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Synthesis of spirooxindoles via asymmetric
1,3-dipolar cycloaddition
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Abstract—An efficient method was developed for the asymmetric synthesis of 2 0-alkyl-4 0aryl-1H-spiro[indole-3,3 0-pyrrolidin]-2-
ones, which are potential inhibitors of the p53–MDM2 interaction. Our X-ray crystallographic analysis revealed that this 1,3-
dipolar cycloaddition proceeds with high stereoselectivity but differently from previously published results.
� 2005 Elsevier Ltd. All rights reserved.
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Figure 1. Representatives of spirooxindole-containing compounds.
The spirooxindole system is the core structure of many
pharmacological agents and natural alkaloids.1–4 For
example, spirotryprostatin A (1), a natural product iso-
lated from the fermentation broth of Aspergillus fumi-
gatus, has been identified as a novel inhibitor of
microtubule assembly;4 andpteropodine (2) and isoptero-
podine (3) have been shown to modulate the function
of muscarinic and serotonin receptors.1 Recently, we
have designed compound 4 containing the spirooxindole
as the core structure as a potent non-peptide inhibitor of
the p53–MDM2 interaction5 (Fig. 1).

Because of their remarkable biological activity, signifi-
cant effort has been devoted to the stereoselective syn-
thesis of substituted spirooxindole derivatives.6–22 For
example, Williams and co-workers have developed an
efficient asymmetric synthesis of 2 0,4 0,5 0-trisubstituted
spirooxindoles (8) using (5R,6S)-5,6-diphenylmorpho-
lin-2-one (7) as a chiral auxiliary (Scheme 1).19–22 They
have explored the reaction of active olefins with the
asymmetric 1,3-dipolar intermediates formed by alde-
hydes and the morpholinone (7) to achieve 4 0-carb-
alkoxyl-substituted 1H-spiro[indole-3,30-pyrrolidin]-2-ones
(8) (Scheme 1). To date, no synthesis of 2 0-alkyl-4 0-
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aryl-1H-spiro[indole-3,3 0-pyrrolidin]-2-ones has been re-
ported, which is the core structure of our designed inhibi-
tors of the p53–MDM2 interaction.5 Herein, we report
an asymmetric synthesis for this class of compounds.

First, the E-3-aryl-1,3-dihydro-indol-2-ones (11) were
synthesized by condensation of oxindoles 9 with differ-
ent aromatic aldehydes 10 under basic conditions either
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Table 1. Preparation of E-3-aryl-1,3-dihydro-indol-2-ones

N
H

OR' + ArCHO

9 10

N
H

OR'

11

Ar

KF/Al2O3,
Microwave

or Piperazine,
MeOH, reflux

Compound R0 Ar Yield (%)

11a H Phenyl 65a

11b 6-Br Phenyl 60a

11c 6-CF3 Phenyl 57a

11d 6-Cl Phenyl 70a

11f 6-F Phenyl 63a

11g 6-Cl 2-Pyridinyl 80b

11h 6-Cl 2-Thiophenyl 75b

11i 6-Cl 3-Methoxy-phenyl 60a

a KF/Al2O3, microwave, 60 W, 5 min.
b Piperazine, MeOH, reflux, 2–3 h.

N
H

R1O2C

O

N
H

OO

RCHO

+ 1,3 dipolar

N
H

N

O

O

R1O2C

R

O

5

6

7 8

1
2

3

1'

2'
4'5'

Scheme 1. Williams� asymmetric 1,3-dipolar cycloaddition method for synthesis of substituted spirooxindoles.
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in microwave23 or under refluxation in MeOH (Table
1).24 It was found that the latter condition gave better
yield (Table 1), although a small amount of Z-isomer
was observed. The crude products were used in a subse-
quent 1,3-dipolar cycloaddition without further purifica-
tion. Compound 11a was recrystallized from ethanol for
Figure 2. X-ray structures of compounds 11a, 14j and 15i.
X-ray crystallographic analysis and was confirmed as
the E conformer (Fig. 2).

The asymmetric 1,3-dipolar cycloaddition was carried
out by heating 11 with alkyl aldehydes 12 and
(5R,6S)-5,6-diphenylmorpholin-2-one (7) in toluene in
the presence of a dehydrating agent (Scheme 2). Com-
pounds 13 were obtained as the major products with
trace amount of other products observed by TLC. Com-
pounds 13 were partially purified by silica gel column
and were treated with 2 M dimethylamine in THF to
afford amides 15 in good overall yield (Table 2).

In the previous studies,19–22 it was reported that com-
pounds 8 have the 2 0S,3S,4 0R,5 0R absolute stereochem-
istry starting from the (5R,6S)-5,6-diphenylmorpholin-
2-one 7 (Scheme 1). However, our X-ray crystallo-
graphic analysis of one important intermediate 14j
(Fig. 2) showed that the cycloaddition product 13 we ob-
tained using the same chiral auxiliary 7 (Scheme 2) has
the 2 0R,3S,4 0R,5 0R absolute configuration. The mecha-
nism of this unusual selectivity is not clear.

With the amides 14 in hand, removal of the chiral auxil-
iary by oxidization at 0 �C yielded the desired 2 0,4 0,5 0-tri-
substituted 1H-spiro[indole-3,3 0-pyrrolidin]-2-ones (15)



Table 2. Summary of yield for intermediates 14 and the final target

compounds 15

Entry R0 Ar R 14

(%)

15

(%)

a H Phenyl i-Butyl 70 55

b 6-Br Phenyl i-Butyl 75 62

c 6-CF3 Phenyl i-Butyl 75 59

d 6-Cl Phenyl i-Butyl 68 60

e 6-F Phenyl i-Butyl 73 58

f 6-Cl 2-Pyridinyl 2,2-Dimethyl-propyl 60 59

g 6-Cl 2-Thiophenyl 2,2-Dimethyl-propyl 65 63

h 6-Cl 3-MeO-phenyl 2,2-Dimethyl-propyl 75 65

i 6-Cl Phenyl 2,2-Dimethyl-propyl 80 63

j 6-Cl Phenyl 2-Dimethyl-butyl 78 60

k 6-Cl Phenyl n-Propyl 77 59
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Scheme 2. Synthesis of 2 0-alkyl-40-aryl-1H-spiro[indole-3,3 0-pyrrolidin]-2-one. Reagents and conditions: (a) toluene, 4 Å molecular sieves, 70 �C, 5 h;
(b) 2 M dimeylamine in THF, 8–0 h; (c) Pb(OAc)4, MeOH–CH2Cl2, 0 �C.
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in 3–5 min. Higher temperature and/or longer reaction
time led to some byproducts. The structures of target
compounds 15 were determined by NMR and mass spec-
troscopy. The stereochemistry of the target compounds
was further confirmed by X-ray crystallographic analysis
of compound 15i (Fig. 2).

In summary, using asymmetric 1,3-dipolar cycloaddi-
tion as the key step, 2 0-alkyl-4 0aryl-1H-spiro[indole-
3,3 0-pyrrolidin]-2-ones were efficiently synthesized as a
novel class of inhibitors of the p53–MDM2 interaction.
Analysis of a key intermediate (14j) and one final prod-
uct (15i) by X-ray crystallography revealed that this 1,3-
dipolar cycloaddition showed different stereoselectivity
from that reported previously.19–21
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