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Aziridines are very important molecules not only as key
components of biologically active natural products such as
mitomycins, but also as reactive synthetic intermediates for
nitrogen-containing compounds. Therefore, there have been many
approaches to their preparation, including asymmetric synthesis,
which could be classified into three types of reactions: (i)
intramolecular substitution by nitrogen nucleophiles, (ii) addition
of carbenes to imines, and (iii) addition of nitrenes to olefins.1

Guanidinium ylides have not hitherto been known to our
knowledge; however, these would be expected to act as stabilized
equivalents of azomethine ylides2 (see Scheme 1). In our
guanidine chemistry3 we found that treatment of guanidinium
bromides3 (or 4) with aryl aldehydes5 in the presence of a base
directly afforded 3-arylaziridine-2-carboxylates6 (or 7) in high
yields with excellent to moderatetrans diastereoselectivity.
Furthermore, the introduction of chiral centers into the guani-
dinium template resulted in effective asymmetric induction on
the aziridine formation. In this communication we present a new
aziridine synthesis from guanidinium ylides and an application
of the methodology to asymmetric synthesis.

Reaction of3, prepared from 2-chloro-1,3-dimethylimidazo-
linium chloride (DMC)4 (1) according to the reported method3a

(see Scheme 1), with benzaldehyde (5a) (0.9 equiv) in DMF in
the presence of NaH (1.2 equiv) at-20 °C followed by SiO2

treatment5 afforded 3-phenylaziridine-2-carboxylate6a in 84%
yield in a 27:73 ratio ofcis andtransderivatives6,7 c-6a andt-6a
(entry 1, Table 1). Examination of the reaction conditions allowed
us to use tetramethylguanidine (TMG) as a base and a solvent.
Thus, stirring3 and5awith TMG (1.1 equiv) at room temperature
followed by SiO2 treatment5 similarly gavec-6a and t-6a in 28
and 41% yields, respectively (entry 2, Table 1).

This synthetic method was found to be applicable to a variety
of aryl aldehydes, including heterocycles, as shown in Table 1,
in which trans aziridines8 t-6 were preferentially formed. In

particular, not only trans selectivity (ca. 90% de) but also
satisfactory conversion (68-95%) were observed when electron-
rich benzaldehydes5b-d and indolyl aldehydes5h-i (entries 3-6,
12, and 13, Table 1) were used. Cinnamaldehyde5g could also
be converted to aziridines6g in total 70% yield, in which no
1,4-addition occurred (entry 11, Table 1). Interestingly, replace-
ment of the ethyl ester function in3 to a tert-butyl ester as in4
led to a reversion of diastereoselectivity dependent upon the
substituent of aldehydes used. Thus,cis-excess products were
obtained in the cases of5a and5e (entries 15 and 18, Table 1).
In these reactions 1,3-dimethylimidazolidin-2-one (DMI) (8), a
synthetic precursor of1, was isolated as an alternative product.
Thus, this reaction sequence could be regarded as an effective
cycle reaction, because of no waste of any of the key components
during reactions (see Scheme 1).

Next, this aziridine synthesis was applied to asymmetric syn-
thesis, because of the easy availability of chiral templates (Table
2). Smooth reaction was observed when the guanidinium bromide
9 (or ent-9)9 with a tert-butyl ester function was treated with
piperonal5b under the same conditions on achiral salts, in which
TMG (entry 2, Table 2) was more effective in both chemical yield
and stereoselectivity than NaH in DMF (entry 1, Table 2). Thus,
optically activetransderivativet-7b was obtained in 82% yield
and with 97% ee in the former reaction, whereas in 75% yield
and with 72% ee in the latter case. In this reaction sequence a
chiral urea10 was, as expected, recovered as a reuseable source
for 9 (or ent-9).
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We further examined the scope of this TMG-promoted asym-
metric aziridine synthesis using some aryl aldehydes. Introduction
of chiral units into the imidazolidine ring could cause rate
acceleration of the reaction and effective product formation with
satisfactory enantioselectivity, in which diastereoselectivites were
also observed. In particular, both high diastereo- and enantiose-

lectivities were observed in the cases of indolyl aldehydes5h
and 5i (entries 6 and 7, Table 2) in addition to5b mentioned
above.

The absolute stereochemistries of aziridine products were
determined by chemical correlation of 3-phenylaziridine-2-car-
boxylates (c-7a: 79% ee;t-7a: 77% ee) obtained in entry 4 in
Table 2 with commercially availabletert-butyl (S)-phenylalani-
nate. Independent hydrogenation10 of c-7aandt-7awith Pd(OH)2/C
in the presence of (Boc)2O afforded an identicalN-Boc-protected
tert-butyl phenylalaninate, which was found to be an (R)-excess
product (77% ee for each) compared to an authentic (S)-derivative
(see SI), indicating that the (S,S)-guanidinium ylide mainly
produced (2R,3R)-cisand (2R,3S)-transaziridines. Production of
(2R)-aziridines7a from ent-9 suggested that there-face of the
ylide has to be attacked by an aldehyde function in the C-C
bond formation to afford a spiro oxazolidine11 11 (see Figure 1).
Enantioselectivity of trans aziridine may be recognized by
assuming minimized steric replusion between the substituents of
each component in the benzylic cation/hydroxide ion pair
intermediate12 derived from11 as shown in Figure 1.

In conclusion, we have established an efficient preparation
method of 3-arylaziridine-2-carboxylates from guanidinium ylides
and aryl aldehydes applicable to asymmetric synthesis. It is known
that ammonium, azomethine, and nitrile ylides are useful and
reactive nitrogen ylides in organic synthesis.12 Therefore, our
results obtained here indicate a new entry of a guanidinium ylide
as a synthetically versatile nitrogen ylide.
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Table 1. Reaction of Guanidinium Bromides3 or 4 with Aryl
Aldehydes5 Giving Aziridine Derivatives6 or 7

a A: NaH. The reaction was carried out in DMF at-20 °C. B: TMG.
The reaction was carried out without solvent at rt.b Isolated, non-
optimized yieldc Isolation was not attempted.d A mixture of two
invertomers at the nitrogen atom.e Deprotection of the Boc group was
observed during the reaction.

Table 2. Asymmetric Aziridine Synthesis Using Chiral
Guanidinium Bromides9 or ent-9a

a The reaction was carried out under the same conditions shown in
Table 1.b Isolated, nonoptimized yield.c See Supporting Information
for the separation conditions of enantiomeric aziridines by chiral HPLC.
d Isolation was not attempted.

Figure 1. A possible reaction path for the enantioselective formation of
(2R,3S)-trans-aziridine t-7 from ent-9 with 5.
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