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ABSTRACT

Indoles are selectively acylated at the 3-position in high yields on treatment with a wide variety of acyl chlorides in CH2Cl2 in the presence
of diethylaluminum chloride or dimethylaluminum chloride. The reaction proceeds under mild conditions and is applicable to indoles bearing
various functional groups without NH protection.

The synthesis and reaction of indoles has been a topic of
research interests for over a century because a number of
their derivatives occur in nature and possess a variety of
important biological activities. Since the 3-position of indole
is the preferred site for electrophilic substitution and
3-acylindoles are versatile starting materials for the synthesis
of a wide range of indole derivatives,1 there are numerous
methods for direct 3-acylation.2 For the acylation of indoles,
the reactions of indole salts with acyl chlorides,3,4 Vilsmeier-
Haack acylations,5 and Friedel-Crafts acylations6 are most
widely used. The acylation of indole salts gives 3-acylindoles

in good yield especially when zinc is used as a counter-
cation.4 However, it is not applicable to indoles containing
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functional groups labile under basic or nucleophilic condi-
tions, because Grignard reagent or alkylzinc is used for
preparation of the indole salts. The Vilsmeier-Haack acyl-

ations also give good yield, but the usable amides are limited
(e.g., formamide, alkylcarboxamide). The Friedel-Crafts
acylations are convenient for indoles with an electron-
withdrawing group, but it is indirect for other indoles since
this method involves N-protection, acylation, and N-depro-
tection processes. We have to choose an efficient method
depending of the property of the starting indole. Conse-
quently, the need for a simple and general method for
3-acylation of both acid-sensitive and base-sensitive indoles
is manifest. In our continuing investigation on synthetic
antitumor agents,7 we needed to prepare various 3-acylindole
derivatives. Herein we describe a general method for
acylation of indole at the 3-position using acyl chloride and
alkylaluminum chloride without NH protection.

When acyl chlorides are used for the acylation of indoles,
liberation of HCl is unavoidable. Since indole (1) is very
reactive to protic acid, relatively neutral conditions are
required to obtain 3-acylindole in good yield. To scavenge
the acid, the acylation of1 with acetyl chloride (2a) was
carried out in the presence of alkylaluminum. As shown in
Table 1, the acylation proceeded cleanly to give 3-acylindole

Table 1. Acetylation of1 in the Presence of an
Aluminum-Based Lewis Acid

run Lewis acida 3a, yield/%b

1 Me3Al 59
2 Et3Al 43
3 Me2AlCl 75
4 Et2AlCl 86
5 EtAlCl2 79
6 AlCl3 -c

7 -d -e

a 1.5 equiv of Lewis acid was used.b Isolated yield based on1. c 27%
of 1 was recovered.d The reaction was carried out in the absence of Lewis
acid. e 52% of 1 was recovered.

Table 2. Acylation of 1 with Several Acyl Chlorides2

a 2 equiv of acyl chloride was used.b Isolated yield based on1.

Table 3. Acylation of Substituted Indoles4-9 with 2a and2e

a 1.5 equiv of acyl chloride was used.b 1.5 equiv of Lewis acid was
used unless otherwise indicated.c Isolated yield.d Complex mixture.e 2.5
equiv of Me2AlCl was used.
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3a without any byproducts resulting from acid-catalyzed
decomposition of1 (runs 1-5). Note that the acylation at
the 3-position proceeded regioselectively without NH protec-
tion. The highest yield was obtained when Et2AlCl was used
(run 4). The reactions using Et3Al and Me3Al (runs 1, 2)
led to lower yields, probably because a nucleophilic attack
of the alkyl group on aluminum to acetyl chloride occurred
competitively. As expected, the use of AlCl3 resulted in
decomposition and undesirable oligomerization of indole due
to strong Lewis acidity of AlCl3 and liberated HCl (run 6).

Next, we examined the reaction of several acyl chloride
2b-i with indole (1) in the presence of Et2AlCl. As
summarized in Table 2, linear or branched aliphatic acyl
chlorides,2b-d, R,â-unsaturated acyl chlorides,2e,f, an
aromatic acyl chlorides,2g,h, and ethyl chlorooxoacetate (2i)
smoothly reacted with1 in the presence of Et2AlCl to afford
the expected 3-acylindoles3b-i in high yields. Instead of

acid chlorides, acid anhydrides gave3 in poor yields, along
with several byproducts.

Having developed a convenient method for 3-acylation of
indole,8 we became interested in exploring the reactions of
acyl chlorides2a,ewith indoles other than1 to see if the
acylation could proceed in the same fashion. As shown in
Table 3,N-alkylated indole4 and indoles with an electron-
donating group or an electron-withdrawing group5-9
reacted with2a,eproducing substituted 3-acylindoles11 in
high yields, while 7-nitroindole (9) gave a complex mixture
in the presence of Et2AlCl. Interestingly, the use of Me2-
AlCl instead of Et2AlCl in this reaction afforded desired
3-acylindoles in quantitative yields. Both acid-sensitive,4-7,
and base-sensitive,8 and 9, indoles were tolerated under
these acylation conditions.

In conclusion, we have developed a general method for
acylation of indoles at the 3-position with a wide variety of
acyl chlorides in the presence of Et2AlCl or Me2AlCl. This
3-acylation proceeds under mild conditions and is applicable
to indoles bearing various functional groups without NH
protection. The simple procedure, mild reaction conditions,
and generality render this method a valuable addition to
indole chemistry.
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