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Dopamine D3 receptor antagonists and partial agonists have been shown to modulate drug-seeking effects
induced by cocaine and other abused substances. Com@o[lr@®01037, N-(4-(4-(2,3-dichlorophenyl)-
piperazin-1-yl)trans-but-2-enyl)-4-pyridine-2-ylbenzamide)] and related analogues are currently being
evaluated in animal models of drug addiction. In these studies, a discrepancy between in vitro binding
affinity, in vivo occupancy, and behavioral potency has been observed. The purpose of this study was to
examine (1) modifications of the 2-pyridylphenyl moiety ®fand (2) hydroxyl, acetyl, and cyclopropyl
substitutions on the butylamide linking chain systematically coupled with 2-fluorenylamide or 2-pyridylphe-
nylamide and 2-methoxy- or 2,3-dichloro-substituted phenylpiperazines to measure the impact on binding
affinity, D2/D3 selectivity, lipophilicity, and function. In general, these modifications were well tolerated at
the human dopamine D3 (hD3) receptir £ 1—5 nM) as measured in competition binding assays. Several
analogues showed 100-fold selectivity for dopamine D3 over D2 and D4 receptors. In addition, while all
the derivatives with an olefinic linker were antagonists, in quinpirole-stimulated mitogenesis at hD3 receptors,
several of the hydroxybutyl-linked analogud$,(17, 21) showed partial agonist activity. Finally, several
structural modifications reduced lipophilicities while retaining the desired binding profile.

Introduction between the D2 and D3 dopamine receptor subtypes, has

Nicotine, alcohol, cocaine, methamphetamine, and the opiatesProvided a formidable challenge in the pursuit to discover
can stimulate brain reward pathways that may lead to abusedopamine D3-selective compounds. Thus far, high dopamine
and addictiort. The dopamine receptor system plays a key role D2/D3 selectivity has typically been achieved with relatively
in numerous neuropsychiatric and neurological disorders, andlarge molecules characterized by a heterocyclic moiety bridged
investigation into mechanistic underpinnings and neuroadapta-by an unsubstituted four-carbon chain or carbocycle to an
tions within this family of receptors has been the focus of extended or substituted arylamide or a corresponding bioiso-
intensive research over the past decade. Recently, the dopamintere”1* Arylcarboxylamides connected through a butyl chain
D2-like receptor subtypes (D2, D3, D4) have been studied usingto a 2,3-dichloro- or 2-methoxy-substituted phenylpiperazine
imaging techniques in animal models as well as in human such as the compounds-4 depicted in Figure 1 are well-
addicts to further delineate the molecular mechanisms respon-studied examples of dopamine D3 receptor preferring com-
sible for the reinforcing effects of psychostimulafts. pounds. Analogues and6 featuring arans-butenyl linker with

In this pursuit, the dopamine D3 receptor subtype has been2,3-dichlorophenylpiperazine have also been examined and
hypothesized to play a fundamental role in the abuse-relatedfound to display improved D2/D3 selectivity ratios compared
effects of cocaine and other drugs of abfiseHence, the need  to their saturated butyl counterpattsThe trans-cyclohexyl
to develop novel, selective, and bioavailable dopamine D3 derivatives of the 4-phenylpiperazines also showed promising
receptor ligands has been recently emphasizéd? Further dopamine D3 receptor affinitié§.However, the incorporation
support for pursuing dopamine D3 receptor selective ligands of shorter and longer linkers such as propyl and pentyl resulted
as potential medications for drug abuse and addiction comesin reduced dopamine D3 receptor affinity and/or selectivity over
from the brain localization of D3 receptors, which are primarily dopamine D2 or D4 receptdis®
expressed in limbic regions of the_ brain, including the nucleus |, 4qdition to optimizing pharmacological selectivity, it is
accumbens. I.t has been hypothesized _that D3 receptor blOCk_ad%lso important that these novel compounds be able to penetrate
may antagonize drug feW&?”’ an.d/or relnforcemer.lt Whlle.av0|d- the blood brain barrier (BBB) and have appropriate pharmaco-
g}g tlf(1e d”SkaI] extrapyrat;mdal side gﬁects a;fsomated with the kinetics to facilitate interpretation of in vivo results. Compounds

(}Ch: rﬁ (;] td: rrrécér%# e;r%lijrlfgu:ci[()j r:gr%eorl)é@;“. within the 4 and6 have been evaluated for D3 function in animal models
binding s?tes o? the dopamine D2-like receptors, especially of cocaine abuse and demonstrate D3 antagonism in“¥#o.

’ However, it has been our observation that relatively high doses
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Figure 1. Selective pharmacological tools for the dopamine D3 receptor.
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Figure 2. Maps of the hemodynamic response (rCBV) to 2 mg/kg iv compdiuimda rat. The slices cover an anterior to posterior direction from
Bregma+2.2 to —8.3. The color map shows statistically significant changes in cerebral blood volume (CBV). Also shown on the bottom left and
top right are zoomed slices A2 and A3 with an overlay from a Paxinos atlas corresponding to the appropriate slices. The D3 antagonist produces
rCBV changes in nucleus accumbens, islets of Calleja, and hippocampus consistent with the D3 receptor distribution. Note that there is little
activation in the caudate/putamen showing great selectivity of D3 over D2 receptors.

organ or compartment, or alternative mechanisms. Preliminary entering the brain and occupying dopamine D3 receptor rich
evaluation of compoun® and several related analogues for regions using previously published meth@#i$® At a dose of
activity in the spot Ames test and Herg assay and for CaCo-2 1.0 or 2.0 mg/kg (iv),6 readily entered the brain and was
absorption potential suggests that these compounds may bdocalized in D3 receptor rich brain regions such as the islets of
candidates for clinical development (personal communication Calleja and the nucleus accumbens shell while eliciting much
with Dr. Jane Acri). Nevertheless, their restricted aqueous smaller changes in the caudate/putamen consistent with the much
solubility may limit the validity of these predictive tests, and higher ratio of D3 receptors in the accumbens compared to the
thus, investigating structural modifications that retain the desired caudate/putaméf (Figure 2). In addition, the increases in
pharmacological profile while reducing lipophilicity will likely  regional cerebral blood volume (rCBV) in these regions
improve water solubility and other physicochemical properties. established this agent as a D3 antagonist, comparahlé®to
] ) ) because D3 and D2 agonists lead to decreases in rCBV and

Pharmacologic Magnetic Resonance Imaging (phMRI) D2/D3 antagonists lead to increases in rCBES In Figure 2,

Pharmacologic magnetic resonance imaging studies (phMRI) the average of five rats at a dose of 2 mg/kg iv of compo&ind
were undertaken to determine whether or not compdiwds is shown. In these animals the average rCBV change integrated
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Scheme 1.Synthesis of the 3-Hydroxylamin&y2
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aReagents and conditions: (a) phthalimid potassium salt, DMF, microwavéClL@D min; (b) 1-(2,3-dichlorophenyl)- or 1-(2-methoxyphenyl)piperazine,
2-PrOH, microwave, 90C, 20 min; (c) hydrazine, ethanol, microwave, 90, 20 min.

Scheme 2. Synthesis of the 2-Hydroxylamine?
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29a: R =2,3-Cl 30a: R =2,3-Cl
29b: R = 2-MeO 30b: R = 2-MeO

aReagents and conditions: (a) 1-(2,3-dichlorophenyl)- or 1-(2-methoxyphenyl)piperazine, potassium carbonate, acetone, reflux, 24 h; #ajdegdium
ammonium chloride, DMF, 100C; 5 h; (c) triphenylphosphine, THF, room temperature, 16 h.

from 0 to 30 min was 8.9% in the accumbens versus 3.2% in substitution patterns on the 2-pyridyl group 6fwere also

the caudate/putamen (a ratio of 2.8). In addition, there was investigated. Binding data at human dopamine D2-like receptors
significant activation in the hippocampus as expected based onand D2/D3 selectivity for all analogues were compared to those
D3 receptor expressidilt was noted that there was an apparent for the parent ligands. For selected compounds, D2 and D3
discrepancy between the dose of compoudequired for functional data using the quinpirole-stimulated mitogenesis assay
behavioral activity (e.g., 3656 mg/kg¥° compared to the dose  and binding data for the serotonin receptors pkJBHT,4, and

that showed D3 receptor blockade in the phMRI studies. 5HT,c were also obtained.

Although the behavioral studies used the sc route of administra- )

tion while the phMRI studies used the iv route, there still seemed Chemistry

to be a significant dose difference. These results combined with  The racemic hydroxybutylamine intermediat2g and 30

the high D3 receptor affinity Ki(D3) = 0.7 nM) in vitro needed to prepare the 3-hydroxy derivativé6—19 and
suggested that either suboptimal pharmacokinetics were respon2-hydroxy analogue21—23 were synthesized as depicted in
sible or another mechanism may be involved in the behavioral Schemes 1 and 2. In both cases, the synthetic routes used
actions of these dopamine D3 receptor antagonists. bifunctional 2-(2-bromoethyl)oxiran@4)3° as starting material.

In order to further address these possibilities, new ligands All key steps were found to be regioselective, and only the
were designed with modifications of the amide linking chain products depicted were isolated. The ami2é¢Scheme 1) were
incorporated to preserve and/or increase high affinity and synthesized via a modified Gabriel synthesis. No side products
dopamine D3 receptor selectivity while potentially improving were observed in the alkylation reaction to form the phthalimide
the pharmacokinetics of these agents. Thus far, the optimal 25. The opening of the oxirane moiety occurred selectively at
length and conformation of the linking chains have been the least substituted side to yield the 3-hydroxyphthalimi&:s
established, but appended functionality on the linker has not which were then deprotected with hydrazine to afford the
been explored except recentfThe high lipophilicity of these hydroxylamines27. In the case of the 2-hydroxylamine30(
drugs was our primary concern, and as such, we consideredScheme 2) the butylpiperazine bond was formed first, followed
substitutions that might provide some additional polarity and by a regioselective opening of the epoxide with sodium azide
thus reduce lipophilicity® Using the established pharmacophore and a Schlesinger-type reduction. The general reaction sequence
of the dopamine D3 selective ligan®3® and 6,5 and the was used to prepare the dopamine D3 receptor preferring
2-methoxy substituted phenylpiperazine moiety, first introduced analogue®—23incorporating a butyl, butenyl, or hydroxybutyl
in the D3 partial agonist2!® (Figure 1), we investigated linking chain as depicted in Scheme 3. The required carboxylic
systematic substitutions on the saturated butyl linking chain acids were prepared according to literature procedirés he
while comparing the 2-methoxy- and 2,3-dichloro-substituted general syntheses of the butylamines and the butenylamines have
phenylpiperazines and the 2-pyridylphenyl to the 2-fluorenyl been described earliétl732-33Because of constraints of readily
ring systems in the arylamide portion of the molecule. Several available starting material, the synthesis of the cyclopropyl
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Scheme 3.Synthesis of Compounds—23®
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aReagents and conditions: (a) CDI, pyridine or DCC, HOBt, DNIBwas prepared froré by N-oxidation (MCPBA, CHCI,, room temperature, 16 h).
20 was prepared from6 by acetylation (NEf, CH3COCI, room temperature, 16 h).

Scheme 4.Synthesis of the Dimethylcyclopropyl Analogud3 and 342
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aReagents and conditions: (a) CDI, 4-pyridin-2-ylbenzoic acid, pyridine, room temperature; (b) trifluoromethanesulfonic anhyafde, rabin
temperature, 4 h; (c) 2,3-dichlorophenylpiperazine, sodium bicarbonate, acetonitrile, reflux, 16 h.

derivatives33 and 34 (Scheme 4) featured a formation of the
amide bond prior to the addition of the phenylpiperazine moiety.
Both thetransamide32aand itscisisomer32b were prepared
from the corresponding cyclopropylamingk34 Conversion of
the hydroxyl group to a triflate leaving group followed by
alkylation with 2,3-dichlorophenylpiperazine gave the isomeric
cyclopropyl derivatives83 and 34 in good yield.

Pharmacological Results and Discussion

All ligands were evaluated in competition binding assays in
HEK 293 cells transfected with human D2D3, or D4
dopamine receptorS.The displaced radioligand was the high-
affinity, selective D2-like receptor antagonist 2,3-dimethoxy-
5-(129)-iodo-N-(9-benzyl-9-azabicyclo(3.3.1)nonan-3-yl) ben-
zamide {¥3-IABN). %5 In addition, clogP values and polar surface

than6 and thus a 221-fold 5HR/D3 selectivity. Interestingly,
compared td (ICso(D2) = 80.0 nM), the 6-methyl substituted
analoguelOwas 16-fold less potent at the dopamine D2 receptor
(EGso(D2) = 1300 nM), making it the most functionally D3
selective analogue (194-fold) in the series (Table 2).

Pyridyl N-oxidation (2) retained high dopamine D3 affinity
(Ki = 1.1 nM) comparable to the parent compouidiowever,
as was observed with the 6-oxa analo§uan oxa modification
of the pyridyl moiety led to a 4-fold higher binding affinity for
12 at the dopamine D2 receptor comparedidhus reducing
D2/D3 selectivity (3-fold). In contrast, the 1-piperazidexide
13 showed a 70-fold lower binding affinity at the dopamine
D3 receptor and a 12-fold lower binding affinity at the dopamine
D2 receptor. Hence, these results show that while the oxidation
products of the pyridyl moiety negatively affect D2/D3 selectiv-

areas (PSA) were calculated to provide a measure of lipophilicity ity, oxidation of the 1-nitrogen of the piperazine ring is most

and predicted brain penetration, respectivé§/.These data are

detrimental to high binding affinity at both D2 and D3 receptors.

presented in Table 1. Selected compounds were also evaluated hese analogues could be oxidative metabolite§, aind thus

in a quinpirole-stimulated mitogenesis assay for functional
activity at dopamine D2 and D3 receptors (Table 2) and for
binding affinities at the serotonin 5HA, 5HT2a, and 5HThc
receptors (Table 3).

Substituent effects at the 2-pyridyl moiety 6fon D2 and
D3 receptor binding affinities and D2/D3 selectivities were
examined with analogue3—12. As depicted in Table 1, the
6-0xa derivative®d was equiactive t6 at D3 receptors. However,

9 had a 4-fold higher affinity at dopamine D2 receptors, resulting
in a lower D2/D3 selectivity ratio thaf. On the other hand,
compared t, the 6-methyl substituted analogié had little
effect on binding at either dopamine D2 or dopamine D3

this information may be important for determining pharmaco-
logical effects due to drug metabolism in vivo.

The olefinic linked derivatives with the 2-methoxy substituted
phenylpiperazinel4 and15) were less D2/D3 selective (up to
6-fold) than their corresponding 2,3-dichloro analogugan(d
5). For example, the 2-methoxyphenyl analodi#edemon-
strated a 4-fold lower binding affinity at the dopamine D3
receptor than the corresponding 2,3-dichloro derivav®n
the other hand, in the fluorenylamide series the 2-methoxy
compound15 had a>3-fold higher binding affinity at the
dopamine D2 receptor than the 2,3-dichloro analodile
while the binding affinity at the dopamine D3 receptor was

receptors. Indeed, the effects of the 6-methyl substitution were unaffected by this modification. The compounds with a sat-

mostly directed toward the serotonin 5EATsubtype (Table 3).
Compoundl10 showed a nearly 4-fold lower binding affinity

urated butyl linking chain showed similar structui@ctivity
relationships (SAR). No difference was observed in the
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Table 1. Human D-like Family Receptor Subtype Binding Data in HEK Cells
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/\N/_\

OO

N—[Linker]—NH

>\—Ar

Compd. Ar [Linker] R clogP PSA D2 D3 D4 D2/D3 D4/D3
K; (nM) £ SEM
.
- 23-diCl 55 356 112:22 20:04 ND 56 -
(NGB2904) o A
4 —
(<) 7 23diCl 49 485 248:86 04:02 ND 50 -
(CJB090) N
)
- —/ 23diCl 60 356 168+29 15:01 1020£160 112 680
(4JC 2-071) o~
6
(PGo1037) (<) ,~ 23diCl 48 485 933:12 0701  375:18 133 540
7 O/ 20CH, 45 448 554%52 03%0.1  425£3 185 1420
8 {3 7/ 20CH, 34 577 283:64 04:0.1 ND 71 -
7\ _
9 S~ 23diCl 35 777 236£57 06£0.1 ND -
]
10 O~ ~  23dicl 54 485 105:24 14:03 ND 75 -
11 UYL~ 23dicl 52 485 9294 1.6:04 ND 58 -
N
12 s~ 23dcl 31 703 25831 1103 ND 23 -
o
13 {7 < 23diCF 50 715 1160£230 49.2£9.3 ND %4 -
14 (<) ,~ 20CH, 33 577 69£13 29%11 ND 24 -
15 ‘ ,~ 20CH, 45 448 484373 12:0.1 ND 0 -
16 (<) ™ 23diCl 44 687 267:20 3.0£02 4620£200 89 1540
S o .
17 X)) ) 23diCl 56 558 31954 1.8+00 16400£2600 177 9110
18 {4 "/ 20CH, 28 779 284:48 28:08 1490%150 101 532
Q "
19 1) "/ 20CH, 39 650 24914 1803 1230%330 138 683
20 () "%/ 23diCl 53 748 134%28 117%10 ND 11 -
21 () %, 23dCl 43 687 284:64 050.1 ND 57 -
22 ' &, 23diCl 55 558 84153 25:03 ND 34 -
23 ) 4. 20CH 38 650 gg4i64 13104 ND 55 -
33 (<) &/ 23diCl 48 485 537£10 10%02 ND 54 -
34 <) A 23diCl 48 485 105090 160£30 1460120 7 9

a4-(2,3-Dichlorophenyl)piperazine 1-oxide.
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Table 2. In Vitro Functional Data at Blike Receptors for Selected
Ligand$

Q

I\ Ar
@w N—[Linker]—N%q_
— _/

r

Compd. Ar [Linker] R D2 D3
ICs0 (nM)
3
. 23diCl 1280 £270 14.4£05
(NGB2904) o
4 _
ase 2,3-diCl 92.0+4.9 (20)° 6.3+1.7 (30)°
(CJB0%0) h r~
° o
- —~/ 23diCl ND 173 £ 9.6 (44)°°
(4JcC 2-071) oo~
6 - .
(PG01037) W2 = 23diCl 809%67 30407
7 ' ,~ 20CH, 224:80 2208
. - 107 £ 18
8 O~ ~ 20cH 0% a7p  29%10
7N .
9 -4~ 23dicl 41:8 1.0£02
o
10 =~ 23diCl 1300320 67426
1 O ,~  23diCl  368%113 256+85
. = . 229+20
\? —
12 Q—O(D ~23dicl Y] @y 1.2£0.0
14 O~ ,~ 20cH, 175:17 426+7.9
15 ‘ ,~  2-0CH; 17948 18.9+4.2
16 - (2 " 23diCl 15827 (260 1.0%0.1(48)
17 O " 284 ND 42.0+1.3 (26)
18 ' +/  2:0CH, ND 12813
20 E (2 D 23.dicl ND 3.9+ 1.4 (47)°
. = ; i 54+18
21 O~ 4. 23do ss3x1e g NE0
) = , 672 + 66
33 O~ & 23dol o008y 143226

a Data were obtained through the NIDA Addiction Treatment Discovery
Program contract with SRI (NO1DA-1-8818&)Partial agonist activity: E&
(% stimulation).¢ This compound is a very weak partial agonist and likely
functions as an antagonist in vivo.

binding profile at dopamine D2 and D3 receptors within the
saturated 2-pyridylphenyl analoguésnd8, regardless of the
substituent on the phenylpiperazine. However, the 2-methoxy-
fluorenyl derivative7 was found to have both high affinity at
the dopamine D3 receptd{{(D3) = 0.3 nM) and lower affinity

at D2 (K; = 55.4 nM), resulting in the highest (185-fold) D2/
D3 selectivity ratio of the series.

Grundt et al.

Pairs of D3 compounds with an aliphatic linker and varied
substituents on the phenylpiperazine (2-methoxy vs 2,3-dichloro)
have been synthesized previously, and for example, Chu et al.
have demonstrated that the 2-benzofuranylamides showed no
difference in binding profiles regardless of the substitution of
the phenylpiperazing On the other hand, Bettinetti et af,
using somewhat different assay conditions, reported a more than
3-fold higher binding affinity at the dopamine D2 receptors for
the 2-methoxy compared to the 2,3-dichloro analogues for the
same compounds, while the binding affinities at the dopamine
D3 receptor were unaffected. On the basis of these and the
present studies, it is clear that both the 2-methoxy and the 2,3-
dichlorophenyl substitutions give high D3 binding affinities and,
depending on the linking chain and the nature of the arylamide,
varying selectivities over the other dopamine and serotonin
receptors are achieved. These findings are important for
radioligand and imaging agent developni€mt! but may also
affect ligand selection for in vivo studies, as the most D3-
selective compound might not be the best candidate if other
physicochemical properties are determined to be superior for
another analogu®.

In the mitogenesis assay (Table 2), both fluorenylamigles
and7 were determined to be antagonists at D3 receptors, and
corresponding with the binding data, the 2-methoxyphenylpip-
erazine7 (ICso(D3) = 2.2 nM) was 7 times more potent
functionally than the corresponding 2,3-dichloro substituted
analogue3 (ICso(D3) = 14.4 nM). Incidentally3 and7 were
found to have similar D2/D3 selectivities of 89-fold and 102-
fold, respectively, in the mitogenesis assay. In contrast to the
2,3-dichloro substituted partial agonidt the corresponding
2-methoxy derivative8 demonstrated antagonism in the func-
tional assay at the dopamine D3 receptor.

In the 5-HT binding assays (Table 3), the 2,3-dichloro
derivatives generally showed lower 5-iTreceptor binding
affinities, resulting in somewhat higher 5-iID3 selectivities
than the corresponding the 2-methoxy analogues. However, the
2-methoxy derivatives with saturated linking chaifsafd 8)
were at least 5-fold more 5-H#/D3 selective than the corre-
sponding 2,3-dichloro compound3gnd4), an observation that
had been reported earligrIn contrast, in the olefinic series of
analogues 14, 6, 15, 5), selectivities of the 5-HJc receptor
over the dopamine D3 receptor were essentially unaffected by
the substitution pattern on the phenylpiperazine moiety.

Overall, the hydroxybutyl linker was well tolerated at the
dopamine D3 receptor, resulting in up to 177-fold dopamine
D2/D3 selectivity (e.g., compourtd’). Binding affinities at the
dopamine D3 receptor and D2/D3 selectivity of the 3-hydroxy-
butyl derivatives were determined by the arylamide moiety and
were independent of the substitution on the phenylpiperazine
(2,3-dichloro vs 2-methoxy). The 2-pyridylphenyl analogliés
and18 not only showed similar binding affinities at D3 receptors
but also displayed no difference in binding affinity at the 3T
receptor, resulting in similarly low 5HE/D3 selectivities £ 13-
fold). However, in line with the aliphatic analogudsand 8,
the 2-methoxy derivativé8 demonstrated 18-fold higher 5K
D3 and 37-fold higher 5H3/D3 selectivities thari6. Acety-
lation (20) of the hydroxyl group ofL6 was not well tolerated
at the dopamine D3 receptor presumably because of steric
hindrance.

Compared to the 3-hydroxybutyl analogl@ the 2-hydroxy-
butyl derivative 21 was determined to have higher binding
affinities at both D2 and D3 receptors, by 9- and 6-fold,
respectively. Interestingly, the 2-hydroxybutyl analog@lend
the butyl analoguet shared a very similar binding profile,
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Table 3. Binding Affinities for Serotonin Receptor Subtypes for Selected Ligands

Q,

R/ \ Ar
@N N—[LinkeT]—N?-l_
— —y
Compd. Ar  [Linker] R 5HTi SHT,»  SHTc  D;  5HTJD3 GHT,D3 5HT,D3
Ki(nM)
PQ 23
. S 20404130 679150 411120 20 £04 1020 340 206
(NGB2904) 0~ Ga
4 _
O« 5% maser 29:16 527:22 04202 59 57 132
(CJIB090) |
° < 2,3
. - S 941110 330110  132£8  15:01 627 220 88
(3JC 2-071) D~ Ga
6 _
23
O~ ~ S 854461 624474 4716 07%01 122 89 67
(PG01037) N ~ 4
. 2-
7 Q0 7 o&y, =01 156509 326447 0301 11 520 1087
8 () /7 ogw, 671403 228233 736£23 04%01 17 570 1840
7N -
9 wd 23 20702 155£38 106200 06:01 50 2 18
7N\ 2,3-
10 0~ 2% 300%30 927116 96411 1403 221 66 69
N 23
1 D~ 4% e2x83 469:54 31223 16204 58 29 19
12 %2~ 2% 606:43 579106 743:29 1103 55 53 68
e
13 D)~ 2% ee6:34  105:45  112:48  92E 14 2 2
. 2
14 QD &~ ofy, 217#35 753214 256433 2911 7 26 88
. = 2-
15 ()~ ofy, 71821 657412 176:14 12%01 60 55 147
= HO_, 2'3_
16 () " &% 343:03 423391 11520 30%02 11 14 38
HO_, 2,3-
17 O ™ 2% 1810235 5454150 2830£360 1800 1006 303 1572
= HO_, 2-
18 (0 " ogn, 62:7 69520 3940£130 28%08 13 248 1407
= AcQ_ 2,3- M7+
20 () ™/ 23 7i12 e87i75 843153 'L 10 7 7
21 () %, A% 151+24 154228 252432 05:01 30 31 50
33 A &/ 5% 5964 474%59 793%12 10%02 59 47 79
a O<) o~ 2% ge2:120 883243 626840 160£30 6 6 4

aData were obtained through the NIDA Addiction Treatment Discovery Program contract with SRI (NO1DA-1-884@)3-Dichlorophenyl)piperazine
1-oxide.
suggesting that the 2-OH may not provide a point of contact at predicting decreased lipophilicity, compared to the correspond-
the receptor binding site, in potential contrast to substitution in ing parent olefinic or aliphatic compounds. The calculated polar
the 3-position. This observation appears to be independent ofsurface area (PS2) was significantly increased (by 202
the structure of the arylamide compared3oThe 2-hydroxy Values less than 75 Pare considered as being favorable for
analogue22 also showed a similar binding profile. brain penetration. Coupled with their favorable binding profiles,
As expected, the introduction of a hydroxyl group into the several of these new analogues have been selected for in vivo
butyl linking chain resulted in somewhat lower clogP values, evaluation.
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The trans-cyclopropyl linking chain was found to be well  predict “druglike” properties. These compounds will provide
tolerated at the dopamine D3 receptor. Compo88dK;(D3) novel tools with which to further elucidate the role of dopamine
= 1.0 nM) showed a similar binding profile compared to the D3 receptors in drug abuse, in vivo, and may serve as leads for
trans-olefin 6 (Ki(D3) = 0.7 nM), not only at the dopamine D3  therapeutic agents for the treatment of addiction.
receptor but also at the serotonin 5HAT5HT,4, and 5Hbc
receptors. In contrast, thas-cyclopropyl analogu&4 demon- Experimental Methods
strated a 160-fold lower binding affinity at the dopamine D3 Aj melting points were determined on a Thomas-Hoover melting
receptor than thdransisomer 33. Interestingly, the blndlng point apparatus and are uncorrected. THand13C NMR spectra
affinities at the dopamine D2 receptor and the serotonin were recorded on a Varian Mercury Plus 400 instrument. Proton
receptors were somewhat less affected bycikeonformation chemical shifts are reported as parts per milliorppm) relative
of the linker, up to 19-fold lower compared to theans to tetramethylsilane (0.00 ppm) as an internal standard. Coupling
derivative. Thus, the D2/D3 selectivity 8% was low (7-fold), constants are measured in hertz (Hz). Chemical shiftS@NMR

indicating that atrans geometry of the linker is pivotal to ~ SPectra are reported a@srelative to the deuterium signal of the
achieving optimal dopamine D3 affinity and D2/D3 selectivity. Sglr\;g?r;(e%[)l?’ Zg:ﬂﬁgn&i(ggﬁ% ‘Ilr?c?) ?ﬁ?r)érl(\)/lsl(;mgrglyjﬁ j’ \g/errge
This correlates well with results reported earlier for other P y L e ¢ g

henvii . ith lefinic linki hai h within 0.4% of calculated values. If not stated otherwise, all final
phenylpiperazines with an olefinic linking chain, whererans compounds were purified by column chromatography (silica gel,

olefin was the preferred conformation compared to G  \Merck, 230-400 mesh, 60 A) or thin layer chromatography (silica
olefin1*33Thus, the difference in the observed binding affinities gel, Analtech, 1000m) using EtOAC/CHG (5:5:1), 1% triethy-

at dopamine D3 receptors may further support the hypothesisiamine or CHCYMeOH (10:1), 1% triethylamine as an eluent.
that an extended linear arrangement is the most probableMicrowave reactions were performed in a CEM Discover Labmate
bioactive conformation of the phenylpiperazine class of dopam- system equipped with a 80 mL pressure vessel. Yields and reaction

ine D3 receptor preferring ligand3. conditions are not optimized. Generally, yields and spectroscopic
_ data refer to the free base. The procedures to determine the binding
Summary and Conclusions affinities at the human dopamine D2-like receptoand the binding

On the basis of the parent compourland6, a series of affinities at the serotonin 5HE, 5HT.a, and 5H¥Ec receptor®®
analogues were prepared to further explore SAR at dopamineand the functional mitogenesis as@%yavg been publlshgd ear!ler.
D3 receptors and to optimize “druglike” propertiésvithout General Procedure for the Synthesis of Carboxylic Acid

- o . . = Amides. The 1-imidazole adduct appropriate carboxylic acid was
s_lgnlflcantrlly rTZ]Od'fY(;n? t:e prarr%accc)ilioglcal profile. l\l/llomﬁci? reacted with the suitable secondary amine derivative as described
tions to the 2-pyridylphenylamide b were generally we previously®® The crude product was purified by chromatography,
tolerated at D3 receptors but had a small detrimental effect on g cturally characterized, and then converted into its oxalate or

D2/D3 selectivity. The 2-methoxy vs 2,3-dichloro substitution hydrochloride salt for biological evaluation.

on the phenylpiperazine moiety was equally tolerated at the  N-(4-(4-(2-Methoxyphenyl)piperazin-1-yl)butyl)-SH-fluorene-
dopamine D3 receptors, although modifications to the rest of 2-carboxamide (7). Awas prepared fromt-fluorene-2-carboxylic
the molecule caused changes in selectivities. Hydroxyl substitu-acid and 4-(4-(2-methoxyphenyl)piperazin-1-yl)butylanifnac-
tions in the linking butyl chain were also well tolerated and cording to the general procedure. Yield: 74%. Mp (hydrochlo-
produced one of the most selective compounds in this structural'ide): 208-210°C.*H NMR (CDCl): 6 1.67-1.73 (m, 4H), 2.47
class reported to dat&T). This substitution provided a H-bond (t,J6.7, 2H), 2.65 (s, 4H), 3.04 (s, 4H), 3.51 @®6.1, 2H), 3.84

donor moiety in a part of the molecule that did not adversely (s, 3H), 3.91 (s, 2H), 6.826.88 (m, 4H), 6.98 (dJ 7.8, 4.6, 1H),
ffect binding but does reduce lipophilicity, which may be -2 (d:J7.4, 1.2, 1H), 7.40 (t) 7.0, 1H), 7.55 (dJ 7.0, 1H),
a : 7.75-7.77 (m, 2H), 7.81 (d,J 8.0, 1H), 7.96 (s, 1H)13C NMR

important for |mpr0Ved SOIUb”lty and permeablllty of these (CDClg) 0 25.0, 27.9, 37.3, 40.5, 50.93, 53.9, 55.8, 58.5, 111.5,
molecules for in vivo studie®. Limited steric tolerance at the 118.6, 120.1, 121.0, 121.4, 123.4, 124.4, 125.6, 126.3, 127.4, 128.0,
3-position of the linking chain was suggested on the basis of 133.8, 141.2, 141.6, 143.8, 144.4, 145.1, 152.7, 168.6. Anal.
the significant decrease in binding affinity of the acetylated (CygH3aN30,2HCI-0.5H,0) C, H, N.

analogue. This corresponds to a similar finding with methyl N-(4-(4-(2-Methoxyphenyl)piperazin-1-yl)butyl)-4-pyridin-2-
substitution at this positidfi in a related series of dopamine ylbenzamide (8). 8was prepared from 4-pyridin-2-ylbenzoic acid
D3 antagonists. The cyclopropyl analogues do not provide any hydrochloride and 4-(4-(2-methoxyphenyl)piperazin-1-yl)buty-
improvement over the olefin analogues but served to further lamine®? according to the general procedure. Yield: 53%. Mp
confirm thetrans conformation of the linker as being optimal ~ (0xalate): foamH NMR (CDCl): 6 1.67-1.74 (m, 4H), 2.49

, : : .. (t,J6.84, 2H), 2.67 (s, 2H), 3.07 (s, 2H), 3.51 (6.0, 2H), 3.84
at dopamine D3 receptors. Both partial agonists and antagonist s, 3H), 6.83 (m. 5H), 7.26 (m. 1H). 7.73.79 (m. 2H), 7.89 (d,

were identified in the mutage_nes_is assay for functi(_)n at 8.2, 2H), 8.06 (dJ 8.6, 2H), 8.71 (dtJ 4.7, 1.3, 1H)33C NMR
dopamine D3 receptors. At this time, the only consistent (cpcy,): ' 24.8, 27.9, 40.4, 50.8, 53.9, 55.8, 58.5, 111.6, 118.7,
structural feature that predicts efficacy is structural rigidity in 121 3 121.4, 123.1, 123.4, 127.4, 127.9, 135.6, 137.3, 142.5, 150.3,
the linking chain. As with other D3 agents with structurally 152.7, 156.7, 167.8. Anal. §@&43:N4O,(COOH)+0.75H,0) C, H, N.
rigid linkers, such as i1, all of the olefins and cyclopropyl N-(4-(4-(2,3-Dichlorophenyl)piperazin-1-yl)trans-but-2-enyl)-
analogues were D3 antagonists, whereas compounds with4-(6-oxo-1,6-dihydropyridin-2-yl)benzamide (9)A suspension of
saturated linkers were either antagonists or partial agonists in0.12 g (0.53 mmol) of 4-(6-oxo-1,6-dihydropyridin-2-yl)benzoic
the mitogenesis assay. Although the arylamide portion of a acid, 0.13 g (0.64 mmol) of dicyclohexylcarbodiimide, 0.1 g (0.7
similar series of molecules has been suggested to predictmmol) of 1-hydroxbenzotriazole hydrate in 15 mL of DMF was
efficacy3 our combined studies of 100 related analogues to ~ reated at 6C with 0.16 g (0.53 mmoal) of 4-(4-(2,3-chlorophenyl)-
date have not confirmed this finding. Whether or not the piperazin-1-ylransbut-2-enylaminé and 0.17 mL (1.2 mmol)

it . ther in vitro functi | test dict D3 of triethylamine. The reaction mixture was stirred at room tem-
mitogenesis or other in vilro functional 1ests can predic perature for 3 days and filtered. The solvent was removed in vacuo,

efficacy in vivo will be the topic of future investigation because  anq the residue was taken up in saturated sodium bicarbonate and
this information will be instructive for medication development.  CHCI,. The combined organics were dried with sodium sulfate and
In summary, a series of novel high affinity and D3 selective concentrated, and the crude product was purified by thin layer
compounds have been synthesized whose clogP and PSA valueshromatography. Yield: 0.10 g (38%H NMR (CDCk): 6 2.67
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(s, 4 H), 3.06 (s, 6 H), 4.11 (m, 2H), 5.7%.83 (m, 2H), 6.5%
6.54 (m, 2H), 6.70 (t) 5.3, 1 H), 6.95 (ddJ 6.7, 2.9, 1H), 7.1%
7.17 (m, 2H), 7.50 (ddj 9.1, 7.0, 1H), 7.72 (d] 8.3, 2 H), 7.85
(d,J 8.4, 2 H).13C NMR (CDCk): 6 40.6, 50.2, 52.3, 59.4, 105.9,
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127.5,127.9,129.1, 130.5, 135.0, 137.4, 141.6, 142.7, 150.3, 152.7,

156.7, 167.4. Anal. (§H30N4O,-3HCI-4H,0) C, H, N.
N-(4-(4-(2-Methoxyphenyl)piperazin-1-yl)trans-but-2-enyl)-

9H-fluorene-2-carboxamide (15). 15was prepared from 19

17.9,118.1,124.1, 126.3, 126.6, 126.7, 127.0, 127.3, 130.2, 133.2 fluorene-2-carboxylic acid and 4-(4-(2-methoxyphenyl)piperazin-

135.0, 135.7, 141.6, 145.6, 150.4, 164.5, 167.0. AnajeHSs-
CI,N4O2-1.5(COCH)) C, H, N.
N-(4-(4-(2,3-Dichlorophenyl)piperazin-1-yl)trans-but-2-enyl)-
4-(6-methylpyridin-2-yl)benzamide (10). 10was prepared from
4-(6-methylpyridin-2-yl)benzoic acid hydrochloride and 4-(4-(2,3-
chlorophenyl)piperazin-1-yfrans-but-2-enylamin& according to
the general procedure. Yield: 18%. Mp (oxalate): 4226 °C.
1H NMR (CDCly): 6 2.63 (s, 7H), 3.08 (s, 6H), 4.12 (m, 2H),
5.78-5.80 (m, 2H), 6.42 (s, br, 1H), 6.95 (@6.7, 2.7, 1H), 7.1%
7.16 (m, 3H), 7.55 (dJ 7.7, 1H), 7.65 (tJ 7.6, 1H), 7.87 (dJ 8.7,
2H), 8.05 (d,J 8.3, 2H).13C NMR (CDCk): ¢ 25.2, 42.0, 51.7,

1-yl)-trans-but-2-enylamine according to the general procedure.
Yield: 61%. Mp (hydrochloride): 224226 °C. H NMR
(CDCly): 0 2.68 (s, 4H), 3.09-3.10 (m, 6H), 3.86 (s, 3H), 3.94 (s,
2H), 4.13 (m, 2H), 5.845.83 (m, 2H), 6.32 (tJ 5.4, 1H), 6.85
(dd,J 8.2, 1.2, 1H), 6.896.96 (m, 2H), 7.00 (m, 1H), 7.35 (td,
7.3, 1.3, 1H), 7.40 (td) 7.4, 1.6, 1H), 7.57 (dJ 7.4, 1H), 7.78
7.83 (m, 3H), 7.99 (s, 1H}3C NMR (CDCk): 6 37.4, 42.0, 51.0,
53.8, 55.8, 60.8, 111.6, 118.7, 120.2, 121.0, 121.4, 123.4, 124.3,
125.7,126.2,127.5,128.1, 129.3, 130.4, 133.1, 141.1, 141.7, 143.9,
144.5, 145.4, 152.7, 168.0. Anal. 4£13:N30,:3HCI) C, H, N.
N-(4-(4-(2,3-Dichlorophenyl)piperazin-1-yl)-3-hydroxybutyl)-

53.7,60.7, 118.3, 119.1, 122.8, 125.0, 127.5, 127.8, 127.9, 129.4,4-pyridin-2-ylbenzamide (16). 16was prepared from 4-pyridin-
130.2, 134.4, 134.7, 137.5, 143.1, 151.7, 156.0, 159.0, 167.4. Anal.2-ylbenzoic acid hydrochloride arta according to the general

(C27H26CI,N40)-2(COOHY)) C, H, N.
N-(4-(4-(2,3-Dichlorophenyl)piperazin-1-yl)trans-but-2-enyl)-
4-(3-methylpyridin-2-yl)benzamide (11). 11was prepared from
4-(3-methylpyridin-2-yl)benzoic acid hydrochloride and 4-(4-(2,3-
chlorophenyl)piperazin-1-yfrans-but-2-enylamin& according to
the general procedure. Yield: 55%. Mp (oxalate): foarhNMR
(CDCly): 6 2.34 (s, 3H), 2.65 (s, 4H), 3.673.10 (m, 6H), 6.12
(m, 2H), 5.78-5.82 (m, 2H), 6.49 (tJ 5.5, 1H), 6.95 (dd, 6.5,
2.9, 1H), 7.12-7.16 (m, 2H), 7.21 (dd) 7.6, 4.8, 1H), 7.5%7.62
(m, 3H), 7.86 (dt,J 8.6, 2.0, 2H), 8.53 (dtJ 4.2, 0.8, 1H).1°C

NMR (CDCly): 6 20.4,42.0,51.7,53.7,60.7, 119.1, 123.0, 125.0,
127.3,127.9,129.4,129.7, 130.3, 131.4, 134.2, 134.4, 139.2, 144.1

147.5, 151.6, 158.0, 167.5. Anal. £f1,sCI,N,0-1.5(COOH)-
0.5GH;0H-0.5H,0) C, H, N.
N-(4-(4-(2,3-Dichlorophenyl)piperazin-1-yl)trans-but-2-enyl)-
4-(pyridin- N-oxide-2-yl)benzamide (12). 12vas prepared from
4-(pyridin-N-oxide-2-yl)benzoic acid and 4-(4-(2,3-dichlorophenyl)-
piperazin-1-yl)trans-but-2-enylamin® according to the general
procedure. Yield: 27%H NMR (CDCl): 6 2.91 (s, br, 4H), 3.06
(m, 6H), 4.07 (m, 2H), 5.745.82 (m, 2H), 6.936.96 (m, 2H),
7.12-7.15 (m, 2H), 7.277.31 (m, 1H), 7.36 (tJ 7.54, 1H), 7.45
(d, 3 7.83, 1.74, 1H), 7.86 (m, 4H), 8.33 (d6.65, 0.78, 1H)3C
NMR (CDCly): 0 41.8,51.4,53.4,60.4, 118.9, 124.8, 125.4, 126.5

148.7, 151.39, 166.9. Anal. {6H,6CIoN4O2-1.5(COOH})) C, H, N.
4-(2,3-Dichlorophenyl)-1-(4-(4-(pyridin-2-yl)benzamido)trans-
but-2-enyl)piperazine 1-Oxide (13)A solution of6 (288 mg, 0.60
mmol) in 10 mL of dichloromethane was treated af®© with

procedure. Yield: 52%. Mp (hydrochloride): foarid NMR
(CDCl): 6 1.62 (m, 1H), 1.83 (m, 1H), 2.392.46 (m, 2H), 2.58
(m, 2H), 2.82 (m, 2H), 3.05 (s, 4H), 3.45 (m, 1H), 3.89 (m, 2H),
4.00 (s, 1H), 6.91 (dd) 7.1, 2.5, 1H), 7.087.15 (m, 2H), 7.23
(ddd,J 5.89, 4.83, 2.58, 1H), 7.50 (dd 5.9, 3.7, 1H), 7.767.76
(m, 2H), 7.88 (d,J 8.3, 2H), 8.02 (dJ 8.3, 2H), 8.67 (dtJ 4.8,
1.2, 1H).13C NMR (CDCk): ¢ 33.7, 38.8, 51.6, 53.5, 63.9, 66.6,
118.3,120.5, 122.3, 124.3, 126.6, 127.1, 127.1, 133.6, 134.4, 136.4,
141.5, 149.3, 150.5, 155.7, 166.3. Analpd@,sCl,N4O2-2HCI-0.5-
(2-PrOH)1.5H,0) C, H, N.
N-(3-(4-(2,3-Dichlorophenyl)piperazin-1-yl)-3-hydroxybutyl)-
9H-fluorene-2-carboxamide (17). 17was prepared from -

fluorene-2-carboxylic acid and®7a according to the general

procedure. Yield: 58%. Mp (oxalate): 18890 °C. 'H NMR

(oxalate, CDGJ, 5% D,0): 6 1.60-1.69 (1H, m), 1.83-1.87 (1H,

m), 2.42-2.50 (2H, m), 2.61 (2H, m), 2.862.87 (2H, m), 3.07

(4H, s), 3.45-3.52 (1H, m), 3.873.94 (4H, m), 6.94-8.00 (10H,

m). 13C NMR (oxalate, CDG, 5% D,O): 6 33.6, 37.2, 38.6, 51.6,

53.5, 63.9, 66.7, 118.8, 119.9, 120.8, 124.1, 125.0, 125.4, 126.0,

127.2,127.7,127.8,127.8, 133.1, 134.3, 141.0, 143.6, 144.3, 145.0,

151.3, 167.4, 167.8. Anal. ¢gHsCloN3O,+(COOH)) C, H, N.
N-(3-Hydroxy-4-(4-(2-methoxyphenyl)piperazin-1-yl)butyl)-

4-pyridin-2-ylbenzamide (18). 18was prepared from 4-pyridin-

127.3,127.7. 127.7. 128.9, 129.7, 130.3, 134 2. 135.5, 135.6. 140i72-ylben20|c acid hydrochloride argi7b according to the general

procedure. Yield: 47%. Mp (oxalate): foatd NMR (CDCL):

0 1.63 (m, 1H), 1.84 (m, 1H), 2.43 (m, 2H), 2.64 (m, 2H), 2.88
(m, 2H), 3.11 (s, 4H), 3.46 (m, 1H), 3.86 (s, 3H), 4.94 (m, 2H),
6.86 (dd,J 7.4, 1.2, 1H), 6.926.94 (m, 2H), 7.01 (m, 1H), 7.23
(m), 7.52 (ddJ 5.9, 3.7, 1H), 7.747.79 (m, 2H), 7.91 (dJ 8.3,

m-chloroperbenzoic acid (0.16 g, 77%, 0.72 mmol). After being 2H), 8.05 (d,J 8.3, 2H), 8.71 (dtJ 4.8, 1.2, 1H).23C NMR
stirred for 16 h at room temperature, the reaction mixture was (CDCly): 6 33.0, 38.3, 50.5, 53.2, 55, 63.5, 66.3, 110.9, 117.9,
successively washed with saturated sodium bicarbonate solution,120.6, 120.7, 122.4, 122.8, 126.7, 127.2, 134.6, 136.6, 140.8, 141.7,

H20, and brine and dried with sodium sulfate. The volatiles were 149.6, 152.0, 156.1, 166.7. Anal. £8l3;N0,-2(COOH)-0.5H,0)
removed in vacuo, and the residue was purified by preparative thinc, H, N.

layer chromatography. Yield: 93 mg (32%). Mp (hydrochloride):
foam.H NMR (CD5OD): ¢ 3.23-3.29 (m, 4H), 3.56-3.61 (m,
4H), 3.99 (d,J 6.5, 1H), 4.13 (d,) 4.6, 1H), 6.04-6.18 (m, 2H),
7.18 (dd,J 7.8, 3.9, 1H), 7.247.28 (m, 2H), 7.40 (m, 1H), 7.91
7.93 (m, 2H), 7.99 (dJ 8.4, 2H), 8.06 (d,) 8.7, 2H), 8.64 (dt,)
4.8, 1.2, 1H)13C NMR (CDCk): 0 41.0, 45.5, 63.5, 72.0, 119.3,

N-(3-Hydroxy-4-(4-(2-methoxyphenyl)piperazin-1-yl)-butyl)-
9H-fluorene-2-carboxamide (19). 19was prepared from 19
fluorene-2-carboxylic acid an®7b according to the general
procedure. Yield: 45%. Mp (oxalate): foatd NMR (CDClg):

0 1.64 (m, 1H), 1.83 (m, 1H), 2.43 (m, 2H), 2.87 (m, 2H), 3.10 (s,
4H), 3.47 (m, 1H), 3.86 (s, 3H), 3.89-3.99 (m, 6H), 6.861d.,4,

120.0,121.6, 123.1, 125.4, 127.0, 127.3, 127.7, 128.0, 133.8, 134.6 1 H), 6.91-6.94 (m, 2H), 7.01 (m, 1H), 7.327.41 (m, 2H), 7.45

137.8, 137.9, 142.2, 149.3, 150.1, 156.4, 168.3. AnajeHss
CI,N4O2:2HCI-0.5H,0) C, H, N.
N-(4-(4-(2-Methoxyphenyl)piperazin-1-yl)trans-but-2-enyl)-
4-pyridin-2-ylbenzamide (14). 14was prepared from 4-pyridin-
2-ylbenzoic acid hydrochloride and 4-(4-(2-methoxyphenyl)-
piperazin-1-yl)transbut-2-enylamine according to the general
procedure. Yield: 65%. Mp (hydrochloride): 16&70 °C. H
NMR (400 MHz, CDC}): 6 2.70 (s, 4H), 3.12 (s, 6H), 3.86 (s,
3H), 4.13 (m, 2H), 5.785.85 (m, 2H), 6.43 (m, 1H), 6.857.02
(m, 4H), 7.27 (s, 2H), 7.77 (s, 2H), 7.90 @y.5, 2H), 8.06 (d)
8.1, 2H), 8.72 (dJ 3.1, 1H).1C NMR (101 MHz, CDC}): ¢

(dd,J 5.9, 3.5, 1H), 7.55 (dJ 7.4, 1H), 7.77#7.83 (m, 3H), 8.00
(s, 1H).13C NMR (CDCk): ¢ 33.3, 36.9, 38.5, 50.7, 55.3, 63.8,
66.6,111.1, 118.1, 119.6, 120.5, 120.9, 123.1, 123.8, 125.2, 125.8,
126.9, 127.5, 133.0, 140.7, 141.0, 143.3, 144.0, 144.6, 152.2, 167.5.
Anal. (ngH33N303-(COOHb-HZO) C, H, N.
1-(4-(2,3-Dichlorophenyl)piperazin-1-yl)-4-(4-(pyridin-2-yl)-
benzamido)butan-2-yl Acetate (20)A solution of16 (0.25 g, 0.5
mmol) in 10 mL of CHCI, was treated with 7@L (0.75 mmol)
of acetic anhydride followed by 14@_ (1.0 mmol) of triethylamine.
After being stirred for 16 h, the mixture was washed with sodium
bicarbonate solution, dried with sodium sulfate, and purified by

41.0,50.9, 53.7,55.8, 60.7, 111.6, 118.7, 121.3, 121.4, 123.2, 123.5flash chromatography. Yield: 0.22 g (82%). Mp (oxalate): foam.
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IH NMR (CDCl): ¢ 1.84 (m, 1H), 2.05 (m, 1H), 2.12 (s, 3H),
2.52 (dd,J 13.2, 5.2, 1H), 2.65 (m, 5H), 2.99 (s, 4H), 3.25 (dq,
9.7, 5.00, 1H), 3.81 (dtJ 12.3, 5.7, 1H), 5.19 (m, 1H), 6.89 (dd,
J 7.7, 1.8, 1H), 7.067.17 (m, 3H), 7.26 (ddd) 6.1, 4.8, 2.44,
1H), 7.73-7.76 (m, 2H), 7.93 (dJ 8.6, 2H), 8.07 (d,] 8.6, 2H),
8.70 (td,J 4.83, 1.50, 1.50, 1H)3C NMR (CDCk): ¢ 21.0, 32.4,

Grundt et al.

7.81 (m, 2H).23C NMR (CDCk): ¢ 33.9, 35.3, 51.4, 53.4, 63.8,
64.5,118.2,122.7,124.1, 127.0, 131.6, 133.4, 133.4, 150.4, 167.7.
2-(4-(4-(2-Methoxyphenyl)piperazin-1-yl)-3-hydroxybutyl)-
isoindoline-1,3-dione (26b). 26hbwas prepared from 1-(2-meth-
oxyphenyl)piperazine an2b in a fashion similar to that described
above for26. Yield: 28%. Mp: 192-194°C. IH NMR (CDCl):

36.1, 51.3,53.7, 61.5, 69.6, 118.6, 120.8, 122.7, 124.5, 127.0, 127.45 1.79 (q,J 6.8, 2H), 2.41 (m, 2H), 2.61 (s, 2H), 2.85 (s, 2H), 3.07
127.5,133.9, 134.7, 136.9, 142.1, 149.8, 151.1, 156.2, 167.1, 171.5(s, 4H), 3.77 (m, 1H), 3.85 (s, 3H), 3.91 (m, 2H), 6.86 4.0,

Anal. (028H30C|2N403‘15(COOH)'H20) C, H, N.
N-(4-(4-(2,3-Dichlorophenyl)piperazin-1-yl)-2-hydroxybutyl)-
4-(pyridin-2-yl)benzamide (21). 21was prepared from 4-pyridin-
2-ylbenzoic acid and30a according to the general procedure.

Yield: 52%. Mp (oxalate): foamtH NMR (CDCl): ¢ 1.63 (ddd,
J 14.6, 6.0, 3.4, 1H), 1.81 (dtd, 14.5, 10.9, 10.8, 3.9, 1H), 2.72
(m, 6H), 3.07 (s, 4H), 3.34 (ddd,13.4, 7.6, 4.6, 1H), 3.77 (ddd,
J13.4,6.7, 3.4, 1H), 4.07 (m, 1H), 6.77 {t5.3, 1H), 6.93 (ddJ
7.4, 2.2, 1H), 7.137.19 (m, 2H), 7.28 (m, 1H), 7.767.81 (m,
2H), 7.91 (d,J 8.6, 2H), 8.07 (dJ 8.6, 2H), 8.72 (tdJ 4.8, 1.4,
1.4, 1H).3C NMR (CDCk): ¢ 28.8, 45.8,51.4, 53.3, 57.5, 72.7,

1H), 6.9%-6.95 (m, 2H), 7.00 (m, 1H), 7.85 (dd,5.5, 3.0, 2H),
7.71 (dd,J 5.4, 3.1, 2H).:3C NMR (CDCk): ¢ 33.8, 35.4, 50.9,
53.6, 55.6, 64.1, 64.7, 111.3, 118.4, 121.2, 123.2, 123.4, 132.4,
134.1, 141.4, 152.4.
4-Amino-1-(4-(2,3-dichlorophenyl)piperazin-1-yl)butan-2-ol
(27a).A sample of 4.48 g (10.0 mmol) @bawas fully dissolved
in 25 mL of EtOH and treated with 0.48 g (15.0 mmol) of hydrazine
in the microwave (pressure vessBla, 150 W, cooling, 9C°C,
20 min). The cooled reaction mixture was filtered, and the filtrate
was evaporated in vacuo. Both the distillation residue and the initial
precipitate were partitioned between CH@hd 20% potassium

118.7,120.9, 122.8, 125.0, 127.1, 127.5, 127.6, 127.7, 134.2, 134.8 carbonate solution. The layers were separated and the aqueous layer

137.0, 142.2, 149.9, 150.9, 156.3, 167.3. AnakeBsCloN4O,
(COOH)*H,0), C, H, N.
N-(4-(4-(2,3-Dichlorophenyl)piperazin-1-yl)-2-hydroxybutyl)-
9H-fluorene-2-carboxamide (22). 22was prepared from 9
fluorene-2-carboxylic acid an@0a according to the general
procedure. Yield: 68%. Mp (oxalate): foatd NMR (CDCl):
0 1.63 (m, 1H), 1.78 (m, 1H), 2.63 (s, 2H), 2:72.84 (m, 2H),
2.87 (s, 2H), 3.07 (s, 4H), 3.34 (m, 1H), 3.77 (ddd, 13.7, 7.0, 3.5,
1H), 3.94 (s, 2H), 4.07 (m, 1H), 6.90 (dd5.4, 2.0, 1H), 7.12
7.18 (m, 2H), 7.36 () 5.3, 1H), 7.37 () 5.4, 1H), 7.41 (d;) 7.0,
1H), 7.81-7.82 (m, 3H), 8.00 (s, 1H}3C NMR (CDCk): 6 28.9,

was dried with sodium sulfate to give the title compound as an oil,
which was used without further purification. Yield: 2.25 g (71%).
IH NMR (CDCly): 6 1.56 (m, 2H), 2.40 (m, 2H), 2.61 (s, 2H),
2.80 (s, 2H), 2.9#3.05 (m, 9H), 3.89 (m, 1H), 6.92 (dd, 6.3,
3.1, 1H), 7.09-7.14 (m, 2H).13C NMR (CDCk): o 37.4, 39.7,
51.5, 53.6, 64.5, 66.3, 118.3, 124.2, 127.1, 133.5, 150.6.
4-Amino-1-(4-(2-methoxyphenyl)piperazin-1-yl)butan-2-ol (27b).
27b was prepared fron26b in a fashion similar to that described
above for27a Yield: 69%. Wax.!H NMR (CDCl): 6 1.59 (m,
2H), 2.41 (m, 2H), 2.57 (m, 2H), 2.72.81 (m, 9H), 3.86 (s, 3H),
3.91 (m, 1H), 6.86 (dJ 7.5, 1H), 6.916.96 (m, 2H), 6.98-7.03

37.0,45.9,51.4,53.4,57.5,72.8,118.7,119.8, 120.7, 124.0, 125.0,(m, 1H).'3C NMR (CDCk): ¢ 37.3, 39.7, 50.9, 53.6, 55.5, 64.5,
125.3,126.0, 127.1, 127.6, 127.7, 127.8, 133.0, 134.2, 140.8, 143.666.2, 111.2, 118.3, 121.1, 123.1, 141.3, 152.3.

144.2,145.0, 150.9, 168.0. Anal. 8,4CIoN30,-2.5HCF0.5EtOAC
1.75H0) C, H, N.
N-(4-(4-(2-Methoxyphenyl)piperazin-1-yl)-2-hydroxybutyl)-
9H-fluorene-2-carboxamide (23). 23was prepared from 13-
fluorene-2-carboxylic acid an@0b according to the general
procedure. Yield: 42%. Mp (oxalate): foattd NMR (CDCl):
0 1.62 (ddd,J 9.9, 6.1, 3.4, 1H), 1.80 (m, 1H), 2.63 (s, 2H), 2.76
(m, 2H), 2.88 (s, 2H), 3.10 (s, 4H), 3.33 (dd#l13.4, 7.7, 4.5,
1H), 3.78 (dddJ 13.4, 6.8, 3.4, 1 H), 3.80 (s, 3H), 3.91 (s, 2H),
4.06 (m, 1H), 6.83-6.87 (m, 2H), 6.89-6.92 (m, 2H), 7.01 (ddd,
J 8.0, 5.8, 3.3, 1H), 7.34 (td] 7.4, 1.3, 1H), 7.39 (td) 7.5, 1.3,
1H), 7.55 (d,J 7.5, 1H), 7.79 (ddJ 7.9, 0.5, 1H), 7.82 (dd] 8.1,
1.5, 1H), 8.00 (dJ 0.7, 1H).13C NMR (CDCk): ¢ 28.8, 36.9,

1-(2,3-Dichlorophenyl)-4-(2-(oxiran-2-yl)ethyl)piperazine (28a).
An amount of 2.31 g (10.0 mmol) of 1-(2,3-dichlorophenyl)-
piperazine was added to a suspension of 2.27 g (15.0 mma} of
and 4.15 g (30.0 mmol) of potassium carbonate in 150 mL of
acetone, and the reaction mixture was refluxed for 24 h. The reaction
mixture was filtered and the volatiles were removed in vacuo to
give an oil (2.86 g, 95%), which was used without further
purification.'H NMR (CDCl): 6 1.72 (m, 1H), 1.83 (m, 1H), 2.53
(dd,J 5.0, 2.7, 1H), 2.61 (ddd] 8.3, 6.5, 3.0, 2H), 2.66 (s, 4H),
2.79 (dd,J 4.9, 4.0, 1H), 3.01 (m, 1H), 3.07 (s, 4H), 6.96 (dd,
6.5, 3.1, 1H), 7.137.19 (m, 2H)13C NMR (CDCk): 6 30.2, 47.1,
51.0, 51.4, 53.3, 55.0, 118.6, 124.6, 127.5, 134.0, 151.3.

1-(2-Methoxyphenyl)-4-(2-(oxiran-2-yl)ethyl)piperazine (28b).

45.8, 50.6, 53.5,55.4,57.4,72.6, 111.2, 118.2, 119.7, 120.6, 121.0,28b was prepared fro@4 and 1-(2-methoxyphenyl)piperazine in
123.2,123.9,125.2,125.9, 127.0, 127.6, 132.9, 140.7, 140.8, 143.4a fashion similar to that described above &&a Yield: 87%.1H

144.0, 144.8, 152.2, 167.9. Anal. 48133303 (COOH)*1.25H0)
C, H, N.

2-(Oxiran-2-yl)ethylisoindoline-1,3-dione (25).A suspension
of 1.84 g (10.0 mmol) of phthalimid potassium salt in 20 mL of
DMF was treated with 2.27 g (15.0 mmol) 2#%°in the microwave
(pressure vesséPmay, 150 W, cooling, 100C, 20 min). The cooled
reaction mixture was filtered, diluted with EtOAc (20 mL), and
washed with HO (2 x 10 mL). The organic phase was dried was
sodium sulfate and the volatiles were removed in vacuo to 2fve
(1.68 g, 78%) as a foam, which was used without further
purification.*H NMR (CDCly): 6 1.86 (m, 1H), 2.00 (m, 1H), 2.46
(m, 1H), 2.73 (t,J 3.9, 1H), 3.00 (m, 1H), 3.89 (m, 2H), 7.70
7.74 (m, 2H), 7.83-7.87 (m, 2H)13C NMR (CDCk): 6 31.7, 35.2,
46.5, 50.4, 123.4, 132.2, 134.1, 168.4.

2-(4-(4-(2,3-Dichlorophenyl)piperazin-1-yl)-3-hydroxybutyl)-
isoindoline-1,3-dione (26a).A sample of 2.1 g (9.0 mmol) of
1-(2,3-dichlorophenyl)piperazine in 40 mL of 2-PrOH was reacted
in the microwave (pressure vessBlax 150 W, cooling, 9C°C,
20 min) with 2.0 g (9.0 mmol) o5. The solvent was removed in
vacuo, and the foamy residue was washed with 10 mL of 2-PrOH.
Yield: 2.96 g (73%)*H NMR (CDCl): 6 1.79 (m, 2H), 2.42 (m,
2H), 2.56 (s, 2H), 2.79 (m, 2H), 3.02 (s, 4H), 3.60 (s, 1H), 3.74
3.83 (m, 3H), 6.90 (m, 1H), 7.067.11 (m, 2H), 7.67 (m, 2H),

NMR (CDCl): ¢ 2.60 (m, 2H), 2.67 (s, 4H), 2.78 (dd 4.9, 4.0),
3.00 (m, 1H), 3.10 (s, 4H), 3.86 (s, 3H), 6.86 (dd7.8, 1.3, 1H),
6.88-7.03 (m, 3H).13C NMR (CDCk): ¢ 30.2, 47.2, 50.7, 51.0,
53.5, 55.2, 55.4, 111.2, 118.3, 121.1, 123.0, 141.4, 152.3.
1-Azido-4-(4-(2,3-dichlorophenyl)piperazin-1-yl)butan-2-ol
(29a).A suspension of 0.75 g (2.5 mmol) 283 0.24 g (3.8 mmol)
of sodium azide, and 0.27 g (5.0 mmol) of ammonium chloride in
5 mL of DMF was heated at 100 for 5 h. The reaction mixture
was partitioned between 10 mL of CHGInd 10 mL of HO. The
aqueous organic layer was extracted twice with 10 mL of GHCI
and dried over sodium sulfate, and the volatiles were removed in
vacuo. The residue was purified by flash chromatography to give
29a as an oil. Yield: 0.44 g (51%)H NMR (CDCk): 6 1.56
(ddd,J 14.7, 6.5, 3.4, 1H), 1.81 (m, 1H), 2.62 (s, 2H), 2.75 (m,
2H), 2.87 (s, 2H), 3.07 (s, 4H), 3.27 (d#l5.1, 1.4, 2H), 4.04 (dtd,
J7.9,5.3, 2.6, 1H), 6.52 (s, 1H), 6.93 (di7.2, 2.4, 1H), 7.12
7.19 (m, 2H).13C NMR (CDCk): o 28.4, 51.3, 53.3, 56.5, 57.3,
73.0, 118.7, 124.9, 127.6, 134.1, 150.9.
1-Azido-4-(4-(2-methoxyphenyl)piperazin-1-yl)butan-2-ol (29b).
29b was prepared fror28b in a fashion similar to that described
above for29a Yield: 15%.'H NMR (CDCk): 6 1.55 (ddd,J
14.6, 6.7, 3.6, 1H), 1.80 (m, 1H), 2.62 (s, 2H), 2.74 (m, 2H), 2.89
(s, 2H), 3.09 (s, 4H), 3.24 (dd,11.6, 4.1, 1H), 3.29 (dd] 11.6,
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4.9, 1H), 3.86 (s, 3H), 4.03 (dtd, 9.8, 5.5, 2.5, 1H), 6.86 (dJ
8.0, 1H), 6.89-6.95 (m, 2H), 7.01 (dddJj 8.0, 5.1, 4.1, 1H)}3C
NMR (CDCly): 6 28.4, 50.7, 53.5, 53.5, 55.4, 56.6, 57.4, 73.0,
111.2, 118.3, 121.1, 123.2, 140.9, 152.3.
1-Amino-4-(4-(2,3-dichlorophenyl)piperazin-1-yl)butan-2-ol
(30a).A solution 0f29a(0.41 g, 1.2 mmol) and 1.87 g (7.2 mmol)
of triphenylphosphine in 20 mL of a THFA® mixture (10:1 v/v)
was stirred at room temperature for 16 h. The volatiles were
removed in vacuo and the residue was taken up in 2-PrOH (5 mL)
and treated with ethereal hydrochloric acid to give the desired amine
as a hydrochloride (0.33 g, 77%H NMR (CDCl): ¢ 1.53 (ddd,
J 145, 6.8, 4.0, 1H), 1.71 (m, 1H), 2.61 (s, 2H), 26577 (m,
4H), 2.84 (s, 2H), 3.07 (m, 4H), 3.77 (m, 1H), 6.93 (dd,.0, 2.5,
1H), 7.12-7.17 (m, 2H).13C NMR (CDCk): ¢ 29.0, 48.3, 51.3,
53.3, 74.9, 118.6, 124.8, 127.5, 134.0, 150.9.
1-Amino-4-(4-(2-methoxyphenyl)piperazin-1-yl)butan-2-ol (30b).
30b was prepared frol29b in a fashion similar to that described
above for30a Yield: 13%.'H NMR (CDCl): ¢ 1.52 (ddd,J
14.5, 6.5, 3.9, 1H), 1.71 (m, 1H), 2.52.77 (m, 4H), 2.86 (s, 2H),
3.09 (s, 4H), 3.77 (m, 1H), 3.87 (s, 3H), 6.86 {d7.9, 1H), 6.96-
6.95 (m, 2H), 7.00 (m, 1H}:3C NMR (CDCk): 4 29.0, 48.4, 50.7,
53.6, 55.4, 57.6, 75.2, 111.2, 118.3, 121.1, 123.2, 141.0, 152.3.

N-(2-Hydroxymethyl-trans-cyclopropylmethyl)-4-pyridin-2-
ylbenzamide (32a). 32avas prepared from 4-pyridin-2-ylbenzoic
acid hydrochloride an@1&* according to the general procedure.
Yield: 43%.H NMR (CDCl): 6 0.45 (m, 2H), 0.99 (m, 2H),
3.01-3.07 (m, 4H), 3.50 (dtJ 14.0, 5.5, 2H), 3.71 (dd] 11.0,

4.7, 2H), 4.09 (s, 1H), 7.23 (m 1H), 7.40 {t4.7, 1H), 7.67 (dJ

7.8, 1H), 7.71 (m, 1H), 7.87 (d] 7.8, 2H), 7.94 (dJ 7.8, 2H),

8.65 (d,J 3.9, 1H).13C NMR (CDCk): ¢ 8.6, 16.9, 20.4, 44.2,
66.0,121.1,122.8, 126.9, 127.7, 134.8, 137.1, 141.9, 149.7, 156.3,
167.8.

N-(2-Hydroxymethyl-cis-cyclopropylmethyl)-4-pyridin-2-yl-
benzamide (32b). 32bwas prepared from 4-pyridin-2-ylbenzoic
acid hydrochloride an@1b** according to the general procedure.
Yield: 55%.H NMR (CDCly): ¢ 0.16 (t,J 5.4, 1H), 0.76 (m,
1H), 1.23 (m, 2H), 2.12 (m, 1H), 3.24 (§,11.0, 1H), 4.23 (m,
1H), 4.53 (m, 1H), 7.26 (m, 1H),), 7.68 (d,7.8, 1H), 7.74 (td,J]

7.8, 16, 1H), 7.88 (d] 8.6, 2H), 7.92 (dJ 8.6, 2H), 8.66 (dJ 3.9,
1H).13C NMR (CDCh): 6 8.3, 15.7, 39.8, 62.5, 121.4, 127.2,127.7,
134.9, 137.3, 142.0, 149.8, 156.6, 167.0.

N-(2-(4-(2,3-Dichlorophenyl)piperazin-1-ylmethyl)trans-cy-
clopropylmethyl)-4-pyridin-2-ylbenzamide (33).To a solution of
32a(0.59 g, 2.1 mmol) and triethylamine (0.64 g, 6.3 mmol) in
CH,CIl, (10 mL) was added methanesulfonic acid anhydride
(0.55 g, 3.2 mmol) at OC, and the mixture was stirred at room
temperature for 4 h. All volatiles were removed in vacuo, and to
the residue was added 0.44 g (5.3 mmol) of sodium bicarbonate
and CHCN (10 mL). The mixture was refluxed for 16 h, filtered,
and concentrated in vacuo. The residue was purified by flash
chromatography. Yield: 0.12 g, 20%. Mp (oxalate): foArhNMR
(CDCl): 6 0.48 (dt,J 8.3, 5.0, 1H), 0.60 (dt) 8.5, 5.0, 1H), 0.96
(m, 1H), 2.25 (ddJ 12.7, 7.3, 1H), 2.49 (dd] 12.7, 5.9, 1H), 2.70
(s, 4H), 3.03 (4, 1H), 3.40 (11 6.14, 2H), 6.58 (tJ) 5.2, 1H), 6.89
(dd, J 7.96, 1.61, 1H), 7.07 (tJ 7.98, 1H), 7.13 (dd) 8.0, 1.6,
1H), 7.28 (m, 1H), 7.737.81 (m, 2H), 7.91 (dJ 8.53, 2H), 8.06
(d, J 8.6, 2H), 8.71 (dJ 4.7, 1H).13C NMR (CDCk): ¢ 10.5,
15.7,18.3,44.5,51.6,53.7,62.9, 119.0, 121.3, 123.2, 125.0, 127.5,
127.9,134.4,135.2, 137.4, 142.6, 150.3, 151.6, 156.6, 167.5. Anal.
(C27Hzgc|2N40‘(COOHk‘HzO) C, H, N.

N-(2-(4-(2,3-Dichlorophenyl)piperazin-1-ylmethyl)<is-cyclo-
propylmethyl)-4-pyridin-2-ylbenzamide (34). 34was prepared
from 32bin a fashion similar to that described 88. Yield: 38%.

Mp (oxalate): foam!H NMR (CDCl): ¢ 0.14 (dd,J 10.0, 5.0,
1H), 0.67 (dtJ 7.9, 5.1, 1H), 0.93 (m, 1H), 1.41 (m, 1H), 2.73 (t,
J 12.4, 1H), 3.02 (s, 4H), 3.343.51 (m, 6H), 4.08 (ddJ 12.0,
5.2, 1H), 6.32 (s, 1H), 6.93 (dd, 6.9, 1.7, 1H), 7.137.18 (m,
2H), 7.28-7.34 (m, 3H), 7.79 (dt) 11.4, 4.6, 2H), 8.10 (dJ 7.8,
2H), 8.73 (d,J 4.8, 1H).13C NMR (CDCk): 4 9.9, 17.2, 18.2,
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46.3, 50.8, 51.4, 63.7, 127.6, 127.7, 127.8, 128.4, 134.2, 137.1,
140.4, 150.0, 151.0, 156.6, 161.7. AnalaAd:sCl.N4O-2(COOH))
C, H, N.
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