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AbstractÐ[3a,4,5,9b-Tetrahydro-1H-benzo[e]indol-2-yl]amines were prepared via reductive amination and concomitant cyclization
of a-cyanomethyl-b-aminotetralins. N-acylation with 
-sulfonamido-carboxylic acids and subsequent reduction a�orded a series of
N-(sulfonamido)alkyl[tetrahydro-1H-benzo[e]indol-2-yl]amines, which bound to the human neuropeptide Y Y5 receptor with
nanomolar a�nity. # 2000 Elsevier Science Ltd. All rights reserved.

Neuropeptide Y (NPY), a 36 amino acid protein found
abundantly in the central and peripheral nervous sys-
tems, is a powerful stimulant of feeding.1±4 Five di�er-
ent NPY receptor subtypes (Y1, Y2, Y4(PP), Y5, and
Y6) that bind NPY and related peptides (peptide YY
(PPY), pancreatic polypeptide (PP) and truncated NPY
analogues)5±14 are recognized today as members of the
superfamily of G-protein coupled receptors. Activation
of the Y1 and Y5 receptor subtypes appears to be
responsible for centrally-mediated NPY-induced feeding
responses.13,15±17 Compounds that antagonize the Y5
receptor can be e�ective in reducing food intake in ani-
mal models of feeding.18 Consequently, a host of small
molecule Y5 antagonists have been developed in
attempts to provide a novel therapy for the treatment of
obesity and other human eating disorders.19 We wish to
report here that tetrahydro-1H-benzo[e]indol-2-yl-
amines, when substituted with appropriate (sulfonami-
do)alkyl groups, a�ord compounds that bind with
nanomolar a�nity to the human Y5 receptor. To our
knowledge, the 3a,4,5,9b-tetrahydro-1H-benzo[e]indol-
2-ylamine tricycle is a novel ring system whose structure
we con®rm via X-ray crystallographic analysis.

Screening of our in-house chemical library identi®ed a
novel N-phenethyl-a-benzyl-b-aminotetralin 1 (Fig. 1)
as having low micromolar binding a�nity for the human

Y5 receptor. Unfortunately, N-aralkylated a-benzyl-b-
aminotetralins homologues were, in general, similarly
hampered by poor aqueous solubility, high lipophilicity
and modest binding a�nity. We therefore decided to
introduce functional groups into the tetralin ring sub-
stituent in an attempt to improve the physical charac-
teristics of the series and to provide a synthetic handle
upon which other structural modi®cations would be
accessible.

b-Tetralones were obtained from phenylacetic acids via
cyclization upon reaction with ethylene gas and alumi-
num trichloride using the method of Sims.20 Treatment
of b-tetralone 2 with pyrrolidine a�orded the corre-
sponding enamine 3 which smoothly underwent alkyla-
tion with bromoacetonitrile. The resultant iminium salt
4 was subjected to acid hydrolysis to provide a-cyano-
methyl-b-tetralone 5. Reductive amination (ammonium
acetate, sodium cyanoborohydride in methanol with
heating) induced cyclization to the tricycle and sub-
sequent treatment with acid allowed for isolation of
cis-3a,4,5,9b-tetrahydro-1H-benzo[e]indol-2-ylamines 6
as stable hydrochloride salts (Scheme 1). Interestingly,
a-cyanomethyl-b-aminotetralin, a putative intermediate
from reductive amination, could not be isolated from
the reaction mixture.

With the tetrahydro-1H-benzo[e]indol-2-ylamine tri-
cycle in-hand, we chose to carry out N-acylations and
alkylations in an attempt to enhance Y5 receptor binding

0960-894X/00/$ - see front matter # 2000 Elsevier Science Ltd. All rights reserved.

PI I : S0960-894X(99 )00676-9

Bioorganic & Medicinal Chemistry Letters 10 (2000) 213±216

*Corresponding author. Tel.: +1-215-628-5211; fax: +1-215-628-
4985; e-mail: sdax@prius.jnj.com



a�nity. Thus cyclic amidines 6 were condensed with a
series of 
-sulfonamido-carboxylic acids derived from
tranexamic acid and lysine. Standard peptide coupling
protocols (HBTU/DMF) cleanly a�orded the desired
amide adducts 7 in high yield.21 Subsequent reduction
(lithium aluminum hydride), followed by treatment with
acid provided the corresponding amines 8 as acid addi-
tion salts22 (Scheme 2).

The structures of the ®nal products were con®rmed by
spectroscopic data and X-ray di�raction analysis of a
crystalline congener (8c).23 The crystal structure (Fig. 2)
reveals the cis-junction of the amidine ring, alkylation
of the exocyclic nitrogen atom and that the endocyclic
C±N bond is shorter (1.25 AÊ ) than the exocyclic C±N
bond (1.34 AÊ ). This ring system, the [3a,4,5,9b-tetra-
hydro-1H-benzo[e]indol-2-yl]amine tricycle, is novel, as
are the N-alkylated and acylated derivatives we disclose
here.

The N-(sulfonamido)alkyl-[3a,4,5,9b-tetrahydro-1H-ben-
zo[e]indol-2-yl]amines 8 and the corresponding amide

precursors 7 were evaluated for binding a�nity to the
human neuropeptide Y Y5 receptor using a stably-
transfected HEK293 cell line and measuring competitive
inhibition of binding of 125I-PYY (Table 1). In general,
the arylsulfonamido group was needed for measurable
binding a�nity; amine precursors 6 were inactive and
simple N-acetylation (7a) failed to signi®cantly enhance
binding. As with other sulfonamide-derived Y5 antago-
nists,18,19 the trans-cyclohexylmethyl sca�old (L group)
gives an optimum spacing between the sulfonamido
group and the basic amine site, as evident by potent
binding a�nity (7b±7f and 8b±8f). However, the
aminopentyl sca�old, derived from lysine, a�ords
water-soluble compounds with only slightly diminished
a�nity (7g). A cursory examination of substituents on
the tetrahydro-benzo[e]indol-2-ylamine tricycle and the
benzenesulfonamide terminus indicated that aryl sub-
stituents at these sites have little impact on binding
a�nity, although the C-7 hydroxy substituent on
the tetrahydro-benzo[e]indole does enhance activity
considerably. A combination of these preferred struc-
tural features gave 8d, which is among the most potent

Figure 1.

Scheme 1. Reagents: (a) pyrrolidine (1.3 equiv)/PhH re¯ux (-H2O); (b) NCCH2Br (1.3 equiv)/CH3CN; (c) HOAc, H2O, CH2Cl2/MeOH;
(d) Na(BH3)CN (5 equiv), NH4Oac (15 equiv)/MeOH; (e) HCl.

Scheme 2. Reagents: (a) HOOCÿLÿN
H
ÿSO2-R3, HBTU (1.05 equiv), DIEA (3.3 equiv)/DMF; (b) LAH (5.0 equiv)/THF; (c) HCl.

Figure 2. X-ray crystal structure of 8c.
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Y5 receptor ligands reported to date (IC50=1 nM).
Compounds 7b, 8c, 7d and 8d were shown to be
antagonists since they did not stimulate binding of labeled
GTPgS in a Bowes melanoma cell line transfected with
the human Y5 receptor, but in the presence of PYY,
were able to inhibit incorporation of 35S label.

Summary

N-(Sulfonamido)alkyl-[3a,4,5,9b-tetrahydro-1H-benzo-
[e]indol-2-yl]amines are potent antagonists of the
human neuropeptide Y Y5 receptor. These compounds
embody a novel heterocyclic core that is prepared via
cyanomethylation of b-tetralones followed by reductive
amination and concomitant cyclization. Subsequent
acylation occurs on the exocyclic nitrogen atom and can
be used to install a pendant arylsulfonamide group.
Amide reduction a�ords N-(sulfonamido)alkylated
tetrahydro-1H-benzo[e]indol-2-yl]amines which exhibit
nanomolar binding a�nity for the Y5 receptor.
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