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Synthesis and Structure—Activity Relationships of a New Model of
Arylpiperazines. 1. 2-[[4-(o-Methoxyphenyl)piperazin-1-yljmethyl]-1,3-
dioxoperhydroimidazo[1,5-a]pyridine: A Selective 5-HT;a Receptor Agonist
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A series of new bicyclohydantoin—arylpiperazines was prepared and evaluated for affinity at
5-HT1a, 04, and D, receptors. Most of the compounds showed very low affinity for D, receptors,
and most of them demonstrated moderate to high affinity for 5-HT,, and a; receptor binding
sites. SAR observations indicated that the length of the alkyl chain between the arylpiperazine
and the hydantoin moiety is of great importance for 5-HT;4/a, affinity and selectivity, n = 1
being the optimal value. Compound 1h, 2-[[4-(0-methoxyphenyl)piperazin-1-yljmethyl]-1,3-
dioxoperhydroimidazo[1,5-a]pyridine, bound at 5-HT;4 sites with nanomolar affinity (K; = 31.7
nM) and high selectivity over ay, Dy, and 5-HT,a receptors (K; > 1000, > 10 000, and >1000
nM, respectively). Preliminary studies showed that this agent is probably functioning as a
partial to full 5-HT14 agonist, and it displayed anxiolytic activity on the social interaction test

in mice.

Introduction

Serotonin (5-hydroxytryptamine, 5-HT) and its recep-
tors are involved in various physiological and patho-
physiological processes.!=> Seven 5-HT receptor classes
(5-HT1-7), including different subtypes (A, B, ...), have
been described in recent years.5712 It is generally
accepted that receptors of the 5-HT;a subtype are
involved in psychiatric'®15 disorders such as depression
and anxiety. Buspirone, an arylpiperazine derivative
with high affinity for the 5-HTa receptor, was the first
agent to be approved for clinical use.’617 However, this
compound is not optimal in terms of selectivity and
pharmacokinetic properties and has a slow onset of
action. Several structural changes have been made on
the imide (A) and arylpiperazine (B) moieties of bus-
pirone in order to increase the selectivity for the 5-HT1a
site. However, most of these compounds exhibit high
levels of undesired affinity for the o; adrenoceptor [e.g.,
NAN-190: K;(5-HT1a) = 0.6 nM, Kj(o1) = 0.8 nM], and
attempts have been made to identify and eliminate the
structural features that account for a;-adrenergic bind-
ing.18.19

The influence of the arylpiperazine and the length of
the spacer on 5-HT;a/0 selectivity is clear, in contrast
to the role of the cyclic imide. Some reported8.20.21
results have demonstrated that a lipophilic character
in the imide portion is needed for high 5-HT;, affinity,
while another hypothesis?2 has suggested that steric
factors play an important role.

In this paper, we have analyzed a new set of model
arylpiperazines 1—4, in which the imide moiety (part
A) has been replaced by a bicyclohydantoin (X =
—(CHy)3—, —(CH)4—). Herein we report the synthesis
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of these series and the affinities for 5-HT14, a1, and D,
receptors, obtained by radioligand binding studies.
Structure—activity relationships (SAR) which are dis-
cussed afford insights for improving the selectivity for
5-HT1a over oy receptors. Several analogues with
interesting 5-HT1a-binding properties were evaluated
for their ability to produce hypothermia and behavioral
effects in mice.

Chemistry

The synthetic routes used in the preparation of 1—4
are outlined in Scheme 1. Compounds 1 (n = 1) were
obtained by Mannich reaction of the hydantoins 52324
with formaldehyde and the corresponding arylpipera-
zines (method A). The desired compounds 2 (n = 2)
(method B), 3, and 4 (n = 3,4) (method C) were obtained
by reaction of the intermediates 6 and 7 with the
corresponding arylpiperazines in the presence of sodium
carbonate and acetonitrile. The reaction of L-proline or
ethyl pipecolinate with 2-chloroethyl isocyanate gave
6a,b, respectively. The key intermediates 7a—d (X =

S0022-2623(96)00416-5 CCC: $12.00 © 1996 American Chemical Society
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a2 Reagents: (a) EtOH, 100 °C, 1 h; (b) CI(CH2)2NCO, acetone,
N3, reflux, 2 h; (c) 25% HCI, reflux, 35 min or KOH/EtOH (10%),
reflux, 45 min; (d) arylpiperazine, Na,COg, acetonitrile, reflux, 3—5
days; (e) HNa, DMF, Ny, 60 °C, 30 min, then Br—(CHy),—Br, rt,
12 h.

—(CHy)3—, —(CHy)a—; n = 3, 4) were prepared from 5a,b,
by reaction with the appropriate dibromoalkane in the
presence of NaH and N,N-dimethylformamide (DMF).
Respective hydrochloride salts were prepared as samples
for biological assays. All new compounds (Table 1) were
characterized by IR and *H- and 3C-NMR spectroscopy
and gave satisfactory combustion analyses (C, H, N).
Moreover, COSY and HETCOR experiments of the
starting hydantoins 5a,b and the final targets 3g and
4g were carried out, in order to assign all the protons
and carbons of these new structures as well as to define
the conformation of the cyclohexane ring of the hydan-
toin moiety. The NMR analysis and the computer
modeling study?®> confirmed that this ring exists in a
chair conformation.

Pharmacology

The compounds were evaluated for in vitro 5-HTa,
a1, and D, receptor affinity by radioligand binding
assays. All the compounds were used in the form of
hydrochloride salts and were water-soluble. The specific
ligands and tissue sources used are as follows: (@)
serotonin 5-HTa receptors, [3H]-8-OH-DPAT, rat cere-
bral cortex membranes; (b) adrenergic a; receptors, [3H]-
prazosin, rat cerebral cortex membranes; (c) dopamine
D, receptors, [3H]raclopride, rat striatum membranes.
The inhibition constant K; was defined from the 1Cs
by the Cheng—Prusoff equation6 (Table 1). Two active
analogues in the 5-HT;a binding screen have been
evaluated for their ability to produce hypothermia in
mice. The results of these assays are listed in Table 2.
The social interaction assay was the behavioral para-
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digm selected in mice to measure a compound’s anxi-
olytic potential (Table 3).

Results and Discussion

From the binding data, all the compounds show very
low affinity for D, receptors except derivatives 4b,c,i,j,
which present moderate affinity. However, most of
these compounds demonstrated moderate to high affin-
ity for 5-HT14 and oy receptor binding sites.

An examination of the data presented in Table 1
shows the following. (a) With respect to the phenylpip-
erazine substitution and in agreement with the litera-
ture studies, analogues with a methoxy group at the
ortho position displayed the highest affinity for 5-HT;a
and oy receptors, leading to nonselective compounds.
The only exception was observed in derivatives 1b,h (n
=1, R = 0-OCH3). In regard to the affinity for both
receptors, the same tendency was observed for m-chloro
analogues (e.g., 4c,i). Consequently, all the compounds
display poor selectivities for 5-HT;4 over os-adrenergic
receptors (ranging from 0.3 to 5). Nevertheless, the
presence of a trifluoromethyl group at this same position
displays the best 5-HT 4 affinity/selectivity profile of the
compounds with n = 2—4 [e.g., 3d and 4d bind with high
affinity (Ki = 3.8 and 2.4 nM) and 29- and 27-fold
selectivity at 5-HT 4 sites, respectively]. The decrease
in affinity of m-CF3 derivatives for a;-adrenergic recep-
tors may be due to an unfavorable steric interaction [Es-
(Cl) = —0.97, Es(CF3) = —2.4]. Based on this observa-
tion, further substituent variation at the meta position
could lead to improved selectivity. The introduction of
electron-withdrawing substituents in the para position,
such as a fluoro or nitro group, reduces the binding
affinity for 5-HT 4 receptors. Regarding the a;-adren-
ergic affinity, although the presence of a p-nitro group
clearly represents a strong detriment to the affinity (K;
> 1000—10 000 nM), the p-F substitution is tolerated
(e.g., compounds 3e,k and 4k).

(b) The length of the alkyl chain between the arylpip-
erazine and the hydantoin moiety is of great importance
for 5-HT1a/a; affinity and selectivity. It seems that in
this series the alkyl chain is not interacting with the
receptor in a hydrophobic manner but is more likely
acting as a spacer.2’28 As a general trend, maximum
affinity for 5-HT;4 as well as a; receptors is reached
with n = 3 or 4, and reduction of the hydrocarbon chain
by two and one carbon atoms causes a decrease in
affinity in both receptors. This decrease is especially
marked for a; (analogues with n = 1,2) and 5-HTia
(analogues with n = 2) receptor binding. Thus, some
compounds in which n = 1 display significant 5-HT;a
receptor affinity and good 5-HT14 selectivity, which is
optimal in compound 1h (5-HT1a, Ki = 31.7 nM; o4, K;
> 1000 nM). As shown in Table 4, both the arylpip-
erazine pharmacophore and the hydantoin moiety con-
tribute to the 5-HT;a receptor interaction of the com-
pounds.

(c) It is known that while the presence of the amide
portion (part A) is not essential for 5-HT,4 affinity, this
moiety could contribute to increase the affinity or
selectivity!®19 over other types of G-protein-coupled
receptors. In analogues 1—4, the size of the hydantoin
seems to have little influence on 5-HT;a affinity and
selectivity. For example, comparing compound 1b with
1h, increasing the size from a five- to six-membered ring
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Table 1. Physical Properties and in Vitro Binding Data?

Ki (nM)
5-HT1A (083 Dz
compd X n R mp (°C) formula [H]-8-OH-DPAT  [3H]prazosin  [3H]raclopride

la —(CHg)3— 1 H 178—180 C17H22N402-2HCI-3/,H,0 85.3+3.1 1000 >10000
1b —(CH2)3— 1 0-OCH; 168-170 CigH24N4O3-2HCI 349 +0.7 500 + 65 >1000
1c *(CH2)3* 1 m-ClI 146—148 C17H21C|N402'2HC|'1/2H20 584+ 1.1 292 + 15 >10000
1d —(CHz)3— 1 m-CF3 158—-159 CigH21F3N402-2HCI-H,0 120 + 10 >1000 >1000
le —(CHy)3— 1 p-F 180—-182  Ci7H21FN4O2-2HCI-H,0 500 + 60 >1000 >10000
1f —(CH2)3— 1 p-NO2 150—-152 C17H21N504°HCI-H,0 >1000 >10000 >10000
19 —(CH2)4— 1 H 178—180 C18H24N402:2HCI-H,0 101+ 8 >1000 >10000
1h —(CH2)a— 1 0-OCH3 160—162 C19H26N403-2HCI-H,0 31.7+17 >1000 >10000
1i —(CH2)a— 1 m-Cl 176—178 C18H23CIN4O2-2HCI-3H,0 57.7+57 135+ 5 >10000
lj *(CH2)4* 1 m-CF3 165—-167 C19H23F3N402:2HCI 78.6 7.5 >1000 >1000
1k —(CHz)a— 1 p-F 170-172 C1gH23FN4O2-2HCI-H,0 444 £+ 52 869 £ 75 >10000
11 —(CH2)a— 1 p-NO2 176—178  CigH23N504-2HCI-1/,H,0 >1000 >10000 >10000
2a *(CHz)g* 2 H 116—-118 Ci18H24N402 >1000 >1000 >1000
2b —(CHz)3— 2 0-OCH3 186—188 C19H26N403-2HCI 234 £+ 20 190 + 38 361 + 60
2c —(CHg)3— 2 m-Cl 174-176 C18H23CIN4O2-2HCI 418 + 60 500 + 65 >1000
2d —(CHy)3— 2 m-CF3 206—208 C19H23F3N402-2HCI 123 +11 >1000 >1000
2e —(CH2)3— 2 p-F 196-198  CigH23FN4O2-2HCI >10000 >1000 >10000
2f —(CHg)3— 2 p-NO2 130—132 C18H23N504-2HCI >10000 >10000 >10000
29 —(CH2)a— 2 H 193—-195  CigH26N402:2HCI-H,0 >1000 >1000 >1000
2h —(CH2)a— 2 0-OCH;z 178-180  CyoH2sN403-2HCI-H,0 455+ 4.6 131 + 28 246 + 13
2i —(CH2)a— 2 m-Cl 224-226 C19H25CIN4O2-HCI 128 + 10 375 £ 16 >1000
2j —(CHz)a— 2 m-CF3 208—210 C20H25F3N402-HCI 65.8 + 3.1 >1000 >1000
2k —(CH»a— 2 pF 222-224  CigHzsFN4O,-HClI >10000 >1000 >10000
21 *(CH2)4* 2 p-NOz 252—-254 C19H25N504HCI >10000 >10000 >10000
3a —(CHy)3— 3 H 210—-212 C19H26N402-2HCI 19.2+15 154 + 3.9 >1000
3b —(CH2)3— 3 0-OCH; 212214 C20H28N403-2HCI-H,0 4.4+ 0.6 3.1+05 >1000
3c *(CHz)g* 3 m-ClI 164—166 C19H25C|N402'2HC| 55.94+9.1 216+ 1.1 >1000
3d —(CHg)3— 3 m-CF3 150—152 CooH25F3N402:2HCI 3.8+0.5 109 + 9 >1000
3e —(CHz)3— 3 p-F 230—232 C19H25FN4O2-HCI >1000 252+11 >1000
3f —(CH2)3— 3  p-NO, 244—246  Ci9H25Ns504-HCI >10000 >1000 >10000
39 —(CH2)a— 3 H 213-215 C20H28N402-2HCI-H,0 154 + 10 11.4+09 >1000
3h —(CHz)a— 3 0-OCH;  208-210 C21H30N403-2HCI-3H,0 41 +0.6 99+1.0 >1000
3i —(CH2)s— 3 m-Cl 173-175 C20H27CIN4O2-2HCI 536+ 1.5 179+11 >1000
3j —(CH2)a— 3 m-CF3 206—208  Cy1H27F3N402:2HCI-4H,0 5.7+0.7 904 +5.1 >1000
3k —(CHz)a— 3 p-F 205—207 CooH27FN4O2-2HCI 598 + 70 258+1.1 >1000
3l —(CH2)a— 3 p-NO2 118-120 C20H27N504-2HCI >10000 1000 >10000
4a —(CH2)3— 4 H 210—212 C20H28N402:2HCI 248+ 1.4 26.4+1.9 416 + 72
4b —(CH2)3— 4 0-OCHsz 178-180  Cz1H30N4O03-2HCI 55+0.7 8.3+0.3 107 £ 10
4c —(CHgz)s— 4 m-Cl 192—-194 C20H27CIN4O2-2HCI 11.3+1.0 9.6 £0.9 151 + 13
4d —(CH2)3— 4 m-CF3 176—178 C21H27F3N402-2HCI 24+0.6 649 £ 2.6 >1000
4e *(CH2)3* 4 p-F 194—-196 C20H27FN402'2HC|‘2H20 89.9+5.2 472+ 1.8 >1000
4f —(CHg)3— 4 p-NO2 86—88 C20H27N504-2HCI >1000 247 £ 63 >1000
49 —(CH2)a— 4 H 198—-200 C21H30N402-2HCI-H0 785+ 6.8 186 +3.1 >1000
4h —(CH2)4— 4 O-OCH3 199—201 C22H32N403'2HC|'H20 88 + 09 86 + 10 >1000
4i —(CHz2)s— 4 m-Cl 190192  Cy1H29CIN4O2-2HCI 72+0.6 121 +1.2 129 £ 13
4j —(CHz)a— 4 m-CF3 140—-142 Ca22H29F3N40O2-2HCI-1/,H,0 99+0.9 72.4+£8.0 90.6 £ 8.9
4k —(CH2)s— 4 p-F 168—170  C1H29FN4O2-2HCI-2H,0 579+ 3.2 104+ 0.6 615 + 61
41 *(CH2)4* 4 p-NOz 200—-202 C21H29N504:2HCI >1000 >1000 >1000

a All values are the mean + SEM of two experiments performed in triplicate.

resulted in a moderate improvement of 5-HT 4 selectiv-
ity, whereas a similar modification in compounds 3a,g
caused the opposite effect.

Compound 1h proved to be the most selective member
of the series and has significantly better selectivity than
reference agents such as buspirone and NAN-190 (Table
5). Two analogues (1h and 4j) active as 5-HT1a receptor
ligands have been evaluated for their ability to produce
hypothermia and for their potential anxiolytic activity
in mice. Compound 1h was selected for its selectivity
in the 5-HT;a receptor (similarly to 8-OH-DPAT) and
4j for its affinity at 5-HT14 and D, receptors (similarly
to buspirone). As shown in Table 2, 1h and 4j decreased
rectal temperature in mice following subcutaneous
administration but were less potent than 8-OH-DPAT.
Following oral administration only 4j produced a slight
decrease in rectal temperature.

The results of the social interaction behavioral test
are shown in Table 3. Both compounds increased the
number of social interactions between two mice placed

together in the same cage. The maximum anxiolytic-
like effect obtained after the administration of each
compound was statistically significant when compared
to the values for the vehicle group. The administration
of 8-OH-DPAT produced a maximum behavioral effect
(132.2 s) equivalent to the one obtained after the
administration of 1h (130.8 s); however, a higher dose
of this compound was needed to reach the same degree
of 8-OH-DPAT-induced behavioral effect. On the other
hand, 4j, although active in the social interaction test,
was much less potent than 8-OH-DPAT or 1h.

In conclusion, we have prepared a series of bicyclo-
hydantoin—arylpiperazine derivatives related to previ-
ously described 5-HT ;4 ligands. In this paper, we have
demonstrated that two structural features seem to
improve selectivity for 5-HTa receptors: (a) The trif-
luoromethyl group at the meta position of the phe-
nylpiperazine moiety showed the best 5-HT;a affinity/
selectivity profile in the series with n = 3, 4. This
position could play an important role in order to improve
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Table 2. Effects of 8-OH-DPAT, 1h, and 4j on Rectal
Temperature in Mice?

compd dose (mg/kg) route T decrease (°C)
8-OH-DPAT 0.5 sc -0.9+0.24
25 sc —1.7 + 0.55*
5 sC —1.66 + 0.42*
10 sc —2.26 £ 0.21*
1h 0.5 sc 0.37 £ 0.3
25 sC 0.06 +£0.13
5 sC —0.78 £ 0.28
10 sc —1.46 + 0.13*
20 sc —1.56 £ 0.17*
10 po —0.30 £ 0.29
20 po 0.22 +£0.27
30 po —0.28+ 0.3
40 po —-0.85+0.2
4j 0.5 sc —0.58 £ 0.3
25 sc -0.77 £ 0.31
5 sc —0.92 £ 0.29
10 sC —1.55 + 0.34*
20 sC —2.73 £0.3*
10 po 0.07 + 0.03
20 po —0.55 £ 0.22
30 po —1.23+0.15
40 po —1.00 £+ 0.19

a Dose—response effects of sc and po administration of selected
drugs on rectal temperature. Rectal temperature was measured
30 min after sc or 60 min after po administration of the vehicle or
selected drugs. Values represent the means + SEM of rectal
temperature (°C) in control and drug-treated mice. *Values from
drug-treated mice that are lower than 1.1 °C and significantly
different (ANOVA, Student—Newmann—Keul's, p < 0.05) from
vehicle-treated mice.

Table 3. Effects of 8-OH-DPAT, 1h, and 4j in the Social
Interaction Behavioral Test in Mice?

compd vehicle max effect (s) EDso (mg/kg)
8-OH-DPAT 30.4 132.2* 0.58
1h 34.0 130.8* 3.58
4j 23.3 56.5* 1.25

a EDsp of selected drugs on social interaction. Social interaction
was determined during a 5 min period measuring the time (s) that
two mice from different cages touched each other after 30 min of
the sc administration of vehicle or selected drugs. *Values from
drug-treated mice that are significantly different from vehicle-
treated mice (ANOVA, Student—Newmann—Keul's, p < 0.05).

Table 4. Affinities at 5-HT;a Sites (Kj, nM)
R

¥
o
N—CH,— O/(N—CHZ—
N.
X

R'—N

R

NN

L

H 380 853 101
0-OCH,; 68 349 31.7
m-Cl 130 584 57.7
m-CF; 175 120 78.6

2 Data obtained from ref 27.

potency and selectivity for the 5-HT14 receptor, and new
substituents are the objective of future work. (b) The
alkyl side chain length is a critical factor, n = 1 being
the optimal value. Compound 1h has substantially
better selectivity than several reference agents and
shows potent anxiolytic activity in the social interaction
test in mice. On the basis of its in vivo pharmacology
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testing, 1h is probably functioning as a partial to full
5-HT;a agonist.

Further pharmacological properties of 1h and the
synthesis and biological evaluation of new derivatives
of 1 (n = 1) are currently in progress, and the results
will be reported in due course.

Experimental Section

Chemistry. Melting points (uncorrected) were determined
on a Gallenkamp electrothermal apparatus. Infrared (IR)
spectra were obtained on a Perkin-Elmer 781 infrared spec-
trophotometer. H- and **C-NMR spectra were recorded on a
Varian VXR-300S or Bruker 250-AM instrument. Chemical
shifts (0) are expressed in parts per million relative to internal
tetramethylsilane; coupling constants (J) are in hertz. Optical
rotation measurements were obtained on a Perkin-Elmer 141
polarimeter. Elemental analyses (C, H, N) were determined
within 0.4% of the theoretical values. Thin-layer chromatog-
raphy (TLC) was run on Merck silica gel 60 F-254 plates. For
normal pressure and flash chromatography, Merck silica gel
type 60 (size 70—230 and 230—400 mesh, respectively) was
used. Unless stated otherwise, starting materials were used
as high-grade commercial products.

The compounds 5a,b were synthesized by published proce-
dures. The physical data are in agreement with those given
in refs 23 and 24.

General Method A. Preparation of Derivatives la—I.
To a suspension of the hydantoins 5a,b (9.7 mmol) and 1 mL
(3.3 mmol) of formaldehyde 35% in ethanol was added the
corresponding arylpiperazine (as free base). The mixture was
stirred at 100 °C for 1—4 h. The reaction mixture was allowed
to cool and poured into water (30 mL). The resultant precipi-
tate was filtered, washed with water, and dried in vacuo. The
product was converted to its hydrochloride salt.

2-[(4-Phenylpiperazin-1-yl)methyl]-1,3-dioxoperhydro-
pyrrolo[1,2-climidazole (1a): yield 3.6 g (91%); mp 178—
180 °C; IR (KBr, cm~%) 1770 (CON), 1710 (NCON), 1600, 1500
(Ar); 'H-NMR (CDCls) 6 1.75 (dq, J = 12.3, 9.0 Hz, 1H, H),
2.00—2.14 (m, 2H, 2Hg), 2.23—2.33 (m, 1H, H), 2.79 (t, J =
4.9 Hz, 4H, 2CH»-pip), 3.16 (t, J = 4.9 Hz, 4H, 2CH,-pip), 3.24
(ddd, J =11.4,7.8,5.1 Hz, 1H, Hs), 3.69 (dt, J = 11.4, 7.8 Hz,
1H, Hs), 4.13 (t, J = 8.4 Hz, 1H, Hza), 4.50 (s, 2H, NCH:N),
6.83 (t, J = 8.1 Hz, 1H, Hs-phenyl), 6.91 (d, J = 8.1 Hz, 2H,
H;- and He-phenyl), 7.25 (t, J = 8.1 Hz, 2H, Hs- and Hs-phenyl);
13C-NMR (CDCls) 6 26.8 (Ce), 27.6 (C7), 45.4 (Cs), 49.1 (2CH,-
pip), 50.2 (2CH2-pip), 60.0 (NCH:N), 63.1 (C7.), 116.2 (C,- and
Cs-phenyl), 119.8 (C4-phenyl), 129.0 (Cs- and Cs-phenyl), 151.0
(Cl-phenyl), 161.1 (C3), 174.8 (C]_) Anal. (C17H22N402'2HC|‘
3,H,0) C, H, N.

2-[[4-(o-Methoxyphenyl)piperazin-1-ylJmethyl]-1,3-di-
oxoperhydropyrrolo[1,2-climidazole (1b): yield 3.4 g (85%);
mp 168—170 °C; IR (KBr, cm™t) 1780 (CON), 1720 (NCON),
1610, 1520, 1490 (Ar); H-NMR (Me,SO-ds) 6 1.86—2.18 (m,
4H, 2He, 2H7), 3.20—3.61 (m, 10H, 4CHy-pip, 2Hs), 3.83 (s, 3H,
OCHs3), 4.36 (t, J = 8.1 Hz, 1H, Hz.), 4.66 (s, 2H, NCH;N),
6.89—7.10 (m, 4H, Hs-, Hs-, Hs-, and He-phenyl); 3C-NMR
(MeZSO-de) 0 26.1 (Ce), 26.5 (C7), 45.1 (C5), 47.2 (ZCHz-plp),
49.6 (2CHy-pip), 55.4 (OCHj3), 61.0 (NCH:N), 63.0 (C7a), 112.1
(Ce-phenyl), 118.6 (Cs-phenyl), 120.8 (Cs-phenyl), 124.1 (Cs-
phenyl), 138.0 (C;-phenyl), 151.9 (C,-phenyl), 158.4 (Cs), 173.8
(Cl) Anal. (C13H24N403'2HC|) C, H, N.

2-[[4-(m-Chlorophenyl)piperazin-1-ylJmethyl]-1,3-di-
oxoperhydropyrrolo[1,2-climidazole (1c): vyield 3.4 ¢
(81%); mp 146—148 °C; IR (KBr, cm™') 1765 (CON), 1710
(NCON), 1595, 1550, 1480 (Ar); *H-NMR (CDCls) ¢ 1.64 (dq,
J =12.4,9.0 Hz, 1H, Hy), 1.93—2.07 (m, 2H, 2H¢), 2.15—2.27
(m, 1H, H7), 2.72 (t, 3 = 4.8 Hz, 4H, 2CH,-pip), 3.00 (t, J =
4.8 Hz, 4H, 2CHy-pip), 3.18 (ddd, J = 11.4, 7.8, 5.1 Hz, 1H,
Hs), 3.63 (dt, J = 11.4, 7.8 Hz, 1H, Hs), 4.05 (dd, 3 = 9.0, 7.8
Hz, 1H, Hza), 4.42 (s, 2H, NCH;N), 6.75—6.80 (m, 3H, Ha-, Ha-,
and He-phenyl), 6.87 (t, J = 8.4 Hz, 1H, Hs-phenyl); 13C-NMR
(CDCls) 6 26.7 (Ce), 27.6 (C7), 45.4 (Cs), 50.1 (2CH»-pip), 50.2
(2CH2-pip), 60.0 (NCH:2N), 63.1 (Cra), 115.2 (Ce-phenyl), 115.5
(Cz-phenyl), 117.9 (C4-phenyl), 147.8 (Cs-phenyl), 155.5 (Cs-
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Table 5. Binding Profile for 1h, Buspirone, and NAN-190

Ki &= SEM (nM)
compd 5-HT1a [*H]-8-OH-DPAT oy [BH]prazosin D; [*H]raclopride 5-HT2a [*H]ketanserin
1h 31.7+17 >1000 >10000 >1000
buspirone 205+ 23 367 £ 32 852 £ 70 482 + 40
NAN-1902 0.6 0.8 64 ND

2 Data obtained from ref 19.

phenyl), 158.7 (Ci-phenyl), 161.1 (Cs), 174.7 (C1). Anal.
(C17H2:CIN4O,-2HCI-Y/;H,0) C, H, N.
2-[[4-[m-(Trifluoromethyl)phenyl]piperazin-1-ylJme-
thyl]-1,3-dioxoperhydropyrrolo[1,2-climidazole (1d): yield
4.2 g (91%); mp 158—159 °C; IR (KBr, cm™1) 1770 (CON), 1710
(NCON), 1610, 1490 (Ar); *H-NMR (CDCl3) 6 1.71 (dg, J =
12.6, 9.0 Hz, 1H, Hy), 1.98—2.18 (m, 2H, 2Hs), 2.24—2.33 (m,
1H, H;), 2.79 (t, 3 = 4.9 Hz, 4H, 2CH,-pip), 3.21 (t, 3 = 4.9
Hz, 4H, 2CH,-pip), 3.19—3.30 (m, 1H, Hs), 3.70 (dt, J = 11.1,
7.5 Hz, 1H, Hs), 4.13 (dd, 3 = 9.0, 7.8 Hz, 1H, Hys.), 4.50 (s,
2H, NCH;N), 7.01—7.08 (m, 3H, H,-, Hs-, and He-phenyl), 7.33
(t, 3 = 8.1 Hz, 1H, Hs-phenyl); 13C-NMR (CDCl3) 6 26.8 (Cs),
27.6 (Cy), 45.4 (Cs), 49.1 (2CH,-pip), 50.2 (2CHy-pip), 60.0
(NCH:N), 63.1 (C7a), 112.2 (q, 3Jc—r = 4.0 Hz, C,-phenyl), 115.8
(9, 3Jc—¢ = 4.0 Hz, C4s-phenyl), 118.8 (Cs-phenyl), 124.1 (q, *Jc—r
= 272.4 Hz, CF3), 129.4 (Cs-phenyl), 131.4 (q, 2Jc—F = 31.9 Hz,
Cs-phenyl), 151.2 (Ci-phenyl), 161.1 (Cs), 174.7 (Cy). Anal.
(C1gH21F3N4O2-2HCI-H,0) C, H, N.
2-[[4-(p-Fluorophenyl)piperazin-1-ylJmethyl]-1,3-diox-
operhydropyrrolo[1,2-climidazole (1e): yield 3.9 g (95%);
mp 180—182 °C; IR (KBr, cm™1) 1770 (CON), 1710 (NCON),
1510, 1480 (Ar); *H-NMR (CDCls) 6 1.82 (dg, J = 12.3, 9.0 Hz,
1H, Hy), 2.02—2.18 (m, 2H, 2Hg), 2.24—2.34 (m, 1H, Hy), 2.81
(t, 3 = 4.8 Hz, 4H, 2CH-pip), 3.10 (t, J = 4.8 Hz, 4H, 2CH»-
pip), 3.26 (ddd, J = 11.4, 7.8, 5.1 Hz, 1H, Hs), 3.70 (dt, J =
11.4, 7.8 Hz, 1H, Hs), 4.14 (dd, 3 = 9.0, 7.9 Hz, 1H, H+,), 4.51
(s, 2H, NCH:N), 6.84—6.98 (m, 4H, H,-, Hs-, Hs-, and He-
phenyl); $¥*C-NMR (CDCls) ¢ 26.8 (Ce), 27.6 (C7), 45.4 (Cs), 50.1
(4CH2-pip), 59.9 (NCH2N), 63.1 (C7a), 115.4 (d, 2Jc—¢ = 22.2
Hz, Cs- and Cs-phenyl), 118.0 (d, 3Jc—¢ = 7.5 Hz, C,- and Ce-
phenyl), 147.6 (C;-phenyl), 157.2 (d, *Jc-¢ = 239.7 Hz, C,-
phenyl), 161.0 (C3), 174.7 (Cl) Anal. (C17H21FN402'2HC|'H20)
C,H, N.
2-[[4-(p-Nitrophenyl)piperazin-1-yllmethyl]-1,3-diox-
operhydropyrrolo[1,2-climidazole (1f): yield 4.1 g (95%);
mp 150—-152 °C; IR (KBr, cm™) 1770 (CON), 1710 (NCON),
1600, 1510, 1490 (Ar); H-NMR (CDCl3) 6 1.70 (dg, J = 12.6,
9.0 Hz, 1H, Hy), 2.01-2.16 (m, 2H, 2Hg), 2.23—2.33 (m, 1H,
H;), 2.79 (t, J = 4.8 Hz, 4H, 2CH,-pip), 3.26 (ddd, J = 11.4,
7.8, 5.1 Hz, 1H, Hs), 3.42 (t, J = 4.8 Hz, 4H, 2CH;-pip), 3.70
(dt, 3 = 11.4, 7.8 Hz, 1H, Hs), 4.14 (t, J = 8.4 Hz, 1H, Hy,),
4.50 (s, 2H, NCH:N), 6.79 (d, 3 = 9.1 Hz, 2H, H,- and He-
phenyl), 7.27 (d, 3 = 9.1 Hz, 2H, Hs- and Hs-phenyl); 1*C-NMR
(CDCls) 0 26.8 (Cg), 27.6 (Cv), 45.4 (Cs), 46.9 (2CH2-pip), 49.8
(2CH2-pip), 59.9 (NCH:2N), 63.2 (C7a), 112.7 (C,- and Ce-phenyl),
125.8 (Cs- and Cs-phenyl), 138.5 (C4-phenyl), 154.5 (C;-phenyl),
160.8 (Cg), 174.6 (Cl) Anal. (C17H21N5O4‘HC|'H20) C, H, N.
2-[(4-Phenylpiperazin-1-yl)methyl]-1,3-dioxoperhy-
droimidazo[1,5-a]pyridine (1g): yield 3.0 g (76%); mp 178—
180 °C; IR (KBr, cm™1) 1780 (CON), 1720 (NCON), 1640, 1600,
1500 (Ar); *H-NMR (CDCls) 6 1.24—1.56 (m, 3H, Heax, H7ax,
Hsax), 1.71—1.76 (M, 1H, Heeg), 1.96—2.04 (M, 1H, Hzeg), 2.20—
2.40 (m, 1H, Hgeg), 2.79 (t, I = 4.9 Hz, 4H, 2CH,-pip), 2.80—
2.83 (M, 1H, Hsay), 3.16 (t, J = 4.9 Hz, 4H, 2CH»-pip), 3.79
(dd, 3 =11.8, 4.3 Hz, 1H, Hs,), 4.16 (dd, J = 12.7, 4.2 Hz, 1H,
Hseq), 4.52 (s, 2H, NCH;2N), 6.84 (t, 3 = 7.8 Hz, 1H, Hs-phenyl),
6.90 (d, J = 7.8 Hz, 2H, H;- and Hs-phenyl), 7.24 (dd, J = 8.4,
7.8 Hz, 2H, Hs- and Hs-phenyl); $3C-NMR (CDCls) 6 22.6 (C7),
24.7 (Cs), 27.8 (Cs), 39.2 (Cs), 49.1 (2CHz-pip), 50.2 (2CH,-pip),
57.2(Csa), 59.7 (NCH2N), 116.1 (C,- and Cs-phenyl), 119.7 (Cs-
phenyl), 128.9 (Cs- and Cs-phenyl), 151.0 (C;-phenyl), 154.9
(C3), 174.1 (C]_) Anal. (C18H24N402'2HC|‘H20) C, H, N.
2-[[4-(o-Methoxyphenyl)piperazin-1-yllmethyl]-1,3-di-
oxoperhydroimidazo[1,5-a]pyridine (1h): yield 3.4 g (78%);
mp 160—162 °C; IR (KBr, cm™1) 1790 (CON), 1730 (NCON),
1620, 1490 (Ar); *H-NMR (CDCl3) 6 1.16—1.56 (m, 3H, Hgax,
H7ax, Haax), 1.72—1.77 (M, 1H, Heeg), 1.97—2.02 (M, 1H, Hzeg),

2.19—2.24 (M, 1H, Hgeg), 2.78—2.87 (M, 1H, Hsay), 2.86 (t, J =
4.8 Hz, 4H, 2CH»-pip), 3.05 (br t, 4H, 2CH,-pip), 3.80 (dd, J =
11.3, 4.2 Hz, 1H, Hg,), 3.84 (s, 3H, OCHs3), 4.14—4.90 (m, 1H,
Hseq), 4.54 (s, 2H, NCH;N), 6.83—7.20 (m, 4H, Hs-, Hs-, Hs-,
and Hg-phenyl); 3C-NMR (CDCls) 6 22.6 (C7), 24.7 (C¢), 27.6
(Cs), 39.1 (Cs), 50.3 (2CH.-pip), 50.4 (2CH-pip), 55.0 (OCH3),
57.2 (Cga), 59.8 (NCH;N), 110.6 (Cs-phenyl), 118.0 (Cs-phenyl),
120.7 (C4-phenyl), 122.8 (Cs-phenyl), 140.9 (C;-phenyl), 151.9
(C2-phenyl), 155.0 (Cs), 174.2 (Ci). Anal. (CigHzN4Og-
2HCI-H;0) C, H, N.
2-[[4-(m-Chlorophenyl)piperazin-1-yllmethyl]-1,3-di-
oxoperhydroimidazo[1,5-a]pyridine (1i): yield 1.5 g (31%);
mp 176—178 °C; IR (KBr, cm™1) 1775 (CON), 1715 (NCON),
1595, 1560, 1480 (Ar); *H-NMR (CDCls) 6 1.19—1.56 (m, 3H,
Heax, H7ax, Hgax), 1.71—1.76 (M, 1H, Heeg), 1.95—2.01 (m, 1H,
Hyzeq), 2.18—2.23 (M, 1H, Hseg), 2.76 (t, J = 5.1 Hz, 4H, 2CH,-
pip), 2.82 (td, J = 12.7, 3.7 Hz, 1H, Hsa), 3.14 (t, J = 5.1 Hz,
4H, 2CH>-pip), 3.79 (dd, J = 11.7, 4.3 Hz, 1H, Hg,), 4.14 (dd,
J =12.7, 3.7 Hz, 1H, Hse), 4.50 (s, 2H, NCH;N), 6.74—6.81
(m, 2H, H4- and He-phenyl), 6.84 (t, 3 = 2.2 Hz, 1H, Hz-phenyl),
7.15 (t, J = 8.1 Hz, 1H, Hs-phenyl); C-NMR (CDClz) 6 22.6
(C7), 24.7 (Ce), 27.9 (Cs), 39.2 (Cs), 48.6 (2CH2-pip), 50.0 (2CH--
pip), 57.2 (Cga), 59.7 (NCH2N), 113.9 (Cs-phenyl), 115.7 (C,-
phenyl), 119.2 (C4-phenyl), 129.8 (Cs-phenyl), 134.7 (Cs-
phenyl), 152.1 (C;-phenyl), 154.9 (C3), 174.1 (Cy). Anal.
(C18H23C|N402‘2HC|'3H20) C, H, N.
2-[[4-[m-(Trifluoromethyl)phenyl]piperazin-1-yllme-
thyl]-1,3-dioxoperhydroimidazo[1,5-a]pyridine (1j): yield
2.0 g (45%); mp 165—167 °C; IR (KBr,cm™1) 1775 (CON), 1720
(NCON), 1630, 1600, 1585 (Ar); *H-NMR (CDClg) 6 1.21-1.57
(M, 3H, Heax, Hrax, Haax), 1.74—1.78 (M, 1H, Heeg), 1.98—2.03
(M, 1H, Hzeg), 2.21—2.27 (M, 1H, Hageg), 2.80 (t, J = 4.8 Hz, 4H,
2CH,-pip), 2.84 (td, J = 12.9, 3.3 Hz, 1H, Hsa), 3.21 (t, J =
4.8 Hz, 4H, 2CHy-pip), 3.81 (dd, J = 11.8, 4.2 Hz, 1H, Hs,),
4.17 (dd, J = 12.6, 4.2 Hz, 1H, Hseg), 4.53 (s, 2H, NCH;N),
7.02—7.12 (m, 3H, H;-, Hs-, and He-phenyl), 7.33 (t, J = 8.1
Hz, 1H, Hs-phenyl); $3C-NMR (CDCl3) 6 22.5 (C;), 24.7 (Ce),
27.9 (Cs), 39.2 (Cs), 48.6 (2CHy-pip), 50.0 (2CHz-pip), 57.2(Csa),
59.7 (NCHzN), 112.2 (q, 3Jc—r = 4.0 Hz, C-phenyl), 115.8 (q,
3Jc—F = 4.0 Hz, C4-phenyl), 118.7 (Ce-phenyl), 124.2 (q, *Jc-r
= 275.1 Hz, CF3), 129.4 (Cs-phenyl), 131.2 (q, 2Jc—F = 31.7 Hz,
Cs-phenyl), 151.1 (Ci-phenyl), 154.9 (Cs), 174.1 (Cy). Anal.
(C19H23F3N4O2-2HCI) C, H, N.
2-[[4-(p-Fluorophenyl)piperazin-1-ylJmethyl]-1,3-diox-
operhydroimidazo[1,5-a]pyridine (1k): yield 1.9 g (46%);
mp 170—172 °C; IR (KBr, cm1) 1780 (CON), 1720 (NCON),
1620, 1600, 1510 (Ar); *H-NMR (CDCls) 6 1.11-1.48 (m, 3H,
Heax, H7ax, Hgax), 1.63—1.68 (M, 1H, Heeq), 1.88—1.92 (m, 1H,
Hgzeg), 2.13 (dd, 3 = 12.6, 3.0 Hz, 1H, Hageg), 2.70 (t, J = 4.8 Hz,
4H, 2CH,-pip), 2.73 (td, J = 12.8, 3.3 Hz, 1H, Hsa), 2.98 (t, J
= 4.8 Hz, 4H, 2CH>-pip), 3.70 (dd, 3 = 11.7, 4.2 Hz, 1H, Hsa),
4.07 (dd, 3 =13.2, 3.7 Hz, 1H, Hseg), 4.42 (s, 2H, NCH2N), 6.75
(dd, J = 9.0 Hz, “Ju—F = 4.8 Hz, 2H, H,- and Hes-phenyl), 6.85
(t, 3 = 9.0 Hz, 3Ju—r = 9.0 Hz, 2H, H3- and Hs-phenyl); 3C-
NMR (CDCls) 6 22.6 (C7), 24.7 (Cs), 27.8 (Cs), 39.2 (Cs), 50.1
(2CHz-pip), 50.2 (2CHz-pip), 57.2 (Csa), 59.7 (NCH:N), 115.3
(d, 2Jc-r = 21.9 Hz, C;3- and Cs-phenyl), 117.8 (d, 3Jc-r = 8.3
Hz, C,- and Ces-phenyl), 147.7 (Ci-phenyl), 154.9 (Cs), 157.0
(d, 1J(;7|: = 239.7 HZ, C4-phenyl), 174.1 (C]_) Anal. (C18H23-
FN40,-2HCI-H,0) C, H, N.
2-[[4-(p-Nitrophenyl)piperazin-1-ylJmethyl]-1,3-diox-
operhydroimidazo[1,5-a]pyridine (1l): yield 3.2 g (72%);
mp 176—178 °C; IR (KBr, cm™t) 1780 (CON), 1720 (NCON),
1600, 1520, 1490 (Ar); 3 H-NMR (CDCls) ¢ 1.30—1.51 (m, 3H,
Heax, H7ax, Hsax), 1.74—1.76 (m, 1H, Heeq), 1.98—2.02 (m, 1H,
Hzeq), 2.21—2.25 (m, 1H, Hgeq), 2.77—2.85 (m, 5H, 2CH,-pip,
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Hsax), 3.41 (br t, 4H, 2CH»-pip), 3.83 (dd, J = 11.7, 4.2 Hz, 1H,
Hsa), 4.16 (d, J = 12.7 Hz, 1H, Hseg), 4.52 (s, 2H, NCH:N), 6.78
(d, 3 = 9.0 Hz, 2H, H,- and He-phenyl), 8.08 (d, J = 8.7 Hz,
2H, Hsz- and Hs-phenyl); 3C-NMR (CDClz) 6 23.0 (Cy), 24.7
(Ce), 27.8 (Cs), 39.1 (Cs), 46.8 (2CH»-pip), 49.7 (2CH»-pip), 57.1
(Csa), 59.6 (NCH;zN), 112.5 (C,- and Cs-phenyl), 125.7 (Cs- and
Cs-phenyl), 138.1 (Cs-phenyl), 154.5 (Ci-phenyl), 154.7 (Cs),
174.0 (Cl) Anal. (C18H23N504‘2HC|'1/2H20) C, H, N.

2-(2-Chloroethyl)-1,3-dioxoperhydropyrrolo[1,2-c]limi-
dazole (6a). To a stirred suspension of L-proline (5.0 g, 44.0
mmol) in acetone (50 mL) was added dropwise 2-chloroethyl
isocyanate (4.0 mL, 44.0 mmol). The mixture was refluxed
for 2 h under nitrogen. The L-1-[(2-chloroethyl)carbamoyl]-2-
pyrrolidinecarboxylic acid was filtered and crystallized from
dioxane/chloroform: yield 8.1 g (84%); mp 154—156 °C; [0]*°p
= —55.5° (c = 1, MeOH); IR (KBr, cm™%) 3380 (NH), 1720
(CONH), 1600 (COOH); *H-NMR (Me;SO-dg) 6 1.79—2.04 (m,
4H, 2H3, 2H,), 2.05—2.50 (m, 1H, Hs), 3.19-3.39 (m, 3H, NCH,
or CH,CI, Hs), 3.57 (t, J = 4.0 Hz, 2H, CH,Cl or NCH,), 4.17
(dd, 3 = 9.3, 3.0 Hz, 1H, Hy), 6.59 (t, J = 5.4 Hz, 1H, NH);
B3C-NMR (Me;S0O-dg) 6 23.9 (C4), 29.1 (C3), 41.9, 43.4 (NCH,,
CH,CI), 45.5 (Cs), 58.4 (C,), 155.9 (CONH), 174.3 (COOH).
Anal. (C8H13C|N203) C, H, N.

A solution of L-1-[(2-chloroethyl)carbamoyl]-2-pyrrolidin-
ecarboxylic acid (5.0 g, 23.0 mmol) in 25% hydrochloric acid
(30 mL) was refluxed for 35 min. After evaporation of the
solvent, the resultant oil was dissolved in acetone and dried
over MgSO, to give 4.3 g (80%) of 6a; bp 80—82 °C (0.01
mmHgQ); [a]®p = —40.6° (c = 1, MeOH); IR (CHCl3, cm™t) 1780
(CON), 1725 (NCON); *H-NMR (CDCl3) 6 1.73 (tt, J = 12.0,
9.0 Hz, 1H, Hy), 2.03—2.16 (m, 2H, 2Hg), 2.22—-2.30 (m, 1H,
H-), 3.22—3.30 (m, 1H, Hs), 3.63—3.81 (m, 5H, Hs, NCH;, CH-
Cl), 4.16 (t, J = 8.1 Hz, 1H, Hza); 3C-NMR (CDCls) 6 26.0 (Cq),
26.6 (C7), 39.2, 39.8 (NCH;, CH,CI), 44.7 (Cs). Anal. (CgHi1-
CIN;O,) C, H, N.

2-(2-Chloroethyl)-1,3-dioxoperhydroimidazo[1,5-a]py-
ridine (6b). To a stirred suspension of ethyl pipecolinate (4.0
g, 25 mmol) was added dropwise 2-chloroethyl isocyanate (2.2
mL, 25.0 mmol). The mixture was refluxed for 2 h under
nitrogen. The solvent was evaporated under reduced pressure
to afford 1-[(2-chloroethyl)carbamoyl]-2-piperidinecarboxylic
acid ethyl ester: yield 6.3 g (95%); bp 150—152 °C (0.7 mmHg);
IR (CHCI3, cm™) 3330 (NH), 1740 (COOEt), 1640, 1540
(CONH); *H-NMR (CDCl3) 6 1.13—1.49 (m, 6H, CHs, Haax, Haax,
Hsax), 1.66—1.70 (m, 1H, Hseg), 1.90—1.95 (M, 1H, Haeg), 2.12—
2.17 (m, 1H, Haeg), 2.77 (td, J = 12.6, 3.6 Hz, 1H, Heax), 3.45—
3.56 (M, 1H, Heeq), 3.64 (t, 3 = 5.7 Hz, 2H, NCH, or CH,CI),
3.70—3.80 (m, 4H, CH,CH3, CH,CI or NCH,), 4.09 (dd, 1H, J
= 13.5, 4.8 Hz, Hy); 3C-NMR (CDClg) 6 14.0 (CHs), 20.2 (Ca),
24.4 (Cs), 26.4 (C3), 41.6 (Ce), 42.4, 44.3 (NCH,, CHCI), 53.5
(C), 60.8 (CH,CHj3), 158.2 (CONH), 171.9 (COOEt). Anal.
(CllH19C|N203) C, H, N.

To 6.0 g (28.0 mmol) of 1-[(2-chloroethyl)carbamoyl]-2-
piperidinecarboxylic acid ethyl ester was added a solution of
10% KOH in ethanol until basic pH; then 25 mL of ethanol
was added, and the mixture was refluxed for 45 min. After
evaporation of the solvent, the resultant oil was dissolved in
diethyl ether and dried over MgSOQ, to give 5.2 g (85%) of 6b:
bp 125 °C (0.4 mmHg); IR (CHCIz, cm™%) 1770 (CON), 1715
(NCON); *H-NMR (CDCl3) ¢ 1.25-1.59 (m, 3H, Heax, H7ax,
Hsax), 1.74—1.79 (M, 1H, Heeg), 1.98—2.04 (M, 1H, Hyeg), 2.20—
2.25 (m, 1H, Hgeg), 2.86 (td, J = 12.6, 3.6 Hz, 1H, Hsay), 3.73
(t, 3= 6.1 Hz, 2H, NCH, or CH,CI), 3.79—3.88 (m, 3H, CHCI
or NCHy, Hsa), 4.14—4.20 (m, 1H, Hseg); **C-NMR (CDCls) 0
22.4 (Cy), 24.6 (Cs), 27.5 (Cs), 39.0, 39.6, 40.3 (NCH,, CHClI,
Cs), 57.1 (CSa)v 153.6 (C3), 172.6 (Cl) Anal. (C9H13C|N202) C,
H, N.

General Method B. Preparation of Derivatives 2a—1.
To a suspension of 6a,b (15.0 mmol) and Na,COj3 (30.0 mmol)
in acetonitrile (50 mL) was added the corresponding arylpip-
erazine (15.0 mmol). The mixture was refluxed for 3—5 days
(TLC) and hot filtered. After evaporation of the solvent, the
crude oil was purified by column chromatography (eluent:
ethyl acetate/ethanol, relative proportions depending upon the
compound). The free base was converted to its hydrochloride
salt.
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2-[2-(4-Phenylpiperazin-1-yl)ethyl]-1,3-dioxoperhydro-
pyrrolo[1,2—c]imidazole (2a): yield 2.0 g (40%); mp 116—
118 °C (H,0); IR (KBr, cm™1) 1780 (CON), 1720 (NCON), 1610,
1510, 1460 (Ar); *H-NMR (CDCls) 6 1.72 (tt, J = 12.4, 8.6 Hz,
1H, Hy), 1.99—-2.08 (m, 2H, 2Hg), 2.16—2.26 (m, 1H, H7), 2.65—
2.66 (m, 6H, 3CH,-pip), 3.12—3.15 (m, 4H, CH,-Npip, CH,-
pip), 3.18—3.22 (m, 1H, Hs), 3.61—-3.80 (m, 3H, NCH_, Hs), 4.07
(t, 3 = 8.0 Hz, 1H, H7.), 6.83 (t, J = 7.8 Hz, 1H, Hs-phenyl),
6.92 (d, J = 7.8 Hz, 2H, H;- and He-phenyl), 7.25 (t, 3 = 7.8
Hz, 2H, Hs- and Hs-phenyl); 33C-NMR (CDCls3) 6 26.7 (Ce), 27.4
(C7), 35.7 (NCHy), 45.5 (Cs), 48.9 (2CHy-pip), 52.7 (2CHz-pip),
54.5 (CH2-Npip), 63.1 (Cra), 115.7 (C2- and Cs-phenyl), 119.3
(C4-phenyl), 128.8 (Cs- and Cs-phenyl), 151.0 (C;-phenyl), 160.8
(C3), 173.9 (Cl) Anal. (C18H24N402) C, H, N.
2-[2-[4-(o-Methoxyphenyl)piperazin-1-yl]ethyl]-1,3-di-
oxoperhydropyrrolo[1,2-climidazole (2b): yield 2.1 g (32%);
mp 186—188 °C (ethanol/ethyl acetate); IR (KBr, cm~1) 1780
(CON), 1720 (NCON), 1610, 1520 (Ar); *H-NMR (Me,SO-ds) 6
1.91-2.14 (m, 4H, 2Hs, 2H7), 3.13—3.19 (m, 1H, Hs), 3.25 (M,
4H, 2CH,-pip), 3.35 (br t, 2H, CH>-Npip), 3.50 (m, 4H, 2CH,-
pip), 3.58—3.78 (m, 3H, NCH_, Hs), 3.81 (s, 3H, OCHg), 4.23
(t, 3 = 8.1 Hz, 1H, Hya), 6.91 (t, J = 7.2 Hz, 1H, Hs-phenyl),
6.99—7.08 (m, 3H, Hs-, Hs-, and He-phenyl); 3C-NMR (Me,-
SO-dg) 6 26.0 (Cs), 26.9 (C7), 33.1 (NCHy), 45.2 (Cs), 46.8 (2CH-
pip), 50.6, 51.2 (2CH,-pip), 52.8 (CH>-Npip), 55.6 (OCHjs), 63.4
(C7a), 112.2 (Ce-phenyl), 118.7 (Cs-phenyl), 122.0 (C4-phenyl),
124.2 (Cs-phenyl), 138.6 (Ci-phenyl), 151.9 (Cz-phenyl), 159.7
(C3), 174.2 (Cl) Anal. (ClgH26N403'2HC|) C, H, N.
2-[2-[4-(m-Chlorophenyl)piperazin-1-yllethyl]-1,3-diox-
operhydropyrrolo[1,2-c]limidazole (2c): yield 2.0 g (30%);
mp 174—176 °C (ethanol/ethyl acetate); IR (KBr, cm~1) 1780
(CON), 1720 (NCON), 1610, 1510 (Ar); *H-NMR (Me,SO-ds) 6
1.90—2.10 (m, 4H, 2Hg, 2H7), 3.15—3.39 (m, 7H, Hs, 2CH_-pip,
CH_-Npip), 3.61—3.65 (m, 1H, Hs), 3.69—3.73 (m, 2H, CH,-
pip), 3.79 (m, 2H, NCH), 3.84—3.93 (m, 2H, CH,-pip), 4.25 (t,
J =7.8Hz, 1H, Hs,), 6.87 (d, J = 8.1 Hz, 1H, He-phenyl), 6.99
(d, J = 8.1 Hz, 1H, Hg-phenyl), 7.07 (s, 1H, H,-phenyl), 7.27
(t, J = 8.1 Hz, 1H, Hs-phenyl); 33C-NMR (Me,SO-d¢) 6 26.2
(Ce), 27.2 (Cy), 33.3 (NCHy), 44.9 (2CH_-pip), 45.3 (Cs), 50.2,
50.7 (2CH_-pip), 52.8 (CH2-Npip), 63.6 (C7a), 114.5 (Cs-phenyl),
115.6 (C,-phenyl), 119.6 (C4-phenyl), 131.0 (Cs-phenyl), 134.3
(Cs-phenyl), 150.9 (C;-phenyl), 159.9 (Cs), 174.5 (C;1). Anal.
(C1sH23CIN4O2-2HCI) C, H, N.
2-[2-[4-[m-(Trifluoromethyl)phenyl]piperazin-1-yl]eth-
yl]-1,3-dioxoperhydropyrrolo[1,2-climidazole (2d): yield
2.9 g (42%); mp 206—208 °C (ethanol/ethyl acetate); IR (KBr,
cm~1) 1780 (CON), 1720 (NCON), 1610, 1460 (Ar); *H-NMR
(Me2SO-dg) 6 1.92—2.10 (m, 4H, 2He, 2H5), 3.15—3.40 (m, 7H,
Hs, 2CHs-pip, CH2-Npip), 3.51-3.82 (m, 5H, Hs, CH,-pip,
NCH_), 3.98 (br t, 2H, CH,-pip), 4.26 (t, J = 8.0 Hz, 1H, Hy7,),
7.15 (d, 3 = 7.8 Hz, 1H, He-phenyl), 7.29 (s, 1H, H.-phenyl),
7.32 (d, J = 7.8 Hz, 1H, Hy-phenyl), 7.48 (t, J = 7.8 Hz, 1H,
Hs-phenyl); 13C-NMR (Me;SO-dg) d 26.1 (Ce), 27.1 (C7), 33.2
(NCHy), 44.7 (2CH.-pip), 45.3 (Cs), 50.1, 50.7 (2CH2-pip), 52.8
(CH2-Npip), 63.5 (C7a), 111.9 (q, 3Jc—F = 3.0 Hz, Cy-phenyl),
116.0 (q, 3Jc—F = 3.0 Hz, C4-phenyl), 119.5 (Cs-phenyl), 124.6
(@, YJc—r = 272.0 Hz, CF3), 130.2 (q, 2Jc-r = 26.2 Hz,
Cs-phenyl), 130.4 (Cs-phenyl), 150.0 (Ci-phenyl), 159.8 (Cs),
174.4 (Cl) Anal. (ClgH23F3N402‘2HC|) C, H, N.
2-[2-[4-(p-Fluorophenyl)piperazin-1-yl]ethyl]-1,3-diox-
operhydropyrrolo[1,2-c]limidazole (2€): yield 1.9 g (30%);
mp 196—198 °C (ethanol/ethyl acetate); IR (KBr, cm™1) 1780
(CON), 1720 (NCON), 1520 (Ar); *H-NMR (CD3sOD) ¢ 1.97—
2.26 (m, 4H, 2Hs, 2Hy), 3.26—3.50 (m, 3H, Hs, CH,-pip), 3.56
(t, 3 = 5.7 Hz, 2H, CH,-Npip), 3.60—3.82 (m, 7H, Hs, 2CH,-
pip, NCH,), 3.94—-3.97 (m, 2H, CH,-pip), 4.33 (dd, J=19.3,7.2
Hz, 1H, Hz,), 7.16 (t, J = 8.7 Hz, 3Jy—¢ = 8.7 Hz, 2H, H3- and
Hs-phenyl), 7.35 (dd, J = 9.0 Hz, *Jy—¢ = 4.8 Hz, 2H, H,- and
He-phenyl); 3C-NMR (CD3;OD) 6 27.5 (Ce), 28.2 (Cy7), 34.4
(NCHy), 36.2 (Cs), 49.8 (2CH.,-pip), 52.5 (CH>-Npip), 55.8
(ZCHz-plp), 65.3 (C7a), 117.2 (d, 2Jc-F = 22.8 Hz, C3- and Cs-
phenyl), 121.4 (d, 3Jc-¢ = 8.2 Hz, C,- and Ce-phenyl), 145.0
(Ci-phenyl), 160.8 (d, *Jc—r = 242.3 Hz, C4-phenyl), 161.5 (C3),
176.0 (Cl) Anal. (C18H23FN402'2HC|) C, H, N.
2-[2-[4-(p-Nitrophenyl)piperazin-1-yl]ethyl]-1,3-diox-
operhydropyrrolo[1,2-climidazole (2f): yield 2.0 g (30%);
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mp 130—132 °C (ethanol); IR (KBr, cm~%) 1780 (CON), 1730
(NCON), 1620, 1520, 1510 (Ar); *H-NMR (Me,SO0-dg) 6 1.71—
1.89 (m, 1H, Hy), 1.93—2.20 (m, 3H, 2Hs, H;), 3.12—-3.18 (m,
1H, Hs), 3.30—3.54 (m, 11H, 3CHa-pip, CH>-Npip, Hs, NCH>),
3.73 (br t, 2H, CHz-pip), 4.22 (t, I = 7.9 Hz, 1H, H7,), 7.11 (d,
J = 9.3 Hz, 2H, H;- and Hs-phenyl), 8.09 (d, J = 9.3 Hz, 2H,
Hs- and Hs-phenyl); 3C-NMR (Me,S0-dg) 6 26.5 (Ce), 26.8 (C7),
33.2 (NCHy), 43.8 (2CH2-pip), 45.2 (Cs), 50.6 (2CH.-pip), 53.0
(CH2-Npip), 63.4 (C7a), 113.8 (C2- and Cg-phenyl), 125.7 (Cs-
and Cs-phenyl), 138.8 (C4-phenyl), 153.9 (Ci:-phenyl), 159.8
(Cg), 174.1 (Cl) Anal. (C13H23N5O4'2HC|) C, H, N.
2-[2-(4-Phenylpiperazin-1-yl)ethyl]-1,3-dioxoperhy-
droimidazo[1,5-a]pyridine (2g): yield 3.2 g (49%); mp 193—
195 °C (chloroform/ethyl acetate); IR (KBr, cm~%) 1760 (CON),
1700 (NCON), 1600, 1490, 1460 (Ar); 'H-NMR (Me,SO-dg) 6
1.30—1.55 (m, 3H, Heax, H7ax, Hsax), 1.59—1.66 (m, 1H, Heeg),
1.82—-1.89 (M, 1H, Hzeg), 1.93—1.99 (m, 1H, Hageg), 2.81 (td, J
= 12.6, 3.0 Hz, 1H, Hsgy), 3.18—3.30 (m, 4H, CH>-Npip, CH,-
pip), 3.36 (br t, 2H, NCH_), 3.68 (t, J = 12.0 Hz, 2H, CH,-pip),
3.80—3.83 (M, 4H, 2CH>-pip), 3.90—4.02 (M, 2H, Hseq, Hsa), 6.89
(t, 3 = 8.1 Hz, 1H, H4-phenyl), 7.04 (d, J = 8.1 Hz, 2H, H,-
and Hes-phenyl), 7.27 (t, 3 = 8.1 Hz, 2H, Hs- and Hs-phenyl);
BC-NMR (Me,SO-dg) 6 22.3 (C7), 24.4 (Ce), 26.1 (Cg), 32.5
(NCHy), 38.9 (Cs), 45.2 (2CHa2-pip), 50.2, 50.4 (2CH,-pip), 52.7
(CH2-Npip), 57.0 (Csa), 116.1 (C,- and Ce-phenyl), 120.4 (Cy-
phenyl), 129.2 (Cs- and Cs-phenyl), 149.2 (C;-phenyl), 153.4
(C3), 173.2 (Cl) Anal. (019H25N402'2HC|‘H20) C, H, N.
2-[2-[4-(o-Methoxyphenyl)piperazin-1-yl]ethyl]-1,3-di-
oxoperhydroimidazo[1,5-a]pyridine (2h): yield 4.5 g (65%);
mp 178—180 °C (ethanol/ethyl acetate); IR (KBr, cm™) 1755
(CON), 1700 (NCON), 1620, 1600, 1510 (Ar); *H-NMR (CDCls)
0 1.47—1.61 (M, 3H, Heax, Hrax, Heax), 1.74—1.76 (M, 1H, Haeg),
1.99-2.02 (M, 1H, Hzeg), 2.14—2.18 (M, 1H, Hageg), 2.90 (td, J =
12.0, 3.0 Hz, 1H, Hsa), 3.53 (M, 2H, CH-Npip), 3.60—3.64 (m,
4H, 2CH>-pip), 3.94—3.99 (m, 2H, NCH,), 4.03 (s, 3H, OCHy),
4.10—4.17 (m, 4H, 2CH2-pip), 4.25—4.36 (M, 2H, Hseq, Hga), 7.03
(d, 3 = 7.8 Hz, 1H, He-phenyl), 7.04 (t, J = 7.8 Hz, 1H, H,-
phenyl), 7.44 (t, 3 = 7.8 Hz, 1H, Hs-phenyl), 8.07 (d, 3 =7.8
Hz, 1H, Hz-phenyl); 3C-NMR (CDCl3) 6 22.6 (C), 24.5 (Cq),
26.2 (Cg), 32.5 (NCHy), 39.4 (Cs), 48.5 (2CHy-pip), 48.9 (2CH-
pip), 54.7 (CH2-Npip), 55.9 (OCHgs), 58.0 (Cga), 113.1 (Ce-
phenyl), 121.5 (Cs-phenyl), 123.3 (Cs-phenyl), 128.9 (Cs-
phenyl), 131.2 (C;-phenyl), 152.4 (C,-phenyl), 153.4 (C3), 173.7
(Cl) Anal. (C20H23N4O3'2HC|'H20) C, H, N.
2-[2-[4-(m-Chlorophenyl)piperazin-1-yllethyl]-1,3-diox-
operhydroimidazo[1,5-a]pyridine (2i): yield 2.2 g (35%);
mp 224—226 °C (ethanol); IR (KBr, cm~1) 1770 (CON), 1710
(NCON), 1600, 1560, 1490 (Ar); *H-NMR (CDCl3) 6 1.37—1.58
(m, 3H, Heax, H7ax, Hgax), 1.68—1.70 (M, 1H, Hee), 1.93—1.95
(m, 1H, Hz), 2.10—2.14 (m, 1H, Hg.), 2.89 (td, J = 12.0, 3.3
Hz, 1H, Hsa), 3.10 (br t, 2H, CH--pip), 3.35 (br t, 2H, CH>-
Npip), 3.57—3.62 (m, 2H, CHy-pip), 3.74—3.78 (m, 2H, CH>-
pip), 3.83—3.96 (M, 4H, NCHy, Hsec, Hsa), 4.05—4.09 (m, 2H,
CHo-pip), 6.86 (d, J = 8.1 Hz, 1H, He-phenyl), 6.93 (d, J = 8.1
Hz, 1H, Hs-phenyl), 6.97 (s, 1H, Hz-phenyl), 7.19 (t, J = 8.1
Hz, 1H, Hs-phenyl); 3C-NMR (CDCl3) 6 22.5 (Cy), 24.5 (Ce),
26.2 (Cg), 32.4 (NCHy), 39.3 (Cs), 46.4 (2CH>-pip), 51.1 (2CH.-
pip), 54.3 (CH2-Npip), 57.9 (Csa), 115.2 (Ce-phenyl), 117.4 (C»-
phenyl), 122.2 (Cs-phenyl), 130.4 (Cs-phenyl), 135.1 (Cs-
phenyl), 149.3 (C:-phenyl), 153.4 (C3), 173.5 (Cy). Anal.
(C19H25CIN4O2-HCI) C, H, N.
2-[2-[4-[m-(Trifluoromethyl)phenyl]piperazin-1-yl]eth-
yl]-1,3-dioxoperhydroimidazo[1,5-a]pyridine (2j): yield
1.3 g (20%); mp 208—210 °C (ethyl acetate); IR (KBr, cm™1)
1760 (CON), 1700 (NCON), 1600, 1495 (Ar); *H-NMR (CDClg)
0 1.41-1.54 (m, 3H, Heax, H7ax, Hsax), 1.68—1.70 (m, 1H, Heeg),
1.93—1.95 (M, 1H, Hzeg), 2.09—2.12 (M, 1H, Hageg), 2.89 (td, J =
12.6, 3.6 Hz, 1H, Hsay), 2.99—3.02 (m, 2H, CH»-pip), 3.34—3.35
(m, 2H, CH»>-Npip), 3.61—3.78 (m, 4H, 2CH,-pip), 3.90—3.98
(M, 4H, NCH,, Hseq, Hga), 4.05—4.09 (m, 2H, CH,-pip), 7.06 (d,
J = 8.1 Hz, 1H, He-phenyl), 7.11 (s, 1H, H>-phenyl), 7.15 (d, J
= 8.1 Hz, 1H, H4-phenyl), 7.36 (t, J = 8.1 Hz, 1H, Hs-phenyl);
13C-NMR (CDCls3) ¢ 22.5 (Cy), 24.5 (Cs), 26.3 (Cs), 32.4 (NCH)),
39.3 (Cs), 46.0 (2CHz-pip), 51.5 (2CH;-pip), 54.4 (CH2-Npip),
57.9 (Csa), 113.4 (q, 3Jc-r = 4.0 Hz, Co-phenyl), 117.8 (q, 3Jc-r
= 4.0 Hz, C4-phenyl), 119.9 (Cs-phenyl), 123.5 (q, 1Jc—r = 272.9

Journal of Medicinal Chemistry, 1996, Vol. 39, No. 22 4445

Hz, CF3), 129.8 (Cs-phenyl), 131.5 (g, 2Jc-r = 31.2 Hz,
Cs-phenyl), 149.4 (C;-phenyl), 153.4 (C3), 173.5 (Cy). Anal.
(C20H25F3N4O2-HCI) C, H, N.

2-[2-[4-(p-Fluorophenyl)piperazin-1-yl]lethyl]-1,3-diox-
operhydroimidazo[1,5-a]pyridine (2k): yield 1.8 g (31%);
mp 222—224 °C (ethanol/ethyl acetate); IR (KBr, cm~1) 1770
(CON), 1710 (NCON), 1510, 1460 (Ar); *H-NMR (CDCls) ¢
1.42-1.56 (M, 3H, Heax, H7ax, Hsax), 1.71—1.73 (M, 1H, Heeg),
1.97-1.98 (M, 1H, Hzeg), 2.12—2.17 (M, 1H, Hageg), 2.92 (td, J
=12.3, 3.0 Hz, 1H, Hsa), 3.05 (br t, 2H, CH-pip), 3.37 (br t,
2H, CH,-Npip), 3.43—3.59 (m, 4H, 2CH:-pip), 3.92—3.98 (m,
4H, NCHy, Hseq, Hsa), 4.08—4.13 (m, 2H, CH,-pip), 6.89 (dd, J
=9.0 Hz, *Ju-r = 4.5 Hz, 2H, H,- and He-phenyl), 6.97 (t, J =
9.0 Hz, 3Ju—¢ = 9.0 Hz, 2H, Hs- and Hs-phenyl); 13C-NMR
(CDCl3) 6 22.5 (Cy), 24.4 (Cs), 26.2 (Cg), 32.4 (NCHy), 39.2 (Cs),
47.1 (2CH,-pip), 51.7 (2CH2-pip), 54.2 (CH2-Npip), 57.7 (Csa),
115.6 (d, 2Jc—F = 22.1 Hz, Cs- and Cs-phenyl), 118.9 (d, 3Jc-r
= 8.0 Hz, C,- and Cg-phenyl), 145.8 (C;-phenyl), 153.4 (Cs),
157.8 (d, *Jc_r = 240.7 Hz, C,-phenyl), 173.5 (C;). Anal.
(C1gH25FN4O2-HCI) C, H, N.

2-[2-[4-(p-Nitrophenyl)piperazin-1-yl]ethyl]-1,3-diox-
operhydroimidazo[1,5-a]pyridine (2I): yield 1.3 g (20%);
mp 252—254 °C (H,O/ethanol); IR (KBr, cm™) 1755 (CON),
1700 (NCON), 1600, 1500 (Ar); *H-NMR (Me,SO-ds) 6 1.30—
1.51 (m, 3H, Heax, H7ax, Hsax), 1.62—1.67 (M, 1H, Heeq), 1.82—
1.88 (M, 1H, Hzeg), 1.92—1.98 (M, 1H, Hgeg), 2.81 (td, J = 12.6,
3.0 Hz, 1H, Hsa), 3.16—3.20 (m, 4H, CH>-Npip, CH»-pip), 3.38—
3.55 (m, 2H, CH;-pip), 3.71 (br t, 2H, NCH,), 3.80 (m, 4H,
2CH,-pip), 3.90—4.02 (m, 2H, Hseq, Hea), 7.13 (d, 3 = 9.3 Hz,
2H, H;- and Hs-phenyl), 8.11 (d, J = 9.3 Hz, 2H, Hs- and Hs-
phenyl); C-NMR (Me,S0-dg) 6 22.3 (C7), 24.5 (Cg), 26.3 (Cs),
32.8 (NCHy), 38.9 (Cs), 43.4 (2CH_-pip), 50.2 (2CH,-pip), 52.9
(CH2-Npip), 57.0 (Cga), 113.6 (C2- and Cg-phenyl), 125.7 (Cs-
and Cs-phenyl), 138.0 (C4-phenyl), 153.5, 153.9 (C;-phenyl, C3),
173.3 (Cl) Anal. (C19H25N504‘HC|) C, H, N.

General Procedure for the Synthesis of Compounds
7a—d. To a suspension of the corresponding hydantoins 5a,b
(26.0 mmol) in anhydrous N,N-dimethylformamide (30 mL)
was added 60% NaH (2.1 g, 52.0 mmol). After stirring for 30
min at 60 °C under nitrogen, a solution of the corresponding
dibromoalkane (52.0 mmol) in anhydrous N,N-dimethylfor-
mamide was added dropwise. The mixture was stirred over-
night under nitrogen at room temperature. Then, the solvent
was evaporated under reduced pressure, and the residue was
resuspended in water and extracted with methylene chloride
(3 x 50 mL). The combined organic layers were washed with
water and dried over MgSQ,. After evaporation of the solvent,
the crude oil was purified by column chromatography and then
distillation.

2-(3-Bromopropyl)-1,3-dioxoperhydropyrrolo[1,2—c]-
imidazole (7a): yield 5.1 g (75%); bp 79—80 °C (0.01 mmHg);
IR (CHClI3, cm™1) 1725 (CON), 1700 (NCON); *H-NMR (CDCls)
01.59—1.72 (m, 1H, H;), 1.90—2.09 (m, 4H, 2Hs, -CH>-), 2.16—
2.25 (m, 1H, Hy), 3.21 (ddd, J = 11.1, 7.8, 5.1 Hz, 1H, Hs),
3.50 (t, J = 6.6 Hz, 2H, NCH; or CH,Br), 3.58 (t, J = 6.6 Hz,
2H, CH.Br or NCH,), 3.61-3.68 (m, 1H, Hs), 4.05 (dd, J =
9.0, 7.5 Hz, 1H, Hz.); 3C-NMR (CDCls) 6 26.8 (Ce), 27.2 (Cy),
30.6 (-CH>-), 36.5 (CHBr), 41.8 (NCH), 45.2 (Cs), 63.1 (C7a),
160.3 (C3), 173.6 (Cl) Anal. (C9H13BI'N202) C, H, N.

2-(3-Bromopropyl)-1,3-dioxoperhydroimidazo[1,5—a]-
pyridine (7b): yield 5.0 g (70%); bp 150 °C (0.7 mmHg); IR
(CHCl3, cm™1) 1770 (CON), 1705 (NCON); *H-NMR (CDCl3) 6
1.12—-1.42 (M, 3H, Heax, H7ax, Heax), 1.62—1.66 (M, 1H, Heeg),
1.86—1.90 (m, 1H, Hzeg), 2.03—2.12 (m, 3H, Hgeq, -CH>-), 2.79
(td, 3 =12.6, 3.6 Hz, 1H, Hsay), 3.28 (t, J = 6.7 Hz, 2H, NCH;
or CH2Br), 3.53 (t, J = 6.7 Hz, 2H, CH,Br or NCH>), 3.66 (dd,
J =117, 4.2 Hz, 1H, Hgay), 4.02—4.08 (M, 1H, Hse); *C-NMR
(CDCls) 6 22.4 (Cy), 24.7 (Cs), 27.5 (Cs), 29.6 (-CH>-), 31.0 (CH-
Br), 37.2 (NCHy), 39.1 (Cs), 57.1 (Cga), 154.0 (Cs), 172.9 (Cy).
Anal. (CloHlsBeroz) C, H, N.

2-(4-Bromobutyl)-1,3-dioxoperhydropyrrolo[1,2-c]imi-
dazole (7c): yield 5.0 g (70%); bp 77—78 °C (0.01 mmHg); IR
(CHCI3, cm™2) 1775 (CON), 1720 (NCON); *H-NMR (CDCls) 6
1.53—1.90 (m, 5H, -(CHy),-, Hy), 2.04—2.13 (m, 2H, 2Hs),
2.21-2.28 (m, 1H, Hy), 3.18—3.28 (m, 1H, Hs), 3.38—3.44 (m,
4H, NCH,, CH,Br), 3.59—3.70 (m, 1H, Hs), 4.09—4.14 (m, 1H,
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H7a); 3C-NMR (CDCl3) 0 24.3, 25.9 (-(CH2)2-), 26.4 (Ce), 26.9
(C7), 32.4 (CH;Br), 37.3 (NCHy), 45.0 (Cs), 62.7 (C7a), 160.0 (Cs),
173.2 (C1). Anal. (Cy0H1sBrN20,) C, H, N.

2-(4-Bromobutyl)-1,3-dioxoperhydroimidazo[1,5-a]py-
ridine (7d): yield 5.3 g (70%); bp 83—84 °C (0.01 mmHg); IR
(CHClIs, cm™1) 1770 (CON), 1710 (NCON); 'H-NMR (CDCls) 6
1.14-1.56 (m, 3H, Heax, Hrax, Hsax), 1.61—1.85 (M, 5H, Heeq,
<(CHy)2-), 1.90—1.96 (m, 1H, Hyeg), 2.11—2.16 (M, 1H, Heeg), 2.77
(td, 3 =12.6, 3.6 Hz, 1H, Hsay), 3.36 (t, J = 6.6 Hz, 2H, NCH,
or CH;Br), 3.45 (t, J = 6.9 Hz, 2H, CH.Br or NCHy), 3.69 (dd,
J =12.0, 4.5 Hz, 1H, Hga), 4.06—4.10 (M, 1H, Hsg); 3C-NMR
(CDClg) 6 22.4 (Cy), 24.7 (Cs), 26.5 (-CHj-), 27.5 (Cs), 29.4
(-CH>-), 32.7 (CH3Br), 37.3 (NCH,), 39.0 (Cs), 57.0 (Csa), 154.1
(C3), 172.9 (Cl) Anal. (C11H17BFN202) C, H, N.

General Method C. Preparation of Derivatives 3a—I
and 4a—I. To asuspension of 7 (10.9 mmol) and Na,COs (21.8
mmol) in acetonitrile (50 mL) was added the corresponding
arylpiperazine (10.9 mmol). The mixture was refluxed for 3—5
days (TLC) and hot filtered. After evaporation of the solvent,
the crude oil was purified by column chromatography (elu-
ent: ethyl acetate/ethanol, relative proportions depending
upon the compound). The free base was converted to its
hydrochloride salt.

2-[3-(4-Phenylpiperazin-1-yl)propyl]-1,3-dioxoperhy-
dropyrrolo[1,2-c]limidazole (3a): yield 1.4 g (32%); mp 210—
212 °C (ethanol/ethyl acetate); IR (KBr, cm™1) 1750 (CON),
1710 (NCON), 1600, 1500 (Ar); tH-NMR (Me;SO-dg) 6 1.64—
1.81 (m, 1H, Hy), 1.90—2.15 (m, 5H, 2Hg, Hy, -CH,-), 3.11—
3.34 (m, 7H, CH,-Npip, 2CH,-pip, Hs), 3.43 (t, J = 6.9 Hz, 2H,
NCH,), 3.48—3.54 (m, 3H, Hs, CH,-pip), 3.77—3.81 (m, 2H,
CH3-pip), 4.20 (t, 3 = 8.2 Hz, 1H, H7,), 6.88 (t, J = 7.5 Hz, 1H,
Has-phenyl), 7.01 (d, J = 7.5 Hz, 2H, H,- and Hs-phenyl), 7.27
(t, J = 7.5 Hz, 2H, Hs- and Hs-phenyl); 33C-NMR (Me,SO-ds)
0 22.4 (-CH>-), 26.7 (Cg), 30.8 (C7), 35.8 (NCHy), 45.3 (Cs), 45.6
(2CH,-pip), 50.6 (2CH,-pip), 53.0 (CH,-Npip), 63.0 (C7a), 116.2
(C2- and Cs-phenyl), 120.3 (Cs-phenyl), 129.3 (Cs- and Cs-
phenyl), 149.5 (C;-phenyl), 160.2 (C3), 174.0 (C;). Anal.
(C1sH26N402-2HCI) C, H, N.

2-[3-[4-(o-Methoxyphenyl)piperazin-1-yl]propyl]-1,3-
dioxoperhydropyrrolo[1,2-climidazole (3b): yield 1.6 g
(31%); mp 212—214 °C (ethanol); IR (KBr, cm~%) 1770 (CON),
1720 (NCON), 1620, 1530, 1500 (Ar); *H-NMR (Me;SO-ds) &
1.63—1.78 (m, 1H, Hy), 1.94—2.17 (m, 5H, 2Hs, H7, -CH,-),
3.09—-3.39 (m, 7H, CH,-Npip, 2CH,-pip, Hs), 3.42 (t, J = 6.6
Hz, 2H, NCHy), 3.46—3.58 (m, 5H, Hs, 2CH,-pip), 3.81 (s, 3H,
OCHg), 4.22 (t, J = 8.1 Hz, 1H, Hy,), 6.88—7.07 (m, 4H, Has-,
Ha-, Hs-, and He-phenyl); 3C-NMR (Me,S0-ds) 6 22.5 (-CH»-),
26.7 (Cs), 26.8 (C7), 35.8 (NCHy,), 45.3 (Cs), 47.0 (2CH_-pip),
50.9 (2CH,-pip), 53.1 (CH,-Npip), 55.6 (OCHj3), 63.0 (C7a), 112.2
(Ce-phenyl), 118.6 (Cs-phenyl), 121.0 (C4-phenyl), 124.1 (Cs-
phenyl), 138.9 (C;-phenyl), 151.9 (C,-phenyl), 160.3 (C3), 174.0
(Cl) Anal. (C20H28N403‘2HC|'H20) C, H, N.

2-[3-[4-(m-Chlorophenyl)piperazin-1-yl]propyl]-1,3-di-
oxoperhydropyrrolo[1,2-climidazole (3c): yield 1.4 g (28%);
mp 164—166 °C (ethanol/ethyl acetate); IR (KBr, cm™) 1780
(CON), 1710 (NCON), 1460 (Ar); *H-NMR (Me,SO-ds) 6 1.56—
1.85 (m, 1H, Hy), 1.86—1.99 (m, 5H, 2Hs, H;, -CH»-), 2.93—
3.20 (m, 7H, CH,-Npip, 2CH,-pip, Hs), 3.28 (t, J = 6.6 Hz, 2H,
NCH,), 3.34—3.40 (m, 3H, Hs, CH,-pip), 3.72—3.77 (m, 2H,
CH_-pip), 4.07 (dd, 3 = 9.0, 7.5 Hz, 1H, H7,), 6.74 (dd, J = 8.1,
1.9 Hz, 1H, He-phenyl), 6.83 (dd, J = 8.1, 1.9 Hz, 1H,
Hs-phenyl), 6.93 (t, J = 1.9 Hz, 1H, Hy-phenyl), 7.13 (t, J =
8.1 Hz, 1H, Hs-phenyl); 3C-NMR (Me,SO-ds) 6 19.7 (-CH,-),
24.0 (Cs), 24.2 (C7), 33.1 (NCHy), 42.2 (2CH_-pip), 42.6 (Cs),
47.7 (2CH,-pip), 50.2 (CH2-Npip), 60.4 (C7a), 111.6 (Cs-phenyl),
112.7 (Cz-phenyl), 116.7 (C4-phenyl), 128.1 (Cs-phenyl), 131.4
(Cs-phenyl), 148.2 (Ci-phenyl), 157.6 (Cs), 171.4 (C1). Anal.
(C19H25CIN,O2-2HCI) C, H, N.

2-[3-[4-[m-(Trifluoromethyl)phenyl]piperazin-1-yl]pro-
pyl]-1,3-dioxoperhydropyrrolo[1,2-c]limidazole (3d): yield
1.6 g (30%); mp 150—152 °C (ethanol); IR (KBr, cm™2) 1780
(CON), 1720 (NCON), 1620, 1600, 1500 (Ar); H-NMR (Me,-
SO-dg) 6 1.62—1.82 (m, 1H, Hy), 1.93—2.14 (m, 5H, 2Hs, Hy,
-CHjy-), 3.10—3.33 (m, 7H, CH2-Npip, 2CH;-pip, Hs), 3.44—3.54
(m, 5H, NCH_, Hs, CH,-pip), 3.92—3.97 (m, 2H, CH,-pip), 4.20
(t, J = 8.5 Hz, 1H, Hy,), 7.15 (d, J = 7.8 Hz, 1H, He-phenyl),
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7.27 (s, 1H, Hz-phenyl), 7.30 (d, 3 = 7.8 Hz, 1H, Hs-phenyl),
7.47 (t, J = 7.8 Hz, 1H, Hs-phenyl); *C-NMR (Me;SO-dg) ¢
18.6 (-CH3-), 22.4 (Cg), 26.7 (C7), 35.7 (NCHy), 44.8 (2CHz-pip),
45.2 (Cs), 50.3 (CH2-pip), 52.9 (CH,-pip), 56.1 (CH2-Npip), 63.0
(C7a), 111.7 (Cz-phenyl), 115.8 (C4-phenyl), 119.4 (Cs-phenyl),
124.4 (q, *Jc—r = 272.0 Hz, CF3), 129.7 (q, 2Jc-r = 32.4 Hz,
Cs-phenyl), 130.3 (Cs-phenyl), 149.9 (Ci-phenyl), 160.3 (Cs),
173.9 (Cl) Anal. (C20H25F3N402‘2HC|) C, H, N.
2-[3-[4-(p-Fluorophenyl)piperazin-1-yl]propyl]-1,3-di-
oxoperhydropyrrolo[1,2-climidazole (3e): yield 1.5 g (35%);
mp 230—232 °C (ethanol/ethyl acetate); IR (KBr, cm~1) 1780
(CON), 1720 (NCON), 1520 (Ar); *H-NMR (Me;SO-ds) 6 1.64—
1.77 (m, 1H, H;), 1.92—2.13 (m, 5H, 2Hs, H7, -CH>-), 3.09—
3.18 (m, 7H, CH>-Npip, 2CH,-pip, Hs), 3.38—3.54 (m, 5H,
NCH,, Hs, CHz-pip), 3.69—3.73 (m, 2H, CH,-pip), 4.20 (dd, J
=09.0, 7.5 Hz, 1H, Hy), 7.01 (dd, J = 9.2 Hz, *Jy—r = 5.1 Hz,
2H, Hz- and He-phenyl), 7.10 (t, J = 9.2 Hz, 3Jy_¢ = 9.2 Hz,
2H, Hs- and Hs-phenyl); 13C-NMR (Me,S0O-ds) 6 22.3 (-CH>-),
26.5 (Cg), 26.6 (C7), 35.6 (NCHy), 45.1 (Cs), 46.0 (2CHz-pip),
50.5 (2CH.-pip), 52.8 (CH,-Npip), 62.9 (C7a), 115.5 (d, 2Jc—F =
22.2 Hz, Cs- and Cs-phenyl), 117.8 (d, 3Jc-¢ = 7.5 Hz, C,- and
Cs-phenyl), 146.4 (Ci-phenyl), 156.5 (d, *Jc—r = 236.7 Hz, Cy-
phenyl), 160.1 (C3), 173.8 (Cl) Anal. (C19H25FN402'HC|) C,
H, N.
2-[3-[4-(p-Nitrophenyl)piperazin-1-yl]propyl]-1,3-diox-
operhydropyrrolo[1,2-c]limidazole (3f): yield 1.5 g (33%);
mp 244—246 °C (ethanol); IR (KBr, cm™t) 1780 (CON), 1720
(NCON), 1610, 1530, 1500 (Ar); *H-NMR (Me;SO-dg) 6 1.66—
1.73 (m, 1H, H;), 1.96—2.21 (m, 5H, 2He, H7, -CH,-), 3.10—
3.19 (m, 5H, CH,-Npip, CH,-pip, Hs), 3.36—3.56 (m, 7H, NCH_,
2CH,-pip, Hs), 4.15—4.22 (m, 3H, CHa-pip, Hza), 7.12 (d, J =
9.3 Hz, 2H, H;- and He-phenyl), 8.11 (d, J = 9.3 Hz, 2H, Hs-
and Hs-phenyl); 3 C-NMR (Me,SO-ds) 6 22.4 (-CHy-), 26.7 (Cs),
26.8 (Cy), 35.7 (NCHy), 43.7 (2CH3-pip), 45.2 (Cs), 50.2 (2CH.-
pip), 53.0 (CH2-Npip), 63.0 (C7a), 113.6 (C2- and Ce-phenyl),
125.8 (Cs- and Cs-phenyl), 138.1 (C4-phenyl), 153.9 (C;-phenyl),
160.2 (C3), 174.0 (Cl) Anal. (C19H25N504'HC|) C, H, N.
2-[3-(4-Phenylpiperazin-1-yl)propyl]-1,3-dioxoperhy-
droimidazo[1,5-a]pyridine (3g): yield 1.0 g (20%); mp
213-215 °C (ethanol/ethyl acetate); IR (KBr, cm™?) 1770
(CON), 1715 (NCON), 1600, 1500, 1470 (Ar); *H-NMR (CDCls)
6 1.30—1.57 (M, 3H, Heax, Hrax, Hgax), 1.73—1.77 (M, 1H, Heey),
1.98—2.02 (M, 1H, Hyeg), 2.16—2.20 (M, 1H, Hageg), 2.27 (br t,
2H, -CH>-), 2.86 (t, J = 11.5 Hz, 1H, Hsay), 3.39 (br t, 2H, CH,-
Npip), 3.61—3.79 (m, 7H, NCH, 2CH>-pip, Hsa), 4.01—4.05 (m,
1H, Hseg), 4.19 (br t, 2H, CH2-pip), 4.70 (t, J = 11.7 Hz, 2H,
CHo>-pip), 7.46—7.56 (m, 3H, Hs-, Hs-, and Hs-phenyl), 7.88 (d,
J = 7.5 Hz, 2H, H- and He-phenyl); H-NMR (Me,SO-ds) 6
1.28—1.53 (M, 3H, Heax, H7ax, Hsax), 1.67—1.71 (M, 1H, Heeg),
1.84—1.90 (m, 1H, Hzeg), 2.00—2.06 (m, 3H, Hgeq, -CH>-), 2.85
(td, 3 =12.6, 3.0 Hz, 1H, Hsax), 3.17—3.24 (m, 6H, CH>-Npip,
2CH_-pip), 3.47 (t, J = 6.9 Hz, 2H, NCHy), 3.53—3.57 (m, 2H,
CHy-pip), 3.81—3.84 (m, 2H, CH,-pip), 3.93—4.02 (M, 2H, Hseq,
Hsga), 6.90 (t, J = 7.5 Hz, 1H, Hs-phenyl), 7.03 (d, J = 8.1 Hz,
2H, H;- and He-phenyl), 7.29 (t, J = 7.5 Hz, 2H, Hs- and Hs-
phenyl); $*C-NMR (CDClg) 6 22.4 (C7), 23.1 (-CH>-), 24.6 (Cs),
27.2 (Cg), 35.4 (NCHy), 39.2 (Cs), 48.8 (2CHy-pip), 50.9 (2CH,-
pip), 54.7 (CH>-Npip), 57.3 (Cga), 120.9 (C,- and Cs-phenyl),
130.2, 130.5 (Cs-, Cs-, and C4-phenyl), 141.0 (C;-phenyl), 153.8
(C3), 173.0 (Cl) Anal. (Con28N402‘2HC|'Hzo) C, H, N.
2-[3-[4-(o-Methoxyphenyl)piperazin-1-yl]propyl]-1,3-
dioxoperhydroimidazo[1,5-a]pyridine (3h): yield 1.8 g
(33%); mp 208—210 °C (ethanol/ethyl acetate); IR (KBr, cm™1)
1755 (CON), 1705 (NCON), 1605, 1510 (Ar); *H-NMR (Me,-
SO-dg) 0 1.26—1.50 (m, 3H, Hesax, H7ax, Hsax), 1.63—1.68 (m, 1H,
Heeq), 1.82—1.86 (M, 1H, Hzeq), 1.98—2.07 (M, 3H, Hageq, -CH2-),
2.83 (td, J = 12.6, 3.0 Hz, 1H, Hsa), 3.12 (br t, 2H, CH»-Npip),
3.21-3.24 (m, 4H, 2CH,-pip), 3.44 (t, J = 6.6 Hz, 2H, NCHy),
3.48—3.54 (m, 4H, 2CH_-pip), 3.81 (s, 3H, OCHj3), 3.91—-4.00
(m, 2H, Hseq, Hsa), 6.93 (t, 3 = 7.8 Hz, 1H, Hs-phenyl), 7.00—
7.10 (m, 3H, Hs-, Hs-, and Hg-phenyl); 13C-NMR (Me,SO-ds) 6
22.3 (C7), 22.7 (-CH2-), 24.7 (Ce), 27.1 (Cg), 35.5 (NCHy), 38.9
(Cs), 47.2 (2CHz-pip), 50.9 (2CH,-pip), 53.2 (CH2-Npip), 55.6
(OCHs3), 56.7 (Csa), 112.3 (Ce-phenyl), 118.8 (Cs-phenyl), 121.0
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(Cs-phenyl), 124.5 (Cs-phenyl), 138.4 (Ci-phenyl), 152.0 (C»-
phenyl), 153.8 (C3), 173.3 (Cl) Anal. (C21H30N4O3‘2HC|'3H20)
C,H, N.

2-[3-[4-(m-Chlorophenyl)piperazin-1-yl]propyl]-1,3-di-
oxoperhydroimidazo[1,5-a]pyridine (3i): yield 1.6 g (31%);
mp 173—175 °C (ethanol/ethyl acetate); IR (KBr, cm™1) 1755
(CON), 1700 (NCON), 1595, 1500 (Ar); *H-NMR (Me;SO-dg) &
1.26—1.55 (M, 3H, Heax, H7ax, Hsax), 1.63—1.68 (M, 1H, Hegeq),
1.81-1.86 (m, 1H, Hqeg), 1.98—2.07 (m, 3H, Hgeq, -CH»-), 2.83
(td, 3 = 12.6, 3.0 Hz, 1H, Hsax), 3.12 (M, 4H, CH>-Npip, CH,-
pip), 3.24 (t, J = 12.3 Hz, 2H, CH,-pip), 3.44 (t, J = 6.6 Hz,
2H, NCH,), 3.49—3.53 (m, 2H, CH-pip), 3.86—4.00 (m, 4H,
CH3-pip, Hseq, Hsa), 6.93 (d, J = 7.8 Hz, 1H, He-phenyl), 6.97
(d, 3 = 8.4 Hz, 1H, Hs-phenyl), 7.06 (s, 1H, H,-phenyl), 7.27
(t, J = 8.1 Hz, 1H, Hs-phenyl); 3C-NMR (Me,SO-dg) 6 22.3
(Cy), 22.7 (-CHy-), 24.7 (Cg), 27.1 (Cg), 35.5 (NCHy), 38.9 (Cs),
45.0 (2CH,-pip), 50.4 (2CH_-pip), 53.1 (CH,-Npip), 56.7 (Csa),
114.4 (Ce-phenyl), 115.5 (Cz-phenyl), 119.4 (C4-phenyl), 130.8
(Cs-phenyl), 134.1 (Cs-phenyl), 151.0 (Ci-phenyl), 153.9 (Cs),
173.3 (Cl) Anal. (C20H27C|N402‘2HC|) C, H, N.

2-[3-[4-[m-(Trifluoromethyl)phenyl]piperazin-1-yl]pro-
pyl]-1,3-dioxoperhydroimidazo[1,5-a]pyridine (3j): yield
1.2 g (20%); mp 206—208 °C (ethanol/ethyl acetate); IR (KB,
cm™) 1760 (CON), 1710 (NCON), 1650, 1605, 1465 (Ar); *H-
NMR (Me,SO-ds) 6 1.26—1.51 (m, 3H, Heax, H7ax, Heax), 1.63—
1.68 (M, 1H, Heeq), 1.82—1.87 (M, 1H, Hzeg), 1.97—2.09 (M, 3H,
Hgeq, -CH2-), 2.84 (td, J = 12.6, 3.3 Hz, 1H, Hsa), 3.12—3.14
(m, 4H, CH,-Npip, CH-pip), 3.30 (t, J = 12.0 Hz, 2H, CH,-
pip), 3.45 (t, J = 6.6 Hz, 2H, NCH), 3.51—3.55 (m, 2H, CH,-
pip), 3.93—4.00 (m, 4H, CH,-pip, Hseq, Hea), 7.16 (d, 3 = 7.5
Hz, 1H, He-phenyl), 7.27 (s, 1H, H,-phenyl), 7.30 (d, J = 8.4
Hz, 1H, Hy-phenyl), 7.48 (t, J = 8.1 Hz, 1H, Hs-phenyl); 13C-
NMR (Me;S0-ds) 6 22.3 (C7), 22.7 (-CH>-), 24.8 (Cg), 27.1 (Cg),
35.5 (NCHy), 38.9 (Cs), 45.0 (2CH,-pip), 50.5 (2CH_-pip), 53.1
(CH2-Npip), 56.8 (Cga), 111.9 (q, 3Jc-r = 4.0 Hz, Cp-phenyl),
115.9 (q, 3Jc—r = 5.0 Hz, C;-phenyl), 119.5 (Cs-phenyl), 124.8
(q, lch: = 263.7 Hz, CFg), 130.2 (q, 2Jc4: = 32.2 Hz,
Cs-phenyl), 130.4 (Cs-phenyl), 150.1 (Ci-phenyl), 153.9 (Cy),
173.3 (Cl) Anal. (021H27F3N402'2HC|‘4H20) C, H, N.

2-[3-[4-(p-Fluorophenyl)piperazin-1-yl]propyl]-1,3-di-
oxoperhydroimidazo[1,5-a]pyridine (3k): yield 1.1 g (23%);
mp 205—207 °C (ethanol/ethyl acetate); IR (KBr, cm™1) 1750
(CON), 1700 (NCON), 1615, 1510, 1485 (Ar); *H-NMR (Me,-
S0-ds) 6 1.25—1.50 (M, 3H, Heax, H7ax, Heax), 1.63—1.68 (m, 1H,
Heeq), 1.81—1.87 (M, 1H, Hzeg), 1.97—2.05 (M, 3H, Hgeq, -CH2-),
2.83 (td, J = 12.6, 3.0 Hz, 1H, Hsay), 3.12—3.19 (m, 4H, CH,-
Npip, CH,-pip), 3.44 (t, J = 7.0 Hz, 2H, NCH_), 3.51-3.53 (m,
2H, CH,-pip), 3.70—3.73 (m, 4H, 2CH,-pip), 3.91—3.99 (m, 2H,
Hseq, Hsa), 7.02 (dd, 3 = 9.2 Hz, “Jy—¢ = 3.0 Hz, 2H, H;- and
He-phenyl), 7.10 (t, J = 9.2 Hz, 3Jy—r = 9.2 Hz, 2H, Hs- and
Hs-phenyl); 13C-NMR (Me,S0-ds) d 22.3 (C7), 22.6 (-CHy-), 24.7
(Ce), 27.1 (Cg), 35.4 (NCHy), 38.8 (Cs), 46.2 (2CH,-pip), 50.6
(2CH2-pip), 53.0 (CH2-Npip), 56.7 (Csa), 115.6 (d, 2Jc—¢ = 22.2
Hz, Cs- and Cs-phenyl), 117.9 (d, 3Jc—¢ = 7.1 Hz, C,- and Cs-
phenyl), 146.6 (C;-phenyl), 153.8 (Cs), 156.6 (d, *Jc-r = 236.7
HZ, C4-phenyl), 173.2 (Cl) Anal. (C20H27FN402‘2HC|) C, H,
N

2-[3-[4-(p-Nitrophenyl)piperazin-1-yl]propyl]-1,3-diox-
operhydroimidazo[1,5-a]pyridine (3l): yield 1.0 g (20%);
mp 118—120 °C (ethanol/ethyl acetate); IR (KBr, cm™) 1765
(CON), 1700 (NCON), 1600 (Ar); *H-NMR (CDCls) § 1.22—1.51
(m, 3H, Heax, H7ax, Hsax), 1.67—1.72 (m, 1H, Heeq), 1.92—1.98
(M, 1H, Hzeg), 2.06—2.10 (M, 1H, Hseg), 2.24 (qt, J = 7.2 Hz,
2H, -CH>-), 2.80 (td, J = 12.6, 3.3 Hz, 1H, Hsay), 3.16 (t, J =
7.2 Hz, 2H, CH2-Npip), 3.59 (t, J = 7.2 Hz, 2H, NCH,), 3.59—
3.69 (m, 1H, Hga), 3.75—3.77 (m, 2H, CH2-pip), 3.79—3.81 (m,
2H, CH»-pip), 3.86 (m, 4H, 2CHy-pip), 4.03—4.08 (m, 1H, Hse),
6.82 (d, J = 9.3 Hz, 2H, H»- and He-phenyl), 8.02 (d, J = 9.3
Hz, 2H, Hs- and Hs-phenyl); $3C-NMR (CDCls) 6 22.4 (C-), 22.9
(-CH3-), 24.6 (Cg), 27.3 (Cs), 35.5 (NCHy), 39.2 (Cs), 44.2 (2CH,-
pip), 51.0 (2CH,-pip), 54.6 (CHx>-Npip), 57.3 (Cga), 113.7 (C»-
and Cg-phenyl), 125.6 (Cs- and Cs-phenyl), 139.5 (C4-phenyl),
153.2 (Cl-phenyl), 153.9 (C3), 173.3 (Cl) Anal. (C20H27N504‘-
2HCI) C, H, N.

2-[4-(4-Phenylpiperazin-1-yl)butyl]-1,3-dioxoperhydro-
pyrrolo[1,2-climidazole (4a): yield 1.6 g (34%); mp 210—

Journal of Medicinal Chemistry, 1996, Vol. 39, No. 22 4447

212 °C (ethanol); IR (KBr, cm~%) 1760 (CON), 1700 (NCON),
1600, 1500, 1470 (Ar); *H-NMR (Me;SO-ds/CFsCOOH) 6 1.55—
1.75 (m, 5H, -(CH3)2-, Hy), 1.96—2.15 (m, 3H, 2Hs, H7), 3.13—
3.33 (m, 7H, CH»-Npip, 2CH--pip, Hs), 3.40 (t, 3 = 6.6 Hz, 2H,
NCH,), 3.47—3.58 (m, 3H, Hs, CH,-pip), 3.80—3.85 (m, 2H,
CHz-pip), 4.21 (t, 3 =8.0 Hz, 1H, H7,), 6.88 (t, J = 7.6 Hz, 1H,
Hgs-phenyl), 7.19 (d, J = 7.6 Hz, 2H, H»- and He-phenyl), 7.32
(t, J = 7.6 Hz, 2H, Hz- and Hs-phenyl); $3C-NMR (Me,SO-ds/
CF3;COOH) 6 21.5 (CH,CH>-Npip), 25.4 (NCH,CH,), 26.8 (Cs),
27.1 (Cy), 38.0 (NCHy), 45.5 (Cs), 47.1 (2CH>-pip), 51.2 (2CH.-
pip), 56.0 (CH>-Npip), 63.6 (Ca), 117.2 (C,- and Cs-phenyl),
121.5 (C4-phenyl), 129.7 (Cs- and Cs-phenyl), 149.8 (C;-phenyl),
161.3 (Cg), 174.5 (Cl) Anal. (C20H23N402'2HC|) C, H, N.
2-[4-[4-(o-Methoxyphenyl)piperazin-1-yl]butyl]-1,3-di-
oxoperhydropyrrolo[1,2-climidazole (4b): yield 2.5 g (50%);
mp 178—180 °C (ethanol); IR (KBr, cm™) 1780 (CON), 1720
(NCON), 1625, 1530, 1500 (Ar); H-NMR (Me,SO-dg) 6 1.55—
1.84 (m, 5H, -(CHy)2-, Hy), 1.96—2.23 (m, 3H, 2Hs, H7), 3.11—
3.33 (m, 7H, CH2-Npip, 2CH,-pip, Hs), 3.38 (t, J = 6.6 Hz, 2H,
NCH,), 3.43—3.52 (m, 5H, Hs, 2CHa-pip), 3.81 (s, 3H, OCHy3),
4.20 (t, J = 8.7 Hz, 1H, Hy,), 6.91—7.10 (m, 4H, Hs-, Hs-, Hs-,
and He-phenyl); 13C-NMR (Me,SO-ds) ¢ 20.4 (CH,CH>-Npip),
24.9 (NCH2CHy), 26.8 (Cs, C7), 37.7 (NCHy), 45.3 (Cs), 47.1
(2CH2-pip), 50.9 (2CH2-pip), 55.0 (CH,-Npip), 55.6 (OCH3), 63.0
(C7a), 112.3 (Cs-phenyl), 118.8 (Cs-phenyl), 121.0 (C4-phenyl),
124.4 (Cs-phenyl), 138.5 (C;-phenyl), 152.0 (Cz-phenyl), 160.5
(C3), 174.1 (Cl) Anal. (021H30N403‘2HC|) C, H, N.
2-[4-[4-(m-Chlorophenyl)piperazin-1-yl]butyl]-1,3-di-
oxoperhydropyrrolo[1,2-climidazole (4c): yield 1.8 g (35%);
mp 192—194 °C (ethanol); IR (KBr, cm™%) 1770 (CON), 1710
(NCON), 1610, 1480 (Ar); *H-NMR (Me,SO-ds/CF;COOH) 6
1.58-1.88 (m, 5H, -(CH2)2-, Hy), 2.02—2.13 (m, 3H, 2Hs, Hy),
3.16—3.38 (m, 6H, CH>-Npip, 2CH,-pip), 3.40—3.56 (m, 5H,
Hs, NCH,, CHy-pip), 3.60 (br t, 2H, CH-pip), 3.82—3.87 (m,
1H, Hs), 4.14 (t, 3 = 8.1 Hz, 1H, H7,), 6.92 (d, 3 = 7.8 Hz, 1H,
He-phenyl), 6.95 (d, J = 7.8 Hz, 1H, Hs-phenyl), 7.08 (s, 1H,
Hz-phenyl), 7.27 (t, J = 7.8 Hz, 1H, Hs-phenyl); 13 C-NMR (Me,-
SO-de/CF3COOH) 6 22.9 (CH,CH>-Npip), 27.1 (NCH,CHy), 28.8
(Ce), 29.2 (Cy), 37.6 (NCHy), 47.5 (Cs), 48.2 (2CH>-pip), 53.3
(2CH2-pip), 58.1 (CH2-Npip), 65.4 (C7s), 117.2 (Ce-phenyl),
118.7 (C2-phenyl), 123.2 (C4-phenyl), 132.9 (Cs-phenyl), 136.9
(Cs-phenyl), 152.5 (Ci-phenyl), 163.0 (Cs), 176.4 (C1). Anal.
(C20H27CIN4O2-2HCI) C, H, N.
2-[4-[4-[m-(Trifluoromethyl)phenyl]piperazin-1-yl]bu-
tyl]-1,3-dioxoperhydropyrrolo[1,2-c]limidazole (4d): yield
2.6 g (48%); mp 176—178 °C (ethanol); IR (KBr, cm™) 1775
(CON), 1710 (NCON), 1610, 1500, 1470 (Ar); *H-NMR (CDs-
OD) 6 1.71-1.83 (m, 5H, -(CHy),-, Hy), 2.07—-2.24 (m, 3H,
2Hg, H7), 3.20—3.32 (m, 7H, CH>-Npip, 2CHz-pip, Hs), 3.53 (br
t, 2H, NCH,), 3.57—3.71 (m, 3H, Hs, CHz-pip), 3.92—3.95 (m,
2H, CHy-pip), 4.21 (t, J = 7.8 Hz, 1H, H7,), 720 (d, 3 = 7.5
Hz, 1H, He-phenyl), 7.29 (m, 2H, H,- and Has-phenyl), 7.47 (t,
J = 7.5 Hz, 1H, Hs-phenyl); 3C-NMR (CDsOD) ¢ 22.2 (CH,-
CHz-Npip), 26.2 (NCHchz), 28.1 (Cs), 28.3 (C7), 38.8 (NCH2),
46.5 (Cs), 47.6 (2CH.-pip), 52.9 (2CH2-pip), 57.4 (CH2-Npip),
64.8 (C7a), 114.1 (q, 3Jc—¢ = 4.0 Hz, C2-phenyl), 118.6 (q, 3Jc-r
= 4.0 Hz, C;-phenyl), 121.3 (Ce-phenyl), 125.6 (q, 1Jc-r = 271.9
Hz, CF3), 131.3 (Cs-phenyl), 132.6 (g, ?Jc-r = 31.6 Hz,
Cs-phenyl), 151.3 (C;-phenyl), 161.3 (C3), 162.4 (C;). Anal.
(C21H27F3N402'2HC|) C, H, N
2-[4-[4-(p-Fluorophenyl)piperazin-1-yl]butyl]-1,3-diox-
operhydropyrrolo[1,2-climidazole (4e): yield 1.8 g (35%);
mp 194—196 °C (ethanol); IR (KBr, cm~%) 1780 (CON), 1720
(NCON), 1530, 1470 (Ar); *H-NMR (CDsOD) ¢ 1.70—1.92 (m,
5H, -(CH>).-, Hy), 2.09—2.27 (m, 3H, 2H¢, Hy), 3.27—3.36 (m,
5H, CH,-Npip, CH,-pip, Hs), 3.46 (br t, 2H, CH,-pip), 3.57 (t,
J = 6.9 Hz, 2H, NCHy), 3.65 (dt, J = 11.1, 7.5 Hz, 1H, Hs),
3.78 (m, 4H, 2CH,-pip), 4.25 (dd, J = 9.4, 7.3 Hz, 1H, Hy,),
7.16 (t, J = 8.7 Hz, 3Jy-r = 8.7 Hz, 2H, Hs- and Hs-phenyl),
7.28—7.33 (m, 2H, H,- and He-phenyl); C-NMR (CD3;0D) &
23.2 (CH,CH>-Npip), 27.2 (NCH2CHy), 29.1 (Cs), 29.3 (C+), 39.8
(NCH,), 47.5 (Cs), 50.7 (2CHa-pip), 53.4 (2CHy-pip), 58.4
(NCHy), 65.9 (Cra), 118.3 (d, 2Jc¢ = 22.8 Hz, Cs- and Cs-
phenyl), 122.5 (d, 3Jc—¢r = 8.0 Hz, C,- and Ce-phenyl), 144.6
(Cs-phenyl), 161.1 (d, *Jc-r = 242.3 Hz, C4-phenyl), 162.5 (Cs),
176.7 (Cl) Anal. (C20H27FN402.2HC|‘2H20) C, H, N.
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2-[4-[4-(p-Nitrophenyl)piperazin-1-yl]butyl]-1,3-diox-
operhydropyrrolo[1,2-climidazole (4f): yield 2.0 g (38%);
mp 86—88 °C (ethanol); IR (KBr, cm™') 1775 (CON), 1720
(NCON), 1610, 1520, 1500 (Ar); *H-NMR (Me,SO-ds) 6 1.56
(qt, J = 8.7 Hz, 2H, NCH,CHy), 1.64—1.76 (m, 3H, H;, CH,-
CH»-Npip), 1.92—-2.16 (m, 3H, 2Hs, H7), 3.08—3.14 (m, 3H,
CHz-pip, Hs), 3.38 (t, J = 6.9 Hz, 2H, CH,-Npip), 3.46—3.56
(m, 7H, NCHa, 2CH.-pip, Hs), 4.14—4.22 (m, 3H, CH-pip, H7a),
7.06 (d, J = 9.4 Hz, 2H, H»- and He-phenyl), 8.02 (d, J = 9.4
Hz, 2H, Hs- and Hs-phenyl); 23C-NMR (Me,SO-dg) 6 22.3 (CH_-
CHz-Npip), 26.5 (NCHzCHZ), 28.2 (Ce), 28.6 (C7), 38.8 (NCHZ);
45.6 (2CH2-pip), 46.9 (Cs), 52.4 (2CH2-pip), 57.4 (CH2-Npip),
64.7 (C7a), 115.3 (C2- and Cs-phenyl), 127.2 (Cs- and Cs-phenyl),
140.6 (C4-phenyl), 155.5 (Ci-phenyl), 162.3 (Cs3), 175.7 (C,).
Anal. (C20H27N5O4‘2HC|) C, H, N.
2-[4-(4-Phenylpiperazin-1-yl)butyl]-1,3-dioxoperhy-
droimidazo[1,5-a]pyridine (49): yield 2.3 g (45%); mp 198—
200 °C (ethanol/ethyl acetate); IR (KBr, cm™1) 1765 (CON),
1710 (NCON), 1600, 1500 (Ar); *H-NMR (Me;SO-dg) 6 1.22—
1.35 (M, 2H, Hsax, Heax), 1.40—1.86 (m, 7H, H7ax, NCH2CHo,
Heeq| CHQCHz-Npip, H7eq), 1.97-2.01 (m, 1H, ngq), 2.82 (td, J
= 12.0, 3.3 Hz, 1H, Hsgy), 3.06—3.18 (m, 4H, CH>-Npip, CH,-
pip), 3.22 (t, J = 12.3 Hz, 2H, CHy-pip), 3.40 (t, J = 6.9 Hz,
2H, NCHy), 3.48—3.53 (m, 2H, CHa»-pip), 3.77—3.81 (m, 2H,
CH,-pip), 3.90—3.99 (M, 2H, Hseq, Hsa), 6.88 (t, I = 7.2 Hz,
1H, Hs-phenyl), 7.02 (d, J = 8.1 Hz, 2H, H,- and He-phenyl),
7.27 (t, J = 7.7 Hz, 2H, Hs- and Hs-phenyl); 3C-NMR (Me,-
SO-dg) 0 20.3 (CH2CH2-Npip), 22.2 (C;), 24.6 (C¢), 25.0
(NCHchz), 27.2 (Cg), 37.2 (NCHz), 39.0 (Cs), 45.4 (ZCHg-plp),
50.5 (2CH>-pip), 54.8 (CH>-Npip), 56.5 (Csa), 116.1 (C»- and Ce-
phenyl), 120.3 (Cs-phenyl), 129.2 (Cs- and Cs-phenyl), 149.4
(Cl-phenyl), 153.8 (Cs), 173.1 (Cl) Anal. (C21H30N402'-
2HCI-H0) C, H, N.
2-[4-[4-(o-Methoxyphenyl)piperazin-1-yl]butyl]-1,3-di-
oxoperhydroimidazo[1,5-a]pyridine (4h): yield 2.1 g (40%);
mp 199-201 °C (ethanol/ethyl acetate); IR (KBr, cm™) 1760
(CON), 1700 (NCON), 1610, 1520 (Ar); H-NMR (Me,SO-ds) 0
1.21-1.34 (m, 2H, Hgax, Hsax), 1.41—1.86 (M, 7H, H7ax, NCH,CHa,
Heeq, CH2CH,-Npip, Hzeg), 1.97—2.02 (M, 1H, Hageg), 2.82 (td, J
= 12.8, 3.3 Hz, 1H, Hsa), 3.11 (m, 6H, CH,-Npip, 2CH;-pip),
3.40 (t, J = 6.9 Hz, 2H, NCHy), 3.45—3.48 (m, 4H, 2CH-pip),
3.79 (s, 3H, OCHj3), 3.91-4.00 (m, 2H, Hseq, Hsa), 6.88—7.06
(m, 4H, Hz-, Hs-, Hs-, and He-phenyl); $3C-NMR (Me,SO-dg) 6
20.4 (CH,CH,-Npip), 22.2 (Cy), 24.7 (Ce), 25.1 (NCH2CH,), 27.2
(Cs), 37.3 (NCHy), 39.0 (Cs), 46.9 (2CH3-pip), 51.1 (2CHz-pip),
55.0 (CH2-Npip), 55.5 (OCHg3), 56.6 (Csa), 112.1 (Cs-phenyl),
118.4 (Cs-phenyl), 120.9 (C4-phenyl), 123.6 (Cs-phenyl), 140.0
(Ci-phenyl), 151.9 (Cz-phenyl), 153.9 (C3), 173.2 (Cy). Anal.
(C22H32N403-2HCI-H20) C, H, N.
2-[4-[4-(m-Chlorophenyl)piperazin-1-yl]butyl]-1,3-di-
oxoperhydroimidazo[1,5-a]pyridine (4i): yield 1.8 g (34%);
mp 190—192 °C (ethanol/ethyl acetate); IR (KBr, cm™) 1750
(CON), 1700 (NCON), 1590, 1470 (Ar); *H-NMR (Me;SO-dg) &
1.20—1.34 (M, 2H, Hgax, Heax), 1.41—1.86 (M, 7H, Hzax, NCH,CH,,
Heeq, CH2CH,-Npip, Hzeg), 1.97—2.03 (M, 1H, Hageg), 2.82 (td, J
=12.7, 3.0 Hz, 1H, H5ax)« 3.04—-3.13 (m, 4H, CHg-Npip, CH,-
pip), 3.24 (t, J = 12.3 Hz, 2H, CH>-pip), 3.40 (t, J = 6.9 Hz,
2H, NCHy), 3.46—3.50 (m, 2H, CH»-pip), 3.84—3.88 (m, 2H,
CH3-pip), 3.92—3.99 (M, 2H, Hseq, Hga), 6.87 (dd, J = 7.8, 1.5
Hz, 1H, He-phenyl), 6.96 (dd, J = 8.4, 1.5 Hz, 1H, Hs-phenyl),
7.05 (t, 3 = 1.5 Hz, 1H, Hz-phenyl), 7.26 (t, J = 8.1 Hz, 1H,
Hs-phenyl); 1*C-NMR (Me;SO-dg) 6 20.3 (CH,CH.-Npip), 22.2
(C7), 24.7 (Cs), 25.1 (NCH.CHy), 27.2 (Cg), 37.2 (NCH,), 38.8
(Cs), 44.8 (2CHy-pip), 50.3 (2CH»-pip), 54.8 (CH>-Npip), 56.6
(Csa), 114.2 (Ce-phenyl), 115.3 (Co-phenyl), 119.3 (Cs-phenyl),
130.7 (Cs-phenyl), 134.0 (Cs-phenyl), 150.9 (C;-phenyl), 153.9
(C3), 173.2 (C]_) Anal. (C21H29CIN402-2HCI) C, H, N.
2-[4-[4-[m-(Trifluoromethyl)phenyl]piperazin-1-yl]bu-
tyl]-1,3-dioxoperhydroimidazo[1,5-a]pyridine (4j): yield
2.1 g (38%); mp 140—142 °C (ethanol/ethyl acetate); IR (KBr,
cm~?) 1760 (CON), 1695 (NCON), 1600 (Ar); H-NMR (Me,-
S0-dg) 6 1.21—1.35 (M, 2H, Hgax, Hea), 1.41—1.85 (M, 7H, Hrax,
NCH2CH>, Heeq, CH2CH2-Npip, Hrzeq), 1.97—2.01 (m, 1H, Hgeq),
2.82 (td, J = 12.9, 3.3 Hz, 1H, Hsay), 3.07—3.13 (m, 4H, CH,-
Npip, CH2-pip), 3.30 (t, J = 12.4 Hz, 2H, CH>-pip), 3.40 (t, J
= 6.9 Hz, 2H, NCHy), 3.48—3.52 (m, 2H, CH;-pip), 3.92—3.99
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(m, 4H, CH.-pip, Hseq, Hsa), 7.16 (d, J = 7.8 Hz, 1H, He-phenyl),
7.27 (s, 1H, Hz-phenyl), 7.30 (d, 3 = 8.1 Hz, 1H, Hs-phenyl),
7.48 (t, J = 8.1 Hz, 1H, Hs-phenyl); 3C-NMR (Me;SO-ds) ¢
20.4 (CHZCHZ‘Nplp), 22.3 (C7), 24.7 (Ce), 25.1 (NCHZCHZ), 27.2
(Cs), 37.3 (NCHy), 38.8 (Cs), 44.8 (2CH,-pip), 50.3 (2CH_-pip),
54.8 (CH2-Npip), 56.6 (Csa), 111.8 (g, 3Jc—F = 4.1 Hz, C,-
phenyl), 115.8 (q, 3Jc-r = 4.1 Hz, C4-phenyl), 119.4 (Ce-phenyl),
125.4 (g, XJc-r = 265.9 Hz, CF3), 130.1 (q, 2Jc—r = 29.2 Hz,
Cs-phenyl), 130.3 (Cs-phenyl), 150.0 (Ci-phenyl), 153.9 (Cs),
173.2 (Cl) Anal. (C22H29F3N402‘2HC|'1/2H20) C, H, N.

2-[4-[4-(p-Fluorophenyl)piperazin-1-yl]butyl]-1,3-diox-
operhydroimidazo[1,5-a]pyridine (4k): yield 2.3 g (42%);
mp 168—170 °C (ethanol); IR (KBr, cm~%) 1770 (CON), 1710
(NCON), 1510 (Ar); 'H-NMR (Me,SO-ds) 6 1.22—1.35 (m, 2H,
Hsax, Heax), 1.41—1.86 (M, 7H, Hzax, NCH2CH>, Heeq, CH2CH-
Npip, Hzeg), 1.97—2.02 (m, 1H, Hge), 2.83 (td, J = 12.6, 3.0
Hz, 1H, Hsa), 3.10—3.14 (m, 4H, CH2-Npip, CH2-pip), 3.22 (t,
J = 12.3 Hz, 2H, CH,-pip), 3.40 (t, J = 6.9 Hz, 2H, NCH,),
3.50—3.54 (m, 2H, CH>-pip), 3.70—3.74 (m, 2H, CH>-pip), 3.91—
4.00 (m, 2H, Hse, Hsa), 7.04—7.16 (m, 4H, H,-, Hs-, Hs-, and
Hs-phenyl); 2*C-NMR (Me;SO-ds) 6 20.3 (CH,CH,-Npip), 22.3
(C7), 24.7 (Cs), 25.1 (NCH,CHy,), 27.2 (Cs), 37.3 (NCH_), 38.8
(Cs), 46.3 (2CH2-pip), 50.5 (2CH,-pip), 54.8 (CH.-Npip), 56.6
(Csa), 115.7 (d, 2Jc—F = 22.2 Hz, C3- and Cs-phenyl), 118.2 (d,
8Jc—F = 8.1 Hz, C,- and Ce-phenyl), 146.2 (C;-phenyl), 153.9
(Cs), 156.9 (d, *Jc-F = 237.7 Hz, C4-phenyl), 173.2 (C1). Anal.
(C21H29FN4O2-2HCI-2H,0) C, H, N.

2-[4-[4-(p-Nitrophenyl)piperazin-1-yl]butyl]-1,3-diox-
operhydroimidazo[1,5-a]pyridine (41): yield 2.0 g (38%);
mp 200—202 °C (ethanol); IR (KBr, cm™') 1760 (CON), 1700
(NCON), 1595, 1490 (Ar); *H-NMR (Me,SO-dg) 6 1.25—1.35 (m,
2H, Hsax, Heax), 1.49—1.86 (m, 7H, H7ax, NCH2CHp, Heeq, CH>-
CHa-Npip, Hzeg), 1.97—2.02 (M, 1H, Hageg), 2.82 (td, J = 12.6,
3.0 Hz, 1H, Hsay), 3.06—3.14 (m, 4H, CH>-Npip, CH,-pip), 3.40
(t, 3 =6.9 Hz, 2H, NCHy), 3.47—3.55 (m, 4H, 2CH>-pip), 3.91—
3.99 (M, 2H, Hseq, Hsa), 4.16—4.21 (m, 2H, CH»-pip), 7.14 (d, J
= 9.6 Hz, 2H, H;- and Hs-phenyl), 8.12 (d, J = 9.6 Hz, 2H, Hs-
and Hs-phenyl); 13C-NMR (Me,S0-ds) ¢ 20.3 (CH,CH>-Npip),
22.2 (C7), 24.6 (Ce), 25.0 (NCH,CHy), 27.2 (Cg), 37.2 (NCHy),
38.7 (Cs), 43.5 (2CHz-pip), 50.1 (2CH,-pip), 54.8 (CH2-Npip),
56.5 (Cga), 113.5 (C»- and Cs-phenyl), 125.6 (Cs- and Cs-phenyl),
138.0 (Cs-phenyl), 153.8 (C;-phenyl, C3), 173.1 (C;). Anal.
(C21H29N504:2HCI) C, H, N.

Radioligand Binding Assays. For all receptor binding
assays, male Sprague—Dawley rats (Rattus norvegicus albi-
nus), weighing 180—200 g, were Killed by decapitation and the
brains rapidly removed and dissected.

5-HT.;n Receptor. The receptor binding studies were
performed by a modification of a previously described proce-
dure.®® The cerebral cortex was homogenized in 10 vol of ice-
cold Tris buffer (50 mM Tris-HCI, pH 7.7 at 25 °C) and
centrifuged at 280009 for 15 min. The membrane pellet was
washed twice by resuspension and centrifugation. After the
second wash the resuspended pellet was incubated at 37 °C
for 10 min. Membranes 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 the final membrane suspension (about 1 mg of
protein) were incubated at 37 °C for 15 min with 0.6 nM [3H]-
8-OH-DPAT [8-hydroxy-2-(di-n-propylamino)tetralin] (133 Ci/
mmol), in the presence or absence of several 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 prazosin, pH
7.4 at 25 °C). Nonspecific binding was determined with 10
UM 5-HT.

oy Adrenoceptor. The radioligand receptor binding stud-
ies were performed according to a previously described pro-
cedure.®* The cerebral cortex was homogenized in 20 vol of
ice-cold buffer (50 mM Tris-HCI, 10 mM MgCl;, pH 7.7 at 25
°C) and centrifuged at 30000g for 15 min. Pellets were washed
twice by resuspension and centrifugation. Final pellets were
resuspended in the same buffer. Fractions of the final
membrane suspension (about 250 ug 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 several concentrations of the
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competing drug, in a final volume of 2 mL of buffer. Nonspe-
cific binding was determined with 10 uM phentolamine.

D, Dopaminergic Receptor. The receptor binding studies
were performed according to a previously described proce-
dure.® The corpus striatum was homogenized in 50 mM Tris-
HCI buffer (pH 7.7 at 25 °C) and centrifuged at 48000g for 10
min. The pellet was resuspended and centrifuged as before.
The final pellet was resuspended in 50 mM Tris-HCI buffer
(pH 7.4 at 25 °C) containing 120 mM NaCl, 5 mM KCI, 2 mM
CaClz, 1 mM MgCly, and 0.1% ascorbic acid. Fractions of the
final membrane suspension (125—150 ug of protein) were
incubated at 25 °C for 60 min with 0.8 nM [*H]raclopride (77
Ci/mmol), in the presence or absence of the competing drug,
in a final volume of 1.1 mL of the assay buffer (pH 7.4 at 25
°C). Nonspecific binding was determined with 1 uM (+)-
butaclamol.

5-HT,an Receptor. The receptor binding assays were
performed according to a previously described procedure.® The
frontal cortex was homogenized in 60 vol of ice-cold buffer (50
mM Tris-HCI, 0.5 mM Na;EDTA, and 10 mM MgSOQO., pH 7.4
at 37 °C), and centrifuged at 30000g for 15 min. The
membrane pellet was resuspended in buffer and incubated at
37 °C for 15 min. After centrifuging at 30000g for 15 min,
the membranes were washed twice by resuspension and
centrifugation, and the final pellet was resuspended in assay
buffer (50 mM Tris-HCI, 0.5 mM Na;EDTA, 10 mM MgSQsy,
0.1% ascorbic acid, and 10 uM pargyline, pH 7.4 at 37 °C).
Fractions of the final membrane suspension (about 0.5 mg of
protein) were incubated at 37 °C for 15 min with 0.4 nM [?H]-
ketanserin (77 Ci/mmol), in the presence or absence of several
concentrations of the competing drug, in a final volume of 2
mL of assay buffer. Nonspecific binding was determined with
1 uM cinanserin.

For all binding assays, incubation was terminated by rapid
vacuum filtration through Whatman GF/B filters, using a
Brandel harvester. The filters were washed twice with 4 mL
of ice-cold 50 mM Tris-HCI (pH 7.4 at 25 °C), and after drying,
the radioactivity bound to the filters was measured by liquid
scintillation spectrometry. Proteins were determined by the
method of Lowry et al.,3* with bovine serum albumin as the
standard. Competition binding isotherms were analyzed by
using an iterative curve-fitting procedure (program InPlot,
Graph Pad), which provided I1Cso values for test compounds.
Ki values were determined by the method of Cheng and
Prusoff.?8

Hypothermia. Rectal temperatures®® were measured in
male Swiss albino mice (Interfauna Ibérica, San Feliu de
Codines, Barcelona, Spain), weighing 20—25 g, maintained in
a temperature- (25 + 1 °C) and light- (lights on between 800
and 2000 h) controlled environment; food and tap water were
provided ad libitum. Dose—response and time course effects
on rectal temperature were carried out by calculating the
difference in temperature before and after the administration
(sc, 0.1 mL; po, 0.2 mL) of various drugs as indicated in the
legend of Table 2. A decrease of more than 1.1 °C was
considered as a hypothermic response. EDso was calculated
according to Tallarida (Lichfield and Wilcoxon I: Confidence
limits of EDsp). Statistical analyses were conducted by using
analysis of variance followed by Student—Newman—Keul's
test. Differences were considered significant if the probability
of error was less than 5%.

Social Interaction. When two mice are placed together
from separate cages into a small chamber in which neither
has established territory, they engage in social interaction
which includes a variety of behavioral patterns: sniffing,
following, grooming, kicking, crawling under or over the
partner, and touching or nearly touching their faces.®%:%7

Male Swiss albino mice (Interfauna lIberica, San Feliu de
Codines, Barcelona, Spain), weighing 20—25 g (6 pairs/dose),
were housed (12/cage) for 5 days before the experiment under
a temperature- (25 + 1 °C) and light- (lights on between 800
and 2000 h) controlled environment, and food and tap water
were provided ad libitum. On the day of the experiment, drugs
were dissolved in distilled water and sc injected. During the
first 30 min of absorption time, mice remained housed in their
5-days-home cage. After this absorption time, pairs of
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mice from different home cages were placed together into a
small plastic cage (18 x 14 cm) with a cardboard lid and fresh
wood litter on the floor (no change in the light level). The time
that mice touched each other was visually measured for 5 min.
EDso was calculated according to Tallarida (Lichfield and
Wilcoxon I: Confidence limits of EDsp). Statistical analyses
were conducted by using analysis of variance followed by
Student—Newman—Keul's test. Differences were considered
significant if the probability of error was less than 5%.

Acknowledgment. This work was supported by the
DGICYT (PB94-0289) and the Universidad Complutense
(PR218/94-5657). The authors are grateful to MEC for
a FPI grant to M. L. Rosado and to UNED for a
predoctoral grant to B. Benhamd.

References

(1) Zifa, E.; Fillion, G. 5-Hydroxytryptamine Receptors. Pharmacol.
Rev. 1992, 44 (3), 401—458.

(2) Humphrey, P. P. A. 5-Hydroxytryptamine Receptors and Drug
Discovery. In Serotonin Receptor Subtypes: Pharmacological
Significance and Clinical Implications; Langer, S. Z., Brunello,
N., Racagni, G., Mendlewicz, J., Eds.; Karger: Basel, 1992; Vol.
1, pp 129—-139.

(3) Teitler, M. Cloning and Functional Expression of Serotonin
Receptor Subtypes. Med. Chem. Res. 1993, 3, 273—286.

(4) Herndon, J. L.; Glennon, R. A. Serotonin Receptors, Agents and
Actions. Drug Design for Neuroscience; Kozikowski, A. P., Ed.;
Raven Press, Ltd.: New York, 1993; pp 167—212.

(5) Saudou, F.; Hen, R. 5-HT Receptor Subtype: Molecular and
Functional Diversity. Med. Chem. Res. 1994, 4, 16—84.

(6) Humphrey, P. P. A.; Hartig, P.; Hoyer, D. A Proposed New
Nomenclature for 5-HT Receptors. Trends Pharmacol. Sci. 1993,
14, 233—-236.

(7) Plassat, J.; Boschert, U.; Amlaiky, N.; Hen, R. The Mouse 5-HTs
Receptor Reveals a Remarkable Heterogeneity Within the
5-HTip Receptor Family. EMBO J. 1992, 11, 4779—4786.

(8) Matthes, H.; Boschert, U.; Amlaiky, N.; Grailhe, R.; Plassat, J.
L.; Muscatelli, F.; Mattei, M. G.; Hen, R. Mouse 5-Hydroxy-
tryptaminesa and 5-Hydroxytryptaminesg Receptors Define a
New Family of Serotonin Receptors: Cloning, Functional Ex-
pression, and Chromosomal Localization. Mol. Pharmacol. 1993,
43, 313-319.

(9) Monsma, F. J.; Shen, Y.; Ward, R. P.; Hamblin, M. W.; Sibley,
D. R. Cloning and Expression of a Novel Serotonin Receptor with
High Affinity for Tricyclic Psychotropic Drugs. Mol. Pharmacol.
1993, 43, 320—327.

(10) Shen, Y.; Monsma, F. J.; Metcalf, M. A,; Jose, P. A.; Hamblin,
M. W.; Sibley, D. R. Molecular Cloning and Expression of a
5-Hydroxytryptamine; Serotonin Receptor Subtype. J. Biol.
Chem. 1993, 268 (4), 18200—18204.

(11) Hoyer, D.; Fozard, J. R.; Mylecharane, E. J.; Clarke, D. E.;
Martin, G. R.; Humphrey, P. P. A. New Classification of
Receptors for 5-Hydroxytryptamine (Serotonin). Pharmacol. Rev.
1994, 46, 153—203.

(12) Lucas, J. J.; Hen, R. New Players in the 5-HT Receptor Field:
Genes and Knockouts. Trends Pharmacol. Sci. 1995, 16, 246—
252.

(13) Fletcher, A.; Cliffe, I. A.; Dourish, C. T. Silent 5-HT;a Receptor
Antagonists: Utility as Research Tools and Therapeutic Agents.
Trends Pharmacol. Sci. 1993, 14, 441—448.

(14) Hamon, M. Neuropharmacology of Anxiety: Perspective and
Prospects. Trends Pharmacol. Sci. 1994, 15, 36—39.

(15) Blier, P.; Montigny, C. Current Advances and Trends in the
Treatment of Depression. Trends Pharmacol. Sci. 1994, 15, 220—
226.

(16) Taylor, D. P.; Moon, S. L. Buspirone and Related Compounds
as Alternative Anxiolytics. Neuropeptides 1991, 19, 15—19.

(17) Levy, A. D.; van der Kar, L. D. Endocrine and Receptor
Pharmacology of Serotoninergic Anxiolytics, Antipsychotics and
Antidepressants. Life Sci. 1992, 51, 83—94.

(18) Raghupathi, R. K.; Rydelek-Fitzgerald, L.; Teitler, M.; Glennon,
R. A. Analogues of the 5-HT;a Serotonin Antagonist 1-(2-
Methoxyphenyl)-4-[4-(2-phthalimido)butyl]piperazine with Re-
duced ay-Adrenergic Affinity. J. Med. Chem. 1991, 34, 2633—
2638.

(19) El-Bermawy, M.; Raghupathi, R.; Ingher, S. P.; Teitler, M.;
Maayani, S.; Glennon, R. A. 4-[4-(1-Noradamantanecar-
boxamido)butyl]-1-(2-methoxyphenyl)piperazine: a High-Affinity
5-HT,a-Selective Agent. Med. Chem. Res. 1992, 2, 88—95.

(20) Abou-Gharbia, M.; Patel, U. R.; Webb, M. B.; Moyer, J. A.;
Andree, T. H.; Muth, E. A. Polycyclic Aryl- and Heteroarylpip-
erazinyl Imides as 5-HTia Receptor Ligands and Potential
Anxiolytic Agents: Synthesis and Structure-Activity Relation-
ship Studies. J. Med. Chem. 1988, 31, 1382—1392.



4450 Journal of Medicinal Chemistry, 1996, Vol. 39, No. 22

(21)

(22)

(23)

(24)

(25)

(26)

@7

(28)

(29)

van Steen, B. J.; van Wijngaarden, |.; Tulp, M. Th. M.; Soudijn,
W. Structure-Affinity Relationship Studies on 5-HT;a Receptor
Ligands. 1. Heterobicyclic Phenylpiperazines with N4-Alkyl
Substituents. J. Med. Chem. 1993, 36, 2751—2760.

van Steen, B. J.; van Wijngaarden, |.; Tulp, M. Th. M.; Soudijn,
W. Structure-Affinity Relationship Studies on 5-HT;4 Receptor
Ligands. 2. Heterobicyclic Phenylpiperazines with N4-Aralkyl
Substituents. J. Med. Chem. 1994, 37, 2761—2773.

Dakin, H. D. Amino Acids of Gelatin. J. Biol. Chem. 1920, 44,
499—529.

Freed, M. E.; Day, A. R. Syntheses of 1,4-Diazabicyclo[4.4.0]-
decanes, 1,4-Diazabicyclo[4.3.0]nonanes and 1,8-Diazabicyclo-
[4.3.0]nonanes. J. Org. Chem. 1960, 25, 2108—2113.

Insight 1I/DISCOVER, Version 95.0; Biosym Technologies: San
Diego, CA, 1995.

Cheng, Y. C.; Prusoff, W. H. Relationship between the Inhibition
Constant (K;) and the Concentration of Inhibitor which Causes
50 Per Cent Inhibition (ICsg) of an Enzymatic Reaction. Biochem.
Pharmacol. 1973, 22, 3099—3108.

Glennon, R. A.; Naiman, N. A; Lyon, R. A.; Titeler, M. Arylpip-
erazine Derivatives as High-Affinity 5-HT1a Serotonin Ligands.
J. Med. Chem. 1988, 31 (10), 1968—1971.

Glennon, R. A.; Naiman, N. A.; Pierson, M. E.; Smith, J. D.;
Ismaiel, A. M.; Titeler, M.; Lyon, R. A. N-(Phthalimidoalkyl)
Derivatives of Serotoninergic Agents: a Common Interaction at
5-HT1a Serotonin Binding Sites? J. Med. Chem. 1989, 32, 1921—
1926.

Ishizumi, K.; Kojima, A.; Antoku, F. Synthesis and Anxiolytic
Activity of N-Substituted Cyclic Imides (1R*,2S",3R*,4S")-N-[4-
[4-(2-Pyrimidinyl)-1-piperazinyl]butyl]-2,3-bicyclo[2.2.1]-
heptanedicarboximide (Tandospirone) and Related Compounds.
Chem. Pharm. Bull. 1991, 39 (9), 2288—2300.

(30)

(31)

(32

(33)

(34)

(35)

(36)

@7

Lopez-Rodriguez et al.

Clark, R. D.; Weinhardt, K. K.; Berger, J.; Fisher, L. E.; Brown,
C. M.; MacKinnon, A. C.; Kilpatrick, A. T.; Spedding, M. 1,9-
Alkano-bridged 2,3,4,5-Tetrahydro-1H-3-benzazepines with Af-
finity for the a,-Adrenoceptor and the 5-HT;4 Receptor. J. Med.
Chem. 1990, 33, 633—641.

Ambrosio, E.; Montero, M. T.; Fernandez, I.; Azuara, M. C.;
Orensanz, L. M. [®H]Prazosin Binding to Central Nervous
System Regions of Male and Female Rats. Neurosci. Lett. 1984,
49, 193-197.

Hall, H.; Wedel, 1.; Sallemark, M. Effects of Temperature on the
in vitro Binding of 3H-Raclopride to Rat Striatal Dopamine-D,
Receptors. Pharmacol. Toxicol. 1988, 63, 118—121.

Titeler, M,; Lyon, R. A.; Davis, K. H.; Glennon, R. A. Selectivity
of Serotoninergic Drugs for Multiple Brain Serotonin Receptors.
Biochem. Pharmacol. 1987, 36 (19), 3265—3271.

Lowry, O. H.; Rosebrough, N. J.; Farr, A. L.; Randall, R. J.
Protein Measurement with the Folin Phenol Reagent. J. Biol.
Chem. 1951, 193, 265—275.

Goodwin, G. M.; De Souza, R. J.; Green, A. R. The Pharmacology
of the Hypothermic Response in the Mice to 8-Hydroxy-2-(di-n-
propylamino)tetralin (8-OH-DPAT). Neuropharmacology 1985,
24 (12), 1187—-1194.

File, S. E.; Hyde, J. R. G. Can Social Interaction Be Used to
Measure Anxiety? Br. J. Pharmacol. 1978, 62, 19—24.

File, S. E. The Use of Social Interaction as a Method for
Detecting Anxiolitic Activity of Chlordiazepoxide-like Drugs. J.
Neurosci. Methods 1980, 2, 219—238.

JM960416G



