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Abstract

We recently reported on a series of N-[4-(4-arylpiperazin-1-yl)butyl]-3-methoxybenzamides,
endowed with high affinity for dopamine D3 receptors, but lacking of selectivity over Dy, Dy, 5-HTy5,
and a;-receptors. To improve the D3-receptor affinity and selectivity, without causing a considerable
increasing in the lipophilicity, the flexible butyl linker was replaced by a more conformationally con-
strained cyclohexyl linker. The new cis- and trans-N-[4-(4-aryl-1-piperazinyl)cyclohexyl]-3-methoxy-
benzamides (Aryl=2,3-di-Cl-Ph, 2-CH;0-Ph, 4-ClI-Ph, 2,3-di-CH;-Ph) were tested in-vitro for their
binding affinity for D3, D4, D,, 5-HT;, and aq-receptors. The trans- derivatives were found to be
more potent at D5 receptor than the corresponding cis- isomers, but less potent than the opened
counterparts. This reflected negatively on the selectivity over the other studied receptors. Derivative
trans-N-{4-[4-(2,3-dichlorophenyl)-1-piperazinyl]cyclohexyl}-3-methoxybenzamide (trans-7) showed
high Ds-receptor affinity (K;=0.18 nm) and a relevant selectivity over Dy, D, 5-HT;,, and a;-recep-
tors (>200-fold). This compound was characterized as a full agonist at D3 receptor when tested in
the Eu-GTP binding assay.

Introduction

The five known mammalian dopamine receptor subtypes (D;—Ds), which, on the basis of
protein homology and function, can be divided into two receptor families, D-like (D, and
Ds) and D,-like (D,, D5, and D), are all G-protein coupled receptors. The D;-receptor sub-
type was first cloned and characterized by Sokoloff etal (1990). The greatest density of D5
receptor mRNA in rat brain were found primarily in limbic brain areas (islands of Calleja,
ventral striatum/nucleus accumbens, dentate gyrus, and striate cortex). Expression of D3
receptor mRNA in the human brain follows a similar pattern as in the rodent brain. The dis-
tribution pattern of D5 receptors in rodent and human brain is compatible with a major role
in emotion, cognition, and processing of motor and sensory information (Levant 1997). On
the basis of such distribution the D5 receptor has been proposed as an appropriate target for
the treatment of neuropsychiatric disorders. Furthermore, it has been shown that D5 receptor
participated in the therapeutic action and unwanted side-effects (dyskinesia) of levodopa.
Thus, the therapeutic use of D5 agents for Parkinson’s disease has been proposed (Bezard
etal 2003). Moreover, pramipexole, a D,/D5 agent, is effective in early stages of Parkin-
son’s disease and an effective adjunct therapy to levodopa in treating late Parkinson’s dis-
ease (Biglan & Holloway 2002). Recent studies have strengthened the likehood that the D5
receptors are significantly involved in the mechanisms of drug dependence and abuse. In
fact, selective D5 receptor antagonists can reduce cocaine-, nicotine-, ethanol-, and heroin-
seeking behaviours (Heidbreder et al 2005).

During the last decade a considerable research effort has been made toward the identification
of potent and selective dopamine D5 receptor ligands. One of the most thoroughly studied class of
dopamine D; receptor agents is represented by N-[4-(4-arylpiperazin-1-yl)butyl]arylcarboxamide
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NGB-2904

Figure 1 Structures of D5 receptor agents.

derivatives (Hackling & Stark 2002; Luedtke & Mach 2003). The
well-known antagonist NGB 2904 and the partial agonist BP-897
(Figure 1) belong to this class. In a previous paper (Leopoldo
etal 2002) we reported the structure—affinity relationships of a
series of N-[4-(4-arylpiperazin-1-yl)butyl]-3-methoxybenzamides,
including the high-affinity dopamine D5 receptor ligands 1-4
(Table 1). We have shown that the replacement of the 3-
methoxyphenyl ring of compounds 1-4 with a bicyclic aro-
matic system increased the specificity for the D5 receptor, as
for compounds S and 6 (Table 1). However, this modification
caused a considerable increase in the lipophilicity. In fact
derivatives 5 and 6 displayed higher ClogP values (calculated
logarithm of the n-octanol/water partition coefficient) than
compounds 1-4 (Table 1). In a recent paper, Newman etal
(2003) have pointed out that the high lipophilicity of N-{4-[4-
(2,3-dichlorophenyl) piperazin-1-yl]butyl} arylcarboxamides
could represent a limit concerning their bioavailability. With
the aim to obtain new, potent, and selective D5-receptor lig-
ands we have performed structural modifications on N-[4-(4-
arylpiperazin-1-yl)butyl]-3-methoxybenzamides 1-4. In par-
ticular, because the tetramethylene spacer of 1-4 can adopt
various conformations, allowing the interaction with different
receptors, it was blocked within a cyclohexane ring originat-
ing the compounds cis- and trans-7-10 (Table 2). The pro-
posed modification led to a limited increase in lipophilicity.
In fact, the constrained compounds displayed ClogP values
(Table 2) slightly higher as compared with the opened coun-
terparts 1-4, but significantly lower than those of derivatives
5 and 6 (Table 1).

Materials and Methods

Synthesis

Column chromatography was performed with 1:30 ICN silica
gel 60A (63-200 um) as the stationary phase. Melting points
were determined in open capillaries on a Gallenkamp electro-
thermal apparatus. Elemental analyses (C, H, N) were per-
formed on Eurovector Euro EA 3000 analyser; the analytical
results were within £0.4% of the theoretical values for the
formula given. '"H NMR spectra were recorded either on a
Varian EM-390 where indicated 90 MHz (TMS as internal
standard) or on a Varian Mercury-VX spectrometer
(300 MHz), with CDClj; as solvent. All chemical shift values
were reported in ppm (5). 2-D NMR experiments (COSY and
NOESY) of compounds cis- and trans-8 were performed on a
Varian NMR 300 Mercury-VX (300 MHz) instrument.

BP-897

Recording of mass spectra was done on an HP6890-5973
MSD gas chromatograph/mass spectrometer; only significant
m/z peaks, with their percentage of relative intensity in paren-
theses, were reported. All spectra were in accordance with the
assigned structures. The purity of new compounds that were
essential to the conclusions drawn in the text was determined
by HPLC on a Perkin-Elmer series 200 LC instrument using a
Phenomenex Prodigy ODS-3 RP-18 column, (250 X 4.6 mm,
5 pm particle size) and equipped with a Perkin-Elmer 785A
UV/vis detector setting A=254nm. All compounds were
eluted with CH;OH/H,O/Et;N, 4:1:0.01, v/v, at a flow rate of
I mLmin~". A standard procedure was used to transform final
compounds into their hydrochloride salts.

trans-N-(4-Hydroxycyclohexyl)-3-

methoxybenzamide (11)

To a cooled mixture containing frans-4-aminocyclohexanol
(3.00g, 26.0mmol) in 1.2% aqueous NaOH (104 mL) was
added dropwise under vigorous stirring a CH,Cl, solution
(50mL) of 3-methoxybenzoylchloride, prepared from 3-meth-
oxybenzoic acid (4.74g, 31.2mmol) and SOCIl, (S5mL). The
aqueous layer was separated and extracted twice with CH,Cl,.
The combined organic layers were dried over Na,SO, and
evaporated to dryness under reduced pressure. The crude resi-
due was chromatographed (CHCL;/AcOEt, 1:1 as eluent) to give
pure 11 as a white semisolid (4.80g, 74% yield). "H NMR: &
1.20-1.35 and 1.87-1.96 (m, 8H, cyclohexylic CH,), 2.61 (br s,
1H, OH, D,0 exchanged), 3.42-3.52 (m, 1H, CHOH), 3.73 (s,
3H, CHy), 3.75-3.87 (m, 1H, NHCH), 6.55 (br d, 1H, NH),
6.88-6.91 and 7.18-7.26 (m, 4H, aromatic). GC-MS m/z 250
(M*+1, 6), 249 (M*, 36), 152 (43), 151 (30), 135 (100).

trans-N-(4-Hydroxycyclohexyl)-3-

methoxybenzamide methanesulfonate (12)

Triethylamine (4.0 mL, 29 mmol) and methanesulfonyl chlo-
ride (1.6 mL, 21 mmol) were added to a solution of alcohol 11
(4.73 g, 19 mmol) in CH,Cl, cooled to —10°C. The mixture
was stirred at room temperature for 6 h. The reaction mixture
was washed first with a saturated aqueous solution of
NaHCOj and then with 3 M HCI. The separated organic phase
was dried over Na,SO, and concentrated under reduced pres-
sure. The crude residue was chromatographed (CHCl,/
AcOEt, 1:1 as eluent) to give pure 12 as a white semisolid
(1.34 g, 21% yield). "H NMR: 6 1.32-1.48 and 1.69-1.91 (m,
4H, cyclohexylic CH,), 2.15-2.21 (m, 4H, cyclohexylic
CH,), 3.02 (s, 3H, SO,CHs), 3.84 (s, 3H, OCHy), 3.93-4.04
(m, 1H, NHCH), 4.61-4.71 (m, 1H, CHOSO,), 5.97 (br d,
1H, NH), 7.01-7.05 and 7.21-7.34 (m, 4H, aromatic).
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Synthesis and binding profile of a class of potent dopamine D5 receptor ligands

trans-N-(4-Aminocyclohexyl)-3-

methoxybenzamide (13)

A solution of 3-methoxybenzoylchloride in CH,Cl,, prepared
by refluxing 3-methoxybenzoic acid (1.98 g, 13.0 mmol) in
SOCI, (5 mL), was added dropwise to a solution of trans-1,4-
diaminocyclohexane (2.96 g, 26.0 mmol) in CH,Cl,, cooled
to —60°C. The reaction mixture was allowed to warm at room
temperature. The solid was filtered off and the filtrate was
extracted twice with 3 M HCI. The combined aqueous layers
were alkalized with aqueous 10% NaOH and the resulting
suspension was extracted with CH,Cl, (2 X 20mL). The com-
bined organic layers were dried over Na,SO, and evaporated
to dryness under reduced pressure to give pure 13 as a white
semisolid (0.80g, 25% yield). '"H NMR (90MHz): & 1.20—
1.35 and 1.87-1.96 (m, 10H, cyclohexylic CH,, NH,, 2H
D,0 exchanged), 3.42-3.52 (m, 1H, NH,CH), 3.73-3.78 (m,
1H, NHCH), 3.80 (s, 3H, CHy), 6.53 (br d, 1H, NH), 7.18-
7.24 (m, 4H, aromatic). GC-MS m/z 249 (M*+1, 5), 248
(M*, 31), 135 (100).

General procedure for preparation of alcohols

14a—d

A mixture of the appropriate aniline (1.0 mmol), 2-chloroeth-
anol (5.0 mmol) and CaCOj; (1.2 mmol) in H,O (10 mL) was
refluxed for 7h. The hot solution was filtered and the residue
was washed with hot H,O. The filtrate was saturated with
NaCl and extracted twice with diethyl ether. The combined
organic phases were dried over Na,SO, and evaporated under
reduced pressure. The crude residue was chromatographed as
detailed below to give compounds 14a—d as brown oils.

2,2 %[(2,3-Dichlorophenyl)imino Jbis-ethanol (14a)

Eluted with CHCI;/AcOEt, 1:1. Yield 31%. 'H NMR: §2.62
(s, 2H, 2 OH, D,0 exchanged), 3.28 [t, 4H, N(CH,),,
J=5.1Hz], 3.60 (t, 4H, 2 CH,OH, J=5.2Hz), 7.14-7.29 (m,
3H, aromatic).

2,2 “[(2-Methoxyphenyl)imino ]bis-ethanol (14b)

Eluted with CHCl;/MeOH, 19:1. Yield 65%. 'H NMR
(90MHz): 62.95 (s, 2H, 2 OH, D,0 exchanged), 3.05-3.20
[m, 4H, N(CH,),], 3.40-3.60 (m, 4H, 2 CH,0H), 3.80 (s, 3H,
CH3;), 6.80-7.30 (m, 4H, aromatic).

2,2 “[(4-Chlorophenyl)imino Jbis-ethanol (14c)

Eluted with CHCI;/AcOEt, 1:1. Yield 27%. 'H NMR
(90MHz): 6 3.02 (s, 2H, 2 OH, D,0 exchanged), 3.30-3.80
[m, 8H, N(CH,CH,),], 6.50-6.70 (m, 4H, aromatic).

2,2 %[(2,3-Dimethylphenyl)imino Jbis-ethanol (14d)

Eluted with CHCl;/AcOEt, 1:1. Yield 47%. 'H NMR: §2.27
and 2.28 (2s, 6H, 2 CHj), 2.87 (br s, 2H, 2 OH, D,0
exchanged), 3.16 [t, 4H, N(CH,),, J=5.2Hz], 3.58 (t, 4H, 2
CH,0H, J=5.2Hz), 6.95-7.08 (m, 3H, aromatic).

2,2 “[(2,3-Dichlorophenyl)imino Jbis-ethanol
methanesulfonate (15a)

Compound 15a was prepared from alcohol 14a following the
procedure described above for preparation of 12. The crude
residue was chromatographed (CHCl;/AcOEt, 9:1 as eluent)
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to give pure 15a as a brown oil in 51% yield. "H NMR: §2.96
and 2.97 (2s, 6H, 2 CHy), 3.56-3.61 [m, 4H, N(CH,),], 4.21—
4.24 (m, 4H, 2 CH,0), 7.19-7.29 (m, 3H, aromatic).

N,N-bis-(2-Bromoethyl)-2-methoxybenzenamine

(15b)

PBr; (2.0mL, 21.3 mmol) was added dropwise to alcohol 14b
(1.50 g, 7.1 mmol), then the mixture was heated under reflux
for 3h. After cooling, H,O (10mL) was cautiously added and
the mixture was extracted with CHCl; (3 X 20mL). The com-
bined organic layers were dried over Na,SO, and evaporated
under reduced pressure. The crude residue was chromato-
graphed (petroleum ether/AcOEt, 4:1 as eluent) to give the
title compound as a colourless oil (0.75g, 31% yield). 'H
NMR (90MHz): 6§ 3.20-3.65 (m, 8H, CH,), 3.85 (s, 3H,
CHs), 6.80-7.25 (m, 4H, aromatic). GC-MS m/z 339 (M +2,
15), 337 (M™, 30), 244 (100), 242 (99), 135 (48).

N,N-bis-(2-Bromoethyl)-4-chlorobenzenamine

(15¢c)

As described above, the title compound was obtained from
alcohol 14c¢ in 43% yield. THNMR (90 MHz): & 3.20-3.45
(m, 4H, 2 CH,Br), 3.50-3.85 [m, 4H, N(CH,),], 6.45—6.70
and 7.05-7.30 (m, 4H, aromatic). GC-MS m/z 343 (M*+2,
20), 341 (M™, 28), 250 (33), 248 (100), 246 (83).

2,2 %[(2,3-Dimethylphenyl)imino Jbis-ethanol
methanesulfonate (15d)

This compound was prepared from alcohol 14d as described
above for preparation of 12. The crude residue was chromato-
graphed (CHCI3/AcOEt, 1:1 as eluent) to give pure 15d as a
brown oil in 50% yield. 'H NMR: §2.25 and 2.26 (2s, 6H,
2 CHy), 2.96 and 2.97 (25, 6H, 2 SO,CHj), 3.56-3.61 [m,
4H, N(CH,),], 4.21-4.24 (m, 4H, 2 CH,0), 6.85-7.15 (m,
3H, aromatic).

General procedure for the synthesis of compounds
cis-7-10

A stirred mixture of methanesulfonate 12 (2.0 mmol), the
appropriate 1-arylpiperazine (2.4 mmol), and a slight excess
of K,COj in acetonitrile was refluxed for seven days. After
cooling, the mixture was evaporated to dryness and H,O was
added to the residue. The aqueous phase was extracted twice
with CHCI;. The collected organic layers were dried over
Na,SO, and evaporated under reduced pressure. The crude
residue was chromatographed (CHCl;/AcOEt, 1:1 as eluent)
to give the target compounds cis-7-10 as pale yellow semi-
solids in 9% yield.

cis-N-{4-[4-(2,3-Dichlorophenyl)-1-
piperazinylJcyclohexyl }-3-methoxybenzamide

(cis-7)

'H NMR: 61.61-2.00 (m, 8H, cyclohexylic CH,), 2.31-2.36 [m,
1H, CHN(CH,),], 2.75 [br s, 4H, CHN(CH,),], 3.08 [br s, 4H,
(CH,),NAr], 3.85 (s, 3H, CHj3), 4.21-4-30 (m, 1H, NHCH), 6.20
(br d, 1H, NH), 6.94-7.35 (m, 7H, aromatic). GC-MS m/z 463
M*+2,4), 461 (M*, 7), 271 (64), 269 (100), 261 (37), 135 (43).
The hydrochloride salt melted at 224-225°C (from CH;OH/
diethyl ether). Anal. (C,4,H,oCl,N;0,°HCI*0.2H,0) C, H, N.
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cis-N-{4-[4-(2-Methoxyphenyl)- 1 -

piperazinyl cyclohexyl }-3-methoxybenzamide (cis-8)

'H NMR: 6 1.63-1.74 and 1.86-1.95 (m, 8H, cyclohexylic
CH,), 2.31-2.36 [m, 1H, CHN(CH,),], 2.79 [br s, 4H,
CHN(CH,),], 3.13 [br s, 4H, (CH,),NAr], 3.85 and 3.86 (255,
6H, 2 CH;), 4.21-4.30 (m, 1H, NHCH), 6.25 (br d, 1H, NH),
6.85-6.98 and 7.25-7.36 (m, 8H, aromatic). GC-MS m/z 424
(M*+1, 13),423 (M*, 47), 261 (27), 231 (100), 135 (43). The
free base melted at 164-165°C (from CHCls/petroleum
ether). Anal. (C,5H33N303) C, H, N.

cis-N-{4-[4-(4-Chlorophenyl)-1-

piperazinyl Jcyclohexyl }-3-methoxybenzamide (cis-9)

'H NMR: §1.59-1.94 (m, 8H, cyclohexylic CH,), 2.25-2.29
[m, 1H, CHN(CH,),], 2.71 [app. t, 4H, CHN(CH,),], 3.17
[app. t, 4H, (CH,),NAr], 3.89 (s, 3H, CH;), 4.21-4.24 (m,
1H, NHCH), 6.17 (br d, 1H, NH), 6.81-6.86, 7.00-7.04, and
7.18-7.35 (m, 8H, aromatic). GC-MS m/z 429 (M*+2, 12),
427 (M*, 33), 261 (68), 237 (34), 235 (100), 135 (43). The
free base melted at 169-170°C (from CHCls/n-hexane). Anal.
(Cy4H3(CIN;0,) C, H, N.

cis-N-{4-[4-(2,3-Dimethylphenyl)- I -

piperazinyl Jcyclohexyl }-3-methoxybenzamide (cis-10)

'"H NMR: 6 1.61-1.76 and 1.83-1.94 (m, 8H, cyclohexy-
lic CH,), 2.22 and 2.27 (25, 6H, 2 CH;), 2.28-2.33 [m,
1H, CHN(CH,),], 2.73 [br s, 4H, CHN(CH,),], 2.93 [br t,
4H, (CH,),NAr], 3.86 (s, 3H, OCH;), 4.21-4.30 (m, 1H,
NHCH), 6.21 (br d, 1H, NH), 6.89-6.94, 7.01-7.10, and
7.25-7.35 (m, 7H, aromatic). GC-MS m/z 422 (M*+1,
9), 421 (M*, 32), 406 (24), 261 (54), 229 (100), 135 (37).
The hydrochloride salt melted at 223-225°C (from
CH;OH/diethyl ether). Anal. (C,qH;5sN3;0,°HCI-0.8H,0)
C,H, N.

General procedure for the preparation of

compounds trans-7—10

A stirred mixture of amine 13 (2.0 mmol), the appropriate
alkylating agent 15a—d (2.4mmol), and a slight excess of
Na,COj in acetonitrile was refluxed overnight. After cooling,
the mixture was evaporated to dryness and H,O was added to
the residue. The aqueous phase was extracted twice with
CHCl;. The collected organic layers were dried over Na,SO,
and evaporated under reduced pressure. The crude residue
was chromatographed (CHCl;/MeOH, 19:1 as eluent) to give
the target compounds trans-7-10 as semisolids.

trans-N-{/4-[4-(2,3-Dichlorophenyl)-1-
piperazinylJcyclohexyl }-3-methoxybenzamide

(trans-7)

Yield 77%. '"H NMR: & 1.22-1.34 [m, 2H, NCH(CHH),], 1.42—
1.54 [m, 2H, NCH(CHH),], 2.00-2.03 [m, 2H, NHCH(CHH),],
2.18-2.21 [m, 2H, NHCH(CHH),], 2.33-2.40 [m, 1H,
NCH(CHH),], 2.76 [br t, 4H, CHN(CH,),], 3.07 [br s, 4H,
(CH,),NAr], 384 (s, 3H, CHj), 3.85-397 [m, 1H,
NHCH(CHH),], 5.95 (br d, 1H, NH), 6.93-7.35 (m, 7H, aro-
matic). GC-MS m/z 463 M*+2, 7), 461 (M*, 11), 310 (23), 271
(65), 269 (100), 135 (50). The free base melted at 199-200°C
(from CHCly/n-hexane). Anal. (C4H,9CLLN;0,) C, H, N.

trans-N-/4-[4-(2-Methoxyphenyl)-1-
piperazinyl]cyclohexyl }-3-methoxybenzamide

(trans-8)

Yield 72%. 'H NMR: & 1.23-1.35 [m, 2H, NCH(CHH),],
1.44-1.56 [m, 2H, NCH(CHH),], 2.02-2.06 [m, 2H,
NHCH(CHH),], 2.17-2.21 [m, 2H, NHCH(CHH),], 2.35-
2.43 [m, 1H, NCH(CHH),], 2.81 [br s, 4H, CHN(CH,),],
3.12 [br s, 4H, (CH,),NAr], 3.85 and 3.87 (2s, 6H, 2 CHj),
3.86-3.98 [m, 1H, NHCH(CHH),], 5.99 (br d, 1H, NH),
6.85-7.05 and 7.24-7.35 (m, 8H, aromatic). GC-MS m/z 424
(M*+1, 14), 423 (M*, 48), 408 (20), 261 (19) 231 (100), 135
(40). The hydrochloride salt melted at >250°C (from
CH;OH/diethyl ether). Anal. (C,5H33N3;05°HCI°0.3H,0) C,
H, N.

trans-N-{/4-[4-(4-Chlorophenyl)-1-
piperazinylJcyclohexyl }-3-methoxybenzamide

(trans-9)

Yield 25%. '"H NMR: 6 1.22-1.33 [m, 2H, NCH(CHH),],
1.42-1.54 [m, 2H, NCH(CHH),], 1.99-2.03 [m, 2H,
NHCH(CHH),], 2.18-2.21 [m, 2H, NHCH(CHH),], 2.32-
2.43 [m, 1H, NCH(CHH),], 2.74 [br t, 4H, CHN(CH,),], 3.17
[br t, 4H, (CH,),NAr], 3.85 (s, 3H, CHj3), 3.86-3.95 [m, 1H,
NHCH(CHH),], 5.90 (br d, 1H, NH), 6.82-6.86, 7.00-7.04,
and 7.18-7.35 (m, 8H, aromatic). GC-MS m/z 429 (M*+2,
14), 427 (M", 41), 261 (45), 237 (32), 235 (100), 135 (40).
The hydrochloride salt melted at > 250 °C (from CH;OH/die-
thyl ether). Anal. (C,,H;,CIN;0,-HCI:0.5H,0) C, H, N.

trans-N-{/4-[4-(2,3-Dimethylphenyl)-1 -
piperazinyl]cyclohexyl }-3-methoxybenzamide

(trans-10)

Yield 15%. "H NMR: 61.23-1.34 [m, 2H, NCH(CHH),], 1.44—
1.71 [m, 2H, NCH(CHH),], 2.01-2.05 [m, 2H, NHCH(CHH),],
2.15-2.20 [m, 2H, NHCH(CHH),], 2.22 and 2.26 (2s, 6H, 2
CH;), 2.33-2.38 [m, 1H, NCH(CHH),]l, 2.75 [br s, 4H,
CHN(CH,),], 2.93 [app t, 4H, (CH,),NAr], 3.85 (s, 3H, OCHy),
3.92-3.96 [m, 1H, NHCH(CHH),], 5.90 (br d, 1H, NH), 6.88—
6.94, 7.01-7.10 and 7.23-7.35 (m, 7H, aromatic). GC-MS m/z
422 (M*+1, 9), 421 (M*, 29), 261 (31), 229 (100), 135 (34).
The hydrochloride salt melted at 250°C (dec.) (from CH;OH/
diethyl ether). Anal. (C,,H35N;0,°HCI‘H,0) C, H, N.

Pharmacology

Human recombinant D, , dopamine receptor expressed in CHO
cells, human recombinant D,; dopamine receptor expressed in
S19 cells, and rat recombinant D5 dopamine receptor expressed
in Sf9 cells were obtained from RBI (Research Biochemicals
International, Natick, MA, USA). For receptor binding studies,
the compounds were dissolved in absolute ethanol. Male Wistar
Hannover rats (200-250g) were from Harlan (S. Pietro al
Natisone, Italy). The animals were handled according to inter-
nationally accepted principles for care of laboratory animals
(E.E.C. Council Directive 86/609, O.J. No. L358, December 18,
1986). 8-OH-DPAT hydrobromide was from RBI (Research
Biochemicals International, Natick, MA, USA). Haloperidol,
phentolamine hydrochloride and clozapine were from Sigma-
Aldrich (Milan, Italy); [*H]prazosin, [°H]8-OH-DPAT and
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[*H] spiroperidol and Eu-GTP were obtained from Perkin-Elmer
NEN Life Science Products (Milan, Italy). Quinpirole and
GTP9S were from Sigma-Aldrich (Milan, Italy).

Radioligand binding assay at rat cloned D3

dopaminergic receptors

Binding of [*H]spiroperidol at rat cloned D5 receptor was per-
formed according to Swarzenski etal (1994) with minor modi-
fications. The reaction buffer consisted of S0mM Tris, 5mMm
MgCl,, SmMm EDTA, 5mMm KCl, 1.5mm CaCl,, 120mm NaCl
(pH 7.4), including 100 uL. of dopamine D5 diluted mem-
branes, 0.4nM of [3H]spiroperidol (K4=0.60nm), and 100 uLL
of the drug solution (six to nine concentrations) for a total vol-
ume of 1 mL. Samples were incubated at 27°C for 60 min, then
the incubation was stopped by rapid filtration through What-
man GF/C glass fibre filters (pre-soaked in 0.3% polyethylen-
imine). The filters were washed twice with 1mL ice-cold
buffer (S0 mm Tris, pH 7.4). Nonspecific binding was defined
in the presence of 10 um haloperidol. K; value of haloperidol
was 28 +2nM. K; value of quinpirole was 0.41£0.03 nm.

Radioligand binding assay at human cloned D, 4
dopaminergic receptors

Binding of [*H]spiroperidol at human cloned D, 4 receptor
was performed according to Boyfield etal (1996) with minor
modifications. The reaction buffer consisted of 50 mm Tris,
SmM MgCl,, 5SmMm EDTA, 5mMm KCl, 1.5mMm CaCl, (pH
7.4), including 500 uL. dopamine D, , diluted membranes,
0.15nm [3H]spir0peridol (K4=0.17nm), and 100 uL of the
drug solution (six to nine concentrations) for a total volume
of 1 mL. Samples were incubated at 25 °C for 60 min, then the
incubation was stopped by rapid filtration through Whatman
GF/A glass fibre filters (presoaked in 0.3% polyethylen-
imine). The filters were washed twice with 1 mL ice-cold
buffer (50 mm Tris, pH 7.4). Nonspecific binding was defined
in the presence of 10 um clozapine. K; value of haloperidol
was 0.74 0.8 nMm.

Radioligand binding assay at human cloned D,y
dopaminergic receptors

Binding of [3H]spiroperid01 at human cloned D,; receptor
was performed according to Boyfield etal (1996) with
minor modifications. The reaction buffer consisted of
50 mM Tris, 10 mM MgCl,, 1 mm EDTA (pH 7.4), including
500 uL dopamine D,; receptor diluted membranes, 0.2 nM
[3H]Spir0peridol (K4=0.20nM), and 100 uL drug solution
(six to nine concentrations) for a total volume of 1 mL. Sam-
ples were incubated at 27°C for 60 min, then the incubation
was stopped by rapid filtration through Whatman GF/C
glass fibre filters (presoaked in 0.3% polyethylenimine).
The filters were washed twice with 1 mL ice-cold buffer
(50 mm Tris, pH 7.4). Nonspecific binding was defined in
the presence of 10 um haloperidol. K; value of haloperidol
was 0.12+0.4 nMm.

Radioligand binding assay at rat hippocampal
membranes 5-HT;, receptors

Binding experiments were performed according to Borsini
etal (1995) with minor modifications. Rats were killed by
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decapitation, the brain was quickly removed, and the hippo-
campus was dissected. The hippocampus (1.0 g) was homoge-
nized with a Brinkman polytron (setting 5 for 3 X 15s) in
25 mL 50 mMm Tris buffer, pH 7.6. The homogenate was centri-
fuged at 48000 g for 15min at 4°C. The supernatant was dis-
carded, and the pellet was resuspended in 25 mL buffer, then
pre-incubated for 10 min at 37°C. The homogenate was centri-
fuged at 48000 g for 15min at 4°C. The supernatant was dis-
carded, and the final pellet was stored at —80°C until used.
Each tube received in a final volume of 1 mL 50 mm Tris (pH
7.6) hippocampus membrane suspension and 1nm [°H]8-OH-
DPAT. For competitive inhibition experiments various concen-
trations of drugs studied were incubated. Nonspecific binding
was defined using 1 uM 8-OH-DPAT. Samples were incubated
at 37°C for 20 min and then filtered on Whatman GF/B glass
microfibre filters. The K, value determined for 8-OH-DPAT
was 8.8 nM. K; value of 8-OH-DPAT was 2.1+0.4nm.

Radioligand binding assay at rat cortical

membranes O.;-adrenoceptors

Binding experiments were performed according to Gloss-
mann & Hornung (1980) with minor modifications. Rats
were killed by decapitation, the brain was quickly removed
and the cerebral cortex was dissected. The cerebral cortex
(1.0 g) was homogenized with a Brinkman Polytron (setting 5
for 3 X 15s) in 25 mL buffer (50 mm Tris, 0.1 mm PMSF, pH
7.4). The homogenate was centrifuged at 1000g for 15 min at
4°C. The surnatant was recovered and centrifuged at 50000g
for 30 min at 4°C. The final pellet was stored at —80°C until
used. Each tube received in a final volume of 1 mL 50 mm
Tris-Hcl (pH 7.4) rat cerebral cortical membranes suspension
and 1nm [*H]prazosin. For competitive inhibition experi-
ments various concentrations of drugs studied were incu-
bated. Nonspecific binding was defined using 10 um
phentolamine. Samples were incubated at 25°C for 50 min
and then filtered on Whatman GF/B glass microfibre filters.
The filters were presoaked for 50 min in Tris.HCI-polyethyl-
enimine 0.5%. The K, value determined for prazosin was
0.5nM. K; value of phentolamine was 18 £3 nM.

DELFIA (dissociation enhanced lanthanide fluoro
immunoassay) Eu-GTP binding assay

This assay was performed according to the technical data
sheet by PerkinElmer Life Science. The experimental condi-
tions were optimized, in particular referring to the composi-
tion of the incubation buffer, by following the procedure
reported by Newman-Tancredi etal (1999). The incubation
buffer (20mm HEPES, 100mM NaCl, 1mmMgCl,, 1um
GDP, saponine 10 ug mL~! pH 7.4) contained 2 ug D5 recep-
tor membranes, drugs at various concentrations (six to nine
points) in a final volume of 100 L. The samples were equili-
brated for 30 min at room temperature using the DELFIA
plate shake, then 10 uL 0.1 um Eu-GTP were added. The
samples were incubated for 30min at room temperature,
shaking as described above. The filter plate was washed in
a vacuum manifold with ice-cold GTP Wash solution
(2 X 300 L). The basal level was determined in a sample con-
taining dopamine D receptor membranes in incubation buffer.
The maximal stimulation was obtained in these conditions in
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the presence of 10 uM quinpirole. Nonspecific binding was
determined in the presence of 50 uM GTP+S and 10 uM quin-
pirole. The plates were analysed on a 1420 Multilabel Coun-
ter Victor3 (Perkin-Elmer Life Sciences) by time resolved
fluorimetry. The emission and excitation wavelengths were
615 nm and 340 nm, respectively.

Statistical methods

The inhibition curves on the different binding sites of the
compounds reported in Tables 1 and 2 were analysed by non-
linear curve fitting utilizing the GraphPad Prism program.
The value for the inhibition constant, K, was calculated by
using the Cheng—Prusoff equation (Cheng & Prusoff 1973).
The values are means ts.e.m. from three experiments in trip-
licate. Individual differences between the various compounds
have been examined using Tukey’s post-hoc test. Differences
in K; values between the receptors for each compound have
been analysed using the Mann-Whitney U test. A difference
with P<0.05 was considered statistically significant.

The pECS50 values were obtained from nonlinear iterative
curve fitting by GraphPad Prism. One-way analysis of vari-
ance was used to estimate the significance of difference. Sta-
tistical differences were determined by the Mann-Whitney U
test. A difference with P<0.05 was considered statistically
significant.

Results and Discussion

Two synthetic routes were followed to prepare the target
compounds. The synthesis of cis isomers is depicted in Figure
2. 3-Methoxybenzoyl chloride was reacted with trans-1-ami-
nocyclohexanol to give intermediate alcohol 11. This latter
intermediate was transformed into its methanesulfonate
derivative 12. The reaction of the sterically hindered trans-
methanesulfonate 12 with the appropriate arylpiperazine pro-
ceeded with inversion of configuration to provide the cis iso-
mers albeit in low yield (Norman etal 1996). The synthesis of
trans isomers (Figure 3) required the preparation of key

OMs

OH
g Y N
codl OH o o
+ O’ —a> H —b> H ;CI‘S-7—10
HNY

OCH; OCH;

1

OCH;
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Figure 2 Synthesis of cis compounds. Reagents: a, 1.2% NaOH, CH,Cl,, 0°C; b, CH3SO,Cl, triethylamine, CH,Cl,, room temperature; c, 1-aryl-

piperazine, acetonitrile, Na,CO3, seven days reflux.

cocl NH;
Wl
HNY

OCH;

2 N a = ;
TR 7 1o yh
A N X

OH

14a: R = 2,3-di-CI-Ph
14b: R = 2-OCH3-Ph
14¢: R = 4-CI-Ph
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— - A
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15a: R = 2,3-di-CI-Ph, X = 0SO,CH;
15b: R = 2-OCH5-Ph, X = Br

15¢: R = 4-CI-Ph, X = Br

15d: R = 2,3-di-CH5-Ph, X = 0SO,CH;

Figure 3 Synthesis of trans compounds. Reagents: a, 2-chloroethanol, CaCOs;, H,0, 7 h reflux; b, PBry or CH3SO,Cl, triethylamine.
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intermediates 13 and 15a-d. Amine 13 was obtained by
condensing 3-methoxybenzoyl chloride with commercially
available trans-1,4-diaminocyclohexane. The other key inter-
mediates 15a—-d were prepared as follows: the appropriate
aniline was alkylated with 2-chloroethanol in the presence of
CaCOj; to afford the alcohols 14a—d (Ross 1949), which
reacted with PBr; or methanesulfonyl chloride to give deriva-
tives 15a—d. Condensation of amine 13 and derivatives 15a—d
provided the expected final compounds.

The results of the in-vitro binding studies of the target
compounds cis- and trans-7-10 are listed in Table 2. Consid-
ering the D5 receptor affinities of the target compounds, it can
be noted that the trans-isomers showed higher affinity than
the cis-isomers. Moreover, the D5 receptor affinities of all
constrained derivatives were lower than that of the corre-
sponding opened counterparts 1-4, except for compound
trans-7 that showed Dj receptor affinity value in the same
range as 1 (K, values 0.18 vs 0.27 nMm, respectively). Clearly
the replacement of the butyl chain with a cyclohexane ring
was detrimental for affinity, probably because of the short-
ened distance between the piperazine ring and the arylcarbox-
amide moiety. Moreover, the difference in D; receptor
affinity between the frans- and cis-isomers suggested the
extended linear arrangement as the most probable bioactive
conformation of flexible molecules.

The proposed structural modification was detrimental for
D, receptor affinity also. In fact, the affinity values of com-
pounds cis-and trans-7-10 were lower than that of the corre-
sponding opened counterparts 1-4. Moreover, the cis-isomers
showed higher D, receptor affinity than the trans-isomers,
differently from the trend observed for D5 receptor.

As far as the D, receptor affinities are concerned, a clear
trend was not shown. In fact, the compounds trans-7 and
trans-8 displayed higher D, affinities than the corresponding
cis-isomers, whereas the cis- and the trans-isomers of deriva-
tives 9 and 10 were devoid of D, receptor affinity. Moreover,
derivatives trans-7 and trans-8 displayed higher D, receptor
affinity than the opened counterparts 1 and 2.

Considering the 5-HT;, receptor affinity values, the
blocking of the butyl chain of compounds 1-4 led to a
decrease in affinity that was more evident for cis-isomers.
Only compound trans-9 was significantly more potent than 3
(K;s 2.84 vs 397 nM, respectively).

Also for ¢-receptor affinities, frans-7-9 were more
potent than the corresponding cis-isomers. Moreover, com-
pounds trans-7-9 showed higher affinity at a; receptor than
the derivatives 1-3.

Taken together, the obtained results did not completely
meet our initial expectations. As already discussed above, the
compounds trans-7-10 displayed lower D5 receptor affinities
than the derivatives 1-4. Moreover, the substitution of the
butyl chain with a cyclohexane ring increased the affinities
for D,, 5-HT,, and ¢ receptors and reduced significantly
the D, receptor affinity. Consequently, the selectivity of the
new compounds for D; receptors was less pronounced than
that of compounds 1-4. One exception was represented by
trans-7 that showed D5 receptor affinity in the subnanomolar
range and an overall improved selectivity profile (>200-fold
selectivity over D4, D,, 5-HT 5, and ¢;-receptors).
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Compound trans-7, that showed the highest D5 receptor
affinity among the new compounds reported here, and its
opened counterpart 1 were tested for their intrinsic activity at
Dj; receptor. For this purpose the recently introduced DEL-
FIA (Dissociation Enhanced Lanthanide Fluoro Immuno
Assay) Eu-GTP binding assay was used (Frang etal 2003).
This method represents an alternative for use in filtration
assays where [3SS]GTP)/S is used. pEC50 values of quin-
pirole, trans-7, and 1 were found to be 7.60%0.25,
6.621+0.30, and 6.13£0.15, respectively (n=3, P<0.001 for
each compound with respect to the control). Derivatives
trans-T and 1 behaved as agonists displaying 94% and 90% of
the maximal response, respectively. The maximal effect was
determined by using quinpirole. pEC50 of quinpirole was in
good agreement with literature data (Wicke & Garcia-Ladona
2001).

Conclusion

We have replaced the flexible butyl linker of N-[4-(4-aryl-
piperazin-1-yl)butyl]-3-methoxybenzamides 1-4 with a more
conformationally constrained cyclohexyl linker, to improve
the D5 receptor affinity and the selectivity over Dy, D,, 5-
HT;,, and aq-receptors, without causing a considerable
increase in the lipophilicity. The new trans-N-[4-(4-aryl-1-
piperazinyl)cyclohexyl]-3-methoxybenzamides 7-10 were
found to be more potent at D5 receptor than the corresponding
cis-isomers, but less potent than the opened counterparts 1-4.
Consequently, no great improvement in selectivity was
achieved. One exception was compound trans-N-{4-[4-(2,3-
dichlorophenyl)-1-piperazinyl]cyclohexyl }-3-methoxybenza-
mide (trans-7), which showed high D; receptor affinity
(K;=0.18nM) and an interesting selectivity profile over Dy,
D,, 5-HT; 4, and o4-receptors (>200-fold). This compound
was characterized as a full agonist at D5 receptor when tested
in the Eu-GTP binding assay.
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