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Abstract—The Knoevenagel condensation of arylacetonitriles with ethyl 4,6-dichloro-3-formyl-1H-indole-2-carboxylate (2),
followed by hydrolysis, provides a convenient entry into a series of analogs of MDL 105,519, 1, a selective glycine site
N-methyl-D-aspartate (NMDA) receptor antagonist. Surprisingly, the hydrolysis of the indole arylpropenenitriles terminates at the
formation of the corresponding carboxamide and does not proceed further to the desired dicarboxylic acid. However, when the
aryl substituent is pyridine, hydrolysis proceeds via an azepinoindole unique to this series, which upon further hydrolysis converts
smoothly to the desired dicarboxylic acid analog. © 2001 Elsevier Science Ltd. All rights reserved.

Development of a selective glycine-site NMDA antago-
nist could offer a novel mechanism of neuroprotection
and cell death prevention, precluding the effects of
stroke and head trauma.1 MDL 105,519, (E)-3-(2-car-
boxy-2 -phenyl -vinyl) -4,6 -dichloro-1H - indole -2 -car-
boxylic acid (1), was identified as a potent glycine
antagonist that has affinity for the glycine-site of the
NMDA receptor (IC50 versus [3H]glycine of 24 nM)
and brain penetration (demonstrated by anticonvulsant
activity; ED50 versus audiogenic seizures of 11 mg/kg
i.p. and 29 mg/kg i.v. versus maximal electroshock in
the rat).2 In order to optimize in vivo potency, duration
of action, and binding affinity, a series of aryl indole

amide carboxylic acids and dicarboxylic acid analogs of
1 (Scheme 1) was synthesized using the Knoevenagel
reaction.

Under classical Knoevenagel condensation conditions,3

arylacetic esters react with aldehydes and ketones in the
presence of a catalytic amount of base to afford aryl-
propenoic esters. When indole aldehyde 24 was reacted
with arylacetic esters under these conditions, none of
the desired condensation product was observed, possi-
bly due to the conjugation effect of the indole nitrogen
resulting in decreased electrophilicity of the aldehyde
carbonyl. Upon further investigation it was discovered

Scheme 1. (a) Arylacetonitrile, cat. piperidine, EtOH, D. (b) H2SO4/HOAc, D. (c) LiOH, THF/H2O. (d) 6N NaOH, THF, D.
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Scheme 2. (a) Pyridylacetonitrile, cat. piperidine, EtOH, D. (b) H2SO4/HOAc, D. (c) LiOH, THF/H2O. (d) 6N NaOH, THF, D.

that the reaction of arylacetonitriles with indole alde-
hyde 2 afforded the corresponding arylpropenenitriles
(Scheme 1). In a typical experiment, indole aldehyde 2
(1.43 g, 5.0 mmol), the arylacetonitrile (1.0 equiv., 5.0
mmol) and piperidine (four drops) were refluxed for 16
h in EtOH (95%, 30 mL). After cooling to rt, the
reaction was diluted with Et2O and the resulting solid
was filtered, washed with Et2O, and dried under vac-
uum. Chromatography afforded ethyl 4,6-dichloro-3-(2-
cyano-2-aryl-vinyl)-1H-indole-2-carboxylates (3a–c) in
moderate yield, as E/Z mixtures (Scheme 1).5 Acid
hydrolysis of propenenitrile esters 3a–c under the indi-
cated conditions afforded propenamide esters 4a–c,
which upon subsequent alkaline hydrolysis gave the
propenamide acids 5a–c (Scheme 1). The propenamide
acids 5a–c are very stable, and attempts to further
hydrolyze them to the desired dicarboxylic acid analogs
6a–c were either unsuccessful or required harsh condi-
tions.6 Under analogous conditions, a different course
of events was observed in the case of the pyridyl
analogs 7a–c, which are obtained exclusively as Z iso-
mers from the Knoevenagel reaction (Scheme 2).7

Unique to the pyridyl series is the formation of
azepinoindole8 intermediates 8a–c. As a representative
example, azepinoindole 8a is characterized by two
sharp singlets at d 13.43 (indole NH) and d 12.10
(azepinedione NH) in the 1H NMR spectrum (400
MHz, DMSO-d6), and two carbonyl resonances at d
163.5 and d 157.8 (proximal to indole) in the 13C NMR
spectrum.9 Treatment of azepinoindoles 8a–c with 6N
NaOH and heating for 16 h provided the desired
E-pyridyl indole dicarboxylic acids, 9a–c, in good to
moderate yields.

It appears that formation of an azepinoindole interme-
diate is a prerequisite for successful hydrolysis to the
desired indole dicarboxylic acids under reasonably mild
conditions. While indole propenenitriles 3a–c contain a
proportion of the Z isomer required for cyclization to
the corresponding azepinoindole intermediate,8 and
while E/Z equilibration of 3a–c under the hydrolysis
conditions appears conceivable, azepinoindole forma-
tion from 3a–c was not observed under similar reaction
conditions. Attempts were made to increase the propor-
tion of the Z isomer of 3a–c, based on the observation
that the E/Z distribution is dependent on the number
of equivalents of base used and the reaction tempera-
ture.10 Unfortunately, increased temperature and addi-
tion of pyridine to the reaction mixture failed to result

in exclusive formation of the Z isomer of propeneni-
triles 3a–c, and subsequent formation of the respective
azepinoindole intermediate necessary for complete con-
version to the desired dicarboxylic acids 6a–c. It is
envisaged that the intramolecular presence of a pyridine
ring facilitates not only the exclusive formation of the Z
indole propenenitrile intermediates 7a–c, but also their
subsequent cyclization to provide the azepinoindole
intermediates 8a–c observed in only the pyridyl series.

In conclusion, the one-step preparation of arylprope-
nenitriles 3a–c and 7a–c provided a convenient entry
into a class of compounds related to MDL 105,519, 1.
Conditions were developed for the synthesis of the
propenamide carboxylic acids 5a–c via this route, in
three short steps (Scheme 1). In addition, the 2-, 3- and
4-substituted pyridine analogs of MDL 105,519, 9a–c,
were synthesized in three steps in good to moderate
yields (Scheme 2). Analog 9b was found to have an
affinity for the glycine-site of the NMDA receptor of
126 nM (IC50 versus [3H]glycine).
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