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cDipartimento di Ingegneria Meccanica e Industriale, Università degli studi Roma Tre, via della Vasca Navale 79, I-00146 Roma,
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Abstract—The reactions of (2-trimethylsilanylmethyl) �,�-unsaturated carboxylic ethyl esters with NsONHCO2Et and CaO
produce, after treatment with AcOH, �-methylene N-(ethoxycarbonyl) �-amino carboxylic esters through ring opening and
elimination of the trimethylsilyl group from the intermediate aziridine. By ozonization and subsequent reductive cleavage these
products give the corresponding N-(ethoxycarbonyl) �-amino �-hydroxy esters. © 2002 Elsevier Science Ltd. All rights reserved.

The chemistry of �-amino acids1 has been of growing
interest in recent years. In particular, �-substituted
�-amino acids are an important class of compounds not
only as components of natural products,2 but also for
their presence in medicinally useful molecules.3 Repre-
sentatives of this class are taxol, an anti-tumor agent4

and bestatin, an immunological response modifier.5

Furthermore, �-substituted �-amino acids and their
derivatives are the object of constant research as pre-
cursors of �-lactams.6

A variety of routes to obtain �-amino acids is avail-
able,7 many of which involve highly regiocontrolled
ring-opening of aziridine-2-carboxylates.8

For many years our research group has been involved
in a study of aziridination through a particular reagent:
the ethyl N-{[(4-nitrobenzene)sulphonyl]oxy}carbamate
(NsONHCO2Et) 1. It shows good reactivity with elec-

tron-rich alkenes in the presence of Et3N.9 The use of 1
and an inorganic insoluble base such as CaO or K2CO3

allows also the aziridination of electron poor double
bonds such as �,�-unsaturated esters10 and nitro
olefins.11 Using the same aminating reagent 1, allylsi-
lane derivatives have been used as starting material to
obtain N-ethoxycarbonyl allylamines,12 �,�-unsaturated
�-amino carboxylic esters13 and �-methylene �-amino
phosphonic esters.14

Pursuing this work, we have tested the aziridination of
(2-trimethylsilanylmethyl) �,�-unsaturated esters 2 with
the above reagent in order to obtain �-methylene �-
amino carboxylates 4 by ring opening of the intermedi-
ate aziridines 3. Compounds 4 are precursors of
�-amino �-hydroxy esters and, in principle, of all the
functionalities obtainable by chemical elaboration of
the double bond. In this communication we report the
first results we have obtained15 (Scheme 1).

Scheme 1. Synthesis of �-methylene N-(ethoxycarbonyl)-�-amino carboxylic ethyl esters 4.
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Table 1. Synthesis of aziridines 3 and N-(ethoxycarbonyl)-�-amino �-methylene carboxylates 4

R2 Molar ratio Aziridines 3R1 Molar ratioEntry Products 4
2:NsONHCO2Et:CaO 1H NMR for aziridine protons 2:AcOH Yield (%)

H 1:3:3a � 2.17 (d, 2H, J=1.3 Hz)H 1:6 46
H 1:4:4b � 2.88 (q, 1H, J=5.7 Hz)CH3 1:6 61
H 1:8:8 � 4.03 (s, 1H) 1:6 58Phc

CH2-(CH2)3-CH2 1:3:3 Noned 1:10 50

While ethyl 2-(trimethylsilanylmethyl)acrylate 2a is
commercially available, the known substrates 2b,16 2c17

and 2d18 and the novel silyl derivative 2e have been
prepared, by extension of the procedure reported for
2b,16 through alkylation of the triethylphosphonacetate
with iodomethyltrimethylsilane and subsequent
Horner–Emmons reaction using the appropriate car-
bonyl compound. All compounds were isolated by
chromatography on silica gel (hexane:diethyl ether).
Substrates 2b, 2c and 2e showed to be a Z/E mixture (Z
isomer prevalent) and this affected the aziridination
reactions, but had no effect on the final products 4.

The aziridination reactions were carried out by treating
a solution of substrates 2 in CH2Cl2 with
NsONHCO2Et and CaO in excess following the general
procedure reported below and reaching the molar ratio
showed in Table 1 to obtain the best results. The
expected aziridine derivatives 3a–d were not isolated
but detected in the crude reaction mixture by 1H NMR
(Table 1) and GC–MS spectral data. Aziridines 3b–c
were a cis/trans mixture, but only 1H NMR data for
the more abundant cis-isomer are shown in Table 1.

By treating the crude reaction mixtures containing the
aziridines 3a–d with AcOH in the molar ratios reported
in Table 1 for 24 h, the �-methylene N-(ethoxycar-
bonyl)-�-amino carboxylic esters 4 were obtained
because of the elimination of the silyl group and the
ring-opening reaction. Obviously, ring opening elimi-
nated the cis/trans isomerism present in aziridines 3b–c.
All products 4 have been easily isolated by flash chro-
matography and characterized by GC–MS, IR, 1H
NMR and 13C NMR analysis.19

At variance with the behavior of substrates 2a–d, the
aziridination of 2e, which is characterized by the pres-
ence of two double bonds, resulted in attack at the
double bond far from the ester function and it was not
further investigated.

The �-methylene-�-amino carboxylates 4 can be con-
verted, in principle, into �-methylene-�-lactams and
into �-amino acids having at the �-position the func-
tionalities obtainable from a C�C bond as already
reported, for example, by Yamamoto et al.21 for the
synthesis of �-methyl-�-amino acid derivatives and the
corresponding �-lactams.

Therefore, to obtain �-amino �-hydroxy ester deriva-
tives, we treated the �-methylene-derivatives 4a–c with
ozone (Scheme 2) and the resulting ozonides were
reduced by NaBH4

22 one-pot. Spectral data23 of reac-
tion mixtures showed the presence of the expected
N-(ethoxycarbonyl)-�-amino �-hydroxy esters 5a–c,
namely two diastereomers for 5b and only one for 5c,
this is likely to be because of the steric hindrance of
phenyl group.

General procedure. For compounds 4 : To a stirred solu-
tion of the substrate 2 (2.7 mmol) in 2.1 mL of CH2Cl2,
NsONHCO2Et (2.7 mmol, 1 equiv.) and CaO (2.7
mmol, 1 equiv.) were added every 1.5 h, reaching the
molar ratio substrate:NsONHCO2Et:CaO reported in
Table 1. Because the reaction is exothermic, during the
addition the flask was cooled in a water bath to avoid
overheating. After 24 h, 10 mL of a hexane–CH2Cl2
mixture (9:1) was added. After filtration, the organic
phase containing the aziridine 3 was concentrated in
vacuo and treated with AcOH (6–10 equiv., see Table
1) for 24 h. The mixture was washed with a saturated
solution of sodium bicarbonate, then extracted with a
mixture of hexane and CH2Cl2 (9:1) and dried
(Na2SO4). The solvent was evaporated in vacuo and the
product 4 was isolated by flash chromatography on
silica gel (hexane:ethyl acetate) in the yields reported in
Table 1.

For compounds 5 : The �-methylene-�-amino carboxyl-
ate 4 (0.4 mmol) in 2.0 mL of anhydrous CH2Cl2 was
added to a saturated solution of ozone in 3.5 mL of
anhydrous MeOH at −78°C. More ozone was added
until the blue color persisted. Ozone bubbling was then
terminated and the excess of ozone was displaced by
passing a stream of oxygen through the solution. An
excess of NaBH4 (2.5 equiv.) was added and the solu-
tion was stirred at −78°C for 2.5 h and additional 3 h
at room temperature. The reaction was then quenched
with 7.5 mL of saturated solution of NH4Cl. After the
work-up the solvent was evaporated in vacuo giving the
product 5.

Scheme 2. One-pot ozonization–NaBH4 reduction of 4a–c.
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