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A straightforward synthesis of indole-2-carboxylic esters was
developed through a ligand-free copper-catalysed condensation/
coupling/deformylation cascade process from 2-halo aryl alde-
hydes or ketones with ethyl isocyanoacetate. The reactions
proceeded well for most of the 2-iodo-, bromo-, and chloro-
subtrates under room temperature or mild conditions.

The indole ring systems represent one class of the most
abundant and ubiquitous heterocycles in nature.! Owing to
their structural diversity and remarkable biological functions,>
great efforts have been devoted to the development of methods
for synthesizing indoles during the last decade.” The classic
approaches include Japp—Klingemann and Fischer indole
synthesis,* reduction cyclization,” metal-catalysed hetero-
annulation® and others. Recently, copper-catalysed Ullmann-type
reactions have been extensively explored’ to assemble
indoles®'? and other nitrogen-containing heterocycles.'* For
instance, 2,3-disubstituted indoles have been efficiently syn-
thesized by using copper-catalysed coupling of 2-haloaniline
or 2-halotrifluroacetanilides with B-keto esters or amides. %>
Despite much progress achieved for the synthesis of indole
derivatives, the preparation of some specific substituted
patterns remains difficult. It is still highly desirable to develop
new methods to further improve the synthetic efficiency for the
highly diversified indoles. Indole-2-carboxylic acid derivatives
have been reported to display a wide range of biological
functions such as cPLA2 inhibition (acid 1),'* histamine H4
receptor antagonism (amide 2),'*> and HIV-1 inhibition (amide 3)
(Fig. 1).'® But straightforward methods are relatively rare for
readily and flexibly preparing indole-2-carboxylic acid
derivatives.'>*” In this paper, we describe an efficient method
for the synthesis of indole-2-carboxylic acid esters from 2-halo
aryl aldehydes or ketones catalysed condensation/coupling/
deformylation cascade process under mild conditions.

The investigation was initiated by using the reaction of
2-iodo benzenealdehyde with ethyl isocyanoacetate as a model
(Table 1). We were pleased to find that 1H-indole-2-carboxylate
ethyl ester 5 was obtained in 77% yield under the catalysis of
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Table 1 Reaction of 2-iodo- or 2-bromo benzenealdehyde with ethyl
isocyanoacetate”
@[CHECNCHQCOQE( 4»C0ppersah mcoza
Base, Solvent N
X H
4 5
Entry X Copper Salts Base Solvent  Time/h Yield (%)”
1 I — NaOH DMSO 6 n.d.*
2 I Cul NaOH DMSO 6 77
3 I CuBr NaOH DMSO 6 73
4 I CuCl NaOH DMSO 6 45
5 I CuO NaOH DMSO 6 <10°
6 I  CuSOy4 NaOH DMSO 6 <10
7 I Cul NaOH DMF 12 25
8 I Cul NaOH Toluene 12 n.d.?
9 I Cul NaOH Dioxane 12 n.d.?
10 I Cul NaOH IPrOH 12 n.d.?
11 I Cul Cs,CO; DMSO 24 81
12 I Cul K;PO, DMSO 24 31
13 I Cul K,CO; DMSO 24 45
14 Br Cul NaOH DMSO 24 60"
15 Br Cul Cs,CO; DMSO 24 66/
16 Br Cul Cs,CO; DMSO 4 70"

¢ Reaction conditions: Cu salts (0.1 mmol), base (2.0 mmol), 2-iodo-
benzene aldehyde (1.0 mmol), ethyl isocyanoacetate (1.1 mmol),
solvent (1.0 mL), N, atmosphere, room temperature. ” Isolated
yields. ¢ No copper salt was added. ¢ No desired products. ¢ 0.05 mmol
Cu0.720% Cul was added. ¢ 50 °C.

10 mol% Cul. However, only the condensated olefin was
isolated as the major byproduct and no desired product was
detected with the absence of Cul. Among several copper
sources examined, CuBr displayed a similar catalytic potency
to that of Cul. Others such as CuCl, Cu,O and CuSO,4 were
less active (entries 4-6). Further investigation revealed that
DMSO was the optimal solvent (entries 2, 7-10). Condition
screening also suggested that both NaOH and Cs,COj were
highly efficient for the coupling reaction of 2-iodo or 2-bromo
benzenealdehyde at room temperature (entries 11-15).
Although 10 mol% Cul was sufficient to promote the room-
temperature cascade process for 2-iodo aryl aldehydes or
ketones,'” 20 mol% Cul was required for the less active 2-bromo
substrates to obtain a good yield in 24 h (entries 14, 15). It is
worth mentioning that the reaction was significantly accelerated
under an elevating temperature of 50 °C (entry 16).

Under optimized conditions, the scope of the cascade
process was explored with various 2-bromo aryl aldehydes
or ketones."® In general, almost all the tested substrates
successfully yielded the corresponding products with good to
excellent yields (Table 2). Interestingly, obviously better yields
were obtained for the ketone substrates. The reaction was
well tolerated with many other functional groups such as
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Fig. 1 Structures of representatives of pharmaceutically important
indole-2-carboxylic acid derivatives.
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carboxylic ester, amide, halo, trifluromethyl group or nitro
groups efc. (Table 2, entries 4, 13, 14, 15 and 16). When
2,5-dibromobezne acetone was used as the substrate, only
5-bromo-3-methyl indole-2-carboxyliac acid ethyl ester 7n
was isolated (Table 2, entry 14). This may be due to the fact
that an intramolecular coupling was much more favoured. The
primary amine group or free hydroxyl group was detrimental
to the copper-catalysed cascade reaction, but it could be
compensated by a simple protection of the free amine or
hydroxyl groups (Table 2, entries 11 and 16). It is also
noteworthy that the corresponding products 7f and 7g, which

Table 2 Reactions of 2-bromo aryl aldehydes or ketones with ethyl
isocyanoacetate”

Ry
o Cul/Cs,CO, A
1 2 3 ]
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“ Reaction conditions: Cul (0.1 mmol), Cs,CO3 (2.0 mmol), aryl
bromides (1.0 mmol), ethyl isocyanoacetate (1.1 mmol), DMSO
(1.0 mL), N, atmosphere, 50 °C, 4 h. * Isolated yields. ¢ Trace product
for the substrate with free hydroxyl on the aryl ring. ¢ Performed at
room temperature. ¢ Similar result was available at room temperature.

contained heteroatoms were successfully produced when
2-bromo heteroaryl aldehydes or ketones were applied
(Table 2, entries 6, 7).

Although ligand-free conditions have recently been
explored in copper-catalysed cascade reactions to construct
quinazolinones,'** benzimidazoles'”” and benzothiazoles,?
there are only a few successful examples for the use of aryl
chlorides as substrates.” We further investigated the potential
reactivity of 2-chloro aryl aldehydes or ketones with ethyl
isocyanoacetate. As shown in Table 3, only a trace amount of
indole-2-carboxylic acid ester was detected when o-chlorobenzene
aldehyde 8a reacted with ethyl isocyanoacetate at room
temperature or 50 °C under the optimized combinations.
However, a 20% isolated yield was obtained when the
temperature was elevated to 80 °C (Table 3, entry 1).
Poly-substituted aldehyde 8b also gave a similar result

Table 3 Reaction of 2-chloro aryl aldehydes and ketones with ethyl
isocyanoacetate”

R
2 R,
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Ry + CNCH,CO,Et ~ Ry CO,Et
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¢ Reaction conditions: Cul (0.2 mmol), Cs,CO; (2.0 mmol), aryl

chlorides (1.0 mmol), ethyl isocyanoacetate (1.1 mmol), DMSO
(1 mL), N, 80 °C. ? Isolated yields. ¢ Trace product at R.T. or 50 °C.
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(Table 3, entry 2). Similar to that of 2-iodo or 2-bromo
substrates, the ketones gave much better results (Table 3,
entries 3-11). For example, 45% of ethyl 3-methyl-1H-
indole-2-carboxylate (7h) was obtained when 1-(2-chlorophenyl)-
ethanone (8c) was used as the substrate. The unusual
thienopyrrole carboxyliac acid esters (9h and 7g) were also
successfully synthesized by using 1-(2-chlorothiophen-3-yl)
ketones as the substrates (Table 3, entries 10 and 11). Of note,
thienopyrroles have been used as templates for the discovery
of selective human histamine H4 antagonists or other bio-
active molecules,?' which required several separated steps to
construct the core structure.>!

In summary, an efficient ligand-free copper-catalysed
condensation/coupling/deformylation cascade process of
2-halo aryl aldehydes or ketones with ethyl isocyanoacetates
was described. The reactions performed well at room
temperature or 50 °C for iodo- and bromo-substituted substrates.
Chloride substituted substrates also successfully yielded the
desired indole-2-carboxylic acid esters with acceptable yields
when the temperature was elevated to 80 °C. Furthermore, the
reaction displayed excellent functional group compatibility
and high chemical selectivity in the presence of a broad range
of functional groups. Our report provides a highly straight-
forward method for the preparation of indole-2-carboxylic
acid esters under mild reaction conditions.
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