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Abstract. The tetrahydrocarbazolone moiety of the 5-HT; receptor antagonist ondansetron has been combined
with molecular fragments of typical 5-HT,, receptor ligands. Several of the resulting compounds are potent 5-
HT,, antagonists. The antipodes of the most potent compound, a N-substituted 4-(4-fluorobenzoyl)piperidine,
are analogues of ketanserin which display a high degree of stereoselectivity at 5-HT, 5 receptors (148:1).

The 1l-imidazolylmethyl substituted tetrahydrocarbazolone ondansetron (1)!:2 is one of the prototypic
potent 5-HT5 receptor antagonists which are used to prevent severe vomiting caused by cancer chemotherapy
and radiotherapy.3 During a structure-activity study dealing with analogues of 14 we became aware of the
moderate micromolar affinity of some derivatives (Chart 1, 2 - 4) in a vascular 5-HT,, receptor assay.’
Affinity for 5-HT,, receptors is atypical of 5-HT3 receptor antagonists. The antagonist potency of 2 - 4 was
comparable with that of 4-(4-fluorobenzoyl)piperidine (5),67 a structural fragment of the classical 5-HT,,
receptor blocking agent ketanserin8 (Chart 1). In a first approach this observation led us to the synthesis and

Chart 1. 5-HT,4 receptor affinity® of ondansetron (1), ketanserin and derivatives.

0 R compound 5-HTj, afﬁnitya’b
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§ Dedicated to Prof. Dr. Dr. Walter Schunack, Berlin, on the occasion of his 60th birthday.
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evaluation of potent 'hybrids' associating the tricyclic moiety of 1 with well-known 5-HT,, affinity contribu-
ting molecular fragments, e. g., substituted piperidines, piperazines and tetrahydropyridines.

1,2,3,9-Tetrahydro-4H-carbazol-4-one (6, Chart 2) was available by the reaction of phenylhydrazine with
cyclohexane-1,3-dione.? The synthesis of the racemic final compounds 8 - 18 is outlined in Chart 2. The
secondary amines HNuc used for the last step (for structures see Table 1) were either commercially available
or prepared according to the literature, viz. HNuc for the preparation of 14,10 15,11 and 16 - 18.12 The most
potent compound (13)!3 was resolved via diastereomeric ditoluoyl hydrogentartrates.!4 HPLC analysis
revealed that the enantiomeric excess of (+)- and (-)- 13 was > 98 %.15 The absolute configuration has not yet

been assigned.

Chart 2. Synthesis of ondansetron analogous 5-HT, receptor antagonists.”

(s} [o] (o]
N y y
H CHy CH,

6 7 8-18

2 Experimental conditions: (i) (Me0)2580,, KOH in Me;CO/H,0; 90 min reflux, yield 86 % (from MeOH) (ref. 30);
(ii) (H2CO)y, conc. HCI in DMF, 6 h reflux, column chromatography (silica gel, CHyClo/EtOAc 9+1), yield 78 % (from
MeOH/H,0) (ref. 31); (iii) 1.33 eq HNuc (secondary amine, see Table 1) in dioxane/H;0, 60 - 80 °C, yields 71 - 86 %
(8- 15) and 62 - 65 % (16 - 18); for isolation see note 32.

The functional antagonist affinity pattern of 8 - 18 was established with regard to the prominent affinities
of ketanserin for 5-HT4,16 0,17 and H,!8 receptors, and of ondansetron for 5-HT5 receptors!9 which trigger
the neuronal release of enteric acetylcholine resulting in a M3 receptor mediated contraction of ileal seg-
ments.2® Affinity data are expressed as pKp,2! pA;,2223 or pD'y2! values (Table 1). The new compounds dis-
play higher affinity for 5-HT,,, 01, and H; receptors than 1. They represent only weak muscarinic M3 antago-

nists, and except for 15, 5-HT; antagonism is not measurable in the guinea-pig ileum assay.20

The interaction with (R)-phenylephrine at o; receptors (details not shown) and with 5-HT at 5-HT,p
receptors is of competitive nature for nearly all compounds, as depicted in Figure 1 for 12 and enantiomers of
13. Replacement of the imidazole moiety of 1 by piperidine results in a significant increase of 5-HTpp
antagonism (8). This effect is enhanced by the additional introduction of aryl or aroyl substituents (9, 12, 13,
16, 17). Piperidine and piperazine ring are apparently bioisosteric (9 = 11). Concerning the phenyl ring, a 4-
fluoro atom is more favourable than 4-hydrogen or 2-fluoro substitution, the latter intensifying 0.y antagonist
properties (10). Similar observations have been reported for quinazolinediones’ related to ketanserin and
naphthalenesultams24 but not for silacyclopentane derivatives.25 It is evident that the quinazolinedione but not
the fluorobenzoylpiperidine moiety of ketanserin can be effectively mimicked by the tetrahydrocarbazolone
part of 1. The most potent derivative, (—)-13, and ketanserin display similar 5-HT;,/01y receptor selectivity
(19/1 vs. 29/1) while (-)-13 is more favourable with regard to the interference with histamine H; receptors
(5-HTya/H;: 417/1 for (-)-13 vs. 5/1 for ketanserin). In addition, the interaction of (-)-13 and (+)-13 with 5-
HT;4 receptors is highly stereoselective (eudismic ratio = 148/1). Comparable enantiomeric potency ratios

have been reported previously for irindalone,26 CV-5197 (a 1,5-benzoxathiepin)?’? and chain branched
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derivatives of ketanserin.28 The 5-HT,, receptor affinity is attenuated when the aryl substituted 4-
methylenepiperidine moiety of ritanserin,!1 a very potent 5-HT4 ¢ blocker,5 is introduced (15). Therefore
structure-activity relationships for ritanserin-like compounds may differ from those observed for ketanserin-
type 5-HT,, antagonists with regard to the heteroaromatic moieties of the molecules. Derivatives of the mixed
5-HT,/5-HT, receptor agonist RU 2496912 (18 and analogues 16, 17) are devoid of 5-HT,, receptor
stimulating properties and display structure-affinity relationships similar to recently communicated
naphthalenesultam derivatives of RU 24969.29

Surprisingly, piperidine 8 turned out to be a partial 5-HT3 receptor agonist. The contractile effect was
susceptible to blockade by ondansetron,? a selective 5-HT3 receptor antagonist (Figure 2).

3
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Figure 1. Competitive 5-HT,, receptor antagonism
of ketanserin (dashed line), 12 and enantiomers of
13 on rat tail artery!6 (N > 12) analyzed according
to Schild.22 Slopes of regression lines were not
significantly different from unity and were therefore
constrained to unity.23 The large eudismic potency
ratio of (—)-13 and (+)-13 is indicated by the arrow.

Figure 2. Contraction of isolated guinea-pig ileal
longitudinal muscle strips by 5-HT (@, N = 7) and
piperidine 8 in the absence (A, N = 7) and presence
of 0.5 uM ondansetron (A, N = 7). pD, £ s.e.m. was
5.56 £ 0.03 for 5-HT and 4.75 £ 0.04 for 8 (intrinsic
activity 0.64 + 0.05). Results for 8 may be
underestimated due to the antimuscarinic properties
of 8 (Table 1)20 pKp + s.e.m. for ondansetron was
estimated to be 6.77 + 0.09.
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