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Arylpiperazine Skeleton: Synthesis, Structure, Biological Activity, and
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Synthesis and pharmacological evaluation of a series of condensed quinoline derivatives bearing
a basic nitrogen on piperazine or [(dimethylamino)ethyllthio moieties attached at the 2-position
of the quinoline nucleus are described. 5-HT receptor binding studies revealed, for most of
the compounds studied, nanomolar affinity for the 5-HT; receptor subtype. The most active
compound, benzopyrano[3,4-clquinoline derivative 5f, displayed a K; value very similar to that
reported for quipazine along with an improved selectivity. Functional and in vivo testing carried
out on three selected compounds showed that 5fj,n are potent 5-HT; receptor antagonists
with potencies in the same range as the best known 5-HT; receptor antagonists ondansetron,
tropisetron, and zacopride. The crystal and molecular structures of compounds 5fj,n were
determined by single-crystal X-ray diffraction and used as starting structures for molecular
modeling studies. Comparative molecular field analysis (CoMFA) was applied to binding
constants of compounds 5a—p and 6a—h. The cross-validated 72, derived from partial least-
squares calculations, indicated a good predictive capacity for affinity values in the series of
compounds investigated. Evidence for the prediction capacity is provided in the form of plots
of actual vs predicted pK; values. The steric and electrostatic features of the CoMFA-derived
model are presented as standard coefficient contour maps of steric and electrostatic fields.

Introduction

Serotonin (5-hydroxytryptamine, 5-HT) exerts a wide
variety of actions in man, which has led to demonstrate
the existence of several 5-HT receptors to mediate
them.! Indeed, four main classes of 5-HT receptors are
at present well characterized (i.e., 5-HT,, 5-HTy, 5-HTj,
and 5-HTy), and three novel receptor types were recently
identified by cloning (5-HT5, 5-HTg, and 5-HT7). Among
them 5-HT; and 5-HT; classes were in turn subdivided
in other subclasses,? while for 5-HTj3 receptors hetero-
geneity was questioned.? The majority of the 5-HT
receptors belongs to the G-protein-linked receptor su-
perfamily, involving in their action a second-messenger
system such as cAMP or diacylglycerol and inositol-
phosphates. Indeed, only 5-HTj receptors are ligand-
gated ion channel receptors.!

Recently a wide expansion was observed in the search
for new 5-HT}; receptor antagonists because of the great
number of their potential applications in therapy.
Ondansetron (1), the best known 5-HTj3 receptor an-
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tagonist, is on the market as an antiemetic agent to
prevent the vomiting associated with anticancer che-
motherapy. Furthermore, other possible therapeutic
uses in anxiety, schizophrenia, drug abuse, and age-
associated memory impairment are the subjects of
intense investigations.2* The great efforts made in this
field led to the discovery of a number of potent and
selective 5-HTj3 receptor antagonists which are now
chemically classified into four main families as ben-
zoates, benzamides, carbazolones, and indoles. Another
class of 5-HT3 antagonists which has not been as well
studied as those mentioned above includes the arylpip-
erazines, namely (m-chlorophenyl)piperazine (2) and
quipazine (8). These compounds which proved to be-
have as 5-HT3 receptor antagonists are considered to
be nonselective because they are able to interact with
other 5-HT receptor subtypes.1®5 This explains why
quipazine, in spite of its high affinity for 5-HT3 recep-
tors, has not generally been used as a lead for the
synthesis of more selective 5-HT3; antagonists. How-
ever, in 1990, we started a research program® which led
to the discovery of new quipazine derivatives with high
affinity and selectivity for 5-HTs receptors.” Thus,
modifications of the heteroaromatic portion of quipazine
such as indeno fusion at the c-face yielded compounds
4 which showed high affinity and selectivity for 5-HT}3
receptors.” Moreover both the affinity and the selectiv-
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Table 1. Preparative and Analytical Data of Compounds 5 and 6

I
O Xy (CHan
P
N
5 6
compd X =n R R method  yield, %* mp, °C (recr solv)® formula anal.
5a 0 0 -N(CyH4)o:NH A 84 (62) >300 (E) Ci19H;7N30-2HCI-0.5H,0 CH,N
5b 0 0 -N(C2H,4)oN-CHj B 88 144-145 (H) Cg20H;9N30 C.HN
5¢ 0 0 -N(CqH,4)oN-CoHs B 88 145—146 (H) C21H21N3O C,H,N
5d 0 0 -S(CoH4)N(CH3)e C 71 115-116 (H) C19HsN20OS CHN
5e 0 1 -N(CyH,);NH A 85 (54) >300 (E) Ca0H1sN30-2HCI CHN
5f 0 1 -N(C2H,4)oN-CHjy B 89 184-185 (H-C) Ca1Ha1 N3O C,HN
5g 0 1 -N(C2H4)oN-CoHs B 75 143—-144 (H-C) CooHgsN3O CHN
5h 0O 1  -S(CeH4N(CHa) C 78 (36) 235-236 (E—D)  CgHoN2OS-HCl CHN
51 o 2 -N(CyH,4)NH A 97 (68) >300 (E-D) C21H2N3O-HCI-0.25H,0 CHN
55 O 2 -N(CsHy):N-CHs CHN
5k 0 2 -N(C2H4)2N-CoHs B 98 155—156 (H—-C) Co3HosN350 CHN
51 0 2 -S(C2H4)N(CH3), C 64 (53) 246—247 (E-D) C2a1HyN20OS-HCl CHN
5m 2 -N(CoH4)2NH A 79 (55) >300 (E—W) Co1Ha1Ng2HC1-0.75H,0 C,H,N
5n 2 -N(CoH4)oN-CHjy B 97 137—-138 (H) Ca2HasN3 CH,N
50 2 -N(C32H4)eN-C2Hs5 B 89 (62) 179—-180 (E—D) Ca3HosNg2HC10.75H,0 CH,N
5p 2 -S(C2H4)N(CHs)e C 60 (35) 243244 (E-D) CaH2oNoSHCI CHN
6a -N(CoH4)oNH H A 75 (58) >300 (E-D) CaHisNsHCI0.5H,0 C,HN
6b -N(CoH4)oN-CHjs H B 81 132—-133 (H) Co2Ho1N3 CHN
6¢c -N(C2H4)o:N-C:Hs H B 77 142143 (H) CasHosN3 CH,N
6d -S(CoH4)N(CHs)2 H C 69 (44) 236—-237 (E-D) C21H2oN2S-HCl CHN
Be -N(C.H4)oNH OCHj3 A 68 (47) >300 (E-W) C22H21N3O-HC1 CHN
6f -N(C2H,4)2N-CHj3 OCH; B 82 147-148 (H-C) Ca3HasN3O CHN
6g -N(C2H4)oN-CoHs OCH; B 90 129—-130 (H) C24HosN30 CHN
6h -S(CoH4)N(CHs)2 OCHj; C 81 79—-80 (H) C2H2N-0S CHN

¢ Values in parentheses are the yields as salt. ® Recrystallization solvents: E, ethanol; H, n-hexane; C, cyclohexane; D, diethyl ether;
W, water. ¢ Analyses for the elements indicated are within +0.4% of the theoretical values. ¢ See ref 6¢c.

ity for 5-HTj sites of indenoquipazine derivatives 4 could
be modulated by changes in the structure of the het-
eroaromatic portion.
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We report now the synthesis and 5-HT receptor
affinities of several condensed quipazine derivatives in
the series 5 and 6. The effects of different heteroaro-
matic portions on the binding to various 5-HT sites are
discussed along with the effect of the replacement of the
piperazine terminal nitrogen substituent as well as the
replacement of the piperazine moiety with a [(dimethyl-
amino)ethyllthio chain. The in vitro and in vivo 5-HT3
receptor antagonist activity of selected compounds was
assessed by their ability to inhibit [1*Clguanidinium
uptake in NG 108-15 hybrid cells® and antagonize the

5-HT-induced reflex bradycardia, the Bezold—dJarisch
reflex, in the rat.?® The 3D structure of the most
representative compounds was studied by single-crystal
X-ray diffraction or molecular mechanics. The data
arising from the conformational analysis together with
the structure—bioactivity data were used to build a
predictive comparative molecular field analysis (CoM-
FA) model.

5 6
X=0,- R =H, OCH;
n=0,1,2

R = N(C,Hy)oN-H
N(C;H4)oN-CHj
N(C;H4)oN-CoHs
8-C,H4-N(CH3),

Chemistry

Compounds 5 and 6 (Table 1) were synthesized
starting from the corresponding imino chlorides 7—12
as reported in Scheme 1. While in the synthesis of the
unsubstituted piperazinyl derivatives 5a,e,i,m and 6a.e,
the nucleophilic displacement of the chlorine atom by
piperazine was carried out in ethylene glycol (method
A); in the case of N-methylpiperazinyl derivatives 5b.fn
and 6b.f or N-ethylpiperazinyl derivatives 5¢,g.k,0 and
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6c.g, the reaction was carried out without a solvent
(method B). Treatment of imino chlorides 7—12 with
2-(dimethylamino)ethanethiolate, generated in situ fol-
lowing the procedure reported by Blackburn and co-
workers,!? gave the [2-(dimethylamino)ethyllthio de-
rivatives 5d,h 1,p and 6d,h (method C). Although imino
chloride 7 is a known compound,!! its synthesis was re-
examined taking into account the chemistry developed
by Walser and co-workers in the preparation of the
benzofuro[2,3-clquinoline ring system.!2

The synthesis of 7, according to our approach, is
reported as depicted in Scheme 2. Chloroacetamide 14,
prepared by acylating benzophenone 13 with chloro-
acetyl chloride, was cyclized in the presence of potas-
sium hydroxide in a dimethylformamide—water system
to give hydroxyquinolone 15 and chloroquinolone 16 in
a 1:2 ratio (approximately). After purification by chro-
matography, the undesired chloroquinolone 16 was
separated allowing pure 15 to be recovered and cyclized
by the nucleophilic displacement of the aromatic fluorine
atom to afford benzofuroquinolinone 17 in satisfactory
yield.!® Compound 17 was promptly converted into its
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Scheme 2¢
CL L,
L —— L
NH, N
13 " 14 O)\CHZC|

¢ Reagents: (i) CICH2COC]I; CHyCly; (ii) KOH, DMF, H:0; (iii)
NaH, DMF; (iv) POCls.

Scheme 3¢

¢ Reagents: (i) CICOCH2COOC.H;, CHCly; (ii) £-BuOK, EtOH;
(iii) LAH, THF; (iv) NaH, DMF; (v) POCls.

corresponding imino chloride 7 with phosphorus oxy-
chloride to reflux.

Imino chloride 8, prepared starting from compound
18, was easily obtained following the procedure reported
by Walser et al.l* for the synthesis of the 11-chloro
derivative of 18 with slight modifications (Scheme 3).
Benzophenone 13 was acylated with ethylmalonyl chlo-
ride and then cyclized with potassium tert-butoxide to
give carbethoxyquinolone 19 in high yield. Lithium
aluminum hydride reduction of 19 gave alcohol 20 which
was cyclized by nucleophilic aromatic fluoride displace-
ment into the expected benzopyranoquinolinone 18.

Imino chlorides 9—11 are known compounds. While
the synthesis of 9 has recently been reported by some
of us,% the preparation of 10 and 11 has been reinves-
tigated, and our approach is reported in Scheme 4.
Cyclization of compound 21'5 under the conditions of a
typical Friedel—Crafts reaction gave a pale yellow, thick
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Scheme 4¢
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¢ Reagents: (i) AlCl;, CHoCly; (i) NCS, d1benzoyl peroxide,
14.

Scheme 5¢

codi
Ci

I OH OCH;,
N

L

N

@ Reagents: (i) POCl3; (ii) AlCls, CHgClz; (111) CH;sl, KoCOs,
CH3;COCH3;.

oil which showed 'H-NMR and MS in good agreement
with structure 10. Furthermore, it appeared to be pure
at GC analysis. Since Paramasivam et al.l® reported
compound 10 melting at 80—81 or 95-96 °C, we
synthesized it following the procedure they described
and found the same physicochemical characteristics
showed by compound 10 synthesized by Friedel—Crafts
cyclization. Furthermore, the IH-NMR spectra of com-
pound 10 synthesized through the two different proce-
dures were in agreement with those reported in the
literature.!®* Compound 1116217 was obtained starting
from 10 by benzylic chlorination with N-chlorosuccin-
imide in the presence of dibenzoyl peroxide. An attempt
to purify the crude reaction mixture by column chro-
matography gave directly 11. Probably a spontaneous
dehydrohalogenation of the unstable intermediate 22
occurred.

Finally, imino chloride 12 was prepared as outlined
in Scheme 5. Quinolinoneacetic acid 28'%2 was con-
verted into the acid chloride 24 by stirring in phospho-
rus oxychloride to reflux and was promptly cyclized with
anhydrous aluminum chloride into hydroxy benzophenan-
thridine 25. The free hydroxy group of 25 was easily
methylated with methyl iodide in the presence of potas-
sium carbonate to give 12 in almost quantitative yield.

Journal of Medicinal Chemistry, 1995, Vol. 38, No. 14 2695

Computational Methods

The entire molecular modeling study was performed
using the Sybyl 6.03 software packagel® running on a
Silicon Graphics Indigo workstation. The molecules
were either built starting from crystallographic coordi-
nates (5f,j,n), derived from solid-state conformers of
analogous compounds (5e,g—i,k—m,o0,p), or assembled
de novo from the Tripos standard fragment library (5a—
d, 6a—h). Hydrogen atoms were placed at standard
bond distances and angles. Flexible side chains were
set to a fully extended conformation. The potential
energy of each structure was refined by a molecular
mechanics procedure (MAXIMIN2) and an energy mini-
mization procedure using the standard Tripos force
field!® until the root mean energy gradient was lower
than 0.005 kcal/mol A. Partial atomic charges were
calculated using the method of Gasteiger and Marsili,2¢
and coulomb terms were included in the potential
energy minimization process.

CoMFA?! was performed with the QSAR option of
Sybyl. The requisite 3D grid was generated automati-
cally by the software (2 A grid spacing in x, ¥, and z
directions, box size 19 x 22 x 13 A, 840 points) assurin
that every grid in all directions protruded at least 4 E
beyond the shape of each molecule. Steric and electro-
static interaction energies at lattice intersections were
generated with a probe atom having the van der Waals
properties of an sp? carbon and a charge of +1.0. The
steric and electrostatic energy values were truncated
at 30 kcal/mol. The electrostatic energy term was
ignored at lattice intersections yielding maximal (30
kcal/mol) steric values. The linear expression of the
CoMFA results was calculated with the partial least-
squares analysis?? (PLS) algorithm together with the
cross-validation procedure. This method provides a
determination of the optimal number of components and
permits an evaluation of the predictivity of the model
as indicated by the highest correlation (predictive r2)
value. PLS analysis of the descriptors without cross-
validation afforded conventional 7° values.

Results and Discussion

Qualitative Structure—Affinity Relationships.
The aim of the present work was to assess whether the
fusion at the c-face of quipazine with different bicyclic
systems could lead to compounds with a selectivity for
5-HT; receptors higher than that reported for quipazine
itself. Thus, the new compounds 5a—p and 6a—h were
tested for binding on several 5-HT receptor subtypes (5-
HT.a, 5-HT1s, 5-HTsa, 5-HTsc, and 5-HT3) and 5-HT
uptake in comparison with reference compounds using
well-established protocols.”2® All the compounds showed
a good affinity for 5-HTj3 serotonin receptors (Table 2).
The most potent compounds (5b.fjn, and 6b) were
tested also on 5-HTy serotonin receptors.?* Compound
5b showed K;s for 5-HT4 and 5-HT24 serotonin receptors
respectively 550 and 36 times higher than for 5-HTj3 and
is not active on the other serotonin receptor subtypes.
Compound 5f showed a K; for 5-HTs4 serotonin receptors
875 times higher than for 5-HTs and is inactive on other
sites; also compounds 5j and 6b showed Kis for 5-HTgs
serotonin receptors 630 and 97 times higher than for
5-HTs respectively. Compound 5n showed Kis for
5-HT,, 5-HT2a, and 5-HTsc serotonin receptors 1886,
114, and 2057 times higher than for 5-HT3. In Table 2,
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Table 2. 5-HT Receptor Binding Profile of Compounds 5 and 6 (K; (nM) + SEM)®

(J

X

A CHaln
L

"
x
Z

N R N R
5 6

compd X n R R’ 5-HT3 5-HT4 5-HT2A 5-HT2C 5-HT uptake 5-HT1A 5-HT1]3
3 1,26 NAc 130¢ 43¢ 15004 208¢
5a O 0 -N(CH4)NH 325+ 14 NT/ 1200 + 200 NA NA NA 280 + 55
5b O 0 -N(CqH4)N-CHj 125+ 6.1 6900+ 1100 450+ 72 NA NA NA NA
5c O 0 -N(CgH4)oN-CoHs 5224+ 15 NT 530+79 NA NA NA NA
5d O 0 -S(C2H.)N(CHj)e 410 + 190 NT NA NA NA NA NA
5e O 1 -N(CyH4)NH 115+ 2.6 NT 2800 + 740 NA 360 +£ 100 NA NA
5f O 1 -N(CgH4)N-CHj 1.6+06 NA 1400 + 320 NA NA NA NA
5g O 1 -N(CgH,4)oN-CoHs 53.3+16 NT 1100 + 210 NA NA NA NA
5h O 1 -S(CeH4)N(CHgs), NA NT 1800 4+ 360 NA NA NA NA
51 O 2 -N(CH,):NH 123+ 3.2 NT 3200 + 810 NA 330+130 NA 420 + 82
5j O 2 -N(CyH4)N-CHj 38+12 NA 2400 + 520 NA NA NA NA
5k O 2 -N(CgH4)oN-CoHs; 1444+ 3.1 NT NA NA NA NA NA
51 O 2 -S(CoHy)N(CHa)e 459419 NT 2800 + 740 NA NA NA 1300 % 150
5m 2 -N(CoH4)NH 54427 NT 640 + 150 NA 2600 + 670 NA NA
5n 2 -N(CgH,4)oN-CHj 35+12 6600+1000 4004+71 7200+ 1700 NA NA NA
50 2 -N(CgH,4)eN-CoHs 80+16 NT 600+ 80 NA NA NA NA
5p 2 -S(CeH4)N(CHs)2 NA NT 930 £ 310 NA NT NA NA
6a -N(CyH,),NH H 130+ 33 NT 1100 + 240 NA NA NA NA
6b -N(CoH4):N-CH; H 95+23 NA 920 £ 290 NA NA NA NA
6¢ -N(CeH4)oN-CoH; H 1644+ 11 NT 640 + 130 NA NA NA NA
6d -S(CoHy)N(CH3); H NA NT 2400 + 720 NA NA NA NA
6e -N(CoH,4):NH OCH; 66.54+27 NT 1100 + 210 NA NA NA NA
6f -N(CoH4)oN-CH; OCHj3 41.64+ 15 NT 240 +18 2300+ 410 NT NA NA
6g -N(CeH4)oN-C:Hs; OCH3 220+35 NT 690 +£96 NA NT NA NA
6h -S(C2H4)N(CH3z); OCHz NA NT NA NA NA NA NA
5-HT 66 + 8.3 230+ 32 214+01 25404
mesulergine 52+0.8
methysergide 1.6+0.4
indalpine 20+0.1
ondansetron 1.2+02

¢ Each value is the mean + SEM of three determinations. ¢ See ref 31. ¢ NA: nonactive at 10 uM. ¢ See ref 3. ¢ See ref 5. /' NT: not

tested.

the results of the binding studies along with the binding
profile reported in the literature for quipazine (3) (which
is included for comparison) are summarized.

Most of the novel compounds inhibited [FSH]BRL43694
binding to 5-HT3 receptors with K; values in the nano-
molar range, and their affinities for these receptors
appeared to be affected by both the fused bicyclic system
and the group incorporating the most basic nitrogen
atom. Concerning the latter structural feature, it is
clear that the piperazine nucleus stabilized the ligand—
receptor complex better than the [(V,N-dimethylamino)-
ethyl]thio side chain. In fact, all the compounds in
which the most basic nitrogen atom was incorporated
in the last group were only poorly active or inactive at
5-HTj receptors. Possible explanations of these findings
might involve nonoptimal distance between the most
basic nitrogen atom and the aromatic ring, lack of a
second alkyl chain which contributes to the stabilization
of the receptor—ligand complex, and the higher degree
of conformational freedom of the noncyclic basic side
chain.

When the [(dimethylamino)ethyllthio moiety was
replaced by piperazine as support of the most basic
nitrogen, compounds 5 and 6 showed high affinity for
5-HTj receptors with Kis ranging from 1.6 (5f) to 220
(6g) nM. The substituent borne by the most basic
nitrogen atom affected the ligand affinity for 5-HT;
receptors to some extent, and as earlier observed,” the

methyl group appeared to be optimal in the short series
of substituents considered in the present work.
Concerning the large heteroaromatic portion of these
complex arylpiperazines, it was assumed that a planar
topography could facilitate the interaction with 5-HTj3
receptors.” In the design of the compounds reported
herein, we intended to verify this assumption by syn-
thesizing compounds with different geometries of the
heteroaromatic portion (with planar and nonplanar
topography). In Figure 1 the X-ray structures of
compounds 5fjn along with the 3D structures of
compounds 5b and 6b built by molecular mechanics
program Sybyl!® are shown. In line with the above-
mentioned hypothesis, planar compound 5b was found
to be active at 5-HTj3 receptors in the same nanomolar
range as indenoquinolines 4 (4a, K; = 3.0 nM; 4b, K; =
7.9 nM).25 However, the nonplanar compound 5j was
also found to be active in the nanomolar range with a
K; value even 3-fold lower than that of planar 5b. These
data suggest that 5-HTj sites are able to accommodate
both the planar and nonplanar heteroaromatic portions
of these arylpiperazines. In light of this finding and
comparing the 3D structures of compound 5j and the
4-phenylquipazine derivative 26 (Figure 2), the differ-
ence observed in their affinity for 5-HT3 receptors was
rather surprising, 5j being more potent by about 1 order
of magnitude than the 4-phenylquipazine derivative 26
(Ki =34 nM).2> An explanation might possibly be found
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Figure 1. Structures of compounds 5f,j,n,b and 6b. Struc-
tures of compounds 5fj,n were built from crystallographic
coordinates; structures of compounds 5b and 6b were built
from the standard fragment library. Yellow captions: dihedral
angle between the aromatic systems.

in the presumable different mobility of the phenyl ring
in 5j and 26; thus, entropy could play an important role
in determining the observed difference in the 5-HTs
receptor affinity. However other parameters also, such
as lipophilicity, could play an important role. Prelimi-
nary investigations on molecular dynamics?® of com-
pound 26 showed a freely rotating aromatic ring; mo-
lecular dynamics of compound 5j compared with those
of other members of this class of bioactive compounds
is still under investigation, and further studies are re-
quired in order to understand the actual role of entropy.

The most potent compound to inhibit [PH|BRL43694
binding appeared to be benzopyranoquinoline derivative
5f which showed an affinity for 5-HT; receptors com-
parable with that of quipazine but with a markedly
higher degree of selectivity. In fact, 5f lacks affinity
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Table 3. Comparison between the Selectivity Ratios of 5f and
Quipazine (3) for 5-HT; versus Other 5-HT Receptor Subtypes®

compd 5-HT; 5-HT uptake 5-HT1a 5-HT:n
5f 875 =6250 >6250 = 62560
3 108 36 1250 173

@ Each value is the ratio of the K, value for the indicated site
over that for 5-HT; receptors (from the data in Table 2).

for 5-HT1 4, 5-HT 5, and 5-HTac receptors and the 5-HT
uptake site, while it retains only a weak affinity for
5-HT44 receptors (Table 2). The selectivity ratios of this
compound therefore appear to be much better than
those calculated for quipazine (Table 3).

Biological Activity. In addition to binding studies,
two functional assays (see the Experimental Section)
were carried out for assessing the potential agonist/
antagonist activity of the compounds (5fj,n) with the
highest potencies as displacers of [*H|BRL43694 specif-
ically bound to 5-HT; receptors (see Table 2). Indeed,
none of these compounds mimicked the effects of 5-HT
on either the 5-HT; receptor-dependent accumulation
of [**Clguanidinium uptake in NG 108-15 hybridoma
cells® (up to 10 #M in the assay medium) or the 5-HT;
receptor-dependent Bezold—Jarisch reflex in urethane-
anesthetized rats® (up to a dose of 120 ug'kg iv).
Conversely, 5f,j,n reversed in a concentration-depend-
ent manner the stimulatory effect of 5-HT (in the
presence of substance P, see ref 8) on [*C]guanidinium
uptake in NG 108-15 cells with 1C5 values of 16.9, 4.60,
and 4.64 nM, respectively. (In Figure 3 are graphically
represented the results obtained with compound 5j.)
These values are in the same range as those of well-
characterized 5-HT receptor antagonists such as on-
dansetron (IC5p = 3.72 nM), tropisetron (IC;5, = 2.82
nM), and granisetron (IC5p = 2.83 nM) indicating that
the novel arylpiperazine derivatives acted as potent
antagonits in this assay.

In agreement with the data obtained on NG 108-15
cells, investigations on urethane-anesthetized rats con-

Figure 2. Relaxed stereoview of energy-minimized superimposed structures of compounds 5j (red) and 26 (green). Compound 26

is 2-(4-methy-1-piperazinyl)-4-phenylquinoline. 0
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Figure 3. Concentration-dependent prevention by 5j of 5-HT-
stimulated [**Clguanidinium uptake in NG 108-15 cells. A,
basal uptake (without 5-HT and SP); e, with 10 um SP alone;
O, with SP (10 4M) plus 5-HT (10 uM). Assays were carried
out as described in the experimental part, and the accumula-
tion of [1*Clguanidinium is expressed as dpm/culture dish.
Each point is the mean of triplicate determinations with less
than 5% variation among them.

firmed the 5-HTj; receptor antagonist properties of
compounds 5fjn. Thus, complete blockade of the
Bezold —Jarisch reflex elicited by a bolus iv injection of
5-HT (30 ug/kg) was observed 5 min after the iv
administration of 120 ug/kg of either of these drugs.
Dose—response curves indicated that half-maximal
blockade of the reflex bradycardia due to 5-HT was
obtained with 63 ug/kg 5f, 3.04 ug/kg 5j, or 1.10 ug/kg
5n (iv) (means of two to three determinations) injected
5 min before the indoleamine. Significant reduction of
the 5-HT-evoked bradycardia was still observed 30 min
after the iv injection of 30 ug/kg iv of 5j (~60%) or 5n
(~25%). (In Figure 4 are reported dose—response curves
relating to compound 5j.) In contrast, even at the
highest dose tested, 120 ug/kg iv, 5f did not affect 5-HT-
induced bradycardia when injected 15 or 30 min before
the agonist.

Studies of the effects of “classical” 5-HT3 receptor
antagonists in the same test indicated that half-
maximal blockade of the reflex bradycardia due to 30
ug/kg iv 5-HT was obtained with 0.45 ug/kg iv zacopride,
3.05 ug/kg iv tropisetron, or 3.56 ug/kg iv ondansetron
(means of three determinations) injected 5 min before
the indoleamine. A marked reduction in the reflex
bradycardia was still noted when zacopride or tro-
pisetron was injected 30 min before the indoleamine.
In contrast, the reflex bradycardia due to 30 ug/kg iv
5-HT was almost unaffected when ondansetron was
injected 30 min before (~15% with 30 ug/kg iv antago-
nist), indicating a much shorter duration of action of
the latter drug as compared to the other two 5-HT3
antagonists.

In conclusion, novel quipazine derivatives appeared
to act as potent and selective 5-HTj receptor antago-
nists. Among these compounds, 5j,n were as potent and
selective as ondansetron but had a longer duration of
action than the latter 5-HT; receptor antagonist. In
contrast to zacopride and tropisetron which also interact
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Figure 4. Dose-dependent inhibition by 5j of 5-HT-evoked
reflex bradycardia in urethane-anesthetized rats. Various
doses of 5j were injected 5, 15, or 30 min before the iv injection
of 30 ug/kg 5-HT, and the amplitude of the 5-HT-evoked reflex
bradycardia was compared to that observed in rats treated
with the indoleamine alone. The reduction in the response to
5-HT is expressed as a percent of the maximal fall in heart
rate observed in rats receiving 5-HT only. Each point is the
mean + SEM of three independent determinations.

Table 4. Statistical Results of COMFA

Cross-validated Analysis
field offset (A) SPress

x y z r2, compl comp2 comp3 comp4 comp5
0 0 0 0.701 0.650 0.753 0.809 0.795 0.776
1 0 0 0.705 0.646 0.736 0.832 0.854 0.843
1 1 0 0.718 0.631 0.773 0.816 0.854 0.843
1 1 1 0.697 0.654 0.760 0.802 0.804 0.886

-1 0 0 0.705 0.646 0.736 0.833 0.853 0.843

-1 -1 0 0.718 0.631 0.776 0.817 0.789 0.784

-1 -1 -1 0.697 0.654 0.758 0.805 0.806 0.884

Final Analysis without Cross-validation
s 0.492
r2 0.829
F 106.600
prob of 2 =0 0.000

with the 5-HT} receptor,?” 5j,n were highly selective for
5-HT; receptors (see Table 2). Such comparisons sug-
gest that 5j,n should be of special interest for the
selective in vitro and in vivo blockade of 5-HT}; receptors.
Their potential therapeutic value as antiemetic or
psychotropic drugs is currently under investigation by
means of appropriate preclinical tests.

Comparative Molecular Field Analysis (CoM-
FA). In order to gain more insight into the quantitative
structure—activity relationships (QSAR) of the com-
pounds under study, we performed a 3D QSAR analysis
using the CoMFA approach. The structures were
aligned by rigid body least-squares rms fitting of all
carbon and nitrogen atoms of the quinoline and pipera-
zine moieties and subjected to CoMFA. In order to
determine how well the model predicts data, each
predictive value was cross-validated using initially five
components resulting in a determination of the optimum
number of components. The statistical evaluation is
shown in Table 4. As can be seen from the results listed,
use of one component is sufficient to obtain a satisfac-
tory prediction. In order to determine the stability of
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Figure 5. Plot of actual versus predicted binding affinities
(pK; values).

Table 5. Predicted Affinities (pK;) and Residuals of
Compounds 5a—p and 6a—h from Final CoMFA

compd actual caled resid compd actual caled resid

5a 749 772 -023 5m 8.27 T7.74 0.53
5b 790 797 -007 5n 8.46  8.02 0.44
5c 7.28 1.85 0.57 5o 8.10 7.90 0.20
5d 6.39  5.81 0.58 5p 500 554 -0.54
5e 7.94 7.68 026 6a 688 748 -0.60
5f 8.80 796 0.84  6b 802 7.74 0.28

og 727 17.88 —0.61 6c 7.79  1.64 0.15
5h 500 539 —-039 6d 5.00 521 -0.21
5i 7.91 808 —0.17 6Ge 7.18 7.21 -—-0.03
5j 842 833 0.09  6f 7.38 746 —0.08
5k 7.84 821 0.37  6g 6.65 7.37 -—0.72

51 7.34 6.18 1.16  6h 500 494 0.06

the model, the region was set to different offsets in x, y,
and z directions, and a correlation analysis was done.
All models exhibited a comparable predictivity. The
final model obtained from the initial region using one
component without cross-validation showed an r? value
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of 0.829 and a standard error of estimate of 0.492.
Figure 5 shows a plot of the actual versus the predicted
binding affinities (pK; values); the results are listed in
Table 5. The relative contribution of steric and elec-
trostatic potential to the CoMFA regression equation
for binding affinity to the 5-HTj receptor was found to
be 57% and 43% steric and electrostatic, respectively.
The standard deviation coefficient contour maps (Fig-
ures 6 and 7) derived from the final model display the
3D CoMFA contributions of steric and electrostatic
potentials. These contour maps indicate where the
changes in fields are correlated with changes in binding
affinity.

From the steric interaction contour maps it can be
deduced that the tolerated length of the side chain at
N-4 of the piperazine moiety is limited. Additional
steric interaction in this region would lead to a de-
creased binding affinity. A similar conclusion can be
drawn for the length of the alkoxy side chain in
compounds 6e—h. On the other hand, substitution of
the oxepine-fused phenyl ring in compounds 5i,j at the
3- or 4-position with a positively polarized group could
lead to compounds with enhanced affinity for the 5-HT;
receptor, as can be deduced both from the steric and
electrostatic contribution plots. We are aware that the
predictive capacity of a 3D QSAR model strongly
depends on the structural variability of compounds used
for model construction. The molecules presented in this
study exhibit a high degree of homology, and therefore
a CoMFA derived from these compounds may not be
predictive also for 5-HTy antagonists derived from other
structural classes. Our model, however, may represent
an effective tool for the design of new arylpiperazine
compounds with pronounced 5-HT; affinity.

Conclusions

Starting from the high affinity and low selectivity
showed by quipazine for 5-HTj receptors, this work has
resulted in the discovery of some novel 5-HTj receptor

Figure 6. Relaxed stereoview of the CoMFA steric field graph for the 5-HT3 model derived from the experimental data. Contour
levels shown correspond with standard deviation x coefficient levels of 0.05 (green) and —0.004 (red). An increasing steric bulk
in the green-coded (0.05) contour level would lead to higher target values (i.e., positive influence on affinity); additional steric
bulk in the red-coded (—0.004) contour level negatively influences affinity.
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Figure 7. Relaxed stereoview of the CoMFA electrostatic field graph for the 5-HT; model derived from the experimental data.
Contour levels shown correspond with standard deviation x coefficient levels of 0.05 (vellow) and —0.05 (blue). An increasing
positive charge in the yellow-coded (0.05) contour level as well as additional negative charge in the blue-coded (—0.05) contour
level would lead to higher target values (i.e., positively influence the affinity).

antagonists which, by virtue of their selectivity and
potency, are interesting candidates for preclinical tests
as antiemetic or psychotropic drugs. The present study
demonstrates the usefulness of the “ring-fused ana-
logue” concept in inducing selectivity in nonselective
mother compounds. Furthermore, the CoMFA model
developed during these investigations appears to be an
interesting tool for the design of new, potent 5-HTj
ligands based on the arylpiperazine skeleton. Finally,
the observed shift between the agonistic properties
described for quipazine in guanidinium accumulation®
and the antagonistic properties of the ring-fused qui-
pazine analogues here described provides an interesting
topic for new investigations.

Experimental Section

Melting points were determined in open capillaries on a
Biichi 510 apparatus and are uncorrected. Microanalyses were
carried out using a Perkin-Elmer 240C elemental analyzer.
Merck silica gel 60, 70—230 mesh, was used for column
chromatography, and Riedel-de Haen DC-Mikrokarten SI F
37341 were used for TLC. Infrared spectra (IR) were recorded
in Nujol mulls with a Perkin-Elmer model 397 spectropho-
tometer. 'H-NMR spectra were recorded with a Bruker AC
200 spectrometer in the indicated solvents (TMS as internal
standard); the values of chemical shifts are expressed in ppm
and coupling constants (/) in hertz (Hz). Mass spectra (EI,
70 eV) were recorded on a VG 70-2508 spectrometer. IR, NMR
spectra, and elemental analyses were performed by the Di-
partimento Farmaco Chimico Tecnologico, Universita di Siena.
Mass spectra were performed by Centro di Analisi e Deter-
minazioni Strutturali, Universita di Siena.

General Procedures for the Synthesis of Compounds 5 and
6. Method A. A mixture of the appropriate imino chloride
7—12 (1.0 mmol) in ethylene glycol (30 mL) and piperazine
(3.0 g, 34.8 mmol) was heated at 130—140 °C under nitrogen
for a suitable time (2—23 h), and the reaction course was
followed by TLC. When the chloro derivative disappeared from
the chromatogram, the reaction mixture was poured into ice—
water (300 mL) and extracted with chloroform (3 x 20 mL).
The organic layer was thoroughly washed with water (5 x 15
mL), dried over sodium sulfate, and concentrated in vacuo to
give a residue which was purified by column chromatography.
Elution with ethyl acetate—triethylamine—ethanol (6:2:2)
yielded pure piperazinyl derivatives 5a,e,i,m and 6a,e. The

free bases were converted into the corresponding hydrochloride
salts according to Blackburn et al.'® Finally, salts were
recrystallized from the suitable solvents.

6-(1-Piperazinyl)benzofuro[2,3-clquinoline dihydro-
chloride (5a): "H-NMR (DMSO-ds) 3.40 (br s, 4H), 4.28 (br s,
4H), 7.57-7.81 (m, 5H), 7.97 (d, J = 8.3, 1H), 8.64-8.73 (m,
2H), 9.35 (br s, 2H).

7-(1-Piperazinyl)-6H-[1]benzopyrano|3,4-c]lquinoline di-
hydrochloride (5¢): "H-NMR (DMSO-ds) 3.35 (br s, 4H), 3.52
(br s, 4H), 5.15 (s, 2H), 7.25—7.37 (m, 2H), 7.48—7.61 (m, 2H),
777 (t,J =7.1,1H), 797 (d, J = 7.8, 1H), 8.12 (d, J = 7.8,
1H), 8.43 (d, J = 8.4, 1H), 9.36 (br s, 2H).

6,7-Dihydro-8-(1-piperazinyl)[1]benzoxepinol4,5-clquin-
oline hydrochloride (5i): 'H-NMR (DMSO-dg) 2.59—2.77 (m,
1H), 3.08—3.16 (m, 1H), 3.39 (br s, 4H), 3.47 (brs, 4H), 4.50—
4.63 (m, 2H), 7.31-7.61 (m, 5H), 7.68—7.75 (m, 1H), 7.84—
7.95 (m, 2H), 9.26 (br s, 2H); MS m/z 331 (M7, 14).

7,8-Dihydro-6-(1-piperazinyl)benzo[klphenanthri-
dine dihydrochloride (5m): 'H-NMR (DMSO-ds) 2.72-2.91
{pair of multiplet, 411), 3.34 {br s, 4H), 3.59 (br s, 4H), 7.46—
7.56 (m, 4H), 7.68—7.77 (m, 1H), 7.88—7.96 (m, 2H), 8.33 (d,
J = 8.4, 1H), 9.24 (br s, 2H).

6-(1-Piperazinyl)benzo[k]phenanthridine hydrochlo-
ride (6a): '"H-NMR (DMSO-ds) 3.45 (br s, 4H), 3.70 (br s, 4H),
7.63—7.89 (m, 4H), 8.03—8.28 (m, 4H), 8.96 (d, J = 8.3, 1H),
9.09-9.14 (m, 1H), 9.37 (br s, 2H).

8-Methoxy-6-(1-piperazinyl)benzol[k]phenanthridine
hydrochloride (6e): 'TH-NMR (DMSO-d;) 3.45 (br s, 4H), 3.69
(br s, 4H), 4.22 (s, 3H), 7.45 (s, 1H), 7.63—7.72 (m, 2H), 7.76—
7.90 (m, 2H), 8.00 (d, ./ = 7.8, 1H), 8.46—8.50 (m, 1H), 8.86 (d,
J=17.9,1H), 9.07-9.11 (m, 1H), 9.37 (br s, 2H); MS m/z 343
(M~, 23).

Method B. A solution of the appropriate imino chloride
7—12 (1.0 mmol) in N-methylpiperazine or N-ethylpiperazine
(8 mL) was heated at 120—130 °C under nitrogen for a suitable
time (2—24 h), and the reaction course was followed by TLC.
When the chloro derivative disappeared from the chromato-
gram, the reaction mixture was poured into ice—water (250
mL) and extracted with chloroform (3 x 20 mL). The organic
layer was washed with water (2 x 30 mL), dried over sodium
sulfate, and concentrated under reduced pressure. Chromato-
graphic purification of the residue with ethyl acetate—triethyl-
amine (8:2) as the eluent gave pure piperazinyl derivatives
5b,c.f.g k,n,0 and 6b,c,f,g. The free bases were crystallized
from the suitable solvents or converted into the corresponding
hydrochloride salts by a reported procedure,!® and then the
salts were recrystallized.
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6-(4-Methyl-1-piperazinyl)benzofuro[2,3-clquinoline
(5b): 'H-NMR (CDCl3) 2.62 (s, 3H), 3.01 (br s, 4H), 4.35 (br s,
4H), 7.47-7.75 (m, 5H), 7.94 (d, J = 8.3, 1H), 8.38—8.44 (m,
2H).
6-(4-Ethyl-1-piperazinyl)benzofuro(2,3-clquinoline (5¢):
IH-NMR (CDCly) 1.23 (t, J = 7.3, 3H), 2.61 (g, J = 7.2, 2H),
2.80 (t,J = 4.9, 4H), 4.20 (t, J = 4.9, 4H), 7.43-7.73 (m, 5H),
7.93 (d, J = 8.3, 1H), 8.37—8.42 (m, 2H).
7-(4-Methyl-1-piperazinyl)-6H-[1]benzopyranol[ 3,4-c]-
quinoline (56): 'H-NMR (CDCl;) 2.41 (s, 3H), 2.66 (t, J = 4.7,
4H), 3.34 (t, J = 4.8, 4H), 5.05 (s, 2H), 7.16—7.26 (m, 2H),
7.35—7.44 (m, 2H), 7.62 (t, J = 7.0, 1H), 7.92—8.06 (m, 2H),
8.39 (d, J = 8.7, 1H).
7-(4-Ethyl-1-piperazinyl)-6H-[1]benzopyranol3,4-c]lquin-
oline (5g): 'H-NMR (CDCl;) 1.16 (t, J = 7.0, 3H), 2.54 (q, J =
7.2, 2H), 2.68 (t, J = 4.5, 4H), 3.34 (t, J = 4.8, 4H), 5.05 (s,
2H), 7.16—7.26 (m, 2H), 7.34—7.44 (m, 2H), 7.56—7.67 (m, 1H),
7.92-8.05 (m, 2H), 8.38 (d, J = 8.1, 1H).
6,7-Dihydro-8-(4-ethyl-1-piperazinyl)[1]benzoxepino-
[4,5-c]quinoline (5§k): TH-NMR (CDCl3) 1.19 (t, J = 7.3, 3H),
2.59 (q, J = 7.2, 2H), 2.68—2.85 (m, 5H), 3.07-3.15 (m, 1H),
3.42 (t, J = 4.0, 4H), 4.55-4.60 (m, 2H), 7.24-7.63 (m, 6H),
7.85—7.95 (m, 2H); MS m/z 359 (M™, 9).
7,8-Dihydro-6-(4-methyl-1-piperazinyl)benzo[k]phenan-
thridine (5n): 'H-NMR (CDCly) 2.39 (s, 3H), 2.64 (t, J = 4.7,
4H), 2.70—2.87 (pair of multiplet, 4H), 3.40 (t, J = 4.7, 4H),
7.31—7.44 (m, 4H), 7.54—7.62 (m, 1H), 7.88—7.95 (m, 2H), 8.33
(d,J = 7.8, 1H).
7,8-Dihydro-6-(4-ethyl-1-piperazinyl)benzo[k]phenan-
thridine dihydrochloride (50): TH-NMR (DMSO-d¢) 1.36 (t,
J =17.2, 3H), 2.81-2.92 (pair of multiplet, 4H), 3.16—3.40 (m,
4H), 3.59—-3.78 (m, 4H), 4.02 (d, J = 13.6, 2H), 7.48—7.63 (m,
4H), 7.77-7.93 (m, 2H), 8.24 (d, J = 8.3, 1H), 8.34 (d, J = 8.3,
1H), 11.57 (br s, 1H).
6-(4-Methyl-1-piperazinyl)benzo[k]phenanthridine (6b):
1H-NMR (CDCls) 2.44 (s, 3H), 2.75 (t,J = 4.6, 4H), 3.58 (t, J
= 4.7, 4H), 7.50-7.73 (m, 4H), 7.88 (d, J = 8.8, 1H), 8.00—
8.15 (m, 3H), 8.88 (d, J = 8.4, 1H), 9.06—9.10 (m, 1H).
6-(4-Ethyl-1-piperazinyl)benzo[k]phenanthridine (6c):
IH-NMR (CDCly) 1.18 (t, J = 7.3, 3H), 2.57 (q, J = 7.2, 2H),
2.77 (t,J = 4.8, 4H), 3.58 (t, J = 4.8, 4H), 7.50—7.72 (m, 4H),
7.87(d,J = 8.8, 1H), 8.00—8.16 (m, 3H), 8.88 (d, J = 8.3, 1H),
9.06—9.10 (m, 1H).
6-(4-Methyl-1-piperazinyl)-8-methoxybenzo[k]phenan-
thridine (6f): TH-NMR (CDCl;) 2.44 (s, 3H), 2.75 (t, J = 4.4,
4H), 3.56 (t,JJ = 4.5, 4H), 4.14 (s, 3H), 7.43—7.74 (m, 5H), 8.03
(d,J =7.6,1H), 8.45—8.50 (m, 1H), 8.80(d, J = 8.2, 1H), 9.02—
9.07 (m, 1H).
6-(4-Ethyl-1-piperazinyl)-8-methoxybenzo[k]phenan-
thridine (6g): 'H-NMR (CDCl3) 1.18 (t, J = 7.3, 3H), 2.57 (g,
J=171,2H),2.78 (t,J = 4.2, 4H), 3.58 (br s, 4H), 4.14 (s, 3H),
7.43-17.74 (m, 5H), 8.04 (d, J = 7.6, 1H), 8.45—8.50 (m, 1H),
8.80 (d, J = 8.1, 1H), 9.02—9.07 (m, 1H).
Method C. To a stirred suspension of sodium hydride (0.053
g, 2.2 mmol) in dry DMF (5 mL) at 0—5 °C was added
2-(dimethylamino)ethanethiol hydrochloride (0.156 g, 1.1 mmol)
over 25 min. The mixture was allowed to warm to room
temperature and stirred for 1 h. A solution of the suitable
imino chloride 7—12 (1.0 mmol) in dry DMF (10 mL) was
added, and the resulting mixture was heated at 75—85 °C
under nitrogen for an appropriate time (1-5 h). The reaction
course was followed by TLC. When the imino chloride disap-
peared from the chromatogram, the cooled reaction mixture
was poured into ice—water (300 mL). The precipitate was
extracted with chloroform (4 x 15 mL), and the combined
extracts were thoroughly washed with water (5 x 20 mL),
dried over sodium sulfate, and evaporated under reduced
pressure. Chromatographic purification of the residue with
ethyl acetate—triethylamine (8:2) as the eluent gave the
expected [(dimethylamino)ethyllthio derivative which was
recrystallized from the suitable solvent (5d and 6h) or
converted into the hydrochloric salt by a reported procedure!®
and then recrystallized (5h,l,p and 6d).
6-[[2-(N,N-Dimethylamino)ethyl]thiolbenzofuro(2,3-¢]-
quinoline (5d): 'H-NMR (CDCl3) 2.80 (s, 6H), 3.22—3.29 (m,
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2H), 3.91 (t, J = 7.8, 2H), 7.50—7.81 (m, 5H), 8.09-8.13 (m,
1H), 8.38—8.52 (m, 2H).
7-[[2-(N,N-Dimethylamino)ethyl]thio]-6H-[1]benzopy-
rano(3,4-c]quinoline hydrochloride (5h): 'H-NMR (DMSO-
de) 2.93 (s, 6H), 3.42—3.49 (m, 2H), 3.76—3.84 (m, 2H), 5.17
(s, 2H), 7.25—17.36 (m, 2H), 7.54 (t, J = 7.8, 1H), 7.64—7.72
(m, 1H), 7.85 (t,J = 7.3, 1H), 8.11-8.16 (m, 2H), 8.49(d, J =
8.4, 1H), 10.70 (br s, 1H).
6,7-Dihydro-8-[[2-(N,N-dimethylamino)ethyllthio][1]-
benzoxepino[4,5-clquinoline hydrochloride (51): TH-NMR
(DMSO-d) 2.69—2.85 (m, 1H), 2.95 (s, 6H), 3.00—3.09 (m, 1H),
3.42-3.50 (m, 2H), 3.74—3.82 (m, 2H) 4.40—4.62 (m, 2H),
7.32—-7.65 (m, 5H), 7.80 (t,J = 7.2, 1H), 7.95 (d, J = 8.3, 1H),
8.13 d, J = 8.2, 1H), 10.81 (br s, 1H); MS m/z 350 (M*,.2).
7,8-Dihydro-6-[[2-(IV,N-dimethylamino)ethyl]lthiolben-
zo[k]lphenanthridine dihydrochloride (5p): 'H-NMR (DM-
SO-dg) 2.81-2.93 (m, 4H), 2.95 (s, 6H), 3.41-3.49 (m, 2H),
3.71-3.79 (m, 2H), 7.46—-7.66 (m, 4H), 7.79 (t, J = 7.2, 1H),
7.92—-7.97 (m, 1H), 8.09 (d, J = 7.8, 1H), 8.39 (d, J = 8.3, 1H),
10.49 (br s, 1H).
6-[[2-(N,N-Dimethylamino)ethyllthiolbenzo[k]lphen-
anthridine hydrochloride (6d): 'H-NMR (DMSO-dg) 2.98
(s, 6H), 3.50—3.57 (m, 2H), 3.83—3.91 (m, 2H), 7.75—7.95 (m,
4H), 8.19—-8.31 (m, 4H), 9.04 (d, J = 8.1, 1H), 9.16—9.21 (m,
1H), 10.26 (br s, 1H).
6-[[2-(N,N-Dimethylamino)ethyllthio]-8-methoxyben-
zo[k]phenanthridine (6h): TH-NMR (CDCl;) 2.43 (s, 6H),
2.82(t,J =17.2,2H), 3.69 (t,J = 7.3, 2H), 4.17 (s, 3H), 7.46 (s,
1H), 7.52—7.75 (m, 4H), 8.06—8.11 (m, 1H), 8.48—8.52 (m, 1H),
8.84 (d, J = 8.3, 1H), 9.06—9.10 (m, 1H).
2-Chloro-2’-(2-fluorobenzoyl)acetanilide (14). To a so-
lution of 13 (4.3 g, 0.02 mol) in dichloromethane (100 mL) at
0 °C was added chloroacetyl chloride (1.7 mL, 0.022 mol)
dropwise, and the reaction mixture was stirred at room
temperature for 1 h. Afterward a saturated sodium bicarbon-
ate solution (40 mL) was added at 0—5 °C with vigorous
stirring, and the organic layer was separated, dried over
sodium sulfate, and concentrated under reduced pressure.
Pure 14 (5.8 g, 99%) was obtained as a white solid. Recrys-
tallization from cyclohexane gave an analytical sample melting
at 120—122 °C: IR 3180, 1680, 1640 cm™!; 'H-NMR (CDCly)
4.23 (s, 2H), 7.10-7.31 (m, 3H), 7.47-7.65 (m, 4H), 8.73 (d, J
= 8.6, 1H), 12.09 (br s, 1H). Anal. (C;sHuNO.CIF) C, H, N.
4-(2-Fluorophenyl)-3-hydroxy-2(1H)-quinolinone (15).
To a solution of 14 (2.0 g, 6.86 mmol) in DMF (40 mL) with
85% KOH (3.0 g, 45.4 mmol) was added water (15 mL). The
reaction mixture was stirred at room temperature for 1.5 h,
diluted with ice—water (250 mL), and made acid with 3 N
hydrochloric acid. The precipitate was collected by filtration,
washed with water, dried, and purified by column chroma-
tography with chloroform—ethyl acetate (9:1) and then chlo-
roform—ethyl acetate (7:3) as successive eluents, giving 15 as
a white solid (0.44 g, 25%). An analytical sample recrystallized
from benzene—ethyl acetate melted at 255—256 °C: IR 3400,
3150, 1650, 1630 cm™!; 'H-NMR (DMSO-d¢) 6.97 (d, J = 8.2,
1H), 7.08—7.16 (m, 1H), 7.32—7.61 (m, 6H), 9.49 (s, 1H), 12.27
(br s, 1H); MS m/z 255 (M*, 84). Anal. (C;;H (NOgF) C, H,
N.
3-Chloro-4-(2-fluorophenyl)-2(1H)-quinolinone (16).
Compound 16 was isolated from the chloroform—ethyl acetate
(9:1) fraction of the above-cited purification by column chro-
matography (0.8 g, 43%). Recrystallization from ethanol—
ethyl acetate gave an analytical sample melting at 269—272
°C: IR 3280, 1670 cm™1; 1H-NMR (DMSO-ds) 6.98 (d, J = 8.4,
1H), 7.15-7.24 (m, 1H), 7.41-7.72 (m, 6H), 12.53 (br s, 1H);
MS m/z 273 (M*, 100). Anal. (C;;H¢NOCIF) C, H, N.
Benzofuro[2,3-clquinolin-6(5H)-one (17). A mixture of
15 (0.4 g, 1.6 mmol) in dry DMF (10 mL) with sodium hydride
(0.12 g, 4.8 mmol) was refluxed for 5 h under nitrogen and
then poured into ice—water (200 mL). The aqueous mixture
was made acidic with 3 N HCI, and the precipitate was
collected by filtration, washed with water, and dried. Pure
17 (0.32 g, 87%) was obtained by washing the crude product
with hot ethyl acetate. Recrystallization from ethanol-DMF
gave an analytical sample melting at 351 °C dec (lit.!! mp 322—
324 °C): IR 3160, 1680 cm™!; 'H-NMR (DMSO-ds) 7.40—7.77
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(m, 5H), 7.95 (d, J = 8.2, 1H), 8.51 (d, J = 8.0, 1H), 8.63 (d, J
= 7.6, 1H), 12.27 (br s, 1H); MS m/z 235 (M*, 100). Anal.
(C1sHgNO,) C, H, N.

6-Chlorobenzofuro(2,3-clquinoline (7). A mixture of 17
(0.4 g, 1.7 mmol) in POCI; (6 mL, 64.4 mmol) was refluxed for
1 h and then poured onto crushed ice. The precipitate was
extracted with dichloromethane (3 x 20 mL), and the combined
extracts were washed with brine, dried over sodium sulfate,
and concentrated under reduced pressure. The residue was
purified by column chromatography using dichloromethane as
eluent, and pure 7 was obtained (0.38 g, 88%) as a white solid.
An analytical sample recrystallyzed from cyclohexane melted
at 154—155 °C (lit.!! mp 157.5—158.5 °C): 'H-NMR (CDCl;)
7.49-7.79 (m, 5H), 8.13—8.28 (m, 1H), 8.32 (d, J = 7.8, 1H),
8.42—8.47 (m, 1H); MS m /z 253 (M*, 100). Anal. (C15HsNOCI)
C,H,N. .

Ethyl 4-(2-Fluorophenyl)-2(1H)-oxoquinoline-3-car-
boxylate (19). To a solution of 13 (4.3 g, 0.02 mol) in
dichloromethane (50 mL) was added carbethoxyacetyl chloride
(8.1 mL, 0.024 mol) at 0 °C. After 20 min, a saturated sodium
bicarbonate solution (40 mL) was added at 0—5 °C with
vigorous stirring. The organic layer was separated, dried over
sodium sulfate, and concentrated under reduced pressure. The
residue was dissolved in absolute ethanol (100 mL), and
potassium fert-butoxide (1.0 g, 8.91 mmol) was added. The
reaction mixture was stirred at room temperature for 1 h and
then diluted with water and made acidic with 3 N HCI. The
precipitate was collected by filtration, washed with water and
then with ethyl acetate, and dried to give 19 as white crystals
(4.3 g, 69%). An analytical sample recrystallized from ethyl
acetate melted at 186—187 °C: IR 3160, 1730, 1650 cm™!; 'H-
NMR (CDCly) 1.00 (t, J = 7.0, 3H), 4.10—4.21 (m, 2H), 7.14~
7.34 (m, 5H), 7.44-7.55 (m, 3H), 12.65 (br s, 1H). Anal.
(Ci1sH14NOsF) C, H, N.

4-(2-Fluorophenyl)-3-(hydroxymethyl)quinolin-2(1H)-
one (20). To a suspension of lithium aluminum hydride (1.0
g, 26.4 mmol) in dry THF (10 mL) was slowly added a solution
of 19 (1.6 g, 5.14 mmol) at —20 °C. After stirring for 30 min
at —20-0 °C, the hydride was hydrolyzed by addition of water
(5 mL) and the mixture was partitioned between chloroform
and 3 N HCl. The organic layer was washed with water, dried
over sodium sulfate, and concentrated under reduced pressure.
The residue was crystallized from ethyl acetate—ethanol to
give 20 (1.1 g, 79%; mp 225—-226 °C): IR 3290, 3160, 1650
cm™!; 'H-NMR (DMSO-de) 4.18 (ABgq, J = 11.1, 2H), 4.65 (br
s, 1H), 6.93 (d, J = 8.0, 1H), 7.13 (t, J = 7.3, 1H), 7.38—-7.68
(m, 6H), 12.07 (br s, 1H). Anal. (C1¢H12NOoF) C, H, N.

6,8-Dihydro-7H-[1]benzopyrano[3,4-c]quinolin-7-one
(18). To a solution of 20 (0.8 g, 2.97 mmol) in dry DMF (10
mL) was added sodium hydride (0.22 g, 9.17 mmol), and the
mixture was heated at 135—140 °C under nitrogen for 15 min.
The cooled reaction mixture was then poured into ice—water
(250 mL). The aqueous mixture was made acidic with 3 N
HCI, and the precipitate was collected by filtration, washed
with water and then with ethyl acetate, and dried to give 18
(0.65 g, 91%). An analytical sample was recrystallized from
DMF (mp 324—-326 °C). IR 3150, 1660 cm™!; 1H-NMR (DMSO-
de) 4.99 (s, 2H), 7.18—7.34 (m, 3H), 7.39-7.63 (m, 3H), 8.02
(d,J =17.5,1H), 8.18 (d, J = 8.2, 1H), 12.02 (br s, 1H). Anal.
(C1eHuNO9) C, H, N.

7-Chloro-6H-[1]benzopyrano|3,4-clquinoline (8). A mix-
ture of 18 (1.3 g, 5.22 mmol) in POCl;3 (10 mL) was refluxed
for 40 min and then poured onto crushed ice. The precipitate
was extracted with chloroform (3 x 50 mL), and the combined
extracts were washed with water, dried over sodium sulfate,
and concentrated under reduced pressure. The residue was
purified by column chromatography with dichloromethane as
eluent, and 93% of pure 8 (1.3 g) was obtained. Recrystalli-
zation from ethanol gave an analytical sample melting at 125—
126 °C: 'H-NMR (CDCls) 5.26 (s, 2H), 7.18—7.26 (m, 2H),
7.39—7.75 (m, 3H), 8.01-8.09 (m, 2H), 8.47 (d, J = 8.6, 1H).
Anal. (CgH1oNO:Cl) C, H, N.

6-Chloro-7,8-dihydrobenzo(k]phenanthridine (10). To
a solution of 211% (0.5 g, 1.65 mmol) in dichloromethane (50
mL) was added aluminum chloride (1.5 g, 11.25 mmol). The
reaction mixture was stirred at room temperature for 36 h and
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then poured into ice—water and extracted with chloroform (3
x 20 mL). The usual workup of the organic layer after
evaporation under reduced pressure gave a brown oil which
was purified by column chromatography using dichloromethane
as eluent; 10 was obtained as a pale yellow, thick oil (0.36 g,
82%; (lit.1%2 mp 80—81 °C, lit.}®* mp 95-96 °C). 'H-NMR
(CDCl;) 2.85-2.92 (m, 2H), 3.01—-3.10 (m, 2H), 7.37-7.42 (m,
3H), 7.52—7.59 (m, 1H), 7.66—7.73 (m, 1H), 7.89—-7.93 (m, 1H),
8.07 (d,J = 8.0, 1H), 8.42 (d, J = 8.5, LH); MS m/z 265 (M™,
100). Anal. (C17H12NC1) C, H, N.

6-Chlorobenzo(k]lphenanthridine (11). A mixture of 10
(1.0 g, 3.76 mmol) in carbon tetrachloride (100 mL) with
N-chlorosuccinimide (0.51 g, 3.82 mmol) and dibenzoyl per-
oxide (0.1 g, 0.41 mmol) was refluxed for 5 h, filtered, and
concentrated under reduced pressure. Purification of the
residue by column chromatography with dichloromethane—
light petroleum ether (1:1) as eluent gave 11 as a white solid
(0.81 g, 82%). An analytical sample was recrystallized from
ethanol—methanol (mp 106—107 °C, lit.1’ mp 105—108 °C,
lit.16> mp 109110 °C, lit.!™ mp 106—108 °C, 1it.'"* 106107
°C). 'H-NMR (CDCl;) 7.69—7.83 (m, 4H), 8.03—8.11 (m, 2H),
8.20—8.25 (m, 1H), 8.41 (d, J = 8.9, 1H), 9.01 (d, J = 8.2, 1H),
9.11-9.15 (m, 1H); MS m/z 263 (M*, 100). Anal. (Cy7Hje-
NCD)H C, H, N.

2-Chloro-4-phenyl-3-quinolineacetic Acid Chloride (24).
A mixture of 2316 (1.0 g, 3.58 mmol) in POCI; (18 mL, 0.19
mol) was refluxed for 5 h and then cooled and poured into ice—
water (400 mL). The precipitate was extracted with chloro-
form (3 x 20 mL), and the organic layer was dried over sodium
sulfate and concentrated under reduced pressure. Purification
by column chromatography with dichloromethane as eluent
gave 24 as a white solid (0.66 g, 58% recrystallized from
hexane—cyclohexane; mp 128—129 °C): IR 1780 cm™!; !'H-
NMR (CDCl;) 4.26 (s, 2H), 7.23—-7.58 (m, 7TH), 7.71-7.79 (m,
1H), 8.08 (d, J = 8.4, 1H); MS m/z 315 (M*, 33). Anal.
(C17H;1NOCly) C, H, N.

6-Chloro-8-hydroxybenzo[k]lphenanthridine (25). To
a solution of 24 (0.5 g, 1.58 mmol) in dichloromethane (150
mL) was added aluminum chloride (2.0 g, 15.0 mmol). The
reaction mixture was stirred at room temperature for 6 h and
then poured into ice—water. The organic solvent was removed
under reduced pressure, and the precipitate was collected by
filtration and dried. The yellow solid was dissolved in THF
(30 mL) and filtered, and the filtrate was concentrated under
reduced pressure to give 25 (0.4 g, 90%). Recrystallization
from ethanol gave an analytical sample melting at 200 °C
dec: 'H-NMR (DMSO-dg) 7.74 (s, 1H), 7.80—7.95 (m, 4H),
8.09—8.16 (m, 1H), 8.50—8.56 (m, 1H), 8.96—9.01 (m, 1H),
9.13-9.19 (m, 1H), 11.30 (s, 1H); MS m /2 279 (M*, 100). Anal.
(C17H14NOC]) C, H, N.

6-Chloro-8-methoxybenzo[k]lphenanthridine (12). To
a mixture of 25 (0.6 g, 2.14 mmol) in acetone (100 mL) with
potassium carbonate (2.0 g, 14.47 mmol) was added methyl
iodide (1.3 mL, 20.88 mmol). The mixture was refluxed for 1
h and then poured into ice—water and extracted with chloro-
form (3 x 20 mL). The organic layer was washed with water,
dried over sodium sulfate, and evaporated under reduced
pressure to give a yellow residue. Purification by column
chromatography of the residue with chloroform—light petro-
leum ether (1:1) as eluent gave 12 (0.56 g, 89% recrystallized
from ethanol—chloroform; mp 162—163 °C): 'H-NMR (CDCl;)
4.21 (s, 3H), 7.63 (s, 1H), 7.67-7.83 (m, 4H), 8.16—8.21 (m,
1H), 8.52—-8.57 (m, 1H), 8.88—8.93 (m, 1H), 9.06—9.11 (m, 1H).
Anal. (C1sHp,NOCL C, H, N.

X-ray Crystallography. Single crystals of 5fj,n were
submitted to X-ray data collection on a Siemens P4 four-circle
diffractometer with graphite monochromated Mo Ka radiation.
The w/26 scan technique was used. The structures were solved
by direct methods. The refinement was carried out by full-
matrix (5f,n) or block-matrix (5j) anisotropic least-squares on
F for all non-H atoms by minimizing the function Zw(|F,| —
|F[)?. The hydrogen atoms were located on Fourier difference
maps and included in the structure factor calculations with
an isotropic temperature factor. Atomic scattering factors
including £’ and f” were taken from ref 28. Structure solution,
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analysis, and refinement were carried out by using the
SHELXTL PC package.?®

5j: C23HosN30+0.13H50 (mol wt 347.6), a pale yellow, single
crystal, dimensions 0.2 x 0.2 x 0.1 mm, used for data
collection; monoclinic; space group P2i/n (no. 14); a = 15.009
(1), 56 =16.952(2), and ¢ = 22.124(2) A; B =96.02°; V=5596.3-
(9)A% Z = 12; D, = 1.24 g/cm?; 8769 unique reflections (Rin: =
0.026) were collected at 22 °C, of which 4369 were observed
with F > 30(F); no absorption correction was applied; final
refinement converged to R = 0.068 and Ry = 0.075; min. and
max heights in last Ap map of —0.28 and 0.25 eA 3,

5f: C91H31 N30 (mol wt 331.4), a pale yellow, single crystal,
dimensions 0.5 x 0.1 x 0.05 mm, used for data collection;
monoclinic; space group P2i/c (no. 14); a = 12.415(2), b =
10.806(2), and ¢ = 13.253(3) A; 8 = 102.83°; V = 1733.6(6) A3;
Z = 4; D. = 1.27 g/cm?; 3031 unique reflections (Rin, = 0.011)
were collected at 22 °C, of which 2031 were observed with F
> 30(F), no absorption correction was applied; final refinement
converged to R = 0.052 and Ry = 0.076; min. and max heights
in last Ao map of —0.18 and 0.23 eA 3,

5n: CyoHpsN3 (mol wt 329.4), a yellow, single crystal,
dimensions 0.2 x 0.1 x 0.05 mm, used for data collection;
orthorhombic; space group Pben (no. 60); a = 41.893(8), b =
8.290(2), and ¢ = 10.183(2) A; V = 3536.6(9) A%, Z = 8, D, =
1.24 g/cm? 3106 unique reflections (R;s = 0.014) were collected
at 22 °C, of which 1928 were observed with F > 30(F); no
absorption correction was applied; final refinement converged
to R = 0.055 and Rw = 0.045; min. and max heights in last
Ag map of —0.16 and 0.16 eA ~3. Full crystallographic details
will be given elsewhere.

In Vitro Binding Assays. Binding assays were done as
described in refs 7, 23, and 24. Male CRL:CD(SD)BR-COBS
rats and male albino guinea pigs were killed by decapitation;
their brains were rapidly dissected into the various areas (rat
hippocampus for 5-HT)4; rat striatum for 5-HTp; rat cortex
for 5-HT2a, 5-HTs, and 5-HT uptake site; guinea pig striatum
for 5-HT,) and stored at —80 °C until the day of assay. The
pig brain was obtained from a local slaughterhouse; cortex (for
5-HTyc) was rapidly removed and stored at —80 °C until the
day of assay. Tissues were homogenized in 50 vol of ice-cold
Tris HC], 50 mM, pH 7.4 (or Hepes HCl, 50 mM, pH 7.4, for
5-HT, and 5-HT; receptors), using an Ultra Turrax TP-1810
homogenizer (2 x 20 s), and homogenates were centrifuged at
50000¢ for 10 min (Beckman model J-21B refrigerated cen-
trifuge). Each pellet was resuspended in the same volume of
fresh buffer, incubated at 37 °C for 10 min, and centrifuged
again at 50000g for 10 min. The pellet was then washed once
by resuspension in fresh buffer and centrifuged as before. The
pellet obtained was finally resuspended in the appropriate
incubation buffer (Tris HCI, 50 mM, pH 7.7, containing 10 4uM
pargyline and 4 mM CaCl; for 5-HT\, receptors; Tris HC], 50
mM, pH 7.7, containing 10 #M pargyline, 4 mM CaCl;, and
0.1% ascorbic acid for 5-HT\s and 5-HTqc receptors; Tris HC],
50 mM, pH 7.7, for 5-HTq4 receptors; Tris HCI, 50 mM, pH
7.4, containing 10 #M pargyline, 120 mM NaCl, and 5 mM
KCl for 5-HT uptake site; Hepes HCl, 50 mM, pH 7.4,
containing 10 uM pargyline for 5-HT3; and 5-HT4 receptors)
just before the binding assay.

[HI-8-OH-DPAT (SA 157.4 Ci/mmol, for 5-HT14; NEN) and
[*H]citalopram (SA 73.7 Ci/mmol, for 5-HT uptake site; NEN)
binding was assayed in a final incubation volume of 0.5 mL,
consisting of 0.25 mL of membrane suspension, 0.24 mL of the
[*Hlligand, and 0.01 mL of displacing agent or solvent. Tissue
concentration and [*H]ligand final concentration were respec-
tively 5 mg of tissue/sample and 1 nM, and 3.1 mg of tissue/
sample and 0.8 nM. [*H]Mesulergine (SA 73.0 Ci¥/mmol, for
5-HToc; NEN), [BHI-5-HT (SA 14.6 Ci/mmol,for 5-HT;5; NEN),
[®Hlketanserin (SA 60.0 Ci/mmol, for 5-HT24; Amersham), [*H]-
BRL43694 (SA 84.8 Ci/mmol, for 5-HTs; NEN), and [*BHIGR
1138082* (SA 84.0 Ci/mmol, for 5-HT,; Amersham) binding was
assayed in a final incubation volume of 1.0 mL, consisting of
0.5 mL of membrane suspension, 0.48 mL of the [*H]ligand,
and 0.02 mL of displacing agent or solvent. Tissue concentra-
tion and [®*H]ligand final concentration were 33 mg/sample and
1 nM ([*HImesulergine binding), 10 mg/sample and 2 nM ([*H]-
5-HT binding), 5 mg/sample and 0.7 nM ([®Hlketanserin
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binding), 20 mg/sample and 1 nM ([*H]BRL43694 binding), and
30 mg/sample and 0.1 nM ([*H]GR 113808 binding).

Incubations were stopped by rapid filtration under vacuum
through GF/B or GF/C filters which were then washed with
12 mL (4 x 3 times) of ice-cold Tris HCl, 50 mM, pH 7.4, or
Hepes HCl, 50 mM, pH 7.4, using a Brandel M-48R cell
harvester. Dried filters were immersed in vials containing 4
mL of Filter Count (Packard) for the measurement of trapped
radioactivity with an LKB1214 RACKBETA liquid scintillation
spectrometer at a counting efficiency of about 60%. Dose—
inhibition curves were analyzed by the “Allfit” program?® to
obtain the concentration of unlabeled drug that caused 50%
inhibition of ligand binding. The K; values were derived from
the ICs values according to the method of Cheng and Prusoff.3°
The Ky (nM) values of the radiolabeled ligands used were
obtained from the literature???43! and were 0.9 for [*H]-8-OH-
DPAT binding, 1.9 for [*H]-5-HT binding, 3.2 for [*H]me-
sulergine binding, 0.5 for [®*HJketanserin binding, 2.0 for
[*Hlcitalopram binding 0.3 for [SHIBRL43694 binding, and 0.2
for [*(H]GR 113808 binding.

Measurement of [1*ClGuanidinium Uptake in NG 108-
15 Cells. This procedure has been described by Emerit et al.?
as a convenient assay for assessing the agonist/antagonist
activity of drugs acting at 5-HT; receptors. Thus, 5-HT;
receptor agonists markedly enhance [!“Clguanidinium uptake
by these cells, and this response is selectively blocked by 5-HTs
receptor antagonists.® Briefly, mouse neuroblastoma x rat
glioma hybrid cells of the NG 108-15 clone were grown in
Dulbecco’s modified Eagle’s medium supplemented with the
appropriate nutrients® for 2 days. The cell layer in each
culture dish (35 mm) was then washed twice with 1.5 mL of
buffer A (145 mM NaCl, 5.4 mM KCl, 1.8 mM CaCl,, 1.0 mM
MgCly, 2.0 mM NasHPO,, 20 mM glucose, 20 mM HEPES, pH
adjusted to 7.4 with NaOH) and covered with 1 mL of buffer
B (same composition as buffer A except that [NaCl] was
reduced to 135 mM and 10 mM guanidinium was added)
containing 0.20—0.25 uCi of [**C]guanidinium (SA 59 mCy/
mmol; Service des Molécules Marquées at CEA, 91191 Gif-
surYvette, France) and, where indicated, 1 4M 5-HT, 10 uM
substance P, and/or eight different concentrations of each drug
to be tested. After 10 min at 37 °C, the assay was stopped by
aspiration of the medium, and the cell layer was washed three
times with 1.5 mL of ice-cold buffer C (same composition as
buffer A except that NaCl was replaced by choline chloride).
The cells were then dissolved in 0.5 mL of 0.4 M NaOH, and
the resulting extracts were transferred to scintillation vials.
The culture dishes were further rinsed with 0.5 mL of 1 M
HCI and then with 0.5 mL of 0.4 M NaOH, which was added
to the vials. Each mixture (1.5 mL) was supplemented with
10 mL of the scintillation fluid Aquasol (New England Nuclear,
Les Ulis, France) for radioactivity counting at 50% efficiency.
All assays were performed in triplicate.

Under these conditions, [**C]guanidinium accumulation in
NG 108-15 cells was 4—5 times higher in the presence of both
1M 5-HT and 10 M substance P than in their absence (basal
uptake). 5-HT; receptor antagonists (zacopride, ondansetron,
tropisetron, etc) completely prevented the stimulatory effect
of 5-HT (with substance P) (see ref 8 for details).

Bezold—-Jarisch Reflex. The stimulation of cardiac 5-HT}3
receptors is well known to trigger a transient bradycardia
known as the Bezold—Jarisch reflex® in urethane-anesthetized
rats. The ability of drugs to either induce or prevent this reflex
has been used to further assess the 5-HTj3 receptor agonist or
antagonist properties of the newly synthesized arylpiperazine
derivatives. Briefly, adult male Sprague—Dawley rats (250—
300 g body weight; Centre d’Elevage R. Janvier, Le Genest,
France) were anesthetized with urethane (1.4 g/kg ip), and a
tracheotomy was performed to insert an endotracheal tube. A
catheter (0.3 mm internal diameter) was inserted into the
abdominal aorta via the femoral artery in order to record the

- arterial pressure and heart rate. A femoral vein was exposed

and cannulated for iv injection of drugs. The Bezold—Jarisch
reflex (which consists of a 60% drop in heart rate within 10—
15 s following the injection of 30 ug/kg iv serotonin) was
assessed 5, 15, and 30 min after the iv administration of
various doses of each arylpiperazine derivative. Under these
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conditions, 10 ug/kg iv of either zacopride, ondansetron, or
tropisetron injected 5 min before 5-HT completely prevented
the bradycardia normally evoked by the indoleamine.®
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