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An efficient, one-pot Friedel–Crafts acylation/hydrolysis reaction promoted by the acidic ionic liquid
1-ethyl-3-methylimidazolium chloroaluminate (generated from 1-ethyl-3-methylimidazolium chloride
(EmimCl) and aluminum chloride (X(AlCl3), mole fraction X = 0.75) for the formation of 3-glyoxylic acid
derivatives of electron-deficient, substituted 4- and 6-azaindoles is described.

� 2008 Elsevier Ltd. All rights reserved.
An early step in the entry of HIV into host cells is the attach-
ment of the viral envelope glycoprotein gp120 to the host cell
receptor CD4. During the course of a drug discovery program to
identify new anti-HIV agents, it was discovered that this step can
be inhibited by a class of indole- or azaindole-oxoacetic piperazinyl
benzamides that appear to act by stabilizing a conformation of vir-
al gp120 that is not recognized by the host cell receptor CD4.1 Aza-
indole inhibitors BMS-378806 and BMS-488043 (Fig. 1) progressed
into clinical studies with the latter compound providing proof-of-
concept for this inhibitory mechanism in HIV-infected patients.1
ll rights reserved.

: +1 203 677 7702.
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Figure
Further drug discovery efforts in this area required the synthesis
of azaindole-3-glyoxylates, the core structural element found in
BMS-378806 and BMS-488043. Methodology that would allow
the direct Friedel–Crafts acylation of azaindoles (e.g., substituted
4- and 6-azaindoles 1–5 as shown in Fig. 2) with methyl or ethyl
chlorooxoacetate was considered to be the most efficient approach.

However, acylation of 1–5 with methyl or ethyl chlorooxoace-
tate under established protocols suitable for unsubstituted azain-
doles2 were unsatisfactory, providing poor yields of products. For
example, the use of a substantial excess of AlCl3 (20 equiv) in
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CH2Cl2 at room temperature was necessary for the acylation reac-
tion of 6-azaindoles 1 and 2 to proceed. A total of 40 equiv of AlCl3

and 40 equiv of methyl chlorooxoacetate were ultimately required
for the completion of this reaction, but still provided only poor
yields of the products. The use of these conditions also exacerbated
the practical difficulties of isolating the product from the reaction
mixture. Major decomposition occurred when 7-cyano-4-meth-
oxy-6-azaindole (3) was used in these conditions. Although a max-
imum of 15% yield was obtained when nitromethane was used as a
co-solvent (10% in CH2Cl2), a minimum of 10 equiv of AlCl3 were
still required to acylate azaindole 3. For the acylation of 4 and 5 un-
der similar conditions, the yield of products was capricious in nat-
ure and difficult to reproduce. The excessive amounts of AlCl3

required for these procedures and the irregularities of reaction re-
sults were undesirable, hampering the preparation of sufficient
quantities of material for analog studies. Thus, improved condi-
tions were required.

Intuitively, the apparent lack of reactivity of, for example 4, un-
der these conditions may be due to the reduced nucleophilicity at
C3 as a result of the halogen substitutions on the azaindole ring.
Results of AM1 optimization calculations showed that both the
delocalization of negative electrostatic potential and the HOMO
orbital distribution were substantially decreased in 4 when com-
pared to the parent azaindole 6 (Fig. 3).3,4 In studies of Friedel–
Crafts acylation of indoles using the strongly acidic ionic liquid
1-ethyl-3-methylimidazolium chloroaluminate (generated from
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Figure 3. Center column: negative electrostatic potential; right column: HOMO
orbital.3
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a The reaction mixture was quenched after 3 h to minimize 4-demethylation.
b 3–4 equiv of methyl chlorooxoacetate was used for these two examples.
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a % Purities were determined by reverse phase HPLC.11

b 3 equiv of methyl chlorooxoacetate and 4 equiv of AlCl3 (X = 0.67) were used.
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1-ethyl-3-methylimidazolium chloride (EmimCl) and aluminum
chloride (X(AlCl3), mole fraction X = 0.67–0.75), it was observed
that these conditions appeared to be more generally applicable
for less electron rich indole ring systems.5 Thus, it was consid-
ered that the imidazolium ionic liquid might activate electron-
deficient substituted azaindoles, possibly by influencing electron
distribution.6

When these conditions (2 equiv of 1-ethyl-3-methylimidazo-
lium chloride (EmimCl), 4 equiv of AlCl3 (X = 0.67); 2 equiv of ethyl
chlorooxoacetate; rt) were applied to the 6-azaindole 1, no reac-
tion was observed. However, when the amount of AlCl3 was
increased to 6 equiv (X = 0.75), a rapid acylation reaction occurred
within a few hours. The formation of the ester was observed by
LC/MS but this was hydrolyzed to the acid under the extended
reaction time (Scheme 1). This gave the 3-glyoxylic acid 7 (Table
1) in high yield after 18 h at ambient temperature. For subsequent
amide formation, it was thus convenient to obtain the acid directly
in one pot. These conditions7 were used for the acylation of a series
of 4- and 6-azaindoles, including 4 and 5, to obtain the correspond-
ing 3-glyoxylic acids in useful yields, as summarized in Table 1.8

For the acylation of 7-cyano-4-methoxy-6-azaindole (3), 4-demeth-
ylation was observed under these conditions. However, this side
reaction could be minimized by quenching the reaction after 3 h
to obtain the ethyl ester 10 in 63% yield.9 A number of analogs of
6-azaindole 4 incorporating heterocycles at C7, including oxazole,
imidazole, triazole, and oxadiazole,10 also underwent efficient
reaction under the strongly acidic EmimCl–AlCl3 acylation condi-
tions (Table 2). The products obtained were of sufficient purity that
they could be used directly in the subsequent amide bond forming
reaction.

In summary, this work has demonstrated that electron-defi-
cient, substituted azaindoles that are recalcitrant to standard acyl-
ation conditions could be efficiently acylated by using a modified
imidazolium chloroaluminate ionic liquid-promoted Friedel–Crafts
acylation. Various heterocycles were well tolerated under the
strongly acidic conditions. This one-pot acylation/hydrolysis reac-
tion procedure provides a convenient way to obtain substituted
azaindole-3-glyoxylic acids suitable for the rapid generation of
analogs for the development of SAR associated with HIV attach-
ment inhibitors.
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