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Unexpected Ring-opening Reaction of Aziridine with Acetic Anhydride in DMF
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Ring-opening reactions of aziridines with acetic anhydride
in DMF afforded the unexpected B-amino formate in moderate
to good yields. The possible mechanism is also proposed.

Ring-opening reactions of aziridines with nucleophiles
provide a useful protocol in organic synthesis, and many
reagents have recently been developed to realize the opening
of the aziridine ring.! Among these, acid anhydrides as nucleo-
philes are also applied in the ring-opening reactions of aziri-
dines.? Recently, in the course of our ongoing studies on novel
methods for the aziridine transformations,?? we found that the
readily available N-heterocyclic carbene (NHC) could be served
as catalyst for ring-opening reactions of aziridines with acid
anhydrides (for example, eq 1 in Scheme 1).% To our surprise,
the further studies showed that reaction of aziridine la with
acetic anhydride also occurred without N-heterocyclic carbene
catalyst in DMF. However, from spectral characterization, the
product found was not the expected one 2a. Structure elucidation
by 'H, *CNMR, and mass spectroscopy revealed this com-
pound to be trans-2-(4-methylphenylsulfonamido)cyclohexyl
formate (3a) (eq 2 in Scheme 1). The anti-stereochemistry of
the product 3a was confirmed by the coupling constant for two
cyclic methine protons at the trans positions.

This interesting observation prompted us to investigate the
reaction process. When other solvents (toluene, THF, MeCN,
and CH,Cl,) were applied in the reaction of aziridine 1a with
acetic anhydride instead of DMF, no reaction was taken place
and only starting material was recovered. And trace amount
of product 3a was detected after addition of 2 equiv. of DMF
in the above reactions. It seemed that DMF was crucial in this
reaction. As regards the role of acetic anhydride and DMF in
the ring-opening reaction of aziridine 1a, although the mecha-
nism is not clear since there is no supporting evidence at present.
We reasoned that DMF may act as a nucleophile to attack the
aziridine ring firstly. The resulted nitrogen anion reacted with
acetic anhydride to generate an iminium ion A. After intramolec-
ular rearrangement and hydrolysis of the amide acetal B, the
final compound 3a could be produced. (Scheme 2)
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On the other hand, other pathways could not be excluded.
For example, the acetic acid, which may be generated from
the adventitious water with acetic anhydride in the reaction
system, would also promote this unexpected transformation
(Scheme 3). To test this idea, acetic acid was employed instead
of acetic anhydride in the reaction of aziridine 1a in DMF. How-
ever, no desired product 3a was generated and only compound
2a was isolated. In this reaction, as previous report,3°*4 DMF
may act as a Lewis base to activate nucleophile, thus promote
the acetic acid to attack the aziridine ring. From this observation,
it looks not like the acid-promoted reaction to afford compound
3a, since the acid was a good nucleophile under this reaction
conditions.

To demonstrate the generality of this method, a variety of
aziridines have thus been examined for the ring-opening reac-
tions, and the results are summarized in Table 1. As shown in
Table 1, this condition has proved to be general and useful for
ring openings of a range of aziridines 1. High regioselectivity
was obtained for this transformation. In the case of unsymmetri-
cally substituted aziridines 1e, 1f, and 1g, completely regioselec-
tivity with the attack of nucleophile on the less substituted
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Table 1. Ring-opening reactions of aziridines 1 with acetic an-
hydride in DMF?
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Entry Aziridine Temp/°C, Yied/%®
Timelh
1 80,8 92 (3a)
NTs
la
2 110, 12 82 (3b)
NTs
1b
3 <z:1> 80, 24 54 (3c)
NTs
1c
4 110, 48 60 (3d)
NTs
1d
5 Bn 110, 24 86 (3e)
\DNTs Lo
6 C6H13\I> 110, 10 90 (3f)
NTs 1f
7 //Q%\[: 110, 16 85 (3g)
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NT
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8 Ph 110, 10 61 (3h:4h =
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9 p-CICgH, 80, 24 87 (3i:4i =
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aIsolated yield based on aziridine 1. PRatio was determined by
'"HNMR.

aziridine carbon was observed. For the substrates 1h and 1i, it is
reasonable that the regioselectivity is not as specific as that of
other substrates due to electronic effects. The products resulting
from the regioselective attack of the nucleophile at the benzylic
position of aziridines 1h and 1i, were also generated. Moreover,
we found that electron-withdrawing group attached on the nitro-
gen of aziridine was crucial in this reaction. No reaction occur-
red when non-activated aziridine was employed as substrate. For
example, reaction of N-benzoylcyclohexanoaziridine (5) with
acetic anhydride also proceeded smoothly in DMF to afford
the desired product 6 in 85% yield. However, when N-benzylcy-
clohexanoaziridine (7) was employed as substrate in the reac-
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tion, no product was detected. (Scheme 4) This observation is
similar to others as previous reports,! since the reactivity is dif-
ferent between activated aziridines and non-activated aziridines.

In conclusion, we have described an unexpected ring-open-
ing reaction of aziridine with acetic anhydride in DMF, which
provides an efficient route for the synthesis of B-amino formate.
Efforts to understand the reaction mechanism and explore
synthetic utilities of the reaction reported here are in progress
in our laboratory.
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