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ABSTRACT

The highly enantioselective catalytic hydroxylation of 3-substituted oxindoles was achieved by using a phase-transfer catalyst with molecular
oxygen as an oxidant. The product then was converted to an optically active compound 8, which was a synthetic precursor of alkaloid CPC-1.

A number of oxindole alkaloids having a hydroxyl substituent
at their C-3 position possess various bioactivities.1 In the
field of medicinal chemistry, chiral 3-substituted-3-hydroxy-
2-oxindoles have been targets of synthesis, because they are
promising drug candidates.2 Furthermore, they are used as
starting materials and/or intermediates for the synthesis of

natural products.3 The reported methods for the synthesis of
chiral 3-substituted-3-hydroxy-2-oxindoles are an asymmetric
nucleophilic addition to isatins4 and asymmetric hydroxy-
lation of 3-substituted-2-oxindoles.5 In the latter case, a chiral
hydroxylation reagent was used, thus a stoichiometric amount
of the chiral source was required. Recently, the first catalytic
enantioselective hydroxylation of oxindoles with an oxaziri-
dine as an oxidant in the presence of chiral Zn(II) complex
was reported.6 The oxidant resulted in the formation of a
benzisothiazole derivative in the reaction mixture, and it
seems to be a drawback compared to the hydroxylation with
molecular oxygen as an oxidant.7 The use of O2 as an oxidant
is a paramount process, because it is inexpensive and
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environmentally benign. In the course of our investigation
of the synthesis of chiral 3,3-disubstituted oxindoles,8 we
have found that 3-substituted oxindoles react with molecular
oxygen in the presence of a base to give the corresponding
3-hydroxy derivatives quantitatively. The result prompted us
to investigate an asymmetric version of the hydroxylation
reaction using chiral phase-transfer catalyst (CPTC). In this
paper, we describe these results.

In the initial study, CPTCs were screened for the reaction
of 3-allyl-2-oxindole4a with molecular oxygen. Although
the reaction with solid KOH proceeded without catalyst in
toluene to give 3-allyl-3-hydroxy-2-oxindole5a, no product
was obtained when the reaction was run in toluene/50% KOH
aq solution. Thus the screening of CPTC was carried out in
the two-phase system (Table 1), and it was found that

spirobinaphthyl quaternary ammonium salt9 3 and tartrate-
derived bis-ammonium salt10 2 gave high chemical yields,
but low enantioselectivities. When cinchonidine derived
CPTC 1a11 or 1b12 was used, high chemical yields and

moderate to good enantioselectivities were obtained. When
the hydroxyl group of1b was converted to allyl ether,13 the
ee of the reaction lowered.

Using the selected catalyst1b, we next carried out the
optimization of the solvent (Table 2). While ethereal

solvents gave low enantioselectivities, aromatic hydrocarbon
afforded good enantioselectivity, and toluene was found to
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(14) We also carried out the hydroxylation reaction toward other
substrates, which have a benzyl or Boc protecting group, under the same
condition as that of entry 8 in Table 2. But the reaction of the oxindole
having a benzyl protecting group resulted in 49% yield and 61% ee. In the
case of the oxindole having a Boc protecting group, corresponding
hydroxylated product was not obtained probably due to the instability of
the product under the conditions.

Table 1. Catalyst Screening for the Asymmetric Hydroxylation
Reaction

entry PTC
yield
(%)

ee
(%)

1 1a 96 49
2 1b 86 83
3 1c quant 20
4 2 88 22
5 3 93 38

Table 2. Optimization of the Conditions for the Asymmetric
Hydroxylation of4a14

entry
catalyst
(mol %)

(EtO)3P
(equiv) solvent

time
(h)

yield
(%)

ee
(%)

1 20 0 toluene 4 71 56
2 20 2 toluene 4 86 83
3 20 2 xylene 4 74 73
4 20 2 mesitylene 4 89 50
5 20 2 Et2O 4 51 3
6 20 2 iPr2O 4 0
7 20 2 MeOt-Bu 4 78 4
8 20 4 toluene 2.5 98 85
9 20 10 toluene 2.5 97 85

10 10 4 toluene 7.5 85 80
11 5 4 toluene 12 93 74
12 1 4 toluene 72 16 31

Table 3. Catalytic Asymmetric Phase-Tranfer Hydroxylation
of 4

entry R product
time
(h)

yield
(%)

ee
(%)

1 CH2CHdCH2 5a 2.5 98 85
2 CH2Ph 5b 2.5 95 86
3 CH2CtCH 5c 24 92 93
4 CH2CH2CH3 5d 6.0 97 67
5 CH2(CH2)4CH3 5e 48 quant 92
6 CH2CHdC(CH3)2 5f 2.5 91 84
7 CH2Ph(4-OMe) 5g 48 97 91
8 CH2(CH2)2CO2Et 5h 75 quant 82
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give the best result (entries 2-7). On further optimization
of reaction conditions, it was found that using 4 equiv of

triethyl phosphite gave the highest yield. The absolute
configuration of 5 was confirmed to beR by chemical
correlation with 3-allyl-3-hydroxy-indolin-2-one (8) (Scheme
1). Acetylation of the hydroxyl group of5 followed by CAN
oxidation in the presence of 2,6-pyridinecarboxylic acid
N-oxide gave compound7. Then hydrolysis of7 gave 3-allyl-

3-hydroxyindolin-2-one (8), which was reported to be a
synthetic precursor of alkaloid CPC-1.3a Absolute configu-
ration of 8 at the 3-position was determined to beR by
comparing the specific rotation of8 with the reported one
(for (S)-83a, [R]26

D -10 (c 1.3, MeOH)).
We then investigated the asymmetric hydroxylation

using 2-oxindoles having various substituents at the 3-posi-
tion (Table 3). It was found that alkyl-, alkenyl-, and
alkynyl-substituted oxindoles were hydroxylated in high
yields and with high enantioselectivities.15 Even in the
presence of the ester group, enantioselective hydroxy-
lation was performed in high yield without hydrolysis
(entry 8).

In conclusion, we have shown that the catalytic en-
antioselective hydroxylation reaction of 3-substituted-2-
oxindoles with molecular oxygen was established, and high
enantioselectivity was achieved using cinchonidine-derived
CPTC. The reaction is operationally simple and environ-
mentally benign in that an organocatalyst from a natural
source and molecular oxygen are used. 3-Hydroxy-2-oxin-
doles obtained in the present reaction are thought to be useful
intermediates to synthesize the natural products which have
bioactivities. Application of the present method for the
synthesis of natural and bioactive compounds is under
investigation.
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(15) The present reaction is thought to proceed via radical intermediate.
The detailed mechanism, which involves an asymmetric process, however,
is not cleared and the mechanistic consideration is now under investigation.

Scheme 1. Transformation of5 into 8
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