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HINDERED ROTATION CONGENERS OF MAZAPERTINE:
HIGH AFFINITY LIGANDS FOR THE 5-HT1Ao RECEPTOR
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Abstract. Hindered rotation analogs of the antipsychotic mazapertine (1) were prepared. These compounds
exhibited high affinity for the 5-HT 4 receptor, but not for other serotonin or dopamine receptors. The related p-
carboline structures were also synthesized and were found to be potent 5-HT) 4 ligands. © 1997 Elsevier Science Ltd.

Introduction. Mazapertine (1) is currently in advanced clinical trials for the treatment of schizophrenia.! This
novel antipsychotic has minimal extrapyramidal side effects and has a unique receptor binding profile characterized
by nanomolar affinity to D, D3, 5-HT,, and o, receptors. This multireceptor affinity can be attributed to the
ability of 1 to adopt a variety of low energy conformations. In addition, 2, the indoline analog of 1, lacks
dopamine receptor affinity, but retains 5-HT,, and a4 binding. To probe the bioactive conformations of 1,
compounds 3 and 4 in which the 2-isopropoxyphenyl and piperazine rings are constrained as well as the
analogous B-carbolines 5 and 6 were prepared.
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3R= 1-piperidino 5 R = 1-piperidino
4 R = 1-indolinyl 6 R = 1-indolinyl

Prior to these efforts, the related pyrazino-1,4-benzoxazine 7 had been prepared and shown to have weak
CNS activity,? and pyrazinotetrahydroquinoline 8 was found to have modest serotonin affinity (K; = 67 nM).3
Furthermore, octahydrobenzoisoquinoline 9,* hexahydrobenzindoles 105 and 116 and hexahydroindenopyridine
127 exhibit potent binding to the 5-HT;, receptor with K;s of 3.87, 0.1, 1.9 and 0.89 nM, respectively.
Tetrahydropyrazinoindole 13 has modest affinity at the S5-HTj, receptor (K; = 74 nM)® and
tetrahydropyrazinoindole 14 has weak serotonergic properties.® Moreover, B-carboline 15 has antiserotonin
activity,!0 and 16 has 5-HT) 4 receptor affinity (K; = 79 nM).!! The 5-HT affinity of these tricyclic structures
suggests that the 5-HT binding of 1, 2, and related structurcs may be due to a conformation in which the 2-
isopropoxyphenyl and piperazine rings approximates that found in the constrained tricyclic systems. Because 5-
HT agents have potential in a variety of therapeutic areas such as anxiety, depression, schizophrenia, and
emesis,'? the effect of the tricyclic nucleus was explored in our series.
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Chemistry. For the synthesis of targets 3 and 4, pyrazinobenzoxazine 17 had to be prepared. This end was
achieved using a modification of Gupta’s procedure? for the preparation of 7.913  Condensation of 1-(2-
nitrophenoxy)-2,3-epoxypropane and phthalimide afforded intermediate 18 which was oxidized to ketone 19.
Catalytic hydrogenation effected nitro group reduction and subsequent reductive amination to provide benzoxazine
20. Removal of the phthalamido group afforded diamine 21. Conversion of 21 to a tricyclic moiety was
attempted with a variety of biselectrophiles. For example, reaction of 21 with chloroacetyl chloride resulted in
acylation of the primary amino group to give 22, but all attempts to effect ring closure were unsuccessful. Use of
other reagents, such as bromoacetyl bromide, diethyl oxalate, or oxalyl chloride afforded only monoacylated
materials or extensive decomposition. These difficulties were circumvented using a procedure reported by Nate
and coworkers.” Compound 21 was converted to carbamate 23 which was subsequently reacted with
chloroacetyl chloride to provide 24. Treatment of 24 with base effected cyclization to tricyclic lactam 25.
Reduction of the lactam followed by removal of the carbobenzyloxy group afforded pyrazino-1,4-benzoxazine 17.
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Pyrazinobenzoxazine 17 and commercially available pyridoindole 26 were converted to targets 3-6 by

alkylation with the appropriate chloromethyl benzamides. The benzamides ‘were prepared by condensation of
either piperidine or indoline with 3-(chloromethyl)benzoyl chloride.
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Pharmacology. Tricyclic compounds 3-6 were tested in a number of receptor binding assays and were also

evaluated for their in vivo properties. Unlike mazapertine (1), which has high affinity for D,, D3, 5-HT 4, and

aya receptors, 3-6 generally show high affinity for the 5-HT receptor only (Table 1). With the exception of

compound 5, these tricycles do not have appreciable binding to the D receptor. Compounds 5 and 6 show o),

receptor affinity while 3 and 4 exhibit weak or no binding respectively. Furthermore, 3-6 were also tested for

their affinity to a number of other serotonergic receptors as well as the D, receptor as outlined in Table 2. The

tricyclics have little affinity for these receptors. Finally, compounds 3-6 were weakly active in the rat conditioned

avoidance test, a predictor of antipsychotic activity.

Tabie 1
Rat Conditioned
SHTw o P2 % Inhibition %A':‘?‘IET';LC: s
Compound _Ki (nM) Ki (nM) Ki (nM) Ki (nM) at 100 nM_ _(dose, mg/kg, po)
1 1.7 13 22 1.8 -92 (5)
2 3.4 1.7 >1000 not determined -96 (15)
3 12 200 >1000 64 -49 (15)
4 6.5 >1000 >1000 54 -20 (15)
5 13 36 374 27 -74 (15)
6 9.2 29 >1000 56 -37 (15)

Ligands employed for binding assays:'® §-HTqa: *H-8-OH-DPAT; o4: 2H-prazosin;
D;: 3H-spiperone; Dy: 3H-YM-09151-2
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Table 2
% Inhibition
(Concentration)
5-HTyg 5-HTyc 5-HT1p 5-HT, §5-HT; Dy
Compound (100nM) (100nM) (10 uM) (10 uM) (10uM) (10 uM)

3 34 5.6 63.8 75 5.1 14.7
4 8.1 -2.8 58.9 7.5 12.5 42.4
5 1.0 55 74.7 18.0 13.6 23.7
6 8.8 8.7 86.1 29.9 22.6 40.8

Ligands emploved for binding assays: 5-HTqg: '2°I-CYP;'7 5-HTyc: 3H-mesulergine;'®
5-HTyp: 3H-serotonin;'® 5-HT,: 3H-ketanserin;2° 5-HT3: *H-BRL-43694;"
Dy: 3H-SCH-23390%2

Discussion. From the binding data, constraining the phenyl and piperazine rings of 1 leads to a loss of affinity
at all receptors except the 5-HT . Energy minimization studics did not show an appreciable difference in the low
energy conformations of 1 and 3. However, energy calculations of N-(2-methoxyphenyl)piperazine as a function
of the torsional angle between the aromatic and piperazine rings indicate that several minima are possible, for
example when the angle is ca. 0°, 30-50°, and 130°.** Furthermore, contormational analysis of N-(2-
alkoxyphenyl)piperazines suggest that a dihedral angle of either 30" or 150° is optimal for 5-HT;s receptor
binding.** That compounds 1 and 2 can adopt a variety of low energy conformations could explain their ability to
bind to a number of receptors. However, compounds 3 and 4 as well as 5 and 6 can not exist in a conformation
in which the dihedral angle is 150°, but could readily adopt an angle of 30-5()" between the rings which suggests
that their high affinity to the 5-HT 4 receptor is due to a conformation in which the dihedral angle is ca. 30°.

Conclusions. Structures 3 and 4, analogs of mazapertine in which the 2-isopropoxyphenyl and
piperazine rings are constrained, have high affinity for the 5-HT,, receptor, but, unlike mazapertine, bind to D5,

D5, and a5 receptors to a much lower extent.
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