y
RSN« 7
N/'\Ph :

Hy, Pd(OH),

: (Boc),0, MeOH  Et0,C” “NHBoc
CO,Et

2:: X=Cl 7 Y=H

2h: X = NO, 7h: Y = NHBoc

Scheme 3

Communications to the Editor

benzylimines and ethyl diazoacetate using Co(II) catalyst as
Lewis acid in moderate yields. Hydrogenolytic ring opening
of the azirines in the presence of Pd(OH). and (Boc).O
afforded the aryalanine derivatives in high yields with
retention of stereochemistry.
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