
3-Arylimino-2-indolones Are Potent and Selective
Galanin GAL 3 Receptor Antagonists

Michael J. Konkel,*,‡ Bharat Lagu,‡,§ Lakmal W. Boteju,‡,#

Hermogenes Jimenez,‡ Stewart Noble,‡,| Mary W. Walker,‡

Gamini Chandrasena,‡ Thomas P. Blackburn,‡,†

Sham S. Nikam,⊥ Jon L. Wright,⊥,∞ Brian E. Kornberg,⊥

Tracy Gregory,⊥ Thomas A. Pugsley,⊥ Hyacinth Akunne,⊥

Kim Zoski,⊥ and Lawrence D. Wise⊥

Lundbeck Research USA, Inc., 215 College Road,
Paramus, New Jersey 07652, and Pfizer Global Research and

DeVelopment, 2800 Plymouth Road, Ann Arbor, Michigan 48105

ReceiVed January 1, 2006

Abstract: A series of 3-imino-2-indolones are the first published, high-
affinity antagonists of the galanin GAL3 receptor. One example, 1,3-
dihydro-1-phenyl-3-[[3-(trifluoromethyl)phenyl]imino]-2H-indol-2-
one (9), was shown to have high affinity for the human GAL3 receptor
(Ki ) 17 nM) and to be highly selective for GAL3 over a broad panel
of targets, including GAL1 and GAL2. Compound9 was also shown to
be an antagonist in a human GAL3 receptor functional assay (Kb ) 29
nM).

Galanin is a 30 amino acid residue neuropeptide in human,
but it is a 29 amino acid residue neuropeptide in at least 13
other species.1 In the rat, galanin is present in the spinal cord,
in specific neuronal systems in the brain, and in neuroendocrine
cells of a variety of peripheral tissues.2 Galanin activates
G-protein-coupled receptors (GPCRs) to regulate a variety of
functions. In the rat, galanin has been shown to have physi-
ological effects in feeding, insulin release, lactation, gut
contractility, and growth and has effects on central functions
such as spinal reflex, learning, and memory and in rodent models
of depression.3 Three cloned galanin GPCRs have been identi-
fied and are designated as GAL1, GAL2, and GAL3.4 In rat,
mRNA encoding GAL3 has been localized in the hypothalamus,
pituitary, spinal cord, pancreas, liver, kidney, stomach, and
adrenal gland, suggesting possible roles in feeding, digestion,
pituitary hormone release, nociception, insulin homeostasis, and
glucose homeostasis.5

To further the understanding of the pharmacological roles
that galanin receptors play in disease states, we set out to find
ligands that are specific for the GAL3 receptor. Weak to
moderate affinity nonpeptidic antagonists have been reported
for the GAL1 receptor.6 However, to date there are no published
papers describing nonpeptidic antagonists for GAL2 or GAL3

receptors.7 Indeed, as has been recently pointed out at the third
international symposium on galanin,8 there are no reported
effective small-molecule galanin receptor antagonists that can
cross the blood-brain barrier. Herein, we give a preliminary

report describing 3-arylimino-2-indolones as antagonists for the
GAL3 receptor.

The 3-arylimino-2-indolones were synthesized as outlined in
Scheme 1. Isatin (1), 1-phenylisatin (10), 3, 4, and 6 were
purchased from commercial sources. Isatin was allowed to react
neat with 3-trifluoromethylaniline at 140°C, giving 5 in 95%
yield. Similarly, 1-phenylisatin was allowed to react neat with
3-trifluoromethylaniline at 90°C, giving 9 in 78% yield. The
3-arylimino-2-indolones exist asE- andZ-isomers that can be
seen by1H NMR but interconvert rapidly in solution at room
temperature and cannot be separated by thin-layer chromatog-
raphy or HPLC. The ratio of the isomers is solvent-dependent.
At room temperature,9 exists as a 4:1 ratio of isomers in CDCl3

but as a 1.9:1 ratio in DMSO-d6. Variable-temperature19F NMR
of 9 in DMSO-d6 shows that the signals for theE- andZ-isomers
coalesce at 90°C and then separate again upon cooling. It is
unknown whether theE or theZ isomer is the major isomer.
Although the isomers are not separable, we are not aware of
any limitation of the utility of this series due to the mixtures.

Affinity of the disclosed compounds for human GAL3 was
determined using a previously described125I-galanin displace-
ment assay.9 The 1-unsubstituted indolone2 (Table 1), initially
identified from a high-throughput screen using a modification
of this assay,10 has modest binding affinity for the human GAL3

receptor (Ki ) 437 nM). Preliminary SAR analysis of 1-un-
substituted indolones shows that 4-chloro or 3-trifluoromethyl
substitution on the phenyl ring (3 and5) gives affinity (Ki )
850 and 596 nM, respectively) comparable to that of2 while
4-methoxy substitution (4) gives much weaker affinity.

Preliminary investigations into the effects of substitution on
the indole nitrogen atom indicate that substitution increases
binding affinity. For instance, the allyl substituted6 hasKi )
150 nM and 1-ethylpropyl substituted7 and the propynyl
substituted8 haveKi < 100 nM. Substitution on the indole
nitrogen atom with a phenyl group (9) results in an even more
substantial increase in binding affinity (Ki ) 17 nM).

Compound9 was further characterized. In a functional assay
it was found to be an antagonist with potency (Kb ) 29 nM)
that compares well with the human GAL3 binding affinity (Ki

) 17 nM).11 Compound9, as well as other 3-imino-2-indolones,
was tested against human GAL1 and GAL2 and was not found
to have affinity for these receptors (Ki > 10 µM). Compound
9 did not show activity in a broad panel of enzyme, channel,
and receptor assays.12 Compound9 was also tested for exposure
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Scheme 1.Synthesis of 3-Arylimino-2-indolonesa

a Reagents and conditions: (a) 3-(trifluoromethyl)aniline (5 equiv), 140
°C, 6 h; (b) K2CO3 (1.5 equiv), R2Cl or R2Br (1.5 equiv), DMF, 16 h; (c)
3-(trifluoromethyl)aniline (1.0 equiv), 90°C, 3 h.
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levels in rat by ip, sc, and po administration. The results of
these experiments are shown in Table 2.

In conclusion, 3-imino-2-indolones bind to the GAL3 receptor.
N-Aryl substitution is critical for obtaining high affinity.
Compound9 is a high-affinity ligand for the GAL3 receptor
(Ki ) 17 nM), and it was demonstrated to be an antagonist in
an in vitro functional assay. It was further characterized and
shown to be highly selective for the GAL3 receptor against a
panel of 75 cross-reactivity targets. It was also shown to give
exposure levels to rat in plasma and brain above itsKi. These
properties make it a good tool to further characterize the
pharmacology of galanin receptors. The use of this tool for
elucidating some pharmacological effects of GAL3 receptor
antagonism will be reported shortly.
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Table 1. Binding Affinity of 3-Imino-2-indolones for Human GAL3a

compd R1 R2 GAL3 Ki, nM

2 2,3-di-Cl H 437
3 4-Cl H 850
4 4-OMe H >10000
5 3-CF3 H 596
6 3,4-di-Cl allyl 150
7 3-CF3 1-ethylpropyl 52
8 3-CF3 2-propynyl 89
9 3-CF3 Ph 17

a Binding affinity was determined using a previously described125I-
galanin displacement assay.8 Ki values are the averages from two or more
individual determinations: forN ) 2, the mean values are within 3-fold of
their individual determinations; forN > 2, the values for the standard error
of the mean are less than 60% of their mean values.

Table 2. Rat Exposure Levels with Compound9a

route
(dose, mg/kg)

time,
h

plasma level,a

µg/mL
brain level,

µg/g

pp (10) 2 0.09 NTb

sc (10) 2 0.99 0.35
ip (30) 2 0.78 1.06
ip (30) 4 1.68 1.21

a Values determined from an average of two animals with variability of
<25% around the average value.b Not tested.

3758 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 13 Letters


