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ABSTRACT: A novel one-pot sequential transformation via
decarboxylative Mannich reaction (DMR) and oxidative C−H
amination of cyclic imines with β-ketoacids is described. This
methodology has been utilized to provide access to fused
aziridines with excellent diastereoselectivity. Several examples
of catalytic enantioselective sequential transformation are
presented.

Aziridines, an important class of three-membered aza-
heterocycles, are widely used in organic chemistry.1

Furthermore, the aziridine skeleton occurs in many natural
products and compounds of pharmaceutical significance
(Figure 1).2 Thus, the construction of these three-membered
ring motifs has been an active research area in organic synthesis
and drug chemistry. Traditionally, the main approaches to the
construction of aziridines include the nitrogen-olefin additions,
the carbon-imine cyclizations, the dihydrotriazole ring con-
tractions, and the azirine transformations.3 Despite these
impressive advances, the development of new synthetic
transformations for the construction of diverse aziridines is
still in great demand. Over the past several years, direct
intramolecular C−H amination has advanced as a general
technology for chemical synthesis.4

However, very few direct C−H activation methods have been
developed for the preparation of ring strain aziridines. Only one
recent report by Gaunt and co-workers has addressed a
powerful palladium-catalyzed C−H bond activation strategy for

the synthesis of aziridine derivatives starting from amino-
lactones.5 Herein, we report our efforts in developing a novel
one-pot decarboxylative Mannich reaction and oxidative C−H
amination sequence of cyclic imines with β-ketoacids for the
construction of the fused aziridines. This sequential reaction
can be conducted under mild conditions without the need for
any transition metals.
The utility of β-ketoacids as ketone enolate equivalents in the

catalytic asymmetric decarboxylative transformations6 has been
well established by our group7 and others.8 During the course
of our studies on the decarboxylative Mannich reactions of
cyclic imine 1a with β-ketoacid 2a,7d we found that at relatively
low temperatures the Mannich product 3a was obtained in high
yield, whereas at room temperature a novel fused aziridine 4a
was isolated in 12% yield (Figure 2). Variation of other
standard reaction parameters (solvent, temperature, and
catalyst loading) failed to increase the yield of aziridine 4a.
The generation of aziridine led us to examine the oxidative C−
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Figure 1. Aziridine-containing natural products and drugs.

Figure 2. Reaction of cyclic imine 1a with β-ketoacid 2a and further
transformation of the Mannich adduct 3a into aziridine 4a.
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H amination of the Mannich product 3a. By screening of
various oxidation systems,9 it was found that oxidation of 3a
with the combination of KI and tert-butylhydroperoxide
(TBHP) gave rise to the formation of aziridine 4a in 61%
yield. Next, a sequential transformation of the decarboxylative
Mannich reaction and oxidative C−H amination was conducted
in one pot, and the results were shown in Table 1. In the

presence of KI and TBHP, this sequential reaction proceeded
to afford the fused aziridine 4a as a single diastereoisomer in

Table 1. Optimization of Reaction Conditions for One-Pot
Sequential Transformation of Cyclic Imine 1a and β-
Ketoacid 2aa

entry reaction conditionsa
yield
(%)b

1 KI (1 equiv), TBHP (1 equiv), 0 °C for 3 h
then 25 °C for 16 h

59

2 KI (1 equiv), TBHP (2 equiv), 0 °C for 3 h
then 25 °C for 16 h

63

3 KI (2 equiv), TBHP (2 equiv), 0 °C for 3 h
then 25 °C for 16 h

78

4 KI (2 equiv), H2O2 (2 equiv), 0 °C for 3 h
then 25 °C for 24 h

8

5 KI (2 equiv), PhIO (2 equiv), 0 °C for 3 h
then 25 °C for 24 h

15

6 NaI (2 equiv), TBHP (2 equiv), 0 °C for 3 h
then 25 °C for 24 h

0

7 n-Bu4NI (2 equiv), TBHP (2 equiv), 0 °C
for 3 h then 25 °C for 24 h

32

a1a (0.2 mmol) and 2a (0.3 mmol) were used. bYields of isolated
product averaged over two runs.

Scheme 1. Scope for One-Pot Sequential Reaction of Cyclic Imines 1 and β-Ketoacids 2

Scheme 2. (a) Oxidative C−H Amination of Chiral
Nonracemic 3a; (b) One-Pot Asymmetric Synthesis of
Aziridine 4a; (c) X-ray Crystal Structure of the Stereoisomer
of 4a
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59% yield (entry 1). The use of excess KI and TBHP was
essential for the efficiency of this reaction (entries 2 and 3), and
the yield of 4a could be further improved to 78%. In addition,
all the other combinations tested resulted in poor yields
(entries 4−7).
With the optimized reaction conditions in hand, we next

investigated the substrate scope of this one-pot sequential
reaction of cyclic imines 1 with β-ketoacids 2, and the results
are summarized in Scheme 1. We first tested the reaction of a
series of cyclic aldimines with 3-oxo-3-phenylpropanoic acid 2a
under the established conditions. The corresponding fused
aziridines 4a−k were obtained in moderate to good yields (51−
78%). Subsequently, the β-ketoacid substrate scope was
investigated by the reaction with cyclic aldimine 1a under the
optimal conditions. It was found that a broad range of phenyl-
substituted β-ketoacids with substituents in the ortho-, meta-, or
para-position of the phenyl ring proceeded well to furnish the
desired aziridines 4l−t in 55−70% yields. Other aryl-substituted
β-ketoacids such as 3-(naphthalen-2-yl)-3-oxopropanoic acid
and 3-oxo-3-(thiophen-2-yl)propanoic acid could also be
successfully employed in this one-pot sequential reaction,
furnishing the desired products (4u and 4v) in 56% and 46%
yields, respectively. It is noteworthy that all these substrates
displayed uniformly excellent diastereoselectivity. In addition,
we investigated the use of alkyl-substituted β-ketoacids and
found that these substrates were not suitable for this one-pot
sequential reaction and no desired products were observed. To
further define the scope of this methodology, the reactions of
cyclic ketimines with 3-oxo-3-phenylpropanoic acid 2a were
tested. Notably, the trifluoromethylated cyclic ketimine
delivered the expected aziridine 4w in 72% yield, whereas the
methylated aziridine 4x was not obtained under identical
conditions. These results indicated that the strong electron-
withdrawing trifluoromethyl group could be critical for this
one-pot sequential reaction of cyclic ketimines to occur.
The direct oxidative C−H amination of chiral nonracemic

intermediate 3a was examined next, and an unexpected result
was obtained. Treatment of 3a with KI and TBHP in THF at
room temperature led to the racemic product 4a in 85% yield
(Scheme 2a). However, it was noteworthy that the decarbox-
ylative Mannich reaction of 1a and 2a with the chiral CuI-(R,

R)-Ph-Box complex proceeded normally,7a and subsequent
addition of KI and TBHP in one pot gave rise to the
corresponding aziridine 4a in 81% yield with 87% ee (Scheme
2b). Furthermore, an improvement of the enantiopurity of 4a
(>99.9% ee) could be achieved by simple recrystallization, and
the absolute configuration of two adjacent stereogenic centers
was determined to be (1R, 8bS) by means of X-ray
crystallographic analysis (Scheme 2c).10

Based on these preliminary results, we performed the
enantioselective sequential transformation between cyclic
imines and β-ketoacids in THF by using 5 mol % of chiral
CuI-(R,R)-Ph-Box complex in one pot. As highlighted in
Scheme 3, a wide range of functional groups, including alkyl,
methoxy, halogen, and/or ester groups, can be readily tolerated
on the phenyl rings of both substrates. Good enantioselectiv-
ities of more than 80% ee were obtained, and the
enantioenriched aziridines were formed in moderate to good
yields (50−81%). Furthermore, 3-oxo-3-(thiophen-2-yl)-
propanoic acid also delivered the desired product 4v in 46%
yield with 80% ee.
In summary, we have developed a novel one-pot sequential

transformation via the decarboxylative Mannich reaction and
the oxidative C−H aimination of cyclic imines and β-ketoacids
for the preparation of fused aziridine derivatives. This process
proceeds with excellent diastereoselectivity and creates two new
stereocenters. The stereocenters of sequential products can be
controlled by a chiral catalyst. Further studies on the
application of these fused aziridine compounds to other areas
of chemistry and chemical synthesis are currently underway in
our laboratory.
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