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In the presence of 20 mol% of a chiral catalytic complex

prepared from In(OTf)3 and chiral PYBOX, allyltributylstan-

nane reacted with aldehydes to afford the corresponding

homoallylic alcohols in moderate to high enantioselectivities

(60–93% ee).

Catalytic enantioselective synthesis is a valuable method for the

preparation of optically active compounds.1 In connection, the

enantioselective allylation of carbonyl functionality to furnish

homoallylic alcohols has become one of the most useful tools in

modern organic synthesis;2 thanks to the chiral homoallylic

alcohols which are very useful intermediates enjoying a wide

application in chemical synthesis.3 Although significant results

have been obtained by using a stoichiometric amount of allylmetal

compounds bearing chiral ligands, such as allyl boranes and

boronates, allyl boradiazolidines, allyl titanates, allyl and alumi-

nium derivatives,4 there are only a few methods available for the

catalytic enantioselective allylation of aldehydes based on the use

of chiral Lewis acids as the source of stereoselectivity.5

In recent years, indium complexes have attracted great

attention among the synthetic community. This is because indium

complexes have been found to catalyze a wide variety of organic

transformations under very mild reaction conditions including

carrying out reactions in aqueous media.6 Accordingly, much

effort has been directed towards the development of an efficient

chiral indium complex for asymmetric transformations but with

little success.7 This aim continues to pose a challenge to synthetic

chemists.8

In this paper, we report the enantioselective allylation reaction

of aldehydes catalyzed by a new chiral indium(III)–PYBOX

complex, which was prepared from indium triflate and chiral

PYBOX (1).

During the process of optimizing the reaction conditions using

benzaldehyde as a starting material, we were gratified to find

that the reaction proceeded smoothly to afford the homoallylic

alcohol with the best result (87% ee, Table 1, entry 1) in

dichloromethane at 260 uC in the presence of powdered activated

4 Å molecular sieves.

The standard protocol is as follows. To an oven dried round-

bottom flask was added In(OTf)3 (0.2 equiv.) and powdered

activated 4 Å molecular sieves. The solid was azeotropically dried

with anhydrous tetrahydrofuran twice prior to the addition of

dichloromethane. Chiral PYBOX (1) (0.22 equiv.) was added and

the mixture was stirred under nitrogen at room temperature for

2 hours to afford a white suspension. A mixture of aldehyde (2)

(1 equiv.) and TMSCl (1.2 equiv.) in dichloromethane was

added to the resulting suspension and stirred for 10 minutes.

The mixture was then cooled to 260 uC followed by the addition of

allyltributylstannane (1.2 equiv.). After stirring at 260 uC for

30 hours, the homoallylic alcohol (3) was then obtained by

aqueous workup and column chromatography.

The optimized reaction conditions found for the allylation of

benzaldehyde were applied to other aldehydes. The results are

summarised in Table 1.

As shown in Table 1, in all cases, the homoallylic alcohols were

obtained in good yields and high enantioselectivities (up to 93% ee)

not only with aromatic aldehydes but also with a,b-unsaturated

and aliphatic aldehydes. In the reaction with a,b-unsaturated

aldehydes, the 1,2-addition reaction proceeded exclusively. It

should be emphasized that chiral PYBOX (1) could be recovered

easily from the reaction mixture in almost quantitative yield after

the usual workup, and could be reused in this enantioselective

allylation reaction without loss of enantioselectivity.

Meanwhile, it is noteworthy that the chiral steroidal aldehyde

(4) could be allylated to give (5) with excellent enantioselectivity

(22S : 22R 5 100 : 0) and in good yield in the presence of a catalytic

amount of the indium(III)–PYBOX (1) complex (Scheme 1).

Furthermore, the reaction was highly chemoselective, reacting only

with the aldehyde functionality. No reaction was observed with the

enone functionality in the ring labelled A.

In conclusion, the chiral indium(III)–PYBOX complex prepared

from indium triflate and C2-symmetric chiral PYBOX (1) was

found to be an effective chiral ligand for the enantioselective

allylation reaction of aldehydes with allyltributylstannane giving

high enantioselectivity. In some cases, the corresponding allylation

products were obtained in .90% ee. These results open a novel

way to design and synthesize new chiral ligands for enantioselective

reactions.9

The main features of our new reaction are as follows: (1) the

procedure is operationally simple and can furnish a wide variety of

homoallylic alcohols in good yields with high levels of enantio-

selectivities; (2) the allylation can be performed exclusively by using

commercially available chemicals; (3) the chiral ligand can be

{ Electronic supplementary information (ESI) available: spectroscopic and
analytical data for all compounds and the representative procedure. See
http://www.rsc.org/suppdata/cc/b4/b415550e/
*chmlohtp@nus.edu.sg (Teck-Peng Loh)

COMMUNICATION www.rsc.org/chemcomm | ChemComm

1010 | Chem. Commun., 2005, 1010–1012 This journal is � The Royal Society of Chemistry 2005



recovered in high yield thus making this method attractive for the

scale-up preparation of homoallylic alcohols with high enantio-

selectivities. Further work on redesigning high affinity chiral

PYBOX applicable to the allylation reaction as well as for other

organic transformations is in progress.
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Table 1 In(OTf)3–PYBOX (1) catalyzed allylation of aldehydea

Entry RCHO Yield (%)b Ee (%)c

1 65 87

2 83 90

3 72 85

4 47 93

5 96 83

6 77 60

7 62 67

8 72 63

a All reactions were carried out with aldehyde (1 equiv.), TMSCl
(1.2 equiv.) and allyltributylstannane (1.2 equiv.) using In(OTf)3

(0.2 equiv.) and PYBOX (1) (0.22 equiv.) in the presence of
activated 4 Å MS in anhydrous CH2Cl2. The reaction mixture was
kept for 30 h at 260 uC. b Isolated yield. c Ee determined by HPLC.
For further details see ESI.
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