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Abstract: A novel chiral indium(III) camphorsulfonate complex
prepared from indium trichloride, allyltributylstannane and (1S)-
(+)-10-camphorsulfonic acid has been developed as a water-toler-
ant Lewis acid to afford high yields (up to 99%) in one-pot three-
component Mannich-type reactions in a true water environment.
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In recent years, organic reactions in aqueous media have
attracted a great deal of attention.1 This is because water
is a cheap, safe and environmentally benign solvent. Fur-
thermore, reactions carried out in aqueous media provide
opportunity to discover new concepts in organic synthe-
sis. In the course of our investigations to develop efficient
organic reactions in water, we have discovered that
indium complexes are water-tolerant Lewis acids which
can be used to catalyze a wide variety of organic trans-
formations in aqueous media.2

Recently, two new chiral indium complexes, 1,1¢-bi-2-
naphthol (BINOL)–In(III) 1a–c and 2,6-bis[4¢(S)-iso-
propyloxazolin-2¢-yl]pyridine (PYBOX)–In(III) com-
plexes 2 (Figure 1) have been discovered in our group to
effect a series of reactions in high enantioselectivities.3

Figure 1

However, the extension of these catalytic systems to aque-
ous media was not successful.4 Accordingly, the design of
new water-tolerant chiral indium complex poses addition-
al challenges. Therefore, in this paper we report our effort
towards the development of a new water-tolerant indium
complex which can catalyze organic transformations in
aqueous media.

Previous studies on the synthesis of chiral BINOL–In(III)
complex revealed that allylic indium species could be
obtained from transmetalation of indium trichloride with
allyltributylstannane. This indium species facilitate the
formation of the BINOL–In(III) complex 1c3a

(Scheme 1).

Scheme 1 Synthesis of BINOL–In(III) complex 1c

Based on this result, we envisaged that the resulting indi-
um species 3 can also react with more acidic (1S)-(+)-10-
camphorsulfonic acid to produce a more reactive water-
tolerant chiral indium complex. Herein, we report the syn-
thesis of this chiral water-tolerant In(III)–camphorsul-
fonate complex obtained from transmetalation of allylic
stannane with indium trihalides. Preliminary studies were
directed towards the application of this catalyst for the
one-pot three-component Mannich-type reaction in water.

Therefore, the reaction of one equivalent of indium
trichloride with two equivalents of allyltributylstannane
to generate allylic indium species 3, followed by the addi-
tion of (1S)-(+)-10-camphorsulfonic acid produced a new
chiral indium complex 4 (Scheme 2). The structure of this
indium complex was confirmed by X-ray crystal structure
analysis (Figure 2).5

To check the catalytic activity of this new indium com-
plex 4 in water, the three-component reaction of benzalde-
hyde (0.5 mmol), aniline (0.5 mmol) and l-methoxy-2-
methyl-l-trimethylsiloxypropene (1 mmol) was exam-
ined.6 To our delight, this indium complex afforded the
Mannich product in good yield even when 5 mol% of the
catalyst was used (when the catalyst loading was 20%,
10%, 5%, and 1%, the yield was 69%, 69%, 69%, and
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24%, respectively). With these optimized conditions, the
reactions were carried out using different aldehydes,
amines and the results are shown in Table 1.7

In all cases, the reactions proceeded smoothly in water to
afford the desired products in moderate to good yields.
Furthermore, this new indium complex 4 showed higher
catalytic activity as compared with the reactions carried
out using 20 mol% of indium trichloride (yields are shown
in parenthesis).8 Unfortunately, we did not observe any
enantioselectivity with this chiral indium complex. An
important observation made from these experiments was
that no deamination or other side reactions commonly
associated with Mannich-type reactions were observed.
When 10 mol% of the indium complex was employed in

the reaction conditions described in entry 1 of Table 1, the
catalyst could be recycled at least five times without a sig-
nificant loss in catalytic activity (1st cycle: 69%, 2nd cycle:
69%, 3rd cycle: 60%, 4th cycle: 50%, 5th cycle: 50%).9

Thus the specificity of the reaction pathway, the high
product yields, the ease and convenience of the experi-
mental procedure, in addition to the many advantages of
using water as a solvent for the reaction, make this
methodology a very attractive synthetic route for b-ami-
nocarbonyl compounds.

In summary, we have designed and synthesized a novel
chiral indium complex and found that it is an excellent
water-tolerant Lewis acid and could efficiently catalyze
the one-pot three-component Mannich-type reactions in
water using 5 mol% catalyst loading. Although control of
chirality was not possible in these aqueous reactions, this
study provides useful information on designing new
water-tolerant chiral indium catalyst. The success of this
design will open a new area of producing chiral water-tol-
erant Lewis acid catalysts. Further studies to apply this
novel indium complex to other reactions in water as well
as designing other water-stable chiral indium complexes
are in progress.
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Scheme 2 Synthesis of indium complex 4
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Figure 2 X-ray crystal structure of indium complex 4

Table 1 Three-Component Mannich-Type Reactions Catalyzed by 
Indium Complex 4 in Watera

Entry Aldehyde (R1) Amine (R2) Silyl ether Yield (%)b

1
2
3
4
5
6
7
8
9

Ph
Ph
Ph
2-Py
2-Py
2-Py
H
H
H

Ph
4-ClC6H4

4-MeOC6H4

Ph
4-ClC6H4

4-MeOC6H4

Ph
4-ClC6H4

4-MeOC6H4

69 (54)
71 (23)
60 (30)
99 (92)
99 (90)
99c (90)
46 (30)
28 (21)
40 (35)

10
11
12
13

H
H
Ph
2-Py

Ph
4-ClC6H4

4-ClC6H4

4-MeOC6H4

99 (91)
99 (85)
71 (60)
99 (90)

a Reaction conditions: aldehyde (1.0 equiv), amine (1.2 equiv), ketene 
silyl ether (2 equiv) in H2O (5 mL) and 5% indium complex 4 stirred 
for 1 d.
b Purified yield after column chromatography and the yield in paren-
thesis refers to the same reaction carried out using 20 mol% of indium 
trichloride in water.
c Yield for the mixture with tertiary Mannich product.
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