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Synthesis and Structure—Affinity Relationships of
1-[o-(4-Aryl-1-piperazinyl)alkyl]-1-aryl Ketones as 5-HT; Receptor Ligands
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Structural requirements for 5-HT- receptor affinity and selectivity over that for the 5-HTia
receptor were studied on a series of 1-[w-(4-aryl-1-piperazinyl)alkyl]-1-aryl ketones. The presence
of a hydroxy or methoxy substituent on aryl ketone moiety, alkyl chain length, and the nature
of N-1-piperazine substituent were explored. 6-[4-(3-Benzisoxazolyl)-1-piperazinyl]-1-(2-hy-
droxyphenyl)-1-hexanone (40) and its methoxy analogue 43 exhibited high 5-HT; receptor
affinities (K;j = 2.93 nM and 0.90 nM, respectively) and agonist properties when tested for
5-HT7 receptor-mediated relaxation of substance P-induced guinea-pig ileum contraction.

Serotonin (5-HT) is involved in various physiological
and pathological processes by interaction with seven
classes of receptors (5-HT;-7), containing 14 distinct
receptors grouped on the basis of amino acid sequence,
pharmacology, and signal transduction pathways.>? The
5-HT7 receptor was found by the application of molec-
ular cloning and has been identified in rat,3~> mouse,®
human,” and guinea pig.® Although the biological func-
tions of the 5-HT7 receptor are poorly understood,
preliminary evidence suggests that it may be involved
in depression,®10 control of circadian rhythms,'* and
relaxation of vascular smooth muscle.*?12 Clearly, the
5-HT7 receptor may be a valuable novel drug target. To
examine this possibility, the development of potent
and selective ligands for the 5-HT; receptor is highly
desired. To date a limited number of papers dealing with
the research of selective 5-HT; ligands has been
published.1*~2! Kikuchi'>?! and Lopez-Rodriguez® re-
ported some arylpiperazine derivatives sharing some
structural features with “long-chain” arylpiperazines,
a well-known class of 5-HT;a receptor ligands. In
particular, 1-(2-methoxyphenyl)piperazine derivatives
115 and 2% (Chart 1) were reported as 5-HT- receptor
ligands (K; = 5.1 nM and K; = 63 nM, respectively).
These findings have prompted us to test on a rat cloned
5-HT- receptor several derivatives previously studied??-26
as 5-HT;a or D4 ligands, characterized by a 1-(2-
methoxyphenyl)piperazinyl group joined by a spacer to
an aromatic structure. In this way, we have identified
compounds 3 and 426 (Table 1) possessing moderate
5-HT7 receptor affinities (Kj = 109 nM and K; = 85 nM,
respectively). Unfortunately, they proved to be high-
affinity 5-HT1a receptor ligands (K; = 0.78 nM and K;
= 3.4 nM, respectively). Therefore, we developed novel
compounds by modifying the structure of 4, having as
a primary goal the improvement of the 5-HT7 receptor
affinity.

Chemistry

The preparation of the final compounds (Scheme 1)
required the key intermediate w-haloalkylphenyl ke-
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tones 9—22. Derivatives 9—12 were prepared from
benzaldehydes 5a,b that were reacted with the ap-
propriate Grignard reagent to give benzyl alcohols 6a,b
and 7a,b. Oxidation of these latter compounds with
Jones reagent afforded ketones 9—12.27 Ketone 13 was
obtained following a previously reported procedure.?’
Aldehyde 5a was reacted with trimethylsilyl cyanide to
give the trimethylsilyl cyanohydrin 8. This latter com-
pound was transformed into its anion with lithium
diisopropylamide (LDA) and then was alkylated with
1-bromo-3-chloropropane. The protected cyanohydrin so
obtained gave ketone 13 by treating with dilute HCI.
Phenolic derivatives 14—18 were prepared from the
corresponding methoxy derivatives 9—13 by cleavage of
the ether bond with concentrated HBr. Phenyl or
4-hydroxyphenyl ketones 19—22 were prepared accord-
ing to literature methods by a Friedel—Crafts acyla-
tion.?8 Final compounds 23—43 were achieved by react-
ing w-haloalkyl ketones 10, 12, and 14—22 with the
appropriate 1-substituted piperazine. These latter in-
termediates were obtained from commercial sources or
were prepared by literature methods as detailed in the
Experimental Section (see Supporting Information).

Results and Discussion

The results of the binding assays on 5-HT; and 5-HT;a
receptors are listed in Table 1. The first modification of
4 was the elongation of the intermediate alkyl chain
from four to five methylenes (compound 23). 5-HT7
affinity values of compounds 3, 4, and 23 showed that
affinity was increased by alkyl chain elongation. This
result suggested that the alkyl chain length of these
compounds is important in determining the affinity for
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Table 1. Binding Affinities of Final Compounds?

7 (CH2):—N N-R

R
K; + S.EM., nM
cpd R n R, 5-HT, 5-HT;,
3 |[3-OCH; |3 2-CH;0-Ph 109+27 | 0.78+0.02
4 |[3-OCH; 4| 2-CH;0-Ph 85+5 34+04
23 [ 3-OCH; 5| 2-CH;0-Ph 46 + 4 34+06
24 | 3-OH |4 2-CH;0-Ph 15+3 37+06
25 H |4] 2-CH;O0-Ph | 435+80 | 7.0+04
26 | 3-OH [5| 2-CH;O-Ph | 268+23 | 24.0+25
27 H |5]| 2-CH;O-Ph | 284%62 | 64x1.1
28 | 2-OH [4]| 2-CH,O-Ph | 16425 | 4107
29 | 4-OH [4]| 2-CH;O-Ph | 59.1+82 20+ 4
30 | 2-OH [5] 2-CH;0-Ph 5.8+0.1 58+0.3
31 | 4OH [5] 2-CH;0-Ph | 23730 | 14015
32 | 20H |5 CH; >1000 (23%)” | >850 (31%)
33 | 2-OH [5]| cyclohexyl | >800(29%) |>850 (13%)
34 | 2-0H |5 2-Py 105+ 15 56+9
35 | 20H |5 Ph 43+4 13720
36 | 2-OH |5| 3-CF;-Ph 384+ 12 282+25
37 | 20H |5 m 148+20 | 1459125
SN
38 | 2-0H |5 m 682+ 35 >850 (7%)
N
39 [ 2-0H [5 ?;O 462 + 45 389+ 18
N OCH,
40 | 2-0H |5 293+022 | 18912
41 | 2-OH |3 PN\;_/© 19.5+3.0 | 1061 +220
42 | 20H |4| 52£4 | 9192110
43 [2-OCH; |5 0.90+0.05 | 175+20
5-CT 0.51 +0.01
8-OH-DPAT 1.2+0.2

a Receptors and radioligand used in binding assays: 5-HT7 (rat
cloned receptors in HEK-293 cells; [3BH]LSD); 5-HT;a (rat hippo-
campus membranes, [H]-8-OH-DPAT). P Full K; not obtained,
percentage inhibition at the concentration shown given in paren-
theses.

the 5-HT7 receptor. Therefore, the next modifications
were limited to compounds having n =4 or n =5. Then,
an initial investigation on the nature of the substituent
required on the aromatic ring attached to the carbonyl
function was accomplished by removal or demethylation
of methoxy substituent (compounds 24—27). Both modi-
fications resulted in a slight increase in 5-HT7 affinity,
but did not give any insight on the role of those
substituents on the aromatic ring. However, 3-hydroxy
derivative 24 displayed higher 5-HT7 receptor affinity
than the corresponding 3-methoxy derivative 4 and, for
this reason, we also investigated the 2- and 4-hydroxy-
substituted derivatives 28—31. The position of the
hydroxy substituent seems to have a marginal role on
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22(R=0H,n=5,X=Br)

a2 Reagents: (A) Bromo(4-chlorobutyl)magnesium or bromo(5-
chlorobutyl)magnesium; (B) Jones reagent; (C) trimethylsilyl
cyanide, Znly; (D) i. LDA, ii. 1-bromo-3-chloropropane; iii. 2 N HCI;
(E) 48% HBr; (F) w-haloacyl chloride, AICI3; (G) 1-substituted
piperazine.
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5-HT7 affinity. Moreover, a clear trend was not shown,
because when n = 5 the 2-hydroxy derivative 30 showed
the higher 5-HT; affinity value, whereas when n = 4,
the 2- and 3-hydroxy-substituted derivatives 28 and 24,
respectively, were equipotent. Although compounds 23—
31 displayed improved 5-HT7 affinity values (Kis rang-
ing between 5.8 nM and 59.1 nM) compared to the
starting compounds 3 and 4, they all showed higher
5-HT,a affinity than 5-HT- affinity, except compound
30 (K; = 5.8 nM on both receptors). This latter com-
pound was chosen for further structural modifications
because it was the only one of this series showing
nanomolar 5-HT; receptor affinity. The lack of selectiv-
ity over 5-HT1a receptors of compounds 23—31 should
be due to the 2-methoxyphenyl group linked to N-1
position of the piperazine ring. In fact, well-known
5-HT 4 receptor ligands such as WAY-100635 and NAN-
190 (Chart 2) are 1-(2-methoxyphenyl)piperazine de-
rivatives.?® Therefore, we replaced the 2-methoxyphenyl
group with a variety of substituents, including certain
groups that were expected not to lead to 5-HT ;4 ligands
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Table 2. Extended Binding Screening of Compounds 40 and
432

Ki £ SEM, nM
receptor 40 43
5-HT> 293 +0.22 0.90 + 0.05
5-HT1a 189 + 12 175 + 20
5-HT2a 7.97 +£0.24 9.03+0.71
Do 246 £ 15 78.1+8.3
Ds 361 + 25 549 + 8.2
D4 318 +£ 20 3.94 +£0.45
o 96 +5 0.41 +0.05
o1 61+8 4295 + 150
02 182 + 19 147 +18

a Receptors and radioligand used in binding assays: 5-HTza
(rat cortex membranes; [3H]ketanserin), D,_ (human cloned
receptors in Sf9 cells; [®H]spiroperidol); D3 (rat cloned receptors
in Sf9 cells; [3H]spiroperidol); D4 (human cloned receptors in CHO
cells; [3H]spiroperidol); o (rat cortex membranes; [3H]prazosin);
01 (guinea-pig brain membranes without cerebellum; [BH]-(+)-
pentazocine); o2 (rat liver membranes, [*H]DTG).

(i.e., 1,2-benzisoxazol-3-yl,3° methyl,3lcyclohexyl3t). This
modification was not tolerated. In fact, compounds 32—
39 showed lower 5-HT7 affinity than the 2-methoxy-
phenyl derivative 30. In particular, the absence of an
aromatic ring linked to the piperazine ring caused a
complete loss of 5-HT7 affinity (methyl and cyclohexyl
derivatives 32 and 33, respectively). The only exception
was compound 40 that showed a slight increase in 5-HT7
affinity as compared to 30, along with the expected
marked decrease in 5-HT; receptor affinity. Compound
40 was identified as a high-affinity 5-HT; receptor
ligand (Kij = 2.93 nM), 65-fold selective over 5-HTia
receptors. It is noteworthy that compound 39 differs
from 40 by the presence of a methoxy in 5-position of
the 1,2-benzisoxazole ring and this caused a drop in
5-HT; affinity. This unexpected result could suggest that
this part of the molecule is quite sensitive to minimal
structural changes. However, this hypothesis will be
verified in future studies. Next, we evaluated the lower
homologues of 40 (compounds 41 and 42, havingnh = 3
and n = 4, respectively), and 5-HT; affinity data
confirmed that a five-methylene chain was preferred.
Encouraged by the high 5-HT; affinity of 40, we also
prepared the corresponding methoxy derivative 43 to
obtain a potential PET radioligand, when 1C labeled
in the O-methyl position. Surprisingly, 43 showed
higher 5-HT7 affinity than the phenol 40.

Consequently, compounds 40 and 43 were tested
against a panel of receptors capable of binding 4-sub-
stituted-1-arylpiperazines (Table 2), but results were
disappointing. Compounds 40 was found to have low
affinity for D,, D3, D4, and o, receptors (Kjs > 100 nM),
moderate affinity for o; and o1 receptors (Kj = 96 nM
and 61 nM, respectively), and high 5-HT,a receptor
affinity (K; = 8.0 nM). o1 Receptor affinity could depend
on some structural features shared with butyrophe-
nones, a class of compounds reported to bind at o;
receptors.32-34 5-HT,a receptor affinity could be ex-
plained by the presence of the 3-(1-piperazinyl)-1,2-
benzisoxazole moiety which is closely related to the 3-(1-
piperidinyl)-1,2-benzisoxazole moiety contained by the
5-HT,a agent risperidone.3®> Compound 43 showed an
even worse binding profile than 40, being nonselective
over 5-HTa, D4, and oy receptors. For this reason 43
cannot be proposed as a potential PET radioligand.

Brief Articles

Table 3. Comparison between Maximal Relaxation Effects
Induced by 5-CT, 40, and 43 on Substance P-stimulated Guinea
Pig lleum Contracture with or without 5-HT7 Receptor
Desensitization

% relaxation (& SEM)

5-HT; 5-HT;
nondesensitized desensitized

compd dose, uM

5-CT 3 39+3 no response
40 3 43+ 4 no response
43 3 38+2 no response
Chart 3
Q.0

N

7D,

SB-269970

Compounds 40 and 43 were tested for 5-HT7 intrinsic
activity in an isolated guinea-pig ileum preparation
along with 5-HT> receptor agonist 5-CT [5-carboxamido-
tryptamine]. It has been reported that 5-HT7 agonists
can produce dose-dependent guinea-pig ileum relaxation
of substance P-induced contraction.36:37 ECso values of
5-CT, 40, and 43 were found to be 0.63 uM, 0.37 uM,
and 0.18 uM, respectively. Compounds 40 and 43
behaved as 5-HT; competitive agonists such as 5-CT
because (a) they did not induce relaxation when 5-HT7
receptors were desensitized by 5-CT (Table 3); (b) the
selective 5-HT; antagonist SB-269970 (Chart 3) was
able to revert their effects by shifting to the right the
corresponding concentration—response curve in a sur-
mountable manner. The slope of Schild plots (95%
confidence intervals) of 5-CT, 40, and 43 were 1.2 (1.0—
1.4),1.1 (1.0-1.2), and 1.0 (0.9—1.1), respectively. pA;
values of 5-CT, 40, and 43 were 7.48 + 0.12 (n = 12),
754 + 0.24 (n = 12), and 7.62 + 0.30 (n = 22),
respectively.

In conclusion, structural modifications on known Dy
ligands (compounds 3 and 4) led to the identification of
several 1-[w-[4-(2-methoxyphenyl)-1-piperazinyl)alkyl]-
1-aryl ketones having good 5-HT7 receptor affinity, but
poor selectivity over 5-HT 14 receptor. Further modifica-
tions led to 6-[4-(3-benzisoxazolyl)-1-piperazinyl]-1-
(2-hydroxyphenyl)-1-hexanone (40) and 6-[4-(3-benz-
isoxazolyl)-1-piperazinyl]-1-(2-methoxyphenyl)-1-hex-
anone (43) that exhibited high 5-HT7 receptor affinity
(Kij = 2.93 nM and 0.90 nM, respectively). Although 40
and 43 showed good selectivity over 5-HTia receptor,
they were poorly selective over 5-HT;4 receptor. More-
over, derivatives 40 and 43 displayed agonist properties
such as 5-CT when tested for 5-HT; receptor-mediated
relaxation of substance P-induced guinea-pig ileum
contraction.
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