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The reaction of cinnamyl chloride with indole in the pres-
ence of a ruthenium catalyst possessing a planar-chiral cyclopen-
tadienyl ligand resulted in the substitution at the 3-position of the
indole ring to give a branched allylation product with high regio-
and enantioselectivities. The stoichiometric reaction clearly
revealed that the catalytic reaction proceeded via a �-cinnamyl
intermediate.

Transition metal catalyzed asymmetric allylic substitution is
a powerful tool to create new C–C, C–N, and C–O bonds with
high enantioselectivity.1 Although palladium complexes pos-
sessing a variety of chiral ligands are widely used as common
catalysts, a great number of chemists are attracted to other tran-
sition-metal complexes that show efficiencies comparable to or
better than those of palladium.2 Whereas palladium catalysts
usually produce linear products in the reaction of monosubstitut-
ed allylic compounds, other transition metals, such as iridium,
molybdenum, and ruthenium, yield branched isomers as the
main product.

In the course of our studies on planar-chiral cyclopentadi-
enyl–ruthenium (Cp0Ru) complexes 1,3 we developed the first
example of Ru-catalyzed asymmetric allylic amination and
alkylation of symmetrically 1,3-disubstituted allyl carbonates.4

Recently, we found that the reaction of monosubstituted allyl
halide with phenol or alcohol produced branched allyl–aryl or
allyl–alkyl ether with high regio- and enantioselectivities.5 We
then tried to extend our catalytic system to the reaction with
indole, which acts as a nucleophile in allylic substitution under
appropriate conditions.6 The development of new synthetic path-
ways to enantiopure indole derivatives is expected to improve
access to biologically active molecules, because indole is an
important structural unit in such molecules.7 We report here
the asymmetric allylic substitution of cinnamyl chloride with
indole to give a branched product with high selectivity.8,9

As illustrated in Scheme 1, treatment of cinnamyl chloride
(2a: Y = Cl) with indole (3a: R1 = R2 = H) in the presence
of 3mol% planar-chiral Cp0Ru complex (S)-1a (R = t-Bu) led
to the selective allylation of indole at the 3-position to give
branched product 4a and linear product 5a. After an initial
screening for the appropriate reaction temperature, reaction
time, and substrate molar ratio, we further optimized the reaction
conditions, as depicted in Table 1. A reaction using Li2CO3 as a
base produced a mixture of 4a and 5a (4a/5a = 9/1) in 26%
yield, and the enantiopurity of 4a was 71% ee (Entry 1). When
the base was changed to Na2CO3, yield and regioselectivity were
remarkably increased to 93% and 4a/5a > 99/1, respectively,
whereas enantioselectivity was slightly increased (Entry 2).
The best regio- and enantioselectivities were observed in the
reaction with K2CO3, although the yield was slightly lower than
that of the reaction with Na2CO3 (Entry 3). Changing the base to

Cs2CO3 decreased both yield and regio- and enantioselectivities
(Entry 4). Poor results were obtained when tertiary amine was
used (Entries 5 and 6). The solvent effect on this reaction was
also examined. Compared to the reaction in THF, slightly low
yield or enantioselectivity was observed in the reaction using
CH2Cl2 or acetone while the regioselectivity was comparable
(Entries 7 and 8). Use of acetonitrile and DMF let to the decrease
in yield and/or selectivity (Entries 9 and 10).

We then examined the effect of the leaving group of the cin-
namyl compound and the substituent on the Cp0 ring of the ruthe-
nium catalyst. Representative results are summarized in Table 2.
Although the reaction of t-butyl cinnamyl carbonate (2b) pro-
duced 4a with high regioselectivity, the enantioselectivity was
low (Entry 2). No reaction took place when cinnamyl acetate
(2c) was used as substrate (Entry 3). Ruthenium complexes
(S)-1b and (S)-1c, which have a methyl group and a phenyl
group at the 4-position of the Cp0 ring, respectively, also cata-
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Table 1. Effect of base and solvent in the reaction of 2a with
3aa

Run Base Solvent Yield/% 4a:5ab ee/%c

1 Li2CO3 THF 26 90:10 71

2 Na2CO3 THF 93 >99:1 76

3 K2CO3 THF 79 >99:1 83

4 Cs2CO3 THF 41 94:6 70

5 Et3N THF 0 — —

6 i-Pr2EtN THF 29 97:3 78

7 K2CO3 CH2Cl2 76 >99:1 65

8 K2CO3 Acetone 50 97:3 85

9 K2CO3 MeCN 21 75:25 22

10 K2CO3 DMF 15 96:4 34

a2a (0.5mmol), 3a (1.0mmol), (S)-1a (3mol%), base (1.5mmol), sol-

vent (2mL), 30 �C, 15 h. bDetermined by GLC. cDetermined by HPLC

(Daicel Chiralcel AD-H, hexane/i-PrOH = 99/1).
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lyzed the reaction with high regioselectivity. However, the enan-
tioselectivity was much lower than that with 1a (Entries 4 and 5).

This catalytic system was applied to three indole derivatives
(Chart 1). The reaction of 1-methylindole (3b) gave correspond-
ing branched product 4b in good yield but with low enantioselec-
tivity, whereas the reaction of 2-methylindole (3c) produced 4c
in low yield but with high enantioselectivity. In both reactions,
high regioselectivity was observed.

We have already reported that �-cinnamylruthenium com-
plex (SCp;RRu;Rallyl)-6a was selectively formed in the reaction
of (S)-1a with 2a. (SCp;RRu;Rallyl)-6a exhibits metal-centered
chirality at the ruthenium center and planar chirality on the
�-cinnamyl ligand, and the control of both chiralities is very
important to achieve high regio- and enantioselectivities.5 When
the reaction of 2a with 3a was performed using (SCp;RRu;Rallyl)-
6a as catalyst, allylation products 4a and 5a were obtained
in 76% yield with regio- and enantioselectivities of 98/2 and
87% ee, respectively. The stoichiometric reaction of (SCp;RRu;
Rallyl)-6a with 3a in the presence of K2CO3 produced 4a and
5a in 43% yield with regio- and enantioselectivities of 98/2
and 87% ee, respectively (Scheme 2). These results clearly indi-
cate that the present catalytic reaction also proceeds via the �-
cinnamyl intermediate. Because we were unable to determine
the absolute configuration of 4, the details of the nucleophilic
attack of indole are still unclear.

In summary, we have developed a novel allylation reaction
of indole at the 3-position that gave high regio- and enantioselec-
tivities by using a planar-chiral Cp0Ru catalyst.10 Further studies

that focus on the scope and limitations of the present reaction as
well as its application to the efficient synthesis of biologically
active compounds are in progress.
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Table 2. Reactions of 2 with 3aa

Run Substrate Catalyst Yield/% 4a:5ab ee/%c

1 2a (Y = Cl) 1a (R = t-Bu) 79 >99:1 83

2 2b (Y = OCO2t-Bu) 1a 70 92:8 18

3 2c (Y = OAc) 1a 0 — —

4 2a 1b (R = Me) 47 94:6 2

5 2a 1c (R = Ph) 76 >99:1 25

a2 (0.5mmol), 3a (1.0mmol), (S)-1 (3mol%), K2CO3 (1.5mmol), THF

(2mL), 30 �C, 15 h. bDetermined by GLC. cDetermined by HPLC (Dai-

cel Chiralcel AD-H, hexane/iPrOH = 99/1).
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