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3-Alkylindoles were prepared in one step from indoles and ketones via a convenient reductive alkylation
procedure using triethylsilane and trichloroacetic acid. Under this particular condition, unsubstituted
indoles could be tolerated to afford good yields of 3-sec-alkylation products.
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Indole (1) and derivatives with an alkyl substituent at the 3-po-
sition are venerable pharmacophores for medicinal chemists, espe-
cially in the neuroscience arena, as exemplified by launches of a
series of molecules with 5-HT1B/1D receptor agonist activities
for the treatment of migraine.’> In support of an ongoing indole
research program, we encountered a need for an efficient way to
supply a number of 3-alkylated indole derivatives. In particular,
3-cyclopentylindole (2) was needed in kilogram quantities to fund
preclinical development needs. This led us to a survey of the liter-
ature for a direct and versatile method that would address not only
the medicinal chemistry requirement for exploring molecular
diversity, but also the downstream development need for a scal-
able synthesis.
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Traditional methods of C-3 derivatization center around direct
alkylation of unsubstituted indole (1) with electrophilic alkyl
derivatives, such as alkyl halides, under basic conditions.*” How-
ever, these methods suffer from low efficiency and lack of regiose-
lectivity (C-3 vs N-1), especially when the electrophile is sterically
hindered such as a secondary alkyl halide. The reaction scope of
condensing an indole anion with aldehyde or ketone has been
widely used to prepare 3-alkenyl-substituted indoles® (6, Fig. 1),
though reaction scope is limited to a selected group of carbonyl
compounds capable of rapidly eliminating a proton to form the
alkene under basic conditions. In the event a 3-alkylindole is

* Corresponding author. Tel.: +1 317 276 3882; fax: +1 317 276 4507.
E-mail address: Zhang@lilly.com (T. Y. Zhang).

0040-4039/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2008.08.034

3 JEtg,SiH

rR1 R

A\
N

H

R2

ey

R
8

Figure 1.

desired, an extra step of reduction has to be performed. Condensa-
tion of indole with ketone or aldehyde under acidic conditions
invariably gave rise to bisindolylmethane derivatives (7).” A recent
patent disclosure from a Wyeth group relates reductive alkylation
at the 3-position using aldehydes.® However, an N-protecting
group had to be installed. A reductive alkylation procedure using
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Et3SiH and CF3CO.H in dichloromethane at low temperatures,
developed by Steele® and Mahadevan,'® thus became attractive
to us for several reasons. First, it avoids the use of alkyl halides, a
class of compounds oftens associated with mutagenic properties,
and hence requires vigorous control in scale-up settings. Secondly,
the method appears to be reasonably efficient, affording 3-alkylin-
dole in one simple step. Indeed, the procedure worked well as
advertized, affording 3-alkylated indoles in moderate to good yield
when aldehydes were used as the alkyl donors. However, yields
were low when ketones had to be used in place of aldehydes.
The authors'! also noted that unsubstituted indole failed to afford
any identifiable products. In our hands, we were able to isolate,
after a prolonged reaction time, 3,1(N)-biscyclopentylindole (8,
R'-R? = —(CH,);-) in 38% yield from indole (1) and cyclopentanone
under the Et3SiH/CF3CO,H conditions. Nonetheless, we were
encouraged by the fact that the desired monoalkylated product
compound 2 was also isolated in 30% yield from the same reaction
mixture.

It appeared to us that the shortcomings associated with 2-
unsubstituted indoles in this reductive alkylation reaction are
likely a manifestation of increased reactivity of the product 2
toward further reaction with electrophiles. This is likely due to a
lack of steric hindrance at the 2-position and higher electron den-
sity when an alkyl group is introduced at the 3-position. One way
to address the problem is to control the reactive concentration of
the electrophiles via slow addition of the ketone to the reaction
mixture. However, doing so led to an increased amount of bis-
indolylmethane (7) formation. We reasoned that modulating the
reactivities of the oxonium (3) and the indolium (5) intermediates
might provide a solution toward selective formation of 2, which as
an unsubstituted indole is not stable under the strong acidic and
reductive conditions.” A quick screen of common acids, both Lewis
and Brensted, was conducted using the very demanding substrate,
that is, unsubstituted indole (1) and cyclopentanone, as a model
reaction (Eq. 1). Not surprisingly, stronger acids, such as CF3SOsH
and sulfuric acid, uniformly led to decomposition of the indole sub-
strate, as did strong Lewis acids such as ZnCl, and BFs. Weak acids
(PhCO,H, CH3CO,H) led to recovery of the starting materials. A bal-
ance was found with CCl3CO,H, which afforded an acceptable reac-
tion rate for the reductive alkylation, and resulted in minimal
product decomposition. However, formation of a substantial
amount of bisalkylated product (8) persisted. This problem was
successfully addressed by a controlled addition of a premixed solu-
tion of ketone or aldehyde with indole to a heated solution of
CCl3CO,H. We were also successful at replacing the chlorinated
reaction solvents (CH,Cl, or CICH,CH,Cl) with environmentally
friendlier hydrocarbons (toluene). For example, addition of cyclo-
pentanone and indole to a heated (70 °C) solution of trichloroacetic
acid and triethylsilane in toluene provided the desired 3-cyclopen-
tylindole in 65% isolated yield.!' The improved conditions show
very little formation of the biscyclopentylindole (8) or the bis-
indoylmethane (7). Triethylsilane proved to be the best hydride
donor, as bulkier silanes such as i-Pr5SiH, n-BusSiH, and Ph,SiH,
afforded very little product. Other metal hydrides such as
n-BusSnH hydride or n-BusGeH were ineffective.

A reaction scope was briefly investigated (Fig. 2).!2 Both ali-
phatic and aromatic ketones worked well, except highly hindered
substrates such as benzophenone (22%) or unstable ones like 4-tet-
rahydropyranone (46%). Substituted indoles, including 2-alkylated
substrates, also gave good yields. However, 4-bromo and 4-nitro-
indole failed to react, probably due to a combination of steric
hindrance and electron deficiency.

In summary, we were able to demonstrate that reductive alkyl-
ation of unsubstituted indoles with ketones can be achieved using
trichloroacetic acid and triethylsilane. The procedure has been
demonstrated at the kilogram scale, and proved to be robust and
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Figure 2. Reductive alkylation of indoles with ketones.

convenient. It provides a useful alternative to the existing methods
of making substituted indoles, and proved to be a preferred one for
introducing sec-alkyls into the 3-position without the need for
N-protection. Seasoned medicinal chemists would find these
compounds convenient building blocks for exploring the pharma-
cological effect of structural diversity.
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A representative procedure is as follows: A 100 mL flask was charged with
triethylsilane (3.49 g, 30 mmol), trichloroacetic acid (2.45g, 15 mmol), and
toluene (5 mL). The solution was heated to 70 °C, and a solution of indole
(1.17 g, 10 mmol) and cyclopentanone (0.924 g, 11 mmol) in toluene (5 mL)

was added dropwise. The resulting solution was heated at 70 °C for 20 min to
drive reaction to completion as judged by GC. The solution was cooled to 10 °C
and quenched with saturated aqueous sodium bicarbonate (15 mL) and methyl
tert-butyl ether (15 mL). The organic layer was separated, dried, and concen-
trated under vacuum. The crude oil was purified using the CombiFlash system
(eluting with hexanes) to give 1.20 g (64.5%) of an oil, which crystallizes upon
standing: "H NMR (300 MHz, CDCl3) 7.9 (1H, br s), 7.7 (1H, d), 7.4 (1H), 7.3 (1H,
m), 7.2 (1H, m), 7.0 (1H, s), 3.3 (1H, m), 2.2 (2H, m), 1.9 (1H, m), 1.8 (3H, m), 1.0
(1H, m), 1.6 (1H, m); HRMS theory 185.1204, found 185.1212.

12. All products were isolated and characterized using NMR, IR, and HRMS.
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