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ABSTRACT

Serotonin (5-HT) 1A receptors have been shown to have physiological, biochemical
pharmacological and clinical values. The piperazino derivative 1 was ralionally designed as a
bulky, lipophilic N4-substituted arylpiperazine. Radioligand binding assay of 1 at 5-HT1 A

receptors indicates that it binds at these receptors with higher affinity than the famous 5-HT, A
ligand, buspirone (K, = 15 nM). Buspirone is currently used to treat anxiety.

INTRODUCTION

The history of serotonin 2 began sixty years ago when it was

discovered in the intestine and was then called enteramine!’. In 1947,

d as a vasoconstrictor substance in the serum
droxytryptamine 2 (5-HT)®, About ten years

serotonin was characterize

and was proven to be 5-hy
later, Gaddum and Picarelli proposed two types of tryptamine receptors in
guinea pig ileum‘®. The first type was blocked by dibenzyline
(phenoxybenzamine) and called D receptors. The second type was
antagonized by morphine and called M receptors(3) . In 1979, Peroutka and
Snyder proposed two distinct types of serotonin receptors in the central
nervous system(4). Their classification was based on the radioligand
binding technique. One type was called 5-HT, receptors and was labeled by
[3H]-5-HT, The second type was labeled by the D-2 neuroleptic,

laH,]-Spiperone 3 and called 5-HT, receptors“’. Additional studies revealed
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that 3 showed biphasic effect on the 5-HT1 receptors, i.e. showed highe,
affinity for a binding site and lower affinity for another site, The two
binding sites were called 5-HT,, and 5-HTp, respectively(s), Recent
studies suggested the existence of other kinds of 5-HT; receptors sych as
= ‘ : ; . (8)
O-HTIC’ 5‘H PID (Q,B) ) S'HTIE, 5'HTls, 5'HT1P a:n.d 5 HTlR .

In addition to 5-HT, and 5-HT, receptors, 5-HTg receptors were

discovered. These receptors were suggested to be the Gaddum apg

Picarelli M receptors'?. Additional classes of 5-HT receptors have beep
also suggested(©-8)
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HO \ F—@- CO—(CHy3—N . >
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From th i i
€ various kinds of 5-HT receptors, 5-H’I‘1 A receptors have

ThlS k]nd . ) . the
modulation of Numerous bi plays an important role in

ological functionsg such as cardiovascular
’ temp

e
rature, mood, sexual activity and hormonal

1A ligands have been shown to be useful in many

] .
'y’

. . . d
nociception(9-11). depression, migraine &°
Several clagge :
s of llgands se
: Were teste s of thef
classes, arylpiperazines hsvs bagy d for 5-HT, , receptors )
receptors{12-14) There v 1 shown to possess affinity for 971

. inesd
a8 a previgyg razi?

hypothesis that arylpipeé

104



Zag. J. Pharn. Sci., Vol. 2, No. 2 2, December 1993

bind at 5-HT;pg receptors more than at 5-HT,, receptors. Later
investigations showed that substitution on the N, of the piperazine ring
provide compounds with modest affinity and selectivity for 5-HT; 5
receptors(lm Recent studies indicated that increasing the carbon
chain (four carbons are optimum length) results in increasing the
affinity for 5-HT,, receptor sites. Various amido derivatives of
2-methoxyphenylpiperazines bind at these receptors with K, in the
nanomolar range. The highest affinity ligands were the amides

containing branched, bulky and hydrophobic substituents#41.
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To further investigate structure affinity relationship (SAFIR), the
To further investigate struc

target ligand 1 was rationally designed and synthesized. It Containg ,
l'.‘ L : :; LRI ¢ N

branched, lipophilic and bulky group (the norbornyl moiety) d“‘(‘-CLly

attached to an NH not to an amide.

RESULTS AND DISCUSSION

Radioligand binding  studies''®  were performed by using
Sprmzue-l)awley rats. [311]-S~h_\'droxy-n-dipropylaminotetralin {8-OH.

DPAT) was used as a radioligand to label 5

-HT, | receptors. Compound 1
1A Feceptors with high affinity (l§=4 nm). This indicates

moiety is not essential for the affinity at 5-HT
Compound 1 almost cont

binds at 5-HT
that the amide

1A receptors.
ains the optimum requirements(16-18) ¢ . S-HTH

receptor ligands which are - (1) methoxy group at the 2 position of the
phenyl group attached to N-1 of the piperazine ring (ii), th
(N-

4 of the piperazine moiety), (i1i) four C
(1v) a branched, bulky-alky

e basic nitrogen
arbons attached to N-4 and
I group, norbornyl).

In Summary, the result of t 1S in agreement with the
pPrevious SAFIR and moleculay modeling studies.
hypothesis that the affinity  for 5-1—1'1"lA receptors enhances with
increasing the lipophilicity

and the bulkiness of the N4-substituted
arylpiperazines.

his study

It supports the

EXPERIMENTAL

Melting points were determined by
point apparatus ang Were uncorrecteq. Microan
Atlantic Microlab, USA. Proton NMR Spectr
spectrometer with TMS ag inte

consistent with the assigned struct

5 . " S Hing
using a Thomas-Hoover melt

. by
alysis were conducted

a were performed on Gl

ta were
al standarg. Spectral datd
ures,

rn
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1-2(-Methoxyphenyl)-4-[4-(2-phthalimido)butyl] piperazine 6 :

This compound was prepared as previously reported1®) with slight
modification. N-(4-Bromobutyl)phthalimide 5 (6 g, 0.021 mol) in CH3CN (20
ml) was added to a mixture of 1-(2-methoxyphenyl)piperazine HCI (4.87 g,
0.021 mol) , K4CO4 (6 g, 0.034 mol), and KI (10 mg, 0.047 mol) in CH;CN
(20 mL). The reaction mixture was heated under reflux for 24 h and
filtered while hot. The filtrate was evaporated under reduced pressure.
The residue was recrystallized from absolute EtOH to afford 7.12 g (85%) of
6, mp 80-81 °C as in literature(19,

4-(4-Aminobutyl)-1-(2-meﬂ10xyphenyl)piperazine 7:

This compound was prepared from 6 by Gabriel synthesis(16,

1-2-methoxyphenyl)-4-[4-(norbornylamino) butyl] piperazine fumarate 1:

The amine 7 (200 mg, 0.76 mmol) was dissolved in absolute EtOH
(25 ml) and mixed with norcamphor (210 mg, 1.91 mmol) and 10% Pd/C
(70 mg). The mixture was hydrogenated at 45 psi for 18 h then filtered over
celite pad. The solvent was evaporated under reduced pressure. The
resulting residue was dissolved in anhydrous Et,0 (10 mL). The fumarate
Salt was formed by the slow addition of ethereal fumaric acid. The
fesulting solid was collected by filtration and recrystallized from ga
Mixture of absolute EtOH and anhydrous Et,O to afford 79 mg (58%) of the
title Compound as white crystals, mp: 154-156°C. Anal. (022H35 N;O.
Fumarate monohydrate) C, 63.52; H, 8.41; N, 8.55. Found C, 63.39; H, 8.02:
N, 8.33; lyNMmp (DMS0-dg) &: 1.01-1.7 (m, 8 H, CHy), 2.2-2.49 (m, 8 H,
CHy)3.75 (3, 3 11, OCHS,), 6.83-6.95 (m, 4 H, ArH), |
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Radioligand binding studies™";

The radioligand binding assay was performed in the laboratory of
professor Milt Teitler, Department of Pharmacology, Albany Medica]
College, USA. Sprague-Dawley rats (= 220 g) were used. Their brains were
isolated after decapitation and placed in ice-cold saline. The tissueg were
homogenized in 30 volumes of ice-cold buffer containing 50 mM tris-HCI,

0.5 mM Na,EDTA, and 10 mM MgS0,. The homogenized tissues were
centrifuged at 30,000 ¢ for 15 min. The formed
resuspended. The §-HT

[®H]-8-OH-DPAT.
8-OH-DPAT. Vario
used and incubate
37°C. Samples we

poured into vialg

pellet was washed ang
1A receptors were labeled with 0.1 nM
The nonspecific binding was determined by using
us concentrations of the compound to be tested were
d with the tissues and [3H}-8-OH-DPAT for 20 min at
re filtered over glass filters, The individual filters were
and equilibrated with 5 mL of scintillation fluid then

fiiciency in Beckman 3801 Counter. Computer program
0 analyze the datga and to determine K, .
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