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ABSTRACT

We report novel iridium(III)-catalyzed reactions that afford substituted indoles via the indirect functionalization of alcohols via C-3 selectiv e
alkylation of indoles with alcohols and a one-pot cascade strategy from amino- or nitro-phenyl ethyl alcohols, which incorporates oxidative
cyclization and C-3 alkylation.

The indole ring is a privileged structure found in many
structurally diverse natural products and pharmaceutical
agents,1 and new methods for indole synthesis and function-
alization continue to attract attention.2,3

Increasing demand for environmentally benign processes
has focused attention on transition metal catalyzed processes.
We have a long-standing interest in direct catalytic alkylation
with alcohols, which offers an attractive green chemistry
solution due to its high atom efficiency.4 Recent work in
this area includesR-alkylation of ketones with alcohols,5

indirect Wittig reactions with alcohols,6 and several publica-

tions utilizing [Cp*IrCl2]2 in reactions of this type,7a including
the directâ-alkylation of secondary alcohols with primary
alcohols.7b

Previously we have shown the high activity of transition
metal catalysts and in particular [Cp*IrCl2]2 in the monoalkyl-
ation of arylacetonitriles8 and barbituric acid9 with alcohols.
As part of our ongoing interest in this area, we report two
related [Cp*IrCl2]2-catalyzed cascade reactions that afford
substituted indoles.
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First we investigated the [Cp*IrCl2]2-catalyzed alkylation
of indole with alcohols under essentially solvent-free condi-
tions using a slight excess of alcohol to achieve a stirrable
mixture (Table 1). Indole was readily alkylated with aromatic,

heteroaromatic, and aliphatic alcohols to give a variety of
3-substituted indoles in moderate to high yield. To the best
of our knowledge this is the first reported hydrogen transfer
mediated alkylation of indoles with alcohols using a transition
metal catalyst.

Next we investigated the alkylation of substituted indoles
(Table 2). Introduction of electron-donating and electron-
withdrawing groups was tolerated as was substitution in the
2-position. HoweverN-methyl indole failed to undergo
alkylation (Table 2, entry 6), implicating the indole anion
in the alkylation (Scheme 1).

Scheme 1 is supported by the formation of minor bis-
indolylmethane byproducts arising from Michael addition of
indole to the intermediateA (Scheme 2).10

The use of transition metal catalysts for the oxidative
cyclization of 2-aminophenyl ethyl alcohols to give indoles

has been reported,11 and it was therefore of interest to
investigate a [Cp*IrCl2]2-catalyzed/oxidative cyclization/

alkylation cascade of 2-aminophenyl ethyl alcohol and benzyl
alcohol (Table 3).

Initial trials using 5 molar equiv of benzyl alcohol to aid
solubility gave a mixture ofN- and 3-benzyl indole due to
similar rates of intramolecular cyclization and intermolecular
N-alkylation. However at higher base concentration the
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9203. (c) Tsuji, Y.; Kotachi, S.; Huh, K.; Watanabe, Y.J. Org. Chem.1990,
55, 580. (d) Tsuji, Y.; Huh, K.; Yokoyama, Y.; Watanabe, Y.J. Chem.
Soc., Chem. Commun.1986, 1575.

Table 1. Alkylation of Indole with a Variety of Alcohols
Using [IrCp*Cl2]2 and KOHa

a Reactions were carried out in a sealed tube at 110°C for 24 h with
indole (1.0 mmol), alcohol (3.0 mmol), [Cp*IrCl2]2 (2.5 mol %), and KOH
(0.2 mmol). Bis-indolylmethane byproducts 11-20% (Scheme 2) were
observed by1H NMR. b Isolated yield.c Reaction time 48 h.d Reaction time
48 h, ratio of product : bis-indolylmethane byproduct was 3.5:1.

Table 2. Alkylation of Substituted Indoles with Benzyl
Alcohol Using [IrCp*Cl2]2 and KOHa

a Reactions were carried out in a sealed tube at 110°C for 24 h with the
indole (1.0 mmol), benzyl alcohol (3.0 mmol), [Cp*IrCl2]2 (2.5 mol %),
and KOH (0.2 mmol).b Isolated yield.c Ratio of desired:bis-indolylmethane
byproduct was 6:1.d Reaction time was 48 h.e No product was observed
after 72 h.

Scheme 1. Proposed Mechanism for the [Cp*IrCl2]2-Catalyzed
Alkylation of Indole with Alcohols
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reaction was highly selective for 3-benzylindole, which was
isolated in 78% yield (Table 3, entry 5).

The synthesis of C-3 substituted indoles from 2-amino-
phenyl ethyl alcohol and a variety of alcohols was investi-
gated using the optimized conditions (Table 4). Moderate
to high yields were achieved for aromatic, heteroaromatic,
and aliphatic alcohols. The high yielding synthesis ofN,N-
dimethyltryptamine (Table 4, entry 7) is of particular interest
as analogues of this compound form a class of commercially
important anti-migraine drugs.2a

Next we investigated the effect of substitution on the
amino alcohol (Table 5). Good yields of disubstituted indoles
were achieved with substitution tolerated on the aromatic
ring (Table 5, entries 1 and 2) and also on the ethanol side
chain to give 2-methyl-3-benzyl indole in 71% yield (Table
5, entry 3).

The overall catalytic sequence consists of two interlocking
[Cp*IrCl2]2-catalyzed cycles (Scheme 3). The first cycle is
the oxidative cyclization of the amino alcohol to generate
the indole component.11a The second is the C-3 alkylation
of the in situ formed indole as described in Scheme 1.

Fujita et al. reported the use of [Cp*IrCl2]2 in the reduction
of 2-nitrophenyl ethyl alcohol in the presence of propan-2-
ol as a sacrificial hydrogen donor to give indole.11a In order
to incorporate the reduction of the nitro group into our
chemistry, we explored the reaction of 2-nitrophenyl ethyl
alcohol and benzyl alcohol (Scheme 4).

Using 10 molar equiv of benzyl alcohol, we obtained
3-benzylindole in 49% yield. This result is significant as it

demonstrates the ability to incorporate further steps into the
already complex catalytic cascade, which is dependent on
the relative rates of the individual steps in the sequence. In
this reaction [Cp*IrCl2]2 is performing multiple oxidation
and reduction steps. In Tables 4 and 5 and Scheme 4 little,

Scheme 2. Proposed Mechanism for the Formation of Minor
Bis-indolylmethane Byproducts

Table 3. Oxidative Cyclization/Alkylation of 2-Aminophenyl
Ethyl Alcohol with Benzyl Alcohol Using [Cp*IrCl2]2 and
Varying Amounts of KOHa

entry KOH (mmol) conversionb (%) ratiob B:C

1 0.1 60 50:50
2 0.2 >95 50:50
3 0.5 >95 33:67
4 1.0 >95 13:87
5 2.0 >95 1:99 (78%)c

a Reactions were carried out in a sealed tube at 110°C for 24 h with
amino alcohol (1.0 mmol), benzyl alcohol (5.0 mmol), [Cp*IrCl2]2 (2.5
mol %), and KOH.b Estimated from1H NMR. c Isolated yield of 3-ben-
zylindole (C).

Table 5. One-Pot Synthesis of 3-Benzylindoles from Amino
Alcohols and Benzyl Alcohola

a Reaction conditions as for Table 3.b Isolated yield

Table 4. One-Pot Synthesis of Substituted Indoles from
2-Aminophenyl Ethyl Alcohol and Primary Alcoholsa

a Reactions were carried out in a sealed tube at 110°C for 24 h with
amino alcohol (1.0 mmol), alcohol (5.0 mmol), [Cp*IrCl2]2 (2.5 mol %),
and KOH (2.0 mmol).b Isolated yield.c Reaction time 48 h.
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if any, bis-indolylmethane byproducts were evident, high-
lighting indole concentration as the key factor in the
generation of these species.

In conclusion, two novel [Cp*IrCl2]2-catalyzed methods
for the synthesis of substituted indoles have been developed,

utilizing the indirect functionalization of alcohols. These
allow one-pot access to a wide range of key building blocks.
Work continues on the development and application of this
methodology.
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Scheme 3. Proposed Mechanism for the One-Pot, Tandem Oxidative Cyclization/Alkylation of 2-Aminophenyl Ethyl Alcohol and
Primary Alcohols To Afford Substituted Indoles

Scheme 4. One-Pot Synthesis of 3-Benzylindole from
2-Nitrophenyl Ethyl Alcohol and Benzyl Alcohol
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