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Structure-Activity Relationships of
Substituted 2,3,4,4a,5,10b-Hexahydro-
benz[hlisoquinoline-6(1H)-ones as
5-HT,c: Receptor Antagonists

Heinz Stadler?*, Jurgen Wichmanna, Andrew J. Sleight?, and Michael Bosa©

Abstract: A series of ¢cis and frans configured 2,3,4,4a,5,10b-hexahydro-benz[hjisoquinoline-6(1H)-ones
2 were studied with respect to the binding affinity to the 5-HT, subtype receptors. The influence of substituents
in positions 7 (R"), 8 (R?) and 9 (R3) on affinity and selectivity to 5-HT,, and 5-HT,¢ receptors and the preference
of one diasterecisomer is discussed.
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Introduction

There is considerable interest in the
development of 5-HT,¢ receptor agonists
for depression, obsessive-compulsive dis-
order and obesity as well as 5-HTy¢
receptor antagonists for anxiety disor-
ders, schizophrenia and Parkinson’s dis-
ease [1-4]. In the course of our work on
5-HT,¢ receptor ligands we have identi-
fied the high affinity antagonist 1 [5],
which is based on the nitrogen-free lead
structure O~methylasparvenone [6].
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For SAR studies we evaluated the
affinity of the parent ring system 2 (R! =
R? = R3 = H) {7] and were surprised to
find higher affinity and selectivity for the
5-HT,c receptor relative to the 5-HT,,
receptor for the cis-compound as op-
posed to the trisubstituted derivative 1.
The indolo-naphthyridin SDZ SER-082
(3), a 5-HT ¢/, receptor antagonist with
low 5-HT,, receptor affinity [8], resem-
bles structure 2 with a tertiary aromatic
amino group in place of a carbonyl group
as a possible binding site. For this com-
pound the Sandoz group reported the cis-
isomer to be the selective compound with
a PKD (S'HTzc) of 7.8.

This prompted us to study the influ-
ence of the different substituents at the
phenyl ring of 1 on the affinity and selec-
tivity of the diastereoisomers of 2.

—Z

Chemistry

All compounds could be synthesized
using the same general protocol de-
scribed previously for 1 [5], which is
summarized in Scheme 1.

The different substituted phenylacetic
acids or esters used as starting materials
were either commercially available (4a,
4b, 4d) or could be easily prepared (4¢)
by the method described by Ogura er al.
[9] from 4-ethylbenzaldehyde. The syn-
thesis has, however, some serious draw-
backs when synthesizing larger amounts
of the desired compounds. In the hydro-
genation step (e) a mixture of cis- and
trans-isomers was obtained with a ratio
of 4:1 favoring the cis-isomer and in the
cyclisation step (f) the 7-monosubstituted
methoxy compounds 11 were only minor
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Table. Binding affinities (pKi) for human 5-HT2 receptors

Entry Compound R R
1 trans-1 OH ethyl
2 cis-1 OH ethyl
3 trans-2 H H
4 cis-2 H H
5 trans-14 OH H
6 cis-14 OH H
trans-12 H ethyl
8 cis-12 H ethyl
9 trans-10 H H
10  cis-10 H H
11 trans-15 OH H
12 cis-15 OH H

side products (less than 10%) and diffi-
cult to separate from their corresponding
regioisomers 10.

Consequently some modifications were
necessary. To obtain the cis-isomers 9
only (¢f. Scheme 2 for the preparation of
cis- and trans-9d), the double bond in 8
was first isomerized with sodium meth-
anolate in methanol and subsequently
hydrogenated, whereas for the synthesis
of the trans-isomers the double bond was
reduced with magnesium in methanol
{10], which yielded the trans-isomers
(together with about 10-20% cis-isomer
depending on the substitution pattern on
the aromatic ring, Scheme 2).

The assignment of the stereochemis-
try is based on the coupling constants
(two axial (J = 10 Hz each) couplings for
the trans isomer) of the benzylic protons
of compounds 9 as described in [S]. For
the synthesis of the 7-monohydroxylated
compounds 14, position 2 of the aromatic
ring was temporarily blocked by intro-
ducing a bromine atom in 4b to give 17 as
the starting material [11]. This directs the
methoxy group in the cyclisation step
exclusively into the desired peri-position.
Cleavage of the methoxy group with
BBr;, followed by hydrogenation to re-
move the bromine atom yielded the de-
sired compounds 14 in reasonable yields
(Scheme 3).

Pharmacology

The affinity of the compounds for hu-
man 5-HT receptors was assessed using
displacements of [*H]-DOB (5-HT,,)

R 5-HT,c  5-HT,a  Selectivity
(pKi) (pKi) (A pKi)

OCHgq 8 6.9 131
OCH, 65 5.3 1.2

H 6.8 5.6 1.2

H 7.6 51 2.5

H 7.7 6.5 { {524

H 8.5 5.8 2t

H 6.4 54 1.0

H 6.3 <5 >1.3
OCHj4 6.8 <5 >1.8
OCHj4 7.2 <5 >2.2
OCHg 7.3 5.9 1.4
OCHgy 7.0 5.1 1.9

and [*H]-5HT (5-HT,¢) [12]. In the phos-
phoinositol turnover model of 5-HT,¢ re-
ceptor activation in the choroid plexus of
the rat [6], the ligands behave as antago-
nists, displaying no intrinsic activity.

The binding data obtained for human
5-HT,; receptors from these in vitro as-
says are displayed in the Table.

As already mentioned, it was found
that for the parent ring system 2 the cis-
diastereomer shows the higher affinity
towards the 5-HT,c-receptor than the
corresponding  trans-diastereomer by
about a factor of 6, while also being the
more selective one. Addition of a hy-
droxy group in position 7 increases the
affinity 8-fold for both isomers, resulting
in cis-14 with high affinity (pKi (5-HT,c)
= 8.5) and excellent selectivity (factor
400). The methoxy group in position 7
has a negative effect on the affinity for
the 5-HT,c receptor, which is more pro-
nounced in the cis-series than in the
trans-series, which can be seen by com-
paring cis- and trans-2 with cis- and
trans-10 as well as cis- and trans-14 with
cis- and trans-15. The substituent which
is responsible that trans-1 has the higher
affinity than cis-2 is clearly the ethyl
group in position 8. Whereas in the cis-
series the ethyl group has a detrimental
effect on the affinity (20-fold) (cis-12 vs.
cis-2), which is translated into the trisub-
stituted compound cis-1 (pKi = 6.5 (5-
HT,c), in the trans-series (trans-12 vs.
trans-2) the difference is only a factor of
2.5. However in contrast to the cis-series
this difference not only is not translated
to the trisubstituted compound trans-1,
but now the addition of an ethyl group to
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trans-15 increases the affinity giving rise
to a compound with pKi = 8 (5-HT,c).
The influence of the different substitu-
ents on the selectivity (S-HT,c vs. 5-
HT,,) is less spectacular as the selectivi-
ty is more or less determined by the stereo-
chemistry of the ring system, cis being in
general more selective than trans, less
pronounced for cis- and trans-1.

In summary we have studied the
influence of different substituents, origi-
nated from Q-methylasparvenone, on af-
finity and selectivity of the phenone 2,
leading to potent and selective 5-HT,¢
receptor antagonists trans-1 and cis-14.

Acknowledgments
We wish to thank P. Oberli, C. Schnider and
R. Swinehart for technical assistance

Received: September 8, 2000

[1] F. Jenck, M. B&s, J. Wichmann, H. Sta-
dler, J.R. Martin, J.L. Moreau, Expert
Opin. Invest. Drugs 1998, 7, 1587.

S.M. Bromidge, S. Dabbs, D.T. Davies, S.
Davies, D.M. Duckworth, I.T. Forbes,
L.M. Gaster, P. Ham, G.E. Jones, F.D.
King, K.R. Mulholland, D.V. Saunders,
P.A.Wyman, F.E. Blaney, S.E. Clarke,
T.P. Blackburn, V. Holland, G.A. Ken-
nett, S. Lightowler, D.N. Middlemiss, B.
Trail, GJ. Riley, M.D. Wood, J. Med.
Chem. 2000, 43, 1123.

S.P. Vickers, M.J. Bickerdike, C.T. Dour-
ish, Neurosci. News 1999, 2, 22.

S.H. Fox, I.M. Brotchie, Drug News Per-
spect. 1999, 12, 477.

M. Bos, H. Stadler, J. Wichmann, F.
Jenck, J.R. Martin, J.L. Moreau, AlJ.
Sleight, Helv. Chim. Acta 1998, 81, 525.
M. Bés, R. Canesso, N. Inoue-Ohga, A.
Nakano, Y. Takehana, A.J. Sleight,
Bioorg. Med. Chem. 1997, 5, 2165.

J.M. Bastian, A. Ebnother, German Patent
DE 192602 (Chem. Abstr., 72, 66841).

J. Nozulak, H.O. Kalkman, P. Floersheim,
D. Hoyer, P. Schoeffter, H.R. Buerki, J.
Med. Chem. 1995, 38, 28.

K. Ogura, Y. Ito, G. Tsuchihashi, Bull.
Chem. Soc. Jpn. 1979, 52, 2013.

K.Youn, G.H. Yon, C.S. Pak, Tetrahedron
Lett. 1986, 27, 2409.

R. Ambros, S. von Angerer, W. Wiegrebe,
Arch. Pharm. (Weinheim, Ger.) 1988,
321, 481.

J.R. Martin, M. Bos, F. Jenck, J.L.
Moreau, V. Mutel, A.J. Sleight, J. Wich-
mann, J.S. Andrews, H.H.G. Berendsen,
C.L.E. Broekkamp, G.S.F. Ruigt, C. Koh-
ler, AM.L. Delft, J. Pharmacol. Exp.
Ther. 1998, 286,913,

[2]

3]
(4]
[5]

(6l

(7]
(8]

(9]
[10]

(i1]

(12]



