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Abstract—The influence of lipophilic factors at the amide fragment of a new series of (4 )-7a-alkyl-2-[4-(4-arylpiperazin-1-yl)butyl]-
1,3-dioxoperhydropyrrolo[1,2-c]limidazoles 2 and of ()-7a-alkyl-2-[(4-arylpiperazin-1-yl)methyl]-1,3-dioxoperhydropyrrolo[1,2-
climidazoles 3 has been studied. Variations of logP have been carried out by introducing different hydrocarbonated substituents
(R1) at the position 7a of the bicyclohydantoin, namely the non-pharmacophoric part. All the new compounds exhibit high potency
for the 5-HT) A receptor; however, affinities for the o, receptor are high for compounds 2a-1 while compounds 3a—f are selective
over this adrenergic receptor. On the other hand, differences in logP do not notably affect the K; values for the above receptors.

© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Serotonin (5-HT) is one of the most attractive targets
for medicinal chemists and the discovery of ligands with
affinity for the family of 5-HT receptors (5-HTRs) is an
area of intense research because of the potential to
find new therapeutic drugs, due to their involvement
in numerous physiological and pathophysiological
processes.' Among the fourteen 5-HTRs identified
to date,>® the 5-HT 5 subtype is the best studied due to
the implication of agonists and partial agonists in anxi-
ety and depression.”® Also, recent studies have sug-
gested that 5-HT;oR agonists have neuroprotective
properties.!®12 The 5-HT;oR belongs to the G protein-
coupled receptors (GPCRs),'? and the members of this
family possess amino acid composition in common. In
particular, the transmembrane amino acid sequence of
the 5-HT AR presents a high degree of homology with
the o;-adrenergic receptor.'* Thus, a great number of
5-HT; AR ligands exhibit poor selectivity over o -adrener-
gic receptors.

* Corresponding author. Tel.: +34-913-944-239; fax: + 34-913-944-103;
e-mail: mluzlr@quim.ucm.es

0968-0896/$ - see front matter © 2003 Elsevier Ltd. All rights reserved.
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Our group has undertaken a research program aimed at
developing new 5-HT AR agents!>~2* with high affinity
and selectivity over oj-adrenergic receptors using as a
starting point a series of arylpiperazines I (Fig. 1),
which showed affinity for 5-HT;5 and o;-adrenergic
receptors. Our main objective was to carry out a sys-
tematic study based on the non-pharmacophoric and
pharmacophoric sites of both receptors, to gain insight
into the structural factors that are responsible for
5-HT;a/0, selectivity.

With respect to the pharmacophore part (arylpiper-
azine), in a previous study?'*> we have designed and
synthesized a training set of 32 compounds of general
structure I. The amide moiety is a bicyclohydantoin or a
diketopiperazine (X =—(CH,)s—,—~(CH»)4—; m=0, 1), the
spacer length (n) is 3 or 4 methylene units, and the aro-
matic substituent R occupies the ortho- or meta- posi-
tion and it has been selected from a data base of 387
substituents using the EDISFAR program. The 5-HT 5
and a,-adrenergic receptor binding affinities have been
used to derive classical QSAR and neural networks
models for both receptors which were useful in the
design of the new ligand EF-7412 (X=—(CH,);—; m=0;
n=4; 5-HTs: K; (aM)=27; ay: K; (nM) > 1000).
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The influence of the spacer between the arylpiperazine
and the amide moieties has also been studied!®!%-21:24 in
series I-III (Figs 1 and 2). We have observed that the
length of the spacer is of great importance for 5-HT;,/
oy affinity and selectivity in these ligands. The maximum
affinity at both receptors is reached with n=3 or 4, and
reduction to n=2 leads to inactive or poorly active
compounds. A spacer of n=1 also decreased affinity
especially at o adrenoceptors, improving notably the
selectivity for 5-HTsRs.

Regarding the non-pharmacophoric sites, we have
described'®!° a series of derivatives II and III in order
to determine the influence of electronic and steric fac-
tors on the stabilization of receptor-ligand complex
(Fig. 2). SAR studies!® in compounds II, which are
devoid of the terminal amide fragment present in related
5-HT AR ligands but which preserve the steric requeri-
ments of this moiety, suggest that there is influence of
electronic factors on the non-pharmacophoric part of
the a-adrenergic receptor site; however, they have little
influence on the stabilization of the 5-HT;,R-ligand
complex. In the series of arylpiperazines IIL,'° in which
we have explored some steric requirements by modify-
ing the size and the shape of the amide portion with
respect to the bicyclohydantoin I (m=0), we observed
that the non-pharmacophoric pocket in the 5-HT;5AR
have less restriction than the corresponding pocket in
the a-adrenergic receptor. These studies allowed us to
suggest some differences between the non-pharmaco-
phoric sites of both 5-HT; o and aj-adrenergic receptors.
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Figure 1. Arylpiperazines of general structure I.
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Figure 2. Study of the influence of electronic and steric factors at the
non-phamacophoric part.
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Scheme 1. Synthesis of alkylated bicyclohydantoin derivatives 2 and 3.

To conclude this systematic study in this work we have
considered a new series of arylpiperazines IV, in which
we will explore the influence of lipophilic factors (Fig.
3). We have taken into account a variation of logP by
introducing different substituents (R'!) at the position 7a
of the bicyclohydantoin, without increasing the van der
Waals volume of the non-pharmacophoric part in more
than 200 A3, based on the steric requirements of the amide
fragment.'” In the design of compounds IV we have
selected an o-methoxy group as the aromatic substituent
R and 1 or 4 methylene units in the spacer.

2. Chemistry

The synthesis of compounds of general structure IV has
been carried out by C-alkylation at the bicyclohydantoin
fragment of arylpiperazines 2a and 3a by deprotonation
with LDA followed by addition of the corresponding
alkylating agent (Scheme 1). The synthesis of arylpiper-
azines 2a and 3a was carried out from bicyclohydantoin
1, which was obtained by cyclization of proline with
potassium cyanate.?> Subsequent alkylation reaction of
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n=1,4

R' = Me, Et, Pr, ‘Pr, Bu, Bu, Pn, Pn,
Hex, Hept, allyl

Figure 3. Training set for the study of the lipophilicity at the non-
pharmacophoric part.
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1 with 4-(4-bromobutyl)-1-(o-methoxyphenyl)piperazine
provided 2a (n=4) as we have previously reported.!¢
The synthesis of 3a (n=1)'® was performed by Mannich
reaction of 1, formaldehyde and 1-(o-methoxyphenyl)-
piperazine.

All new compounds (Table 1) were characterized by IR
and 'H and '3C NMR spectroscopy, and gave satisfac-
tory combustion analyses (C, H, N).

3. Biochemistry

Target compounds were assessed for in vitro binding
affinity at serotoninergic 5-HT;s, and o;-adrenergic
receptors by radioligand binding assays, using [*H]-8-
OH-DPAT?® and [*H]prazosin,?’ respectively, in rat
cerebral cortex membranes. All the synthesized com-
pounds 2a-1 and 3a—f exhibited high affinity for the 5-
HT,sR. However, while compounds 2a-l display high
affinity for the o; receptor, compounds 3a—f are highly
selective over this adrenergic receptor. The different
behaviour of compounds 2 (n=4) and 3 (n=1) in terms
of selectivity completely agree with the computational
models recently proposed?’—2* for the interaction of
these arylpiperazines and 5-HTs/a receptors.

4. Influence of lipophilic factors

The introduction of linear and branched alkylic chains
(R") of increasing number of carbons at the 7a carbon
of the bicyclohydantoin fragment of the new ligands has
allowed to evaluate the influence of lipophilicity at the

Table 1. Binding affinity data at 5-HT and o, receptors and logP of
arylpiperazines 2a-1 and 3a—f

Compd R! n  logP? K;+SEM (nM)®
S-HTIA 3]
[*H]-8-OH-DPAT  [*H]Prazosin®

2a¢ H 4 1.16 5.5+£0.7 8.3£0.3
2b Me 4 1.64 2.840.1 1242
2¢ Et 4 2.17 2.1+£04 2542
2d Pr 4 2.7 54+0.1 8+1
2e Pr 4 2.52 3.540.2 15£0.1
2f Bu 4 3.23 24+04 13+£0.2
2g ‘Bu 4 3.05 5403 13+1
2h Pn 4 3.76 2142 16+1
2i Pn 4 3.58 17+2 12+2
2j Hex 4 4.3 27.9+1.6 15.2+1.8
2k Hept 4 4.83 40.44+0.6 15+£0.2
21 allyl 4 2.41 4.1£0.2 5.6+£0.6
3a° H 1 0.69 34.9+0.7 500465
3b Me 1 1.34 4242 >10,000
3c Et 1 1.87 13£5 > 1000
3d Pr 1 2.4 2542 > 1000
3e Bu 1 2.93 166 >10,000
3f Pn 1 3.46 5348 > 1000

4]logP values were calculated by using ACD lab program.

®K; values are means+SEM of 2-4 assays, performed in triplicate.
Inhibition curves were analyzed by a computer-assisted curve-fitting
program (Prism GraphPad) and K; values were determined from the
Cheng-Prusoff equation.

¢Data of 2a and 3a were previously reported and are included for
comparative purposes.'°

non-pharmacophoric part of the molecules. Table 1
gathers binding affinities at 5-HT; and o; receptors as
well as values of logP, determined by using ACD lab
program for each compound.

Within the series of compounds 2a-1 (n=4) we have
observed equipotent values of K; for the 5-HT; 4R when
logP increases from 1.16 (R'=H) to 3.23 (R'=Bu).
Although lipophilicity does not exert a significant effect
on affinity for compounds 2a—g, a remarkable decrease
in potency was observed for 2h—k, with values of logP
higher than 3.5 (R'=Pent, Hex and Hept). Variations
of lipophilicity produced by branching (R!=7Pr, ‘Bu,
Pn) or insaturations (R'=allyl) did not notably alter
5-HT AR affinity. Similarly, for analogues 3a—f no sig-
nificant variations in K values at 5-HT;oRs were found,
pointing out that lipophilicity of the molecules is not a
crucial factor for binding the receptor. Regarding selec-
tivity, from the data gathered in Table 1 there is not a
clear influence of lipophilicity on selectivity over o-
adrenergic receptor for either series of compounds (2
and 3), being the different selectivity profile primarily
markeg1 by the length of the alkylic spacer (=1 versus
n=4).

5. Conclusion

In this paper we have designed and synthesized two
series of new arylpiperazines (n=1 and 4) that exhibit
moderate to high potency for binding the 5-HT;sR.
Lipophilicity of the ligands, increased by introduction
of alkylic chains at the non-pharmacophoric part, does
not exert a crucial influence neither on the 5-HT 4R
affinity nor on the selectivity over o;-adrenergic recep-
tors of the new ligands.

6. Experimental

6.1. Chemistry

All reagents were commercial products purchased from
Aldrich, Fluka. All solvents were distilled prior to use.
Anhydrous diisopropylamine was obtained by distilla-
tion over CaH,. Analytical TLC was carried out on
Merck (Kieselgel 60F-254) silica gel plates with detec-
tion by UV light, iodine and acidic vanillin solution.
For flash chromatography, Merck silica gel type 60 (size
230-400 mesh) was used. Melting points (uncorrected)
were determined on a Gallenkamp electrothermal
apparatus. Infrared spectra (IR) were obtained on a
FTIR-8300 Shimadzu spectrophotometer. Nuclear
magnetic resonance spectra were recorded on a Varian
VXR-300S, Bruker AM-300, and Bruker AM-200.
Unless otherwise stated, all spectra were recorded in
CDCl;. Chemical shifts are reported in ppm using the
residual chloroform as internal standard. The following
abbreviations are used to describe peak patterns when
appropriate: s (singlet), d (doublet), t (triplet), m (mul-
tiplet). Elemental analyses (C, H, N) were carried out on
a Perkin Elmer 2400 apparatus at Facultad de Farmacia,
UCM. Where analyses are indicated by the symbols of
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the elements, results obtained were within 0.4% of the
theoretical values.

6.1.1. (4)-2-[4-[4-(0o-Methoxyphenyl)piperazin-1-yl]butyl]-
1,3-dioxoperhydropyrrolo[1,2-climidazole  (2a). This
compound was synthesized according to procedures
previously reported.!®

6.1.2. (£)-2-[4-(o-Methoxyphenyl)piperazin-1-ylmethyl]-
1,3-dioxoperhydropyrrolo[1,2-¢] imidazole (3a). This
compound was synthesized according to procedures
previously reported.'®

6.1.3. General procedure for the alkylation of o-methoxy-
phenylpiperazine derivatives 2a and 3a. To a cold (0°C)
solution of LDA in 2 mL of THF (generated from 0.22
mL of diisopropylamine and 0.62 mL of n-BuLi 2.5M
in hexane) was added 0.7 mmol of 2a or 3a in THF (2.3
mL). The mixture was stirred for 30 min at 0°C and
then a solution of 1.6 mmol of the corresponding elec-
trophile in THF (0.78 mL) was added, and the reaction
mixture was stirred for 24 h from 0°C to room temper-
ature. The mixture was then quenched by adding 2 mL
of an aqueous saturated solution of NH4Cl and basified
with 20% aqueous solution of K,COj;. This mixture was
extracted using EtOAc (3x20 mL), the organic extracts
were dried (Na,SO,4) and the solvent removed under
vacuum. The crude mixtures were purified by column
chromatography on silica gel using the appropriate
mixture of solvents (hexane:EtOAc or EtOAc:EtOH) as
eluent. The pure isolated compounds were characterized
as free bases and then transformed into their hydro-
chloride salts to perform elemental analyses and binding
assays.

6.1.4. (£)-2-[4-[4-(0-Methoxyphenyl)piperazin-1-yl|butyl]-
7a-methyl-1,3-dioxoperhydropyrrolo[1,2-climidazole (2b).
From 2a and Mel following the general procedure was
obtained 2b. Yield=79%. mp=95-97°C. R,~=0.1
(EtOAc). IR (KBr) 2945, 1775, 1700, 1600, 1560, 1500,
1460, 1240, 750 cm~'. '"H NMR & 1.37 (s, 3H, 7a-CH3),
1.41-1.65 (m, 4H, CH,-CH,-CH,-CH>-), 1.69-1.90 (m,
2H, Hg), 1.98-2.20 (m, 2H, H5), 2.38 (t, /=7.3 Hz, 2H,
CH>-Npiperazing), 2.59 (m, 4H, 2 CHs.piperAZINE)
3.04 (m, 4H, 2 CH, piperaZINE), 3-21 (ddd, J=11.6,7.8,5.6
HZ, lH, HS)a 3.45 (t, J=6.8 HZ, 2H, CHZ'NHYDANTO]N)o
3.67 (ddd, J=11.5, 7.8, 5.4 Hz, 1H, Hs), 3.81 (s, 3H.-
OCH3;), 6.79-7.01 (m, 4H, Ar-H). 3C NMR & 21.8 (7a-
CH;), 23.9 (CH,-CH,-CH,-CH,-), 26.0 (CH,-CH»-
CH>-CH»-, Cq), 33.4 (Cy), 38.8 (CH>-NuypanToIN)
44.5 (Cs), 50.5 (2 OCHj.piperaziNg), 933 (2 CH,.
pIPERAZINE), 5.3 (OCHj3), 58.0 (CH»-NpipprazINE),
68.8 (Cq,), 111.1 (Ar-Cg), 118.1 (Ar-Cj), 120.9 (Ar-Cy),
122.8 (Ar-Cs), 141.3 (Ar-Cy), 152.2 (Ar-C,), 160.0 (Cy),
176.7 (C]) Anal. (C22H32N403'2HC]) C, H, N.

6.1.5. (£)-7a-Ethyl-2-[4-[4-(0-methoxyphenyl)piperazin-
1-yl]butyl]-1,3-dioxoperhydropyrrolo[1,2-c]limidazole (2c).
From 2a and Etl following the general procedure was
obtained 2e¢. Yield=80%. Oil. R,~0.1 (EtOAc). IR
(CHCl3) 3020, 2945, 1765, 1700, 1595, 1500, 1445, 1415,
1245, 1215, 760 cm~!. '"H NMR § 0.84 (t, J=7.3 Hz,
3H), 1.42-1.69 (m, 3H), 1.72-2.11 (m, 5H), 2.36 (t,

J=17.3 Hz, 2H), 2.60 (m, 4H), 3.06 (m, 4H), 3.15 (ddd,
J=11.7,7.6, 6.3 Hz, 1H), 3.47 (td, J=6.6, 2.3 Hz, 2H),
3.77 (ddd, J=11.7, 8.1, 6.7 Hz, 1H), 3.83 (s, 3H), 6.81—
7.02 (m, 4H). 3C NMR § 8.2, 23.9, 25.9, 26.1, 28.1,
32.7,38.8, 44.7, 50.6, 53.3, 55.3, 58.0, 72.8, 111.1, 118.1,
120.9, 1227, 141.3, 1522, 160.7, 176.2. Anal.
(C»3H34N405-2HCI) C, H, N.

6.1.6. (£)-2-]4-[4-(0o-Methoxyphenyl)piperazin- 1-yl|-
butyl]-7a-propyl-1,3-dioxoperhydropyrrolo[1,2-climidazole
(2d). From 2a and n-PrI following the general procedure
was obtained 2d. Yield =77%. Oil. R,=0.1 (EtOAc). IR
(CHCI3) 3020, 2945, 1765, 1705, 1595, 1500, 1445, 1420,
1240, 1215, 760 cm~'. '"H NMR § 0.92 (t, J=7.1 Hz,
3H), 1.05-1.72 (m, 7H), 1.75-2.17 (m, SH), 2.40 (t,
J=1.3 Hz, 2H), 2.61 (m, 4H), 3.06 (m, 4H), 3.16 (ddd,
J=11.5,7.6, 5.9 Hz, 1H), 3.46 (td, /=6.6, 2.3 Hz, 2H),
3.74 (ddd, J=11.5, 8.1, 6.4 Hz, 1H), 3.94 (s, 3H), 6.81-
7.02 (m, 4H). '3C NMR § 14.0, 17.3, 23.9, 26.0, 26.1,
33.0, 37.2, 38.8, 44.8, 50.6, 53.4, 55.3, 58.1, 72.4, 111.1,
118.2, 121.0, 122.8, 141.4, 152.3, 160.6, 176.4. Anal.
(C4H36N405-2HCI) C, H, N.

6.1.7. (+)-7a-Isopropyl-2-|4-[4-(o-methoxyphenyl)pipera-
zin-1-yl]butyl]-1,3-dioxoperhydropyrrolo[1,2-c]imidazole
(2e). From 2a and i-PrI following the general procedure
was obtained 2e. Yield =75%. Oil. R,= 0.2 (EtOAc:EtOH,
9:1). IR (CHCI;5) 3020, 2945, 1765, 1700, 1595, 1500,
1440, 1415, 1365, 1335, 1245, 1215, 760 cm~!. '"H NMR
6 0.94 (d, J=6.8 Hz, 3H), 1.00 (d, J=6.8 Hz, 3H), 1.57-
1.60 (m, 4H), 1.80-2.11 (m, SH), 2.49 (t, J=7.1 Hz, 2H),
2.71 (m, 4H), 3.06 (ddd, J=9.0, 7.1, 3.9 Hz, 1H), 3.10
(m, 4H), 3.45 (td, J=6.6, 2.9 Hz, 2H), 3.82 (ddd, J=9.5,
7.6, 4.2 Hz, 1H), 3.82 (s, 3H), 6.79-7.02 (m, 4H). '3C
NMR 6 16.9, 23.3, 25.9, 26.1, 30.2, 33.8, 38.4, 46.1, 50.0,
53.1, 55.3, 57.8, 75.1, 111.1, 118.3, 120.9, 123.0, 140.9,
152.2,161.2, 176.5. Anal. (C,4H36N405-2HCI) C, H, N.

6.1.8. (£)-7a-Butyl-2-[4-|4-(o-methoxyphenyl)piperazin-
1-yl]butyl]-1,3-dioxoperhydropyrrolo[1,2-c]limidazole (2f).
From 2a and »n-Bul following the general procedure was
obtained 2f. Yield=60%. Oil. R,=0.2 (EtOAc:EtOH,
9:1). IR (CHCI;3) 2940, 1765, 1700, 1595, 1500, 1445,
1415, 1240, 1120, 1030, 735 cm~!. "H NMR & 0.85 (t,
J=6.6 Hz, 3H), 1.06-1.38 (m, 4H), 1.47-1.68 (m, 5H),
1.75-2.14 (m, 5H), 2.39 (t, J=7.3 Hz, 2H), 2.62 (m,
4H), 3.05 (m, 4H), 3.15 (ddd, /=117, 7.8, 6.1 Hz, |H),
3.45 (td, J=6.8, 2.0 Hz, 2H), 3.74 (ddd, /=11.7, 8.1, 6.6
Hz, 1H), 3.82 (s, 3H), 6.80-7.01 (m, 4H). '3C NMR §
13.9, 22.6, 24.0, 26.0, 26.1, 33.1, 34.9, 38.8, 44.8, 50.6,
53.4, 55.3, 58.1, 72.4, 111.1, 118.2, 121.0, 122.8, 141.4,
152.3, 160.7, 176.4. Anal. (C,5sH33N4053-2HCI-1/2H,0)
C, H, N.

6.1.9. (£)-7a-Isobutyl-2-|4-[4-(0-methoxyphenyl)pipera-
zin-1-yl]butyl]-1,3-dioxoperhydropyrrolo[1,2-c]imidazole
(2g). From 2a and i-Bul following the general proce-
dure was obtained 2g. Yield =44%. Oil. R,=0.2 (EtOAc:
EtOH, 9.5:0.5). IR (CHCl3) 3020, 2825, 1765, 1705,
1595, 1500, 1445, 1415, 1370, 1360, 1240, 1215, 1180,
1030, 760 cm~'. '"H NMR & 0.83 (d, J=6.6 Hz, 3H),
0.90 (d, /J=6.4 Hz, 3H), 1.41-2.13 (m, 11H), 2.41 (t,
J=1.2 Hz, 2H), 2.62 (m, 4H), 3.06 (m, 4H), 3.17 (ddd,
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J=11.5,7.6, 6.1 Hz, 1H), 3.48 (td, J=06.6, 2.4 Hz, 2H),
3.75 (ddd, J=11.7, 7.9, 4.2 Hz, 1H), 3.83 (s, 3H), 6.78-
7.01 (m, 4H). 13C NMR § 23.5, 23.8, 23.9, 24.9, 25.8,
26.0, 34.3, 38.8, 42.7, 44.5, 50.5, 53.3, 55.3, 58.0, 72.1,
111.1, 118.2, 120.9, 122.8, 141.3, 152.2, 160.4, 176.5.
Anal. (C25H38N403'HC1) C, H, N.

6.1.10. (£)-2-[4-]4-(o-Methoxyphenyl)piperazin-1-yl]-
butyl]-7a-pentyl-1,3-dioxoperhydropyrrolo[1,2-climidazole
(2h). From 2a and n-CsHi;I following the general pro-
cedure was obtained 2h. Yield=48%. Oil. R,=0.2
(EtOACc:EtOH, 9:1). IR (CHCI3) 3020, 2945, 1765, 1700,
1595, 1500, 1445, 1420, 1245, 1215, 760 cm~!. 'H NMR
8 0.83 (t, J=6.3 Hz, 3H), 1.11-1.36 (m, 6H), 1.41-1.69
(m, 5H), 1.77-2.14 (m, 5H), 2.39 (t, J="7.2 Hz, 2H), 2.62
(m, 4H), 3.05 (m, 4H), 3.15 (ddd, J=11.7, 7.8, 6.1 Hz,
1H), 3.45 (td, J=6.8, 2.4 Hz, 2H), 3.74 (ddd, J=11.5,
7.8, 6.8 Hz, 1H), 3.83 (s, 3H), 6.81-7.01 (m, 4H). 13C
NMR 6 13.9, 224, 23.5, 24.0, 26.0, 26.1, 31.6, 33.0,
35.0, 38.8, 44.8, 50.6, 53.4, 55.3, 58.0, 72.4, 111.1,
118.2, 121.0, 122.8, 141.4, 152.2, 160.6, 176.4. Anal.
(C6H4oN4O5-HCI-1/2H,0) C, H, N.

6.1.11. (£)-7a-Isopentyl-2-[4-[4-(0o-methoxyphenyl)piper-
azin-1-yl]butyl]-1,3-dioxoperhydropyrrolo[1,2-c]imidazole
(2i). From 2a and i-CsH I following the general proce-
dure was obtained 2i. Yield =65%. Oil. R,=0.2 (EtOAc:
EtOH, 9:1). IR (CHCIs) 3020, 2950, 1765 1700, 1595,
1500, 1450, 1415, 1245, 1215, 1120, 760 cm~!. '"H NMR
6 0.84 (d, J=6.6 Hz, 6H), 0.98 (ddd, J= 12.2, 6.6, 4.9
Hz, 1H), 1.12-1.30 (m, 2H), 1.42-1.69 (m, 6H), 1.78—
1.86 (m, 3H), 1.91-2.11 (m, 1H), 2.41 (t, J=7.2 Hz, 2H),
2.62 (t, J=4.2 Hz, 4H), 3.02 (t, J=4.2 Hz, 4H), 3.15
(ddd, J=11.7,7.6, 6.1 Hz, 1H), 3.46 (td, J=6.6, 2.7 Hz,
2H), 3.74 (ddd, J=11.7, 8.1, 6.6 Hz, 1H), 3.83 (s, 3H),
6.80-7.01 (m, 4H). 3C NMR 6§ 22.4, 22.5, 23.9, 26.0,
26.1, 28.0, 32.6, 33.0, 33.1, 38.8, 44.8, 50.5, 53.3, 55.3,
58.0,72.4,111.2,118.2, 121.0, 122.9, 141.3, 152.3, 160.7,
176.5. Anal. (C,6H49N405-HCI-1/2H,0) C, H, N.

6.1.12. (£)-7a-Hexyl-2-[4-]4-(0-methoxyphenyl)pipera-
zin-1-yl]butyl] - 1,3-dioxoperhydropyrrolo[1,2 - climidazole
(2j). From 2a and n-C¢H 31 following the general
procedure was obtained 2j. Yield=60%. Oil. R,-0.2
(EtOAc:EtOH, 9:1). IR (CHCIs) 3015, 2940, 2825, 1765
1705, 1595, 1500, 1445, 1415, 1240, 1215 1030 cm—1 1H
NMR ¢ 0.84 (t, J=6.8 Hz, 3H), 1.23 (m, 8H), 1.60 (m,
4H), 1.78-1.92 (m, 4H), 1.97-2.12 (m, 2H), 2.46 (m,
2H), 2.67 (m, 4H), 3.10 (m, 4H), 3.10-3.23 (m, 1H), 3.47
(m, 2H), 3.75 (dt, J=11.7, 8.0 Hz, 1H), 3.84 (s, 3H),
6.82-7.03 (m, 4H). '3C NMR 8§ 14.0, 22.5, 23.8, 26.0,
29.1, 31.6, 33.0, 35.1, 38.0, 44.8, 50.3, 53.3, 55.3, 58.0,
72.4, 111.2, 118.3, 121.0, 123.0, 141.0, 152.3, 160.0,
176.5. Anal. (C27H42N4O3-HC1'2H20) C, H, N.

6.1.13. (£)-7a-Heptyl-2-[4-[4-(0-methoxyphenyl)pipera-
zin-1-yl]butyl] - 1,3-dioxoperhydropyrrolo[1,2 - climidazole
(2k). From 2a and n-C;H;;sI following the general pro-
cedure was obtained 2k. Yield=53%. Oil. R,=0.3
(EtOACc:EtOH, 9:1). IR (CHClIs) 2930, 2855, 2815, 1770
1710, 1500, 1440, 1415, 1180, 1030 cm*1 TH NMR )
0.84 (t, J=6.7 Hz, 3H), 1.15-1.33 (m, 10H), 1.44-1.88
(m, 8H), 1.94-2.15 (m, 2H), 2.40 (t, J=7.3 Hz, 2H), 2.61

(m, 4H), 3.06 (m, 4H), 3.16 (ddd, J=13.7, 7.6, 6.1 Hz,
1H), 3.47 (td, J=6.8, 2.7 Hz, 2H), 3.74 (dt, J=14.6, 7.6
Hz, 1H), 3.84 (s, 3H), 6.81-7.02 (m, 4H). '3C NMR §
14.1, 22.6, 23.9, 24.0, 26.0 26.1, 29.1, 29.4, 31.7, 33.0,
33.1, 35.1, 38.8, 44.8, 50.6, 53.4, 55.3, 58.1, 72.4, 111.1,
118.2, 121.0, 122.8, 141.4, 152.3, 160.7, 176.5. Anal.
(CrsH44N4052HCI-H,0) C, H, N.

6.1.14. (£)-7a-Allyl-2-[4-[4-(0-methoxyphenyl)piperazin-
1-yl]butyl]-1,3-dioxoperhydropyrrolo[1,2-climidazole (2I).
From 2a and allyl bromide following the general proce-
dure was obtained 2I. Yield=69%. Oil. R,=0.3
(EtOACc:EtOH, 9:1). IR (CHCIs) 2945, 2820, 2250, 1770
1705, 1500, 1415, 1445, 1240, 910 cm™!. 1H NMR b
1.47-1.68 (m, 5H), 1.82-2.15 (m, 3H), 2.3672.44 (m,
2H), 2.51-2.61 (m, 2H), 2.62 (m, 4H), 3.07 (m, 4H), 3.18
(ddd, J=11.5, 7.1, 5.7 Hz, 1H), 3.41-3.50 (m, 2H),
3.69-3.84 (m, 1H), 3.84 (s, 3H), 5.09-5.19 (m, 2H),
5.58-5.70 (m, 1H), 6.81-7.02 (m, 4H). 3C NMR § 23.8,
26.1, 32.2, 38.8, 39.5, 45.1, 50.5, 53.3, 55.3, 58.0, 72.1,
111.1, 118.2, 120.2, 121.0, 122.9, 131.2, 141.3, 152.3,
1604, 175.9. Anal. (C24H34N403'HCI'2H20) C, H, N.

6.1.15. (£)-2-[4-(0-Methoxyphenyl)piperazin-1-yljmethyl]-
7a-methyl-1,3-dioxoperhydropyrrolo[1,2-climidazole (3b).
From 3a and Mel following the general procedure was
obtained 3b. Yield=49%. Oil. R,=0.2 (EtOAc:Hexane,
1:1). IR (CHCI5) 3020, 1770, 1705 1595, 1500, 1450,
1310, 1295 cm~!. 'H NMR & 1.45 (s, 3H, 7a-CHs),
1.76-1.92 (m, 2H, 2Hy), 2.02-2.20 (m, 2H, 2H5), 2.83 (t,
J=4.5 HZ, 4H, 2 CH2—PIPERAZINE)> 3.04 (m, 4H, 2 CH2_
PIPERAZINE): 3.25 (ddd, J:111, 81, 5.1 HZ, IH, HS),
3.72 (dt, J=11.4, 7.5 Hz, 1H, Hs), 3.82 (s, 3H,-OCH3;),
4.50 (s, 2H, N-CH»-N), 6.81-7.01 (m, 4H, Ar-H). '3C
NMR & 22.1 (7a-CH3), 25.9 (Cg), 33.7 (C7), 44.6 (Cs),
50.5 (2 CHa.pipErAZINE), 50.6 (2 CHa prpERAZINE)s 55.2
(-OCH3;), 60.4 (N-CH,-N), 69.1 (Cy,), 110.9 (Ar-Cg),
118.2 (Ar-C3), 120.9 (Ar-Cy), 123.0 (Ar-Cs), 141.1 (Ar-
Cp), 152.1 (Ar-Cy), 160.5 (Cjz), 178.0 (C;). Anal.
(C19H»4N4O3-2HCI-H,0) C, H, N.

6.1.16. (£)-7a-Ethyl-2-[4-(o-methoxyphenyl)piperazin-1-
yllmethyl]-1,3-dioxoperhydropyrrolo[1,2-climidazole (3c).
From 3a and Etl following the general procedure was
obtained 3c. Yield=48%. Oil. R,~0.3 (EtOAc:Hexane,
2:1). IR (CHCl3) 3055, 1770, 1710 1595, 1500, 1420,
1375, 1295 cm~'. 'TH NMR § 0.85 (t, J=7.3 Hz, 3H),
1.57-1.74 (m, 1H), 1.81-1.95 (m, 2H), 1.98-2.15 (m,
SH), 2.81 (t, J=4.8 Hz, 4H), 3.05 (t, /=4.8 Hz, 4H),
3.17 (ddd, J=11.5, 6.8, 4.7 Hz, 1H), 3.78 (dt, J=11.9,
7.3 Hz, 1H), 3.81 (s, 3H), 4.49 (s, 2H), 6.81-7.01 (m,
4H). 3C NMR § 8.5, 25.9, 27.9, 32.7, 44.7, 50.4, 50.5,
55.1, 60.3, 73.0, 111.2, 118.1, 120.9, 122.8, 141.1, 152.0,
161.2, 177.4. Anal. (CyH,3N405-2HCI-2H,0) C, H, N.

6.1.17. (£)-2-[4-(0-Methoxyphenyl)piperazin-1-yljmethyl]-
Ta-propyl-1,3-dioxoperhydropyrrolo[1,2-climidazole (3d).
From 3a and EtI following the general procedure was
obtained 3d. Yield=57%. Oil. R,=0.2 (EtOAc:Hexane,
2:1). IR (CHCI5) 3020, 2960, 1770 1710, 1595, 1500,
1450, 1430, 1350, 1010 cm*1 iq NMR 8 0.91 (t, J=6.5
Hz, 3H), 1.10-1.65 (m, 4H), 1.72-1.88 (m, 2H), 1.92—
2.12 (m, 2H), 2.80 (t, J=4.8 Hz, 4H), 3.05 (t, /=4.8 Hz,
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4H),3.19(ddd, J=11.8, 7.0, 5.5 Hz, 1H), 3.80 (dt, J=11.8,
6.9 Hz, 1H), 3.81 (s, 3H), 4.50 (s, 2H), 6.80-7.04 (m,
4H). 13C NMR § 14.0, 17.5, 25.9, 33.2, 37.2, 44.8, 50.6,
50.7, 55.3, 60.5, 72.7, 111.4, 118.2, 121.0, 122.9, 141.2,
152.2, 161.3, 177.6. Anal. (CH3,N,03-2HCI-2H,0) C,
H, N.

6.1.18. (£)-7a-Butyl-2-[4-(0-methoxyphenyl)piperazin-1-
yllmethyl]-1,3-dioxoperhydropyrrolo[1,2-climidazole (3e).
From 3a and n-Bul following the general procedure was
obtained 3e. Yield =52%. Oil. R,=0.3 (EtOAc:Hexane,
2:1). IR (CHCl5) 3020, 2960, 1770, 1710, 1595, 1500, 1450,
1430, 1330, 1240, 1220, 1160, 1010, 760 cm~!. 'H NMR
8 0.84 (t, J=6.8 Hz, 3H), 1.12-1.41 (m, 4H), 1.52-1.67
(m, 1H), 1.81-1.95 (m, 2H), 1.99-2.12 (m, 3H), 2.75 (t,
J=428 Hz, 4H), 2.99 (t, /J=4.8 Hz, 4H), 3.14 (ddd,
J=11.7,6.7,5.1 Hz, 1H), 3.71 (ddd, J=11.7, 8.1, 6.8 Hz,
1H), 3.75 (s, 3H), 4.42 (s, 2H), 6.71-6.98 (m, 4H). 13C
NMR 6 13.8, 22.6, 25.9, 26.2, 33.1, 34.7, 44.7, 50.5, 50.6,
55.2, 60.5, 72.6, 111.3, 118.2, 120.9, 122.9, 141.2, 152.2,
1612, 177.6. Anal. (C22H32N4032HC11/2H20) C, H, N.

6.1.19. (£)-2-{4-(0-Methoxyphenyl)piperazin-1-yljmethyl]-
7a-pentyl-1,3-dioxoperhydropyrrolo[1,2-c]imidazole (3f).
From 3a and n-CsH;;I following the general procedure
was obtained 3f. Yield=56%. Oil. R~0.3 (EtOAc:
Hexane, 2:1). IR (CHCIl;) 3020, 2930, 1770, 1705, 1597,
1500, 1425, 1120, 1010 cm~'. '"H NMR & 0.83 (t, /=6.2
Hz, 3H), 1.20-1.30 (m, 6H), 1.50-1.62 (m, 1H), 1.78-
1.91 (m, 2H), 2.00-2.08 (m, 3H), 2.79 (t, J=4.7 Hz, 4H),
3.03 (m, 4H), 3.15 (ddd, J=11.7, 7.8, 6.0 Hz, 1H), 3.76
(ddd, J=10.8, 6.9, 5.4 Hz, 1H), 3.79 (s, 3H), 4.46 (s,
2H), 6.81-7.01 (m, 4H). '3C NMR § 13.9, 22.3, 23.7,
25.9, 31.5, 33.1, 34.9, 44.8, 50.5, 50.6, 55.1, 60.4, 72.6,
111.2, 118.2, 120.9, 122.8, 141.2, 152.1, 161.1, 177.6.
Anal. (C23H32N4032HC12H20) C, H, N.

6.2. Biochemistry

6.2.1. Radioligand binding assays. Male Sprague-Daw-
ley rats (Rattus norvegicus albinus), weighing 180-200 g,
were killed by decapitation and the brains rapidly
removed and dissected. Tissues were stored at —80°C
for subsequent use. Membrane suspensions were cen-
trifugated on a Beckman XL-90.

6.2.2. 5-HT;, Receptor. Binding assays were performed
by a modification of the procedure previously described
by Clark et al.2® The cerebral cortex was homogenized
in 10 volumes of ice-cold Tris buffer (50 mM Tris—HCI,
pH 7.7 at 25°C) and centrifuged at 28,000 g for 15 min.
The membrane pellet was washed twice by resuspension
and centrifugation. After the second wash the resus-
pended pellet was incubated at 37°C for 10 min. Mem-
branes were then collected by centrifugation and the
final pellet was resuspended in 50 mM Tris—HCI, 5 mM
MgSO,, and 0.5 mM EDTA buffer (pH 7.4 at 37°C).
Fractions of 100 pL of the final membrane suspension
(about 1 mg of protein) were incubated at 37°C for 15
min with 0.6 nM [*H]-8-OH-DPAT (133 Ci/mmol), in
the presence or absence of six concentrations of the
competing drug, in a final volume of 1.1 mL of assay
buffer (50 mM Tris—HCI, 10 nM clonidine, 30 nM pra-

zosin, pH 7.4 at 37°C). Nonspecific binding was deter-
mined with 10 uM 5-HT.

6.2.3. o; Receptor. Binding assays were performed by a
modification of the procedure previously described by
Ambrosio et al.?’ The cerebral cortex was homogenized
in 20 volumes of ice-cold buffer (50 mM Tris—HCI, 10
mM MgCl,, pH 7.4 at 25°C) and centrifuged at 30,000
g for 15 min. Pellets were washed twice by resuspension
and centrifugation. Final pellets were resuspended in the
same buffer. Fractions of the final membrane suspen-
sion (about 250 pg of protein) were incubated at 25°C
for 30 min with 0.2 nM [*H]prazosin (23 Ci/mmol), in
the presence or absence of six concentrations of the
competing drug, in a final volume of 2 mL of buffer.
Nonspecific binding was determined with 10 uM phen-
tolamine.

Competing drug, nonspecific, total and radioligand
bindings were defined in triplicate. Incubation was ter-
minated by rapid vacuum filtration through Whatman
GF/B filters, presoaked in 0.05% poly(ethylenimine),
using a Brandel cell harvester. The filters were then
washed with the assay buffer, dried and placed in
poly(ethylene) vials to which were added 4 mL of a
scintillation cocktail (Aquasol). The radioactivity bound
to the filters was measured by liquid scintillation spec-
trometry on a Packard 2500 TR instrument. The data
were analyzed by an iterative curve-fitting procedure
(program Prism, Graph Pad), which provided ICs, K;
and r? values for test compounds, K; values being cal-
culated from the Cheng and Prusoff equation.”® The
protein concentrations of the rat cerebral cortex and the
rat striatum were determined by the method of Lowry,?’
using bovine serum albumin as the standard.
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