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Abstract: A concise and inexpensive route to 2-cyano aziridine-2-
carboxylates and 2,2-dicyano aziridines is reported by reaction of
the easily obtainable corresponding a,b-unsaturated nitriles with
sulfonyloxycarbamates in the presence of calcium oxide.
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2-Cyanoaziridine and related compounds such as imexon
and ciamexon have shown carcinostatic activity and low
toxicity.1 The studies seem to assign a very important role
of the cyano group for the pharmacological activity.2 The
patent literature contains claims to numerous 2-cyano
aziridines N-substituted with esters of carboxylic acids,
acylcarboxamides, sulfonylcarboxamides, and phospho-
rylcarboxamides.3 Some of these compounds have alkyl
or phenyl substituents at position 3, and others have the
cyano group replaced by a carboxamide or a carboxylic
ester function. Recently a multi-step synthesis of N-sub-
stituted 2-cyano aziridine-2-carboxylates has been report-
ed.4

The aziridine ring5 itself is known as a versatile building
block for the synthesis of nitrogen-containing compounds
and of modified amino acids or other biologically active
compounds. The aziridine ring substituents can also play
an important role in the medical potentialities of these
compounds, modifying their chemical reactivity and in-
fluencing their toxicity, lipophilicity, and alkylating pow-
er.6 Aziridine-2-carboxylates have been used in the
construction of peptidomimetics and tested as different
enzyme inhibitors.7

We are currently engaged in the study of simple and effi-
cient aziridination of EWG-substituted olefins.8 Aiming
to validate a straightforward and general synthetic method
leading to substituted 2-cyano aziridine-2-carboxylates
and 2,2-dicyano aziridines, we decided to investigate
the direct conversion of (E)-2-cyano acrylates 1a–j and
a,b-unsaturated 1,1-dinitriles 1k–n into the target prod-
ucts by aza-Michael addition of N-protected O-sulfonyl
hydroxylamine derivatives.

The reaction results are shown in Table 1. Starting from
different aldehydes and ethyl cyanoacetate or malononi-
trile through Knoevenagel condensation,9 the addition of
ethyl nosyloxycarbamate (NsONHCO2Et, Ns = 4-nitro-

phenylsulfonyl)10 and calcium oxide gave the full conver-
sion of the intermediate alkenes into the desired 2-cyano
aziridines 2a–n in good yields and with high purity, after
only a fast filtration of crude mixtures through plugs of
silica gel.11

The reactivity was found to be influenced by steric hin-
drance of the R substituents on acrylates. Usually, the re-
action reached completion in two hours using equimolar
amounts of substrate and carbamate and a two-fold excess
of the inorganic base. As expected, increasing the steric
hindrance, longer times and higher molar ratios were re-
quired (entries 6–10), nevertheless a high stereoselectivity
was observed in all pertinent cases (entries 1–10).

Table 1 Aziridination of a,b-Unsaturated Nitriles

Entry R 2 Molar ratioa Yield (%)b

1 Et a 1:2:1 93

2 Pentyl b 1:2:1 94

3 Me c 1:2:1 90

4 Bu d 1:2:1 93

5 Bn e 1:2:1 89

6 i-Bu f 1:4:2c 82

7 i-Pr g 1:6:3c 76

8 Neopentyl h 1:6:3c 74

9 t-Bu i 1:10:8d 62

10 Cy j 1:10:8d 68

11 Et k 1:2:1 91

12 Pentyl l 1:2:1 95

13 Me m 1:2:1 98

14 Bu n 1:2:1 92

a Substrate:CaO:NsONHCO2Et.
b After purification.
c Stirred for 6 h.
d Stirred overnight.
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It is noteworthy that high chemoselectivity in the amina-
tion reaction is induced by CaO even in the presence of the
cyano group, that is reported to give also the correspond-
ing oxadiazoles under homogeneous reaction condi-
tions.12

Aziridines were also obtained starting from a,b-unsaturat-
ed 1,1-dinitriles 1k–n (entries 11–14), showing no differ-
ences in reactivity and yields.

In order to extend the study of the sulfonyl-activated hy-
droxycarbamate reactivity, reagents with Cbz,13 Boc,14 or
Fmoc15 groups rather than ethoxycarbonyl group were
tested in the reactions on some a,b-unsaturated nitriles 1.

As shown in Table 2, different N-protected 2-cyano aziri-
dine-2-carboxylates and 2,2-dicyano aziridines were ob-
tained in high yields and with complete stereoselectivity
(entries 1–3 and 5–7).

In summary, a general procedure for the synthesis of
highly functionalized aziridines was reported. Despite
their potential use and application, only few examples of
general synthetic methods of cyano aziridines are reported
in the literature.16 This concise and inexpensive route may
be considered as an efficient protocol for a parallel syn-
thesis of a large number of different cyano aziridines.
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