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Pyridinium and viologen species were found to induce an aziridine-forming reaction from various imines
and phenyldiazomethane. The reactions were generally high yielding and demonstrated cis-aziridine
selectivity.
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Aziridines are versatile precursors to an array of nitrogen-con-
taining functionalities by way of ring-opening reactions.1 The
majority of these reactions generally feature quantitative conver-
sion and high regioselectivity. As such, they have been additionally
recognized as members of one of the three main classes of reac-
tions that meet the criteria of click chemistry.2

Of modern catalytic methods for aziridine synthesis,3 the cata-
lytic synthesis of aziridines from diazo compounds (1) and imines
(2) has been investigated extensively.4,5 The vast majority of these
reactions are reported to occur via one of two common mecha-
nisms, that is, via addition of a carbenoid to an imine or via direct
attack of a diazo compound onto a Lewis acid-activated imine.

A recent Letter, however, disclosed the unique finding that aziri-
dine-formation occurs from various imines and ethyl diazoacetate
(EDA, 1a) in room temperature ionic liquids without any catalysts
or additives.6 A patent from the same group further described high
yielding syntheses of aziridines from EDA 1a and various imines both
in 1-butyl-3-methylimidazolium hexafluorophosphate (bmimPF6)
and in N-butylpyridinium hexafluorophosphate again without any
additives or catalysts.7 Given our interest in these reactions along
with our motivation to develop new catalyst platforms, we were in-
trigued by the mode of action of these ionic liquids as well as the pos-
sibility of finding more potent analogs that could be used in catalytic
quantities.

We initially examined the possible reaction of EDA 1a with sev-
eral imines (2) in the presence of catalytic quantities of N-meth-
ylpyridinium hexafluorophosphate 3a but we observed only trace
amounts of aziridine products (4).8 When the more reactive phen-
yldiazomethane 1b was used in place of EDA 1a, we found a nota-
ble increase in the amount of aziridine formed. However, the
percent conversion of 2a and the isolated yield of 4a was quite
modest, Eq. 1.
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In a search for more efficient pyridinium additives, a series of com-
pounds (3b–f) that are structurally related to 3a were synthesized
and applied to the aziridine-forming reaction (Fig. 1).
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Figure 1. Consumption of imine 2a, measured by 1H NMR spectroscopy, in react-
ions performed as in Eq. 1 with additives 3a–f at a fixed ionic strength (2.5 mM PF�6 ;
4 mol % 3a–c; and 2 mol % 3d–f).
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Table 1
Substrate Scopea

Entry Imineb R1 R2 Loading (mol %) 3f Time (h)c Cis:transd Yielde (%) cis, trans

1 2a p-MeO–C6H4 p-MeO–C6H4 2 8 >50:1 88, —
2 2b Ph p-MeO–C6H4 2 12 20:1 86, 4
3 2c p-MeO–C6H4 Ph 2 10 10:1 79, 7
4 2d Ph Ph 2 12 8:1 91f

5 2e Ph p-NO2–C6H4 5 24 (94%) 6.5:1 81f

6 2f p-NO2–C6H4 Ph 5 12 9:1 84, 8
7 2g Ph p-Br–C6H4 5 8 10:1 91f

8 2h Ph o-Br–C6H4 10 12 6.6:1 91f

9 2i Ph n-Bu 10 24 (95%) >50:1 54, —
10 2j CO2Et p-MeO–C6H4 10 12 3.5:1 73, 16
11 2k CO2Et Ph2CH 10 24 (97%) 2.3:1 50, 20
12 2l t-Bu Ph 10 12 (95%) 1:50 —, 93

a Reactions performed at room temperature in MeCN with 1.3 equiv 1b.
b Imine 2 substitution is R1–CH@NR2.
c Time required for complete consumption of the imine, unless otherwise noted by % conversion in parentheses.
d Determined from the 1H NMR spectrum of the crude product.
e Isolated yields of aziridines 4.
f Aziridines isolated as a mixture of cis and trans isomers.
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When N-benzylpyridinium hexafluorophosphate 3b was
employed, a further enhancement in the conversion of 2a was
observed along with an increase in the yield of 4a. However, when
additive 3c was tested, the conversion of 2a was considerably
reduced. We figured this rate trend paralleled the relative electro-
philicity of these pyridinium species. With that in mind, we pre-
pared the more electron-deficient viologens (3d–f) and tested
their capacity to induce the aziridine-forming reaction from 1b
and 2a. Indeed, both 2 mol % methyl viologen 3d (�450 mV vs
SCE)9 and 2 mol % benzyl viologen 3e (�370 mV vs SCE)9 were
more effective than 4 mol % of the top-performing pyridinium 3b.
Lastly, 2 mol % phenylviologen 3f (�247 mV vs SCE)9 induced a
fairly clean cis-aziridine-forming reaction with consumption of
the imine within 8 h.

Since phenylviologen 3f was reasonably efficient at inducing
the aziridine-forming reaction, we used 3f in a study of the steric
and electronic limitations of the imine in this reaction, Table 1.
We found that the reaction was general and satisfactory for all
Figure 2. X-ray crystal structure of 4d.
imines tested. The most obvious trend observed was that elec-
tron-rich imines generally underwent the quickest reaction with
the least amount of 3f.

The unsubstituted N-benzylideneaniline 2d underwent reaction
to give a 91% isolated yield of aziridine 4d as an 8:1 mixture of dia-
stereomers, entry 4. The configuration of the major isomer of 4d
was confirmed to be the cis-isomer by single crystal X-ray analysis,
Figure 2.10 This result is consistent with the 3J coupling constants
found for the major, non-symmetrically-substituted aziridine
isomers (4) in entries 1–11 of Table 1.

Importantly, satisfactory reactions were not restricted to elec-
tron-rich aromatic imines. Electron-deficient imines, however,
did require longer reaction periods and higher loadings of 3f to
achieve nearly complete consumption of the imine. For example,
the p-nitrophenyl-substituted imines 2e and 2f required 5 mol %
3f and at least 50% more time (vs 2a) to consume the imine. Addi-
tionally, the N-butyl imine 2i underwent reaction with excellent
stereoselectivity, comparable to imine 2a.

The ethyl carboxylate-substituted imines 2j and 2k underwent
reactions with the lowest observed diastereoselectivities. As
expected though, the aziridines 4j and 4k were not accompanied
by formation of isomeric b-amino-a,b-unsaturated esters as is
the case when the same aziridines are synthesized via Lewis
acid-catalyzed reactions of N-benzylidene imines and ethyl diazo-
acetate.5m This is presumably due to the reversed positioning of
the phenyl and ethylcarboxylate moieties, which would otherwise
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facilitate migration of the phenyl group.4a Lastly, in contrast to all
other imines tested, as shown in Table 1, imine 2l reacted stereose-
lectively to provide the trans-aziridine isomer 4l.

Mechanistically, while adventitious proton catalysis has not
been ruled out,11 the predominant cis-aziridine selectivity
observed here is consistent with that found in most Lewis acid-
catalyzed aziridine-forming reactions from imines and diazo com-
pounds. This result may be indicative of a similar mechanism of
imine activation and aziridine synthesis, Scheme 1, as noted by
Xia and co-workers.6

In summary, through observation of the correlation of rate of
consumption of the imine with standard reduction potentials of
the pyridinium and viologen additives, we have optimized the viol-
ogen additive such that a reasonably efficient cis-aziridine-forming
reaction can be induced by catalytic amounts of viologens from
phenyldiazomethane and various imines.
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