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ABSTRACT: A general and direct strategy for the synthesis of chiral spiro-aziridine oxindoles has been developed via an aza-
Corey−Chaykovsky reaction of isatin-derived N-tert-butanesulfinyl ketimines with excellent selectivity (dr = 98:2 to >99:1). The
method is explored for the synthesis of chiral 3-substituted spiro-aziridine oxindoles with high (2S,3S)-selectivity over (2S,3R).

Chiral aziridines are of great synthetic interest because they
are important substructural units in many biologically

active compounds and are powerful building blocks in organic
synthesis.1,2 This is because the versatile functionality can
readily be transformed stereoselectively to a variety of nitrogen-
containing compounds. Similar to spiro-epoxy oxindoles,3

highly strained spiro-aziridine oxindoles are attracting increas-
ing attention because of their potential synthetic utility and
bioactivities. However, the synthesis of nonracemic chiral spiro-
aziridine oxindoles remains a challenge, and only one report4

exists on the asymmetric synthesis of spiro-aziridine oxindole
via a two-step method.
Over the decades, several methods have been developed for

the direct asymmetric synthesis of aziridines, mostly involving
the addition of carbon to imines or of nitrogen to olefins.5 The
aza-Corey−Chaykovsky reaction,6 which involves the addition
of sulfur ylides to imines, is an efficient strategy for carbenoid
addition in the asymmetric synthesis of aziridines, pioneered by
Aggarwal et al.7 Alternatively, the addition of sulfur ylides to
chiral N-sulfinyl imines8 is a straightforward and well-
established method providing nonracemic aziridines with
controlled stereochemistry, developed by Davis,9 Garcia-
Ruano,10 and Stockman groups.11 However, reports on the
aza-Corey−Chaykovsky reaction of chiral ketimines are limited
in the literature.12 Our continued interest in aziridine
chemistry13 and recent research in oxindoles14 drew our
attention to the asymmetric synthesis of spiro-aziridine
oxindoles. Isatin-derived N-tert-butanesulfinyl ketimines15 can
provide the spiro-aziridineoxindoles. During the course of our

study, Marsini et al. reported12c the aziridination of chiral N-
tert-butanesulfinyl ketimino esters with excellent stereoselectiv-
ities. However, isatin-derived ketimines resulted in poor-to-
moderate (dr = 1:1 to 6.6:1) diastereoselectivity (Scheme 1).
Herein, we report the direct asymmetric synthesis of spiro-

aziridine oxindoles via the aza-Corey−Chaykovsky reaction of
isatin-derived N-tert-butanesulfinyl ketimines with excellent
selectivity (dr = 98:2 to >99:1) and high (2S,3S)-selectivity
for the substituted spiro-aziridine oxindoles.
We began our investigation by exploring the reaction of (S)-

ketimine 1a with in situ generated sulfur ylide from
trimethylsulfonium iodide and NaH (Table 1). To our delight,
reaction in DMF proceeded rapidly at rt and within 10 min
produced the spiro-aziridine 2a with good diastereoselectivity
(dr = 90:10) in 42% yield (Table 1, entry 1). However, the
reaction in DMSO gave only 18% of the desired product with
poor diastereoselectivity (dr = 60:40) along with a mixture of
uncharacterized compounds (entry 2). Lowering the temper-
ature of the reaction in DMF improves both the yield and
selectivity (entries 3−5). At−40 °C, a 62% yield with a dr of
97:3 (entry 5) was observed. The reaction in THF provided
yield and selectivity at −40 °C (entry 6) comparable to the
ones in the reaction in DMF, but both yield and selectivity
dropped in dioxane (entry 7). Interestingly, changing the ylide
reagent to trimethylsulfoxonium iodide (Me3S(O)I) afforded
excellent selectivities (dr >99:1) with improved yields in both
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DMF and THF (entries 8 and 9). Reaction in THF takes more
time than that in DMF. Reaction with Me3S(O)I in DMSO is
clean and provided very good yield of the aziridine 2a with a dr
of 81:19 (entry 10).
To test the generality of this method, a series of chiral

ketimines derived from a number of isatins and (S)-tert-
butanesulfinamide was investigated under the optimized
reaction conditions (Table 2). All the ketimines, irrespective
of whether they possessed electron-rich or -withdrawing

substituents and the nature of the protecting group, underwent
a smooth reaction and provided very good yields of the desired
spiroaziridine-2,3′-oxindoles with excellent diastereoselectivities
(dr = 98:2 to >99:1).
After the successful synthesis of nonracemic chiral

spiroaziridine-2,3′-oxindoles 2, the synthesis of 3-substituted
spiroaziridine oxindoles was attempted. By employing a method
similar to the ones developed by the groups of Hou, Dai,16 and
Stockman,12a,17 the reaction of benzyl sulfur ylides generated
from S-benzyl tetrahydrothiophenium bromide with chiral tert-
butanesulfinyl ketimines provided access to a series of
nonracemic chiral 3-substituted spiro-aziridinoxindoles 3 with
high (2S,3S)-selectivities and excellent diastereoselectivities
(Scheme 2).
To determine the absolute stereochemistry of the spiro-

center, aziridine 2e was recrystallized from ethyl acetate−
hexanes and was subjected to X-ray crystallographic analysis.
The crystal structure unambiguously confirms the stereo-
chemistry of the spiro-center as an (S)-configuration derived
from (S)-tert-butanesulfinyl ketimine 1e (Figure 1a). Recently
Marsini et al. also observed the same stereochemical outcome
from (S)-tert-butanesulfinyl ketimino ester.12c The stereo-
chemistry of the major isomer of the 3-substituted spiro-
aziridine oxindoles 3 was determined by NOESY experiment of
the spiro-aziridine 3k, where interaction of the C4′-H of the
oxindole unit and the C3−H of aziridine indicated the
formation of the (2S,3S)-isomer as the major product (Figure
1b). The high (2S,3S)-selectivity for the substituted spiroazir-
idines and excellent diastereoselectivity observed in the
aziridination may be due to the high stereodirecting effect of
the bulky tert-butanesulfinyl group and the cyclic transition
state,12 with both solvent and temperature playing important
roles.

Scheme 1. Asymmetric Synthesis of Spiro-Aziridine
Oxindoles

Table 1. Optimization of Reaction Conditionsa

entry
ylide
source solvent

temp
(°C)

time
(min)

yieldb

(%) drc

1 Me3SI DMF 25 10 42 90:10
2 Me3SI DMSO 25 30 18d 60:40
3 Me3SI DMF 0 20 57 95:5
4 Me3SI DMF −20 30 60 95:5
5 Me3SI DMF −40 30 62 97:3
6 Me3SI THF −40 60 60 97:3
7 Me3SI dioxane −40 60 45 95:5
8 Me3S(O)I DMF -40 30 73 >99:1
9 Me3S(O)I THF −40 60 72 >99:1
10 Me3S(O)I DMSO 25 30 72 81:19

aYlide source (1.25 mmol, 2.5 equiv) and NaH (60% in mineral oil;
1.25 mmol, 2.5 equiv) in solvent (2.5 mL) were stirred for 30 min in
the presence of MS 4 Å and added to ketimine 1a (0.5 mmol) and MS
4 Å in solvent (2.0 mL) at specified temperature. bIsolated yield
otherwise noted. cDetermined by 1H NMR analysis of the crude
reaction mixture. dDetermined by 1H NMR analysis of the crude
reaction mixture with naphthalene as internal standard.

Table 2. Generalization for the Synthesis of Spiroaziridine
Oxindoles 2a

entry R1 R2 time (min) product 2 yieldb (%) drc

1 H Me 30 2a 73 >99:1
2 H Bn 30 2b 72 >99:1
3 5-F Me 30 2c 75 99:1
4 5-F Bn 30 2d 69 >99:1
5 7-F Me 40 2e 70 >99:1
6 7-F Bn 30 2f 72 99:1
7 5-Br Me 30 2g 78 98:2
8 5-Cl Me 30 2h 76 >99:1
9 5-Cl Bn 45 2i 68 99:1
10 5-OMe Me 45 2j 72 98:2
11 5-OMe Bn 30 2k 73 98:2
12 5,7-Me Me 45 2l 67 99:1
13 5,7-Me Bn 50 2m 66 98:2

aMe3S(O)I (1.25 mmol, 2.5 equiv) and NaH (60% in mineral oil; 1.25
mmol, 2.5 equiv) in solvent (2.5 mL) were stirred for 30 min in the
presence of MS 4 Å and added to ketimine 1 (0.5 mmol) and MS 4 Å
in solvent (2.0 mL) at specified temperature. bIsolated yield.
cDetermined by the 1H NMR analysis of crude reaction mixture.
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Next, cleavage of the sulfinyl group was attempted.
According to the reported method,15f,17b spiro-aziridine 2a
was reacted with HCl in dioxane at rt to provide the
unprotected spiro-aziridine oxindole 4a in good yield with
high optical purity (Scheme 3).
In summary, we have developed a highly efficient, versatile

protocol for the synthesis of nonracemic chiral spiro-aziridine
oxindoles via the aza-Corey−Chaykovsky reaction of chiral
isatin-derived tert-butanesulfinyl ketimines. The method has a
broad scope and provides access to both terminal and
substituted spiro-aziridine oxindoles in good yields with
excellent diastereoselectivities. Successful sulfinyl cleavage
afforded the unprotected spiro-aziridine oxindole without any

significant loss in optical purity. Application of this spiro-
aziridine in the synthesis of nitrogen-heterocycles is underway
and will be reported in due course.
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