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Abstract—This paper reports the synthesis of a novel series of ()-2-dimethylamino- 5- and 6-phenyl-1,2,3,4-tetrahydronaphthalene
derivatives (5- and 6-APTs), and, corresponding affinity, functional activity, and, molecular modeling studies with regard to drug
design targeting the human histamine H; receptor. The 5-APTs have 2- to 4-fold higher H; receptor affinity than the endogenous
agonist histamine. The chemical nature of a meta-substituent on the 5-APT pendant phenyl moiety does not significantly affect H;
affinity. In contrast, analogous meta-substitution for the 6-APTs increases H; affinity up to 100-fold. The new APTs do not activate
H;, receptor-linked intracellular signaling and apparently are competitive H; antagonists. A new model that establishes structural
parameters for binding to the human H; receptor by APTs and other ligands was developed using 3-D QSAR (CoMFA). The model
predicts H; ligand binding with a higher degree of external predictability compared to a previously reported model. The APTs also
were examined for activity at human serotonin 5-HT,, and 5-HT,c receptors, which are phylogenetically closely related to the H;
receptor. 5-APT and m-Cl-6-APT were identified as novel agonists that selectively activate 5-HT,¢ receptors. It is concluded that the
lipophilic (brain-penetrating) APT molecular scaffold may have pharmacotherapeutic potential in neuropsychiatric diseases.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

The biogenic amine histamine (2-[imidazol-4-yl]-ethyl-
amine; 1, Fig. 1) is a chemical messenger involved in
diverse functions, including, neurotransmission, gastric
acid secretion, and smooth muscle contraction.! The
effects of histamine are mediated by four G protein-
coupled receptors (GPCRs), classified as H;, H,, Hj,
and Hy. The H; receptor was first cloned and character-
ized from bovine adrenal gland in 1991.% Soon after, the
genes encoding the H receptor from other species, includ-
ing human, were cloned.? Southern blot analysis with H;
receptor probes indicates that there are no related genes in

Keywords: GPCR; Histamine receptor; Inositol phosphates; Intracel-

lular signaling; Molecular modeling; Neurotransmitter; PLC; QSAR;

Serotonin receptor; Tetrahydronaphthalene.

* Corresponding author. Tel.: +1 352 846 1953; fax: +1 352 392
9455; e-mail: Booth@cop.ufl.edu

0968-0896/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmc.2006.05.077

various species and there is no compelling evidence for H;
receptor subtypes,* though, inter-species heterogeneity
regarding H, pharmacology is known.> As is the case
for other GPCRs except rhodopsin, the three-dimension-
al structure of the H; receptor is unknown.

In mammalian smooth muscle, endothelial, and brain
tissue, histamine activation of H; receptors predomi-
nately triggers Gog protein activation with subsequent
stimulation of phospholipase (PL) C and formation of
inositol phosphates (IP) and diacylglycerol." This activ-
ity can present clinically as respiratory distress (bronchi-
al constriction), diarrhea (GI contractions), and edema
and hypotension (increased vascular permeability), espe-
cially associated with the peripheral allergic response. In
mammalian brain and adrenal gland, H; receptors can
stimulate adenylyl cyclase (AC) and formation of aden-
osine 3’,5'-cyclic monophosphate (cAMP),%7 that can
lead to activation of catecholamine neurotransmitter
synthesis and release.?'2
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Figure 1. Structures of known (1-3) and proposed (4-6) H; ligands:
histamine (1), 2-phenylhistamines (2), dimethylhistaprodifen (3),
(—)-trans-PAT (4), 5-APTs (5), and 6-APTs (6).

6a: R1=H, R2=CGH5
6b:R1=H, R2=m-CF3-CsH4
6c: Ri=H, Ro=m-OCH3-CgH,
6d: R1=H, R2=m-CI-CGH4
6e: Ry=H, Rz:lﬂ-Bl’-CsH4

Research and development of H; ligands largely has
focused on antagonists'? that are used for their anti-aller-
gy effects in the periphery. Recent understanding of the
clinical importance of H; receptors in brain, however,
suggests the pharmacotherapeutic potential of H; ago-
nists in neurodegenerative and neuropsychiatric disor-
ders. For example, certain H; agonists can stimulate
mammalian forebrain catecholamine neurotransmitter
(dopamine, norepinephrine) synthesis in vitro®® and
in vivo.!? In this regard, deficiency of forebrain dopa-
mine neurotransmission accounts for the clinical
manifestations of the neurodegenerative disorder
Parkinson’s disease. Also, dysfunction of brain catechol-
amine neurotransmission contributes to the cause and/
or treatment of several neuropsychiatric disorders,
including, depression, schizophrenia, manic-depressive
illness, and drug addiction.'*!® Other putative physio-
logical functions of brain H; receptors include modula-
tion of appetite, arousal, mood, and behavior.!

About 25 years ago, the first selective H; agonists, based
on derivatives of histamine substituted at the imidazole
ring position C2, were reported, for example, 2-phenyl-
histamine (2, Fig. 1).!7 Although 2 is selective for H,
receptors, its affinity is not improved over histamine
and it is a partial agonist.>'® Introduction of substitu-
ents at the meta-position of the phenyl ring of 2, includ-
ing electron-donating and -withdrawing groups (e.g.,
methoxy, trifluoromethyl, chloro, and bromo; 2a,
Fig. 1), can yield selective H; ligands with up to ~10
times improved affinity compared to histamine, though,
agonist efficacy is only partial.>!'*2! Replacement of the
2-phenyl moiety of 2 with a 3,3-diphenylpropyl moiety
led to development of the histaprodifen-type H; ago-
nists, with the N* N®-dimethyl analog (dimethylhista-
prodifen; 3, Fig. 1) reported as having 5 times higher

affinity than histamine, but, only partial agonist activity
at the human H; receptor>?>?* and antagonist activity
at the bovine H; receptor.?* Development of H, agonists
structurally divergent from the 2-phenylhistamine and
histaprodifen types includes substituted analogs of
1-phenyl-3-dimethylamino-1,2,3,4-tetrahydronaphthalene
(PAT), the most potent being (1R, 3S5)-(—)-trans-PAT
(4, Fig. 1).>?° The (—)-trans-PAT isomer has high H;
affinity (K; ~ 1.0 nM) and is an H; agonist that activates
catecholamine neurotransmitter synthesis in mammalian
forebrain in vitro and in vivo, with efficacy equivalent to
histamine.”-!°

In an effort to further probe the H; receptor binding and
functional pharmacophores, we report here on a series
of novel (f)-2-dimethylamino- 5- and 6-phenyl-1,2,3,4-
tetrahydronaphthalenes (5- and 6-APTs, Fig. 1). The
APTs represent a hybrid structure of the molecular scaf-
folds of 2-phenylhistamine (2)/histaprodifen (3) type,
and, PAT type (4) H, agonists. Structural similarity of
the APTs and PATs is obvious (Fig. 1) and the energy
minimized structure of the APTs in comparison to 2
and 3 (Fig. 2) indicates several common steric and elec-
tronic features, including, the terminal amine moiety,
aromatic ring scaffold, and appended phenyl moiety.
This paper includes the synthesis of 5- and 6-APT and
several meta-substituted analogs (Sb-d, 6b—e; Fig. 1),
corresponding to 2a, as well as, their affinity and func-
tional activity at the cloned human histamine H; recep-
tor (in comparison to phylogenetically related serotonin
SHT, receptors). Also reported here is a three-dimen-
sional quantitative structure—affinity relationship
(3D QSAR) model for binding of APTs and other H;
receptor ligands, which is a refinement of a previously
reported model.?’

2. Results
2.1. Chemistry

Scheme 1 shows the synthetic method to provide
5-APTs (5a-d). The 5-(m-substituted)-phenyl-1-tetr-
alone intermediates (12a—d) were obtained via Suzuki—
Miyaura palladium-catalyzed cross-coupling®®?° of
5-bromo-1-tetralone (11) with the appropriate phen-
ylboronic acid (PBA). The resulting 1-tetralones were
transposed to 2-tetralones by reducing the 1-ketone to
the alcohol, followed by dehydration to form the 1,2-
alkene. Epoxidation of the alkene with m-chloroperoxy-
benzoic acid (mCPBA) and semipinacol rearrangement
with boron trifluoride etherate®® gave the corresponding
2-tetralones (13a—d). Reductive amination of the 2-tet-
ralones gave the racemic 5-APTs (5a-d) for initial phar-
macological testing.

Scheme 2 shows the synthesis of 6-APT (6a) from
4-biphenylacetic acid (14). The acid chloride (15) was
formed and added dropwise to a slurry of aluminum
chloride in CH,Cl, under a stream of ethylene gas
according to a modification®! of the Burckhalter and
Campbell’> method. Ring closure was indicated by
two triplets in the '"H NMR spectrum, representing
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Figure 2. (A) Structural features shared by 5-APT and 2-phenylhistamine (RMS =0.217 A); (B) Structural features shared by 6-APT and

2-phenylhistamine (RMS = 0.298 A); (C) Structural features §hared by 5-APT and dimethylhistaprodifen (RMS = 0.152 A); (D) Structural features
shared by 6-APT and dimethylhistaprodifen (RMS = 0.305 A).

b, c
@\Br a ©\/\/\ ©\/\/\/OH
Br Br
7 8

Br
9
d
0] 0
O‘ PBA, f e ©\/\/YO
H
Br ©
g T "’
R
12a: R=H
12b: R=CF; g, hi CH
12c: R =OCHj o) u 8
12d: R=ClI “CH
_Jork _ CHs
: L,
13a: R=H 5a: R=H
13b: R=CF3 5b: R=CF3
13c: R =OCHj3 5c: R =0OCHj
13d: R=CI 5d: R=Cl

Scheme 1. Synthesis of 5-APT (5a-d). Reagents and conditions: Reagents and conditions: (a) allylmagnesium bromide, THF, reflux under N,; (b)
0.4 M 9-BBN in hexanes, stir under N»; (¢) NaOH, 30% H,0,, THF, 50 °C; (d) CrOs, AcOH, rt; (¢) SOCl,, CS,, reflux; then AICl;, reflux; (f), 2 M
Na,COs, PBA, toluene, reflux; (g) NaBH,4, MeOH, toluene; (h) oxalic acid, reflux; (i) mCPBA, CH,Cl,, rt; then boron trifluoride diethyl etherate; (j)
4 A molecular sieves, 2.0 M dimethylamine in MeOH, CH,Cl,, rt under N,; then NaCNBHy3, rt; (k) 2.0 M dimethylamine in MeOH, Pd/C, H,, 45 psi,
rt PBA: Corresponding m-substituted phenylboronic acid.
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Scheme 2. Synthesis of 6-APT (6a). Reagents and conditions: (a)
SOCl,, benzene, rt; (b) AICl;, ethylene gas, ice bath; (c) 2.0 M
dimethylamine in MeOH, acetic acid, NaBH;CN, rt.

coupling of the C-3 and C-4 protons at 2.58 and
3.06 ppm, respectively, resulting in 6-phenyl-2-tetralone
(16). Use of mildly acidic conditions (pH 5.5-6.0)3? facil-

Method 1

itated the reductive amination?? of 16 via dimethylamine
in the presence of sodium cyanoborohydrite as a reduc-
ing agent to give racemic 6-APT (6a) for initial pharma-
cological testing.

Scheme 3 shows several synthetic pathways to obtain the
m-substituted 6-APTs (6b—e). Methods 1 and 2 used the
m-substituted-4-biphenyl acetic acid derivatives (20a—d)
that correspond to the 4-biphenylacetic acid (14) start-
ing material in Scheme 2, however, as 20a-d are not
commercially available, these analogs were synthesized.
In Method 1, esterification of 4-bromophenylacetic acid
(17) to 18 and Suzuki-Miyaura® palladium-catalyzed
cross-coupling gave ~80% yield of the biaryl derivatives
19a—d, which were hydrolyzed to the corresponding m-
substituted-4-biphenyl acetic acids 20a-d. In Method
2, 17 was coupled with the corresponding PBA in the
presence of Pd,-dibenzylidene acetone (dba); to directly
produce 20a—d, according to the method of Molander.?*
Cyclization of 20a—d to the tetralone, followed by

O 4 O pBA, b o)
oH OC,Hs O OC,Hs
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Scheme 3. Synthesis of m-halogenated-6-APTs (6b—e). Reagents and conditions: (a) p-toluenesulfonic acid, EtOH, reflux; (b) PBA, Pd(PPh;),,
Na,COs, benzene, reflux, dark conditions; (c) 1IN NaOH, reflux; (d) SOCl,, rt; (¢)AlCl;, ethylene gas, ice bath; (f) PBA, Pd,(dba);, K,COs3, 65° C,

under N»; (g) 2.0 M dimethylamine in MeOH, acetic acid, NaBH;CN, rt; (i) 2.0 M dimethylamine in MeOH, Pd/C, H,, 45 psi, rt.
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reductive amination, proceeded as in Scheme 1 to pro-
vide 6b—e.

In Method 3 cyclization to the tetralone was completed
first, followed by coupling to the desired PBA. Thus, 6-
bromo-2-tetralone (24) was obtained from 4-bromophe-
nylacetic acid (17) as in Scheme 2. The Suzuki-Miyaura
reaction directly coupled 24 to the appropriate PBA to
produce the corresponding biaryl-2-tetralones (22a-d).
These underwent reductive amination via sodium cyano-
borohydride or catalytic hydrogenation to yield racemic
m-substituted 6-APTs (6b—e) for initial pharmacological
testing.

2.2. Pharmacology

2.2.1. Affinity of APTs for human H; receptors expressed
in CHO cells. Radioreceptor competition binding assays
to assess H; affinity of the APTs, in comparison to his-
tamine, were conducted with the standard H; antagonist
radioligand [’H]Jmepyramine using membranes prepared
from CHO cells stably transfected with the human H;
receptor cDNA (CHO-H,).*3> Membranes from
mock-transfected CHO-K1 cells were prepared as for
CHO-H; cells and selective H; antagonists also were
used to verify effects observed were H; receptor-depen-
dent. No H; radioligand specific binding was detected
in membranes prepared from CHO-K1 cells (*H]mepyr-
amine total and nonspecific saturation binding was
480 £ 49 and 460 £ 27 fmol/mg protein [mean = SEM],
respectively).

Affinity (K;) values for histamine and the APTs (5a—d,
6a—e) are shown in Table 1 and several representative li-
gand concentration-radioligand displacement curves are
shown in Figure 3. Curves are sigmoidal in shape and
span about 4 log-concentration units to achieve com-
plete radioligand displacement, characteristic of compet-
itive displacement of ~Kp radioligand concentration
from a single population of GPCRs. It is noted that
the modest affinity values obtained for these racemates
did not warrant isomer separation for drug development
purposes, however, important affinity structure—activity
data from these studies are used in the computational/
molecular modeling studies below to glean structural
information about the H; binding pocket.

The relatively low H; affinity of the endogenous agonist
histamine (K;~ 13.5 uM, Table 1) is consistent with

Table 1. Affinity of APT analogs for histamine H; receptors

H, ligand Compound Binding affinity Hill slope
K; (uM) £ SEM ng * SEM
Histamine 1 13.5+£0.80 0.67 £0.01
5-APT 5a 3.09 +0.41 1.12£0.08
CF3-5-APT 5b 6.27 £0.21 1.02 £ 0.08
OCH3;-5-APT 5¢ 3.20+0.09 1.19 £ 0.09
CI-5-APT 5d 2.65 +0.05 0.71 £ 0.08
6-APT 6a 9.57+£0.73 1.18 £ 0.11
CF3-6-APT 6b 2.74£0.16 0.71 £0.07
OCH;-6-APT 6¢ 1.22+0.27 0.90 £ 0.09
Cl-6-APT 6d 1.31 £ 0.14 0.96 + 0.06
Br-6-APT 6e 0.13£0.01 1.01 £ 0.01

=

100 Br-6-APT (6e)

OMe-6-APT (6c)
CF3-6-APT (6b)
CI-5-APT (5d)
Histamine

o> <o

[PH]-Mepyramine
(% Specific bound+ SEM)
(4]
<

Log [H, ligand] (M)

Figure 3. Representative H; radioligand ([*H]mepyramine) displace-
ment curves for 5d, 6b, 6c, 6e, and histamine using membranes
prepared from CHO-H; cells.

results obtained previously using similar assay condi-
tions.?> The 5-APT series (5a—d) showed about 2 to 4
times higher H; affinity (K ~ 3-6 pM, Table 1) than his-
tamine. Interestingly, however, the chemical nature of
the meta-substituent of 5a-d does not appear to signifi-
cantly affect H; affinity, as K; values within the 5-APT
series varied by only about 2-fold. In contrast, K; values
among the 6-APT series (6a—e) vary by about 100-fold
(0.1-10 uM, Table 1), strongly dependent on the nature
of the meta-substituent of the pendant phenyl ring. For
example, the  meta-Br-substituted analog  6e
(K;~ 0.1 uM) has dramatically improved H; affinity
compared to the parent compound 6-APT (6a)
(K; ~ 10 uM), that, in turn, is about equipotent with
the endogenous agonist histamine. The other 6-APT
analogs (6b—d) have H; affinity (K; ~ 1-3 uM, Table 1)
about midway between the parent compound 6a and
the meta-Br-substituted analog 6e, regardless of the elec-
tron-donating or -withdrawing nature of the substituent.
The Hill coefficients (nyg) given in Table 1 for the slope
of the competitive displacement curves range from
about 0.7 to 1. Interestingly, only CI-5-APT (5d) and
CF;-6-APT (6b) have ny values similar to histamine
(ng ~ 0.7, Table 1), whereas, the other APTs have ny
values near unity. An ny value of <1 usually is expected
for agonist ligand binding at a GPCR, according to the
ternary complex model with limiting availability of G-
protein,3° as is the case here for the endogenous agonist
histamine. Meanwhile, an ny value of ~1 usually is
expected for antagonist ligand binding at GPCRs.

2.2.2. H; receptor-mediated stimulation of PLC/[*H|IP
formation in CHO-H; cells. Activation of H; receptors
by histamine is well documented to stimulate PLC activ-
ity and intracellular IP formation in a variety of cell and
tissue preparations.’”3> Figure 4 is representative data
that show histamine likewise stimulates PLC/[*H]IP for-
mation in a concentration-dependent manner in CHO-
H; cells. The Figure 4 curve spans about 4 log-dose
units, consistent with a GPCR-mediated functional
effect; E.x = 2000 = 200% basal control activity at
100 uM, ECso = 3.3 £ 1.2 uM. The Figure 4 inset shows
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Figure 4. H, receptor-mediated stimulation of PLC/[*H]IP formation by histamine in CHO-H, cells. Histamine Ey,, = 2000 * 200% basal control
activity at 100 uM, ECso = 3.3 £ 1.2 pM; stimulation observed at ~ECs is significantly different (***#-test p < 0.001) from basal control activity and

is fully blocked by 1.0 uM triprolidine (inset).

that the histamine effect at ECs is fully blocked by the
competitive H; antagonist triprolidine,” confirming his-
tamine stimulation of PLC/[H]IP formation is via acti-
vation of H; receptors. In contrast, using lysates of
mock-transfected CHO-KI1 cells, no histamine H; recep-
tor-mediated [PHJIP formation was detected as [PH]IP
levels were 99 + 1.3% basal control values (mean £ SEM)
after exposure to 10 uM histamine for 15-45 min (data
not shown).

At concentrations of 0.1-100.0 uM, none of the APTs
produced an H;-mediated concentration-response curve
comparable to histamine, indicating the APTs are not
agonists at H; receptors that activate PLC/IP signaling.
In other experiments, it was determined that the APTs
also are not agonists at H; receptors that activate

AC/cAMP signaling.3”-3® Meanwhile, all the APTs in
Table 1 bind to the H; receptor with higher affinity than
histamine, thus, it follows that the APTs are putative H;
antagonists. Characterization of the H; antagonist func-
tional activity of only the highest affinity analog (6-Br-
APT, 6e; K;~ 100 nM, Table 1) is reported here. In
these studies, histamine H;-mediated stimulation of
PLC/[PH]IP formation was measured in the presence
of increasing concentration of Br-6-APT at ~10 times
(1.0 uM) and ~100 times (10 uM) its H; K; value. As
shown in Figure 5, the concentration-response curve
for histamine stimulation of PLC/[*H]IP formation is
shifted to the right in the presence of increasing concen-
tration of Br-6-APT, indicating competitive antagonism
by Br-6-APT. For these experiments, the histamine ECs,
is 1.12 + 1.84 uM in the absence of Br-6-APT, in good

o Histamine

1004 ® + 1uMBr-6-APT (6e)
O +10 uM Br-6-APT (6e)

[
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Figure 5. Br-6-APT competitive antagonism of H, receptor-mediated stimulation of PLC/PH]IP formation by histamine. The concentration—
response curve for histamine H; receptor-mediated stimulation of PLC/PHJIP formation is shifted to the right in the presence of increasing
concentration of Br-6-APT, suggesting competitive antagonism of the histamine effect by Br-6-APT. Histamine ECsy = 0.12 + 1.84 uM in absence of
Br-6-APT; ECsy = 19.6 = 7.22 uM and 80.5 = 2.91 uM, in the presence of 1.0 and 10 uM Br-6-APT, respectively (ANOVA p < 0.0001). These data
yield an apparent Ky value of 12.0 nM for Br-6-APT activity as a competitive H; receptor antagonist.
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agreement with results from Figure 4. The histamine
ECs, value increases significantly (ANOVA p < 0.0001)
to 19.6 £ 7.22 and 80.5 £ 2.91 uM, in the presence of
1.0 and 10 uM Br-6-APT, respectively. These data yield
an apparent Ky value of 12.0 nM for Br-6-APT activity
as a competitive H; receptor antagonist. The other
APTs also were able to antagonize histamine H;-medi-
ated stimulation of PLC/[*H]IP formation at concentra-
tions near their H; K values (data not shown). Full
concentration—response curves to demonstrate competi-
tive H; antagonism were not obtained for the other
APTs because their relatively low H; affinity values
required concentrations of >100 uM APT analog,
presenting solubility problems in this assay.

2.2.3. Activity of APTs at human serotonin SHT,, and
SHT,c receptors expressed in CHO cell membranes.
Interestingly, the human histamine H; receptor is phylo-
genetically most closely related to the human serotonin
5-HT,A and 5-HT,c GPCRs, versus, for example, the
histamine H, , GPCRs.*3° Here again, there is a pauci-
ty of high affinity selective (i.e., SHT,c over SHT;4)
agonist ligands, despite promising pharmacotherapeutic
potential of SHT,c agonists in neuropsychiatric disor-
ders (e.g., eating disorders, obsessive-compulsive disor-
der®?). For comparison to their H; receptor activity
summarized above, preliminary screening of several
APTs (5a, 6a, 6d, 6e) for activity at 5S-HT», and 5-HT,¢
receptors has been completed by the NIMH-spon-
sored Psychoactive Drug Screening Program (PDSP).0
Results for receptor affinity are summarized in Table
2. The parent APTs (i.e., 5 and 6) have about 5 to 10
times higher affinity for 5-HT,4 and 5-HT,c receptors
(K; values ~0.3-1.5 uM, Table 2) in comparison to H;
receptors (K; values ~3 and 10 uM, Table 1), with 5-
APT having ~2.5 times more selectivity for 5-HT,c over
5-HT,a receptors (K;~ 0.3 and 0.8 uM, respectively,
Table 2). The Br-6-APT analog (6e), however, is in fact
more selective (~5 times) for H; receptors (K; ~ 0.1 uM,
Table 1) than 5-HT,4 and 5-HT,c receptors
(K; ~ 0.5 uM, Table 2). The CI-6-APT analog (6d) has
about equipotent affinity for H; and 5-HT,4 receptors
(K;~ 1 uM, Tables 1 and 2) and is about 5 times less
active at 5-HT,¢ receptors (K ~ 5 uM, Table 2).

Similar to histamine H; receptors, serotonin 5-HT,a
and 5-HT,c receptors activate PLC in CHO-H;
cells.*#! Preliminary functional data for 5-APT (5a)
and CI-6-APT (6d) stimulation of PLC/[°H]IP formation
in CHO-5HT,, and CHO-5HT,¢ cells (provided from
the PDSP#’) are shown in Figure 6. Neither 5-APT
(5a) nor CI-6-APT (6d) activates SHT,, receptors. In

Table 2. Affinity of APT analogs for SHT,5 and SHT,c receptors

Ligand Compound Binding affinity K;
(nM) = SEM
SHT,A SHT,,
5-APT 5a 800 + 100 310 £ 60
6-APT 6a 1200 + 300 1500 £ 300
Cl-6-APT 6d 1200 + 200 4600 + 900
Br-6-APT e 580 + 80 540 =70

contrast, both 5-APT (5a) and CI-6-APT (6d) activate
5-HT,c receptors to stimulate PLC/[PH]IP formation
in a concentration-dependent manner, spanning about
4 log-dose units, consistent with a GPCR-mediated
functional effect. These data suggest 5-APT (ECso ~
80 nM, Fig. 6) and CI-6-APT (ECsy~ 4 uM, Fig. 6)
are novel 5-HT, receptor agonists that selectively acti-
vate 5-HT,c over 5-HT;4 receptors.

2.3. Molecular modeling

2.3.1. 3D QSAR modeling for APT binding to H,
receptors. A CoMFA model was developed for ligand
binding to the human H; receptor, including the APTs
synthesized here (5a—d and 6a—e, Table 1), PAT analogs
previously synthesized in our laboratory?>274? (25-59,
Chart 1), and, a structurally diverse group of other com-
mercially available H; ligands (60-90, Chart 2, Table 3).
Common structural features of the 75 H; receptor li-
gands used in this study were identified using the phar-
macophore mapping program DISCO* and the
resulting alignment was utilized in CoMFA to correlate
ligand steric and electrostatic fields with H; receptor
affinity.

The 75 test H; ligands were separated into training and
test sets. The training set consisted of compounds Sa-b,
5d, 6a—d, and 25-74, and, the test set consisted of com-
pounds Sc, 6e, and 75-90. As summarized in Table 4, the
training set CoMFA resulted in a leave-one-out cross-
validated correlation coefficient (¢%) of 0.530 and stan-
dard error of prediction (SDEP) of 0.993 (7 compo-
nents); non-cross-validated partial least squares (PLS)
analysis yielded a conventional R? of 0.967 and a stan-
dard error of estimate (SEE) of 0.257.

Chart 3 shows the experimental (actual) H; receptor
affinity value compared to the calculated value for each
compound in the training set, and, a plot of these data
are shown in Figure 7, illustrating that the residuals
are low. Chart 3 also shows the predicted H; affinity val-
ues for each compound in the test set and these data are
plotted in Figure 8, yielding a predictive R* of 0.788,
which indicates this CoOMFA model has a high degree
of external predictability.**

Figures 9A and B show the electrostatic and steric fields,
respectively, for the H; receptor CoOMFA model derived
here. The structures of (—)-trans-PAT (25, white), CF3-
5-APT (5b, orange), and CF;-6-APT (6b, magenta) are
shown as representative ligands. The blue (favorable po-
sitive charge) and red (unfavorable positive charge) elec-
trostatic contours in Figure 9A represent 80% and 20%
level contributions, respectively. The electrostatic blue
region adjacent to the amine moiety in Figure 9A indi-
cates that a positively charged amine moiety is well-ac-
commodated in this region of the H; receptor binding
pocket. This result is consistent with previous molecular
modeling studies that suggest the protonated amine
moiety of H; ligands forms an ionic bond with the
Asp'®’ residue in transmembrane helice (TMH)-3 of
the human H; receptor.”’®>?’ The equivalent TMH3
Asp'”” residue is highly conserved among biogenic
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Figure 6. Effect of 5-APT and Cl-6-APT on 5HT,a and 5HT,c receptor-mediated stimulation of PLC/[PH]JIP formation in CHO-H; cells.
Preliminary data adapted from Ref. 40. Serotonin ECsy ~ 5nM (5HT,c), 10 nM (5SHT34); 5-APT (5a) ECso ~ 80 nM (5HT,c); Cl-6-APT (6d)

ECsy ~ 4 uM (SHT,c). Data adapted from PDSP. %

amine neurotransmitter GPCRs and mutagenesis stud-
ies suggest this residue interacts with a positively
charged amine moiety of endogenous agonists and other
ligands,* including for the H; receptor*® and the seroto-
nin SHT, receptor family*’*® that is phylogenetically
closely related to H;.#

The green (sterically favorable) and yellow (sterically
unfavorable) contours shown in Figure 9B represent
80% and 20% level contributions, respectively. The
steric contour map indicates that dimethyl substitution
of the amine group is sterically favorable for binding,
whereas, larger substituents are unfavorable. The large
yellow-colored region in the vicinity of the 5-APT
pendant phenyl ring suggests the presence of this sub-
stituent is sterically unfavorable for H; receptor bind-
ing, consistent with the experimentally determined
result that 5-APTs have relatively low H; affinity
(Table 1). A similar negative steric interaction is asso-
ciated with the pendant phenyl ring of the 6-APTs
(Fig. 9B). It is noted, however, that the receptor space
in the vicinity of the 6-APT phenyl ring meta-substitu-
ent (6b—e) apparently was not adequately probed given
the absence of both electrostatic (Fig. 9A) and steric
(Fig. 9B) fields in this region. Experimental results,
however, clearly indicate H; receptor affinity of
6-APTs can vary about 100 times, depending on the
nature of the pendant phenyl ring meta substituent
(Table 1).

3. Discussion

Considering first the aromatic region (left side) of the
structures shown in Figure 1, it is noted that introduc-
tion of a substituent at the meta-position of the 2-phe-
nylhistamine benzene ring (2a, Fig. 1) can yield
selective partial H; agonists with up to 10 times im-
proved affinity, compared to histamine.>'*2° Similar

substitutions at the ortho and para positions of 2, how-
ever, result in reduced H; affinity and agonist effica-
cy,>!”  suggesting an exclusive favorable steric
tolerance for meta substituents.’® In contrast to the
2-phenylhistamines, meta-Cl or meta-F substitution on
one phenyl ring of the histaprodifen type H; agonists
(3, Fig. 1) provides activity only about equivalent to
the parent compound—it is thought that the unsubsti-
tuted diphenylpropane moiety already maximizes steric
interaction with the H; binding pocket.”* To the best
of our knowledge, PATs (4, Fig. 1) with meta-substitu-
ents on the pendant phenyl moiety have not been
reported.

For the 5-APTs, H; receptor affinity varied little regard-
less of the chemical nature of the meta-substituent on
the pendant phenyl ring. In contrast, meta-substitution
on the pendant phenyl moiety of 6-APT increases affin-
ity up to 100-fold. In fact, molecular models comparing
the 5- and 6-APTs to 2-phenylhistamine 2 (Fig. 2) sug-
gest that the pendant phenyl ring of 6-APT (rather than
5-APT) more closely resembles the spatial orientation of
2 phenyl moiety. As with the 2-phenylhistamines,>!%2°
there appears to be a combination of steric and electron-
ic factors present in the Br-6-APT (6e) pendant phenyl
moiety that provides enhanced H; activity, which might
be improved upon using other sterically large electro-
negative substituents. Unfortunately, optimal electro-
negative, lipophilic, and steric parameters of the
6-APTmeta-substituent cannot be determined here be-
cause the current analogs do not adequately probe the
corresponding H; receptor space (absence of both elec-
trostatic and steric fields in the pendant phenyl ring re-
gion; Fig. 9). Nevertheless, experimental affinity results
(Table 1) establish that the H; receptor binding pocket
interacts more substantially with the pendant phenyl
ring of 6-APTs versus 5-APTs, which is important infor-
mation for refining 3-D homology models of H;
receptor.??
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R4
R6 R3
R7 R2
R1
=
AN
R5

compd config R1 R2 R3 R4 R5 R6 R7 Ki(nM)
25 (-)-trans H H N(CH3), CH, H H H 0.58 £0.10
26  (+)-trans H H N(CH3), CH, H H H 11.5° £0.13
27 (-)-cis H H N(CHj;), CH, H H H 4.91 £0.03
28 (+)-cis H H N(CHj3), CH, H H H 77.7 £1.07
29  (H)-trans H H N(CHy), CH, H Cl OH 0.63+0.05
30 ($)-trans H H N(CH3); CH, H H H 35+2.5
31 ($)-trans H H NH(CHs;) CH, H H H 112 £31
32 (*)-trans H H N(C,Hs), CH, H H H 5.7+0.04
33 (d)-trans H H NCH;(C;Hs) CH, H H H 34+03
34 ($)-trans H H N(C;3Hs), CH, H H H 10.2 +1.7
35 (H)-cis H N(CH;), H CH, H H H 1200 + 100
36 (%)-trans H N(CH;), H CH, H H H 940 = 53
37 (F)-cis H H N(CH;), C,H, H H H 150 £10.3
38 ($)-trans H H N(CH3), C,H, H H H 209+24
39  (H)-trans H H N(CH3), CH, H OH OH 60+5.8
40 (B)-cis H H N(CH3), CH, H OH OH 96+1.7
41 (H)-trans CH; H N(CH3), CH, H H H 183+1.9
42 (B)-cis CH; H N(CH3), CH, H H H 1.90 £0.50
43 ($)-trans H H NCH;((CH,),C¢Hs) CH, H H H 140 + 24
44 ($)-trans H H NCH;((CH,);C¢Hs) CH, H H H 333 £33
45 (#)-trans H H NCH;3((CH,)4C¢Hs) CH, H H H 212 +£39
46 ($)-trans H H N(CH3), CH, 0-Cl H H 53+11.2
47 (#)-trans H H N(CH3), CH, o-CH; H H 102+1.7
48 ($)-trans H H N(CH3), CH, p-Cl H H 9.0+2.8
49 ()-trans H H N(CHz), CH, p-CH, H H 2.47 +£0.23
50 (%)-trans H H N(CHj3), CH, p-F H H 1.53 £0.10
51 (H)-cis H H N(CH;)3 CH, H H H 117 £2.8
52 (B)-cis H H N(CHz), CH, H Cl OH 0.54+£0.1
53 (F)-cis H H NH, CH, H OH OH >5000
54 ($)-trans H H NH(CHj3) CH, H cl OH 8.1+08
55 (#)-trans H H NH(C;Hs) CH, H H H 45 £ 11
56  (¥)-trans H H NH(CH,);C¢Hs CH, H H H 2500 + 400
57 (#)-trans H H NH(CH,),C¢H; CH, H H H 1500 + 200
58 (*)-trans H H NH, CH, H OH OH >5000
59 ()-trans H H NH, CH, H H H 1270 £92

* Adapted from Bucholtz et al., 1999; the R4 position is within the cyclohexyl ring

Chart 1. H; receptor affinity of PAT analogs® used in CoMFA studies. “Adapted from Ref. 27; the R4 position is within the cyclohexyl ring.

Turning attention to the amine (right) side of the struc-
tures shown in Figure 1, it is noted that the positively
charged amine moiety of agonist and antagonist H;

ligands is proposed to interact with Asp'®’ in TMH3
of the H; receptor.?’#>#¢ In the histaprodifen series
(3), N*-monomethylation and N* N*-dimethylation re-
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Table 3. H, receptor affinity of other ligands® used in CoMFA studies

Ligand Compound  Binding affinity
K; (nM) + SEM
2-(Dimethylamino)tetralin 60 16524
3-Aminofluoranthene 61 ca. 4800
3-(Dimethylamino)fluoranthene 62 ca. 4800
Diphenhydramine 63 9.57+0.79
(+)-Butaclamol 64 147 £ 13
(R)-Chlopheniramine 65 80.0+74
(S)-Chlopheniramine 66 0.31 £0.03
Tripolidine 67 0.69 £ 0.07
Atropine 68 1240 £ 177
(—)-NANM 69 > 5000
Doxepin 70 0.16 + 0.02
cis-Flupenthixol 71 0.86 + 0.17
trans-Flupenthixol 72 5.73+0.85
Mazindol 73 ca. 600
SCH-23390 74 101 + 14
Methylsergide 75 ca. 3000
SKF-38393 76 ca. 2500
Amytriptyline 77 0.50 + 0.03
Desipramine 78 454+ 1.8
7-OH-DPAT 79 ca. 1500
Haloperidol 80 215+£20
Loperamine 81 ca. 2000
Mianserin 82 0.30 + 0.07
Rimcazole 83 >5000
Spiperone 84 272 £ 48
Ketanserin 85 1.79 + 0.05
Promethazine 86 0.24 + 0.06
Mepyramine 87 0.74 £ 0.05
GBR-12909 88 9.33 % 1.66
Nortryptyline 89 15.1 5.6
(£)-BMY-1402 90 180+ 14

# Adapted from Ref. 27.

Table 4. Summary of CoOMFA results

Training set®

Optimal no. of components 7

7 0.530
SDEP 0.993
SEE 0.257
R? 0.967
F value 202.874
Prob of R*=0 0.000
Relative contributions steric 0.605
Electrostatic 0.395

# Compounds 5a-b, 5d, 6a-d, 25-74.

sults in about 5-times higher H; affinity, compared to
histamine.? Likewise, amine moiety dimethylation for
the PAT series (4) provides optimal H; affinity, com-
pared to monomethyl, trimethyl, and, larger alkyl, dial-
kyl, and aryl substituents.?>?74> Moreover, an
analogous dimethylamine moiety is common to many
clinically effective, high-affinity, H; antagonists (e.g.,
chlorpheniramine, diphenhydramine).! It follows then
that dimethyl substitution of the APT amino group
likely is already optimal. Meanwhile, stereochemistry
of APT amino moiety may be expected to influence both
H, receptor affinity and functional activity, especially in
view of results reported for PAT isomers.>>>>! For exam-
ple, the trans-(1R,3S)-(—)-PAT isomer displays highest

training set” test set”

compd actual calcd resid pred resid

5a 5.81 5.50 0.31

5b 5.50 5.60 -0.10

5¢c 5.80 5.60 0.20

5d 5.88 6.24 -0.36

6a 5.32 5.63 -0.31

6b 5.86 5.97 -0.11

6c 6.22 6.23 -0.01

6d 6.19 5.91 0.28

6e 7.18 6.63 0.55

25 9.24 9.00 0.24

26 7.94 8.03 -0.09

27 8.31 8.39 -0.08

28 711 7.23 -0.12

29 9.46 8.91 0.55

30 7.76 8.39 -0.63

31 7.25 6.84 0.41

32 8.55 8.69 -0.14

33 8.77 8.81 -0.04

34 8.26 8.30 -0.04

35 6.22 6.89 -0.07

36 6.33 6.57 -0.24

37 7.26 6.83 0.43

38 7.98 7.90 0.08

39 7.52 7.55 -0.03

40 8.32 8.34 -0.02

Lyl 8.04 8.00 -0.09

42 9.02 8.06 -0.02

43 7.15 6.94 0.21

44 6.78 6.85 -0.07

45 6.97 7.14 -0.17

46 7.58 7.30 0.28

47 8.29 8.53 -0.24

48 8.35 8.77 -0.42

49 8.85 8.86 0.17

50 9.12 8.68 0.44

51 7.23 7.18 0.05

52 9.60 9.61 -0.01

53 5.30 5.69 -0.39

54 8.38 8.54 -0.16

55 7.35 6.96 0.39

56 5.90 5.75 0.15

57 6.12 6.23 -0.11

58 5.30 5.58 -0.28

59 6.20 6.61 -0.41

60 7.08 6.98 0.10

61 5.32 5.22 0.10

62 5.32 5.07 0.25

63 8.02 7.96 0.06

64 6.83 717 -0.34

65 7.10 7.07 0.03

66 9.51 9.34 0.17

67 9.16 9.31 -0.15

68 5.91 5.85 0.06

69 5.30 5.10 0.20

70 9.80 9.81 -0.01

7 9.07 9.20 -0.13

72 8.24 8.15 0.09

73 7.04 7.03 0.01

74 7.00 6.98 0.02

75 5.52 4.72 0.80

76 5.60 5.39 0.21

77 9.30 8.43 0.87

78 7.34 7.94 -0.60

79 5.82 5.90 -0.08

80 6.67 6.95 -0.28

81 5.70 5.67 0.03

82 9.52 7.87 1.65

83 5.30 6.16 -0.86

84 6.57 6.09 0.48

85 8.75 8.95 -0.20

86 9.62 8.27 1.35

87 9.13 8.56 0.57

88 8.03 8.53 -0.50

89 7.82 6.49 1.33

90 6.74 6.53 0.21

& compounds 5a-b, 5d, 6a-d, 25-74. ° compounds 5c¢, 6e, 75-90.

Chart 3. CoMFA results and predicted H; affinity (—log[K;]) for
ligands in training and test sets.
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Figure 7. Actual versus calculated H; receptor pK; values for the
training set (Sa-b, 5d, 6a-d, and 25-74) using CoMFA (cf. Table 4).
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Figure 8. Actual versus predicted H; receptor pK; values for the test
set (5S¢, 6e, and 75-90) using COMFA (cf. Table 4); R* = 0.788.

H, affinity (K; ~ 1 nM), while the corresponding trans-
(1S, 3R)-(+)-PAT enantiomer has about 20 times lower
affinity. Meanwhile, H; affinity of the cis-PAT enantio-
mers is several times lower than their corresponding
trans-PAT diastereomers, with cis-(1S, 3S)-(—)-PAT
(K; ~ 5nM) having about 15 times higher affinity than

cis-(1R, 3R)-(+)-PAT.3> Taken together, these results
indicate that stereochemistry at especially the C3 (ami-
no) position of PAT (i.e., S configuration shared by
both [—]-trans- and [—]-cis-PAT) is an important molec-
ular determinant for binding to the H; receptor. Accord-
ingly, it is predicted that the S-enantiomers of the (R, S)-
APTs reported here will show 2 times higher H; affinity
as compared to the racemates. It is noted, however, that
even for the highest affinity analog, (R, S)-Br-6-APT
(6d), the S-isomer is predicted to have a K; value of
about 50 nM—not impressive compared to clinically
used H; receptor competitive antagonists such as tri-
prolidine that has a K; value of about 1.0 nM.”

Although H; agonist functional activity was not ob-
served for the APTs, COMFA modeling results summa-
rized in Figure 9 provide a correlation of APT molecular
structure parameters that result in differential H; bind-
ing interactions—such interactions form the molecular
basis for H; receptor activation. Also, implicit in the
CoMFA results is ligand-based information that can
be used to help predict structural features of the H; ac-
tive site. In this regard, the more structurally rigid APT
and PAT analogs, as compared to flexible 2-phenylhista-
mine and histaprodifen-type H; ligands, should be more
effective templates to define the 3-D arrangement of H;
active site amino acid residues involved in ligand bind-
ing and function.

Previously, a CoMFA-based 3-D QSAR with a high de-
gree of internal predictability** (¢°> = 0.67) was devel-
oped for H; receptor ligands, including PATs.?” Using
this CoOMFA model, H; receptor affinity was predicted
to be relatively high for the 5-APTs (i.e., K~ 20—
60 nM) and relatively low for the 6-APTs (i.e.,
K; ~ 600-2000 nM). In fact, the experimentally deter-
mined K; values are about 2-log units higher than pre-
dicted for the 5-APTs and about 1-log unit higher for
the 6-APTs (Table 1). To develop a more predictive
QSAR here, a CoOMFA model first was developed for
a training set of H; ligands. This model then was used
to predict affinity values for an external test set of
ligands.44 Using this approach, models that yield
¢° > 0.5 for the training set and R®> 0.6 for the test

Figure 9. CoMFA electrostatic and steric stdev * coeff contour plots. Representative ligands are (—)-trans-PAT (25, white), CF3-5-APT (5b, orange),
and CF;-6-APT (6b, magenta). (A) Electrostatic contour plots. Blue regions represent a contribution level of 80%, that is, favorable positive charge
areas. Red regions represent a contribution level of 20%, that is, unfavorable positive charge areas. (B) Steric contour plots. Green regions represent a
contribution level of 80%, that is, sterically favorable areas. Yellow regions represent a contribution level of 20%, that is, sterically unfavorable areas.
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set indicate a QSAR with higher internal and external
predictive power versus ‘traditional’ CoMFA.* Thus,
the H;CoMFA model obtained here (¢*>=0.530;
R?=0.788) predicts H; ligand binding with a higher de-
gree of external predictability compared to the previous-
ly reported model (¢° = 0.67).27 The current study did
not include enough analogs to robustly probe the
6-APT pendant phenyl ring meta substituent binding
space. Current results suggest, however, that such
6-APT (but not 5-APT) derivatives likely will provide
useful information about H; receptor structure and
function in view of affinity values that vary about 100
times, depending on the nature of the 6-APTmeta substi-
tuent. The primary importance of the 6-APTmeta (rath-
er than ortho and para) substituent found here is
consistent with studies of 2a>!°2! and the 6-APT/2
molecular model presented in Figure 2B. Meanwhile,
the 5-APT pendant phenyl ring (regardless of substitu-
tion) apparently occupies a space that is sterically unfa-
vorable for H; receptor binding, highlighting the
significance of the misalignment of phenyl rings for
5-APT and 2 shown in Figure 2A.

4. Summary

APT-type molecular features that confer H; receptor
affinity may be predicted from the current 3-D QSAR
results. In general, the APT molecular scaffold is suit-
able to provide H; competitive antagonist functional
activity but not H; agonism. Development of selective
H, receptor agonists continues to be hampered by limit-
ed 3-D structural details for the GPCR superfamily,
and, the apparently subtle molecular mechanisms that
govern GPCR activation.** On the other hand, the
APTs reported here offer promise regarding design of
agonists for the serotonin SHT,c GPCR. Preliminary
results (Table 2 and Fig. 6) indicate 5-APT (5a) and
Cl-6-APT (6d) bind to and selectively activate SHT,c
receptors. Moreover, SHT,c functional potency of
5-APT (ECsg ~ 80 nM) is about 3 times higher than its
SHT,c affinity (K; ~ 300 nM), suggesting efficient recep-
tor activation. Thus, (R,S)-5-APT (5a) is about 2 times
greater than (S)-2-(5,6-difluoroindol-1-yl)-1-methyleth-
ylamine (ECsy ~ 200 nM),>3 previously, one of the most
potent and selective SHT,c agonists yet identified.
Accordingly, further medicinal chemical studies of the
lipophilic (brain-penetrating) APT molecular scaffold
may yield potent SHT,c agonists with pharmacothera-
peutic potential in neuropsychiatric diseases.

5. Experimental
5.1. CHO cell human H;, receptor transfection and culture

Chinese hamster ovary cells deficient in dihydrofolate
reductase (CHO-K1) were stably transfected with the
guinea pig histamine H; receptor cDNA.>* Clonal trans-
fects expressing the H; receptor (CHO-H ) were selected
for in a-minimal essential media without ribonucleosides
and supplemented with 10% fetal bovine serum and
2 mM L-glutamine. For binding and functional studies,

CHO-H, cells were grown to 90% confluence in 75 cm?
tissue culture flasks containing o-minimum essential
medium, supplemented with 10% fetal bovine serum,
2mM L-glutamine, and 0.1% penicillin—streptomycin
(100 U/100 pg/ml), in a humidified atmosphere of air/
CO; (95:5%) at 37 °C.

Null-transfected CHO-K1 cells were cultured as above
and used to verify that effects observed were Hjrecep-
tor-dependent (selective H; antagonists also were used).
Essentially, no H; radioligand specific binding was
detected in membranes prepared from CHO-K1 cells
as [’H]Jmepyramine total and nonspecific saturation
binding was 480 £ 49 and 460 £ 27 fmol/mg protein
(mean = SEM), respectively. Also, essentially no hista-
mine receptor-mediated IP or cAMP second messenger
formation was detected in lysates of CHO-K1 cells as
second messenger levels were 99 + 1.3% basal control
values (mean = SEM) after exposure to 10 uM hista-
mine for 15-45 min.

5.2. Radioreceptor assays

Radioligand competition binding assays were performed
using membrane homogenate prepared from CHO-H;
cells, as previously reported.”> Membranes were incu-
bated with ~Kp concentration of the standard H;
antagonist radioligand [*H]mepyramine (1.0 nM), plus,
test ligand (10nM-300 pM), in 50 mM Na"-K* phos-
phate buffer (total assay volume was 0.4 ml) for
30 min at 25 °C. Non-specific binding was defined with
triprolidine (10 uM). Inhibition data were analyzed by
nonlinear regression using the sigmoidal curve-fitting
algorithm in Prism 3.0 (Graphpad, San Diego, CA) to
determine ICsy and Hill coefficient (ny). Ligand affinity
is expressed as an approximation of K; values using the
equation, K; = ICs¢/1 + L/Kp, where L is the concentra-
tion of radioligand having affinity Kp.>> Each experi-
mental condition was run in triplicate and each
experiment was performed a minimum of three times
to determine SEM.

5.3. Measurement of [*Hlinositol phosphate formation in
CHO-H; cells

Formation of [*H]inositol phosphates (°HJIP) was mea-
sured in CHO-H; cells, as described previously.® Brief-
ly, CHO-H; cells were incubated overnight in 12-well
culture plates (ca. 7.0 x 10* cells/well) with [*H]Jmyo-ino-
sitol (0.4 uCi), a precursor of the PLC-f substrate phos-
phatidylinositol. Aliquots of drug stocks were added in
triplicate in the presence of 50 mM LiCl (total well vol-
ume = 0.5ml) and incubation continued at 37 °C for
45 min. After aspiration of media, wells were placed
on ice and lysed by incubation with 50 mM formic acid
(15 min). Formic acid was neutralized with ammonium
hydroxide and well contents were added to individual
AG1-X8 200-400 formate resin anion exchange col-
umns. Ammonium formate/formic acid (1.2 M/0.1 M)
was used to elute [PH]IP directly into scintillation vials
for counting of tritium. Resulting data were analyzed
using the nonlinear regression algorithm in Prism 3.0,
and are expressed as mean percent control [*H]IP
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formation, and potencies are expressed as concentra-
tions required to produce 50% maximal [*H]IP forma-
tion (ECsg) = SEM (n = 3).

5.4. Molecular modeling

SYBYL (version 6.6; Tripos Associates, St. Louis, MO)
molecular modeling software was used for structure gen-
eration and CoMFA.>¢ Default SYBYL settings were
used except where otherwise noted. Structure optimiza-
tion and field fit minimization were performed using the
standard Tripos force field with the maximum iteration
cutoff of 1000 steps. SYBYL random search method was
used to search for low energy conformers. All calcula-
tions were performed on a Silicon Graphics Indigo2
workstation.

5.4.1. Structure generation and alignment rules. H; recep-
tor affinity values (K;) were determined for 75 chemically
diverse ligands, including the 5- and 6-APTs synthesized
here (5a—d and 6a-e, Table 1), PAT analogs previously
synthesized in our laboratory?>?7#? (25-59, Chart 1),
and, a structurally diverse group of other commercially
available H; ligands (60-90, Chart 2, Table 3). Common
structural features of the 75 H; receptor ligands used in
this study were identified using the pharmacophore
mapping program DISCO*? and the resulting alignment
was utilized in CoMFA to correlate ligand steric and
electrostatic fields with H; receptor affinity. Ligand
affinity is expressed as —log(Kj). For chiral compounds,
the isomer structure corresponding most closely to the
(1R, 35)-(—)-trans-PAT template molecule was modeled
and affinity approximated by using one-half the K; value
of the racemate.?”-%

The template molecule (1R, 35)-(—)-trans-PAT (25) and
compounds 26-90 were modeled as described in a previ-
ous CoMFA modeling study of the PAT binding site.?’
The APTs (S-configuration to match the template mol-
ecule) were constructed de novo using the sketch option
of the SYBYL building component. Conformational
databases for the APTs were generated using the SYB-
YL Systematic Search routine using 5° increments to ro-
tate the pendant phenyl ring, with a maximum energy
cutoff of 10 kcal/mol above the lowest-energy conform-
er. The SYBYL field fit routine was used to align the
APT conformers with the template molecule, matching
the protonated nitrogen and the centroid of the aromat-
ic portion of the tetralin ring. The five lowest energy
conformers of the APTs were systematically aligned to
the template to determine the conformations that pro-
vided the highest ¢°.

5.4.2. Comparative molecular field analysis. Convention-
al COMFA® was performed with the QSAR option of
SYBYL. A grid with spacing 2.0 A between closest
points was built in the x, y, and z dimensions within
the region defined by the aligned molecules. It extended
beyond the van der Waals envelopes of all molecules by
at least 4.0 A. Steric and electrostatic field energies in
each grid point were calculated using sp>carbon probe
atoms with +1 charge. PLS algorithm as implemented
in SYBYL was used to build CoOMFA models for the

training set (compounds 5a-b, 5d, 6a-d, and 25-74). If
steric or electrostatic energy values for some grid points
had variations lower than 2.0 (minimum o value), they
were excluded from the calculations. The optimal num-
ber of principal components in the final PLS model was
determined by the standard error of prediction value ob-
tained from the leave-one-out cross-validation tech-
nique. The non-cross-validated CoMFA model was
built with the optimal number of principal components.
It was used to predict H; affinity of the test set com-
pounds (5c, 6e, and 75-90). To represent favorable
and unfavorable areas for steric and electrostatic contri-
butions, 80% and 20% stdev * coeff contour plots were
built.

5.5. Syntheses

Reagents and solvents were obtained in highest available
purity from Sigma-Aldrich (Milwaukee, WI) or Fisher
Scientific (Hampton, NH). Column chromatography
was performed with 60 A silica gel (70-230 mesh). 'H
NMR spectra were obtained in CDCl; using a Varian
VXR 300 MHz instrument with shifts reported in parts
per million (ppm) relative to trimethylsilane (TMS). Mass
spectra were measured using an Agilent 1100 instrument
with LC/MSD trap or LCQ Deca ion trap. Elemental
analyses were performed by Atlantic Microlab, Inc.
(Norcross, GA) and are within +0.4% of calculated val-
ues unless otherwise noted. Melting points were deter-
mined on a Mel-temp apparatus and are uncorrected.

5.5.1. 4-(o-Bromophenyl)-1-butene 3. 2-Bro-
mophenylbromide (11.8 g; 0.0472 mol) in dry THF was
cooled in an ice bath under an atmosphere of nitrogen.
Following dropwise addition of 1.0 M allylmagnesium
bromide in ether, the mixture was refluxed for 1.5 h.
After cooling to room temperature, the mixture was
placed in an ice bath and quenched by addition of
2M H,SO,. Water was added to dissolve all solids
and the aqueous layer was extracted with ether. The
combined organic layers were dried over Na,SO,, fil-
tered and concentrated in vacuo to afford a yellow liquid
(9.29 g, 94% yield); '"H NMR: § 7.55 (d, 1H), 7.2-7.26
(m, 2H), 7.0-7.1 (m, 1H), 5.8-5.95 (m, 1H), 4.95-5.1
(m, 2H), 2.78-2.86 (m, 2H), 2.3-2.4 (m, 2H).

5.5.2. 4-(o-Bromophenyl)-butanol (9). 9-Borabicy-
clo[3.3.1]nonane (BBN) (0.4 M) in hexanes (9 mL) was
added dropwise to 8 (0.509 g; 0.0024 mol) under nitro-
gen. The mixture was stirred at room temperature until
all starting material was consumed (18 h), as indicated
by TLC. Following addition of 6 M NaOH (0.4 mL),
THF (1 mL), and 30% H,0, (0.9 mL), the mixture was
heated at 50 °C for 1.5 h. After cooling, the layers were
separated. The organic layer was washed sequentially
with saturated NaHSOj;, water, and brine. The aqueous
extracts were combined, saturated with potassium car-
bonate, filtered, and extracted with ether. Organic frac-
tions were combined, dried over Na,SOy, filtered, and
concentrated in vacuo to afford a yellow oil (457.3 mg,
82% vyield); '"H NMR: 6 7.5 (d, 1H), 7.18-7.21 (m,
2H), 7.01-7.1 (m, 1H), 3.64 (t, 2H), 2.75 (t, 2H), 1.6-
1.75 (m, 2H), 1.4-1.6 (m, 2H).
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5.5.3. 4-(o-Bromophenyl)-butyric acid (10). A solution of
chromium trioxide (9.8 g; 0.0980 mol) in 90% acetic acid
(100 mL) was added dropwise to 9 (10.02 g; 0.0437 mol)
at 0 °C, then stirred for 18 h at room temperature. After
dilution with water, the mixture was extracted with
ether, washed with water and brine, and extracted with
2 M NaOH. The aqueous layer was acidified to pH 3
with H,SO,, then extracted with ether. The ether por-
tions were combined, dried over Na,SQ,, filtered, and
concentrated to afford a yellow liquid. Recrystallization
from ether afforded white crystals (5.63 g, 58% yield);
mp 84-87°C (lit.” 88-89°C), '"H NMR: & 7.55 (d,
1H), 7.2-7.3 (m, 2H), 7.0-7.1 (m, 1H), 2.75-2.85 (¢,
2H), 2.35-2.45 (t, 2H), 1.9-2.05 (m, 2H).

5.5.4. 5-Bromo-1-tetralone (11). In thionyl chloride
(10 mL; 0.133 mol), 10 (0.938 g; 0.0038 mol) was dis-
solved and refluxed for 45 min. After cooling, excess
thionyl chloride was removed and the residue dissolved
in carbon disulfide (10 mL; 0.166 mol). After gradual
addition of aluminum chloride (0.77 g; 0.0057 mol),
the mixture was refluxed for 3 h. Once cooled to room
temperature, 75% HCI (cold) was added and the mixture
was extracted with ethyl acetate. The organic layer was
dried over Na,SOy, filtered, and concentrated in vacuo.
Recrystallization from hexanes afforded white crystals
(540 mg, 57% yield); mp 48-51 °C (lit.® 49-50 °C), 'H
NMR: 6 8.0 (d, 1H), 7.7 (d, 1H), 7.15-7.25 (t, 1H) 3.0
(t, 2H), 2.65 (t, 2H), 2.1-2.2 (m, 2H).

5.5.5. General procedure for preparation of 5-(m-substi-
tuted)-phenyl-1-tetralones (12a—d). The following were
combined and refluxed for 24 h in the dark: 11 (1.95 g;
0.0086 mol) in toluene (10 mL), tetrakis(triphenylphos-
phine)palladium (0) Pd(PPhs),4, 0.277 g; 0.00023 mol in
toluene (10 mL), 2 M Na,CO; (8§ mL), and, the appro-
priate  m-substituted phenylboronic acid (PBA,
0.0103 mol) in EtOH (10 mL). After cooling, 30%
H,0, (1.2 mL) was added to oxidize residual phenylbo-
ronic acid. The mixture was stirred at room temperature
for 1 h and then extracted with ether. The organic layer
was washed with brine, dried over Na,SQy, filtered, and
concentrated. Purification via column chromatography
(eluent: hexanes) afforded 12a-d as solids (24-86%
yield).

5.5.5.1. 5-Phenyl-1-tetralone (12a). (1.96 g, 86% yield,
white solid) Mp 97-101°C (Iit.>® 103-105°C), 'H
NMR: 6 8.05 (d, 1H), 7.2-7.5 (m, 7H), 2.85 (t, 2H),
2.65 (t, 2H), 2.02 (m, 2H).

5.5.5.2. 5-(m-Trifluoromethylphenyl)-1-tetralone (12b).
(2.06 g, 69% yield, yellow solid) Mp 114-118 °C, 'H
NMR: 6 8.05 (d, 1H), 7.4-7.65 (m, 6H), 2.8 (t, 2H),
2.6 (t, 2H), 2.05 (m, 2H).

5.5.5.3. 5-(m-Methoxyphenyl)-1-tetralone  (12c).
(0.623 g, 24% yield, yellow solid) Mp 115-120°C, 'H
NMR: 6 8.1 (d, 1H), 7.2-7.65 (m, 6H), 3.85 (s, 3H),
2.85 (t, 2H), 2.65 (t, 2H), 2.05 (m, 2H).

5.5.5.4. 5-(m-Chlorophenyl)-1-tetralone (12d). (1.53 g,
58% yield, yellow solid) Mp 115-120 °C, '"H NMR: ¢

8.05 (d, 1H), 7.2-7.5 (m, 6H), 2.85 (t, 2H), 2.65 (t,
2H), 2.02 (m, 2H).

5.5.6. General procedure for preparation of 5-(m-substi-
tuted)-phenyl-2-tetralones (13a—d). A solution of the cor-
responding 5-(m-substituted)-phenyl-1-tetralone (12a-d,
0.00046 mol) in dry toluene was added dropwise to a
suspension of NaBH4(0.250 g, 0.0066 mol) in dry MeOH
under nitrogen. The mixture was warmed to room tem-
perature, two volumes of water were added, and, the
mixture was stirred for 1 h. The organic layer was sepa-
rated, dried over Na,SQ,, filtered, and solvent removed
in vacuo to afford the tetralols as yellow oils (90-100%
yields). 5-Phenyl-1-tetralol (0.092g, 90% yield); 'H
NMR: 6 7.1-7.7 (m, 8H), 4.85 (t, 1H), 2.45-2.7 (m,
2H), 1.6-2.1 (m, 4H). 5-(m-Trifluoromethylphenyl)-1-tet-
ralol (0.134 g, 100% vyield.); "TH NMR: ¢ 7.1-7.65 (m,
7H), 4.85 (t, 1H), 2.45-2.7 (m, 2H), 1.7-2.1 (m, 4H). 5-
(m-Methoxyphenyl)-1-tetralol (0.117 g, 100% yield.); 'H
NMR: ¢ 7.5 (d, 1H), 6.8-7.4 (m, 6H), 4.85 (t, 1H),
2.5-2.7 (m, 2H), 1.7-2.1 (m, 4H). 5-(m-Chlorophenyl)-
I-tetralol (0.119 g, 100% vyield.); '"H NMR: § 7.0-7.7
(m, 7H), 4.75 (s, 1H), 2.3-2.6 (m, 2H), 1.7-1.9 (m, 4H).

The tetralols (0.00077 mol) were stirred and heated to re-
flux for 5 h in 20% aqueous oxalic acid. After cooling to
room temperature, the mixture was diluted with one vol-
ume water and extracted with ether. The aqueous layer
was re-extracted with ethyl acetate and the combined
organic extracts were dried over Na,SQy, filtered, and
concentrated in vacuo to afford the alkenes as oils (61—
74% yield). §8-Phenyl-1,2-dihydronaphthalene (0.117 g,
74% yield, yellow oil); "H NMR: é 7.0-7.5 (m, 8H), 6.5
(d, 1H), 6.05 (m, 1H), 2.7 (t, 2H), 2.2 (m, 2H). 8-(m-Tri-
Sfluoromethylphenyl)-1,2-dihydronaphthalene (0.152 ¢,
72% vyield, colorless oil); "H NMR: 6 7.5-7.7 (m, 5H),
7.25 (t, 1H), 7.15 (m, 1H), 6.6 (d, 1H), 6.1 (m, 1H), 2.7
(t, 2H), 2.5 (m, 2H). 8-(m-Methoxyphenyl)-1,2-dihydro-
naphthalene (0.129 g, 71% vyield, colorless oil); 'H
NMR: § 7.0-7.4 (m, 5H), 6.85-6.95 (m, 2H), 6.55 (d,
1H), 6.1 (m, 1H), 3.8 (s, 3H), 2.75 (t, 2H), 2.2 (m, 2H).
8-(m-Chlorophenyl)-1,2-dihydronaphthalene (0.113 g,
61% yield, Brown oil); '"H NMR: ¢ 7.0-7.5 (m, 7H),
6.5 (d, 1H), 6.05 (m, 1H), 2.7 (t, 2H), 2.2 (m, 2H).

m-Chloroperoxybenzoic acid (0.339 g; 0.0019 mol) was
added, with stirring, to a solution of the alkenes
(0.84 mmol) in CH,Cly(5 mL) at 0 °C. After stirring for
30 min, the mixture was washed in succession with 25%
sodium metabisulfite, saturated NaHCO3, and water.
The organic layer was dried over Na,SO, and filtered.
BF;-ctherate (0.06 mL) was added to the filtrate at
0 °C. The mixture was shaken briefly, then, allowed to
stand at room temperature for 5 min. The solution was
washed successively with water and saturated NaHCOs.
The organic layer was dried over Na,SQ,, filtered, and
dried in vacuo. Purification via column chromatography
(eluent: 95% CH,Cl», 5% methanol) afforded the 2-tetral-
ones (13a—d) as yellow oils (30-54% yield).

5.5.6.1. 5-Phenyl-2-tetralone (13a). (0.078 g, 42%
yield.) "H NMR: ¢ 7.1-7.5 (m, 8H), 3.65 (s, 2H), 3.05
(t, 2H), 2.4 (t, 2H).
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5.5.6.2. 5-(m-Trifluoromethylphenyl)-2-tetralone (13b).
(0.088 g, 36% yield) '"H NMR: 6 7.5-7.7 (m, 5H),
7.1-7.35 (m, 2H), 3.65 (s, 2H), 3 (t, 2H), 2.45 (t, 2H).

5.5.6.3.  5-(m-Methoxyphenyl)-2-tetralone  (13c).
(0.114 g, 54% vyield.) '"H NMR: 6 7.15-7.4 (m, 5H),
6.85-7.0 (m, 2H), 3.85 (s, 3H), 3.65 (s, 2H), 3.05 (t,
2H), 2.45 (t, 2H).

5.5.6.4. 5-(m-Chlorophenyl)-2-tetralone (13d).
(0.065 g, 30% yield) "H NMR: 6 7.1-7.5 (m, 7H), 3.65
(s, 2H), 3.05 (t, 2H), 2.4 (t, 2H).

5.5.7. 2-Dimethylamino-5-phenyl-1,2,3,4-tetrahydronaph-
thalene (5a). In CH,Cl, (5 mL), 13a (0.203 g; 0.0009 mol)
and 2.0 M dimethylamine in methanol (0.5 ml) were stir-
red over 4 A molecular sieves in a nitrogen atmosphere
for 6 h. Previous experience is that the molecular sieves
provide sufficient Lewis acidity to catalyze reductive
amination. Thus, sodium cyanoborohydride (0.740 g,
0.0117 mol) was added and the mixture stirred for 17 h.
After addition of 10% HCI (20 mL), the solution was fil-
tered and extracted with ether. The aqueous layer was
adjusted to pH > 10 via NaOH, then, extracted with
ether and dried over Na,SOy, filtered, and dried in vacuo
to afford the free base as a yellow oil. The hydrochloride
salt was formed with ethereal HCI. Recrystallization in
chloroform/cyclohexane provided a white powder
(38.4 mg, 15% yield). Free base "H NMR: § 7.1-7.4 (m,
8H), 2.6-3.26 (m, 5H), 2.3 (s, 6H), 2.0 (m, 1H), 1.5 (m,
1H). HCI salt mp 226-230 °C (dec). '"H NMR: 6 7.1-
7.4 (m, 8H), 3.3-3.6 (m, 2H), 3.2 (m, 2H), 3.15 (m,
1H), 2.8 (s, 6H), 2.4 (m, 1H), 1.9 (m, 1H). MS m/z: 252
(M+H)". Anal. (C;gH,;N-HCI-0.5 H,0) C, H, N.

5.5.8. General procedure for preparation of 2-dimeth-
ylamino-5-(m-substituted)-phenyl-1,2,3,4-tetrahydronaph-
thalenes (Sb-d). The appropriate 2-tetralone
(0.00093 mol, 13b-d) in chloroform (2 mL), 2.0 M dim-
ethylamine in methanol (24 equiv), and, 5% Pd/C were
shaken on a Parr hydrogenation apparatus at 45 psi for
18 h. The reaction mixture was filtered through Celite,
adjusted to pH <2 via 10% HCI, and, extracted with
ether. The aqueous layer was adjusted to pH > 10 via
NaOH, extracted with ether, dried over Na,SOy, filtered,
and evaporated in vacuo to afford the free bases as yel-
low oils. The hydrochloride salt was prepared using ethe-
real HCI. Recrystallization in chloroform/cyclohexane
provided white solids (15-23% yield).

5.5.8.1. 2-Dimethylamino-5-(rm-trifluoromethylphenyl)-
1,2,3,4-tetrahydronaphthalene (5b). (0.051 g, 17% yield)
Free base '"H NMR: 6 7.45-7.65 (m, 4H), 7.15-7.3 (m,
2H), 7.1 (d, 1H), 2.6-3.1 (m, 5H), 2.35 (s, 6H), 2.1 (m,
1H), 1.5 (m, 1H). HCl salt: mp 95-198 °C, '"H NMR: 6
7.45-7.7 (m, 4H), 7.1-7.3 (m, 3H), 3.2-3.6 (m, 5H),
3.85 (t, 6H), 2.45 (m, 1H), 1.8 (m, 1H); MS m/z:
343 (M+Na)". Anal. (C;oH,NF3-HCI0.25 H,0) C, H,
N, F.

5.5.8.2. 2-Dimethylamino-5-(rn-methoxyphenyl)-1,2,3,4-
tetrahydronaphthalene (5c). (0.060 g, 23% vyield) Free
base 'H NMR: § 7.05-7.4 (m, 4H), 6.8-6.95 (m, 3H),

3.8 (s, 3H), 2.6-3.1 (m, SH), 2.35 (s, 6H), 2.1 (m, 1H),
1.5 (m, 1H). HCI salt: mp 193-196°C, '"H NMR: 6
7.1-7.4 (m, 4H), 6.75-6.95 (m, 3H), 3.85 (s, 3H), 3.2-
3.6 (m, SH), 3.85 (s, 6H), 2.4 (m, 1H), 1.8 (m, 1H);
MS mlz: 282 (M+H)". Anal. (C,0H,sNO-HCI-0.75
H,0) C, H, N.

5.5.8.3. 2-Dimethylamino-5-(m-chlorophenyl)-1,2,3,4-
tetrahPIdronaphthalene (5d). (0.039 g, 15% yield) Free
base '"H NMR: ¢ 7.0-7.4 (m, 7H), 2.5-3.1 (m, 5H),
2.35 (s, 6H), 2.1 (m, 1H), 1.5 (m, 1H). HCI salt: mp
194-196 °C, '"H NMR: 6 7.1-7.4 (m, 7H), 3.15-3.6 (m,
5H), 3.85 (t, 6H), 2.45 (m, 1H), 1.85 (m, 1H); MS m/z:
286 (M+H)".

5.5.9. 4-Biphenyl acetyl chloride (15). Thionyl chloride
(9 mL; 124 mol) was added to a solution of 4-biphenyl-
acetic acid (10.0 g; 0.047 mol) in benzene (25 mL) and
dimethylformamide (0.1 mL). After stirring for 5h at
room temperature, the solution was concentrated in vac-
uo to afford the crude acid chloride 15 as a yellow
hygroscopic powder (10.51 g, 97% yield); mp 47-50 °C
(lit.>' 48°C), "H NMR: 6 4.20 (s, 2H), 7.22-7.66 (m,
9H).

5.5.10. 6-Phenyl-2-tetralone (16).3! An ice-cold slurry of
aluminum chloride (12.9 g; 0.097 mol) in dry CH,Cl,
(150 mL) was stirred for 20 min in a 3-necked flask. A
stream of dry ethylene gas was introduced and 15
(9.9 g, 0.043 mol) in CH,Cl, (50 mL) was added drop-
wise over 30 min. The ethylene gas stream was contin-
ued for an additional 30 min, then the dark red
mixture was stirred for 2 h at 0-10 °C. Water (100 mL)
was added slowly and the mixture extracted with
CH,Cl, (200 mL). The extracts were washed with water,
dried over Na,SQy, filtered, and evaporated. Purifica-
tion by column chromatography (toluene or CH,Cl,)
afforded the 2-tetralone 16 as a yellowish brown oil
(4.2 g, 44% yield); "TH NMR: § 2.58-2.63 (t, 2H), 3.06—
3.12 (t, 2H), 3.61 (s, 2H), 7.2-7.6 (m, 8H).

5.5.11. 2-Dimethylamino-6-phenyl-1,2,3,4-tetrahydro-
naphthalene (6a).°° A methanolic solution of dimethyl-
amine (2M in MeOH, 10.2 mL) was added dropwise
over 15min to a solution of 16 (3.3 g; 0.015 mol) in
MeOH (50 mL) with stirring at 0 °C. The color of the
reaction mixture turned immediately bluish green. Gla-
cial acetic acid (1 mL; 0.017 mol) was then added and
the color turned deep brown. The reaction mixture
was stirred for 24 h at room temperature, then a solu-
tion of sodium cyanoborohydride (1.44 g; 0.023 mol)
in MeOH (10 mL) was added and stirring continued
for 48 h. The reaction was quenched and acidified to
pH 2 by addition of 1 N HCI, then extracted with
Et,0. The aqueous layer was separated, brought to pH
10 with 1 N KOH, and extracted with Et,0 (3%
20 mL). The combined ethereal extracts were dried over
Na,SQy, filtered, and concentrated in vacuo. Column
chromatography (CH,Cl,/MeOH 9:1) gave the 6a free
base as a colorless oil (0.490 g, 13% vyield); '"H NMR:
0 2.18-2.20 (m, 2H), 2.39 (s, 6H), 2.62-2.68 (t, 2H),
2.85-2.90 (m, 1H), 3.00-3.05 (d, 2H), 7.15-7.60 (m,
8H). The free base was converted to the corresponding
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hydrochloride salt by addition of ethereal HCI (10 mL).
The mixture was cooled for 4 h and solvent removed in
vacuo. The resulting solid was recrystallized in CHCls/
hexanes to give the 6a HCI as an off-white powder; mp
222-225°C. '"H NMR: ¢ 1.95 (m, 1 H), 2.55-2.62 (m,
2H), 2.85 (s, 6H), 3.02-3.18 3.10 (t, 2H), 3.36-3.40 (d,
2H), 3.45-3.58 (t, 2H), 7.20-7.60 (m, 8H); MS m/z:
252.2 (M+H)". Anal. (C;gH>;N-HCI-0.25 H,0) C, H, N.

5.5.12. Preparation of 6-(m-substituted)-phenyl-2-tetr-
alone (22a—d) by method 1

5.5.12.1. Ethyl 4-bromophenylacetate (18). A solution
of 17 (14.0 g; 0.0650 mol) in absolute EtOH (150 mL)
was stirred at room temperature for 15 min. p-Toluene-
sulfonic acid (0.12 g, 0.0065 mol) was added and the
mixture was heated under reflux for 7 h. After cooling,
the solvent was removed in vacuo and the resulting yel-
low liquid was dissolved in ether (100 mL). This solution
was washed in succession with water, 5% NaHCO;, and
5% Na»S,05 (3% 50 mL each), then dried over Na,SOy,,
filtered, and concentrated in vacuo to afford (13.2 g,
84% yield) of 18 as colorless, shiny, hygroscopic crystals;
mp 31-34°C (lit.°! 30°C), '"H NMR: § 1.22-1.27 (t,
3H), 3.55 (s, 2H), 4.11-4.18 (q, 2H), 7.14-7.46 (m, 4H).

5.5.12.2. General procedure for preparation of ethyl
(m-substituted)-4-biphenylacetate (19a-d). A solution of
18 (6 g; 0.0250 mol) in benzene (30 mL) was stirred in
the dark for 15 min at room temperature. A solution
of Pd(PPhs)s (0.0866 g; 0.00075mol) in benzene
(10 mL) was added, followed by 2 M Na,CO;3; (25 mL).
The appropriate PBA (28 mmol) in EtOH (15 mL) was
added dropwise over 20 min and the mixture was heated
at reflux for 8 h. 30% H»0O, (1.5 mL) was added and the
solution stirred at room temperature for 30 min to oxi-
dize excess PBA. The mixture was extracted with ether,
washed with water and brine, dried over Na,SQ,, fil-
tered, and concentrated in vacuo. The crude product
was purified by column chromatography in toluene to
yield the corresponding ethyl (im-substituted)-4-bipheny-
lacetates 19a—-d (75-81% yield) as colorless oils.

Ethyl  (m-trifluoromethyl)-4-biphenylacetate ~ (19a).
(6.24 g; 81% yield) "H NMR: 6 1.25-1.30 (t, 3H), 3.66
(s, 2H), 4.14-4.21 (q, 2H), 7.24-7.81 (m, 8H).

Ethyl (m-methoxy)-4-biphenylacetate (19b). (5.40 g,
80% yield) "H NMR: 6 1.25-1.30 (t, 3H), 3.66 (s, 2H),
3.85 (s, 3H), 4.14-4.21 (q, 2H), 6.87-7.57 (m, 8H).

Ethyl {m-chloro)—4-biphenylacetale (19¢). (5.15g; 75%
yield) 'H NMR: § 1.24-1.30 (t, 3H), 3.62 (s, 2H), 4.17
4.22 (q, 2H), 7.21-7.78 (m, 8H); MS mi/z: 274.0 (M™).

Ethyl  (m-bromo )-4-biphenylacetate  (19d). (6.14 g;
77%yield) "H NMR: & 1.24-1.30 (t, 3H), 3.60 (s, 2H),
4.13-4.21 (q, 2H), 7.17-7.70 (m, 8H).

5.5.12.3. General procedure for preparation of m-
(substituted)-4-biphenylacetic acids (20a-d). A solution
of the appropriate biphenylacetate (19a-d, 0.020 mol)
in EtOH (15 mL) was stirred for 15 min at room temper-
ature, followed by addition of 1 N NaOH (40 mL). The

cloudy mixture was heated under reflux for 1 h until it
became clear. After cooling to room temperature the
mixture was diluted with water and extracted with ether.
The aqueous layer was adjusted to pH 2-3 and re-ex-
tracted with CHCl3. The organic extract was dried over
Na,SQy, filtered, and concentrated in vacuo to afford
the corresponding acids as white powders.

m-( Trifluoromethyl)-4-biphenylacetic acid (20a).
(4.76 g; 85% yield) Mp 94-97 °C, '"H NMR: 6 3.72 (s,
2H), 7.25-7.82 (m, 8H). MS m/z: 279.0 (M—1).

m-( Methoxy )-4-biphenylacetic acid (20b). (4.11 g; 85%
yield) Mp 91-95°C, '"H NMR: 6 3.70 (s, 2H), 3.85 (s,
3H), 6.78-7.58 (m, 8H).

m-( Chloro )-4-biphenylacetic acid (20c). (3.99 g, 81%
yield) Mp 125-127 °C (lit.%> 129-131 °C), '"H NMR: §
3.75 (s, 2H), 7.25-7.60 (m, 8H).

m-( Bromo )-4-biphenylacetic acid (20d). (86% yield) Mp
78-81 °C, 'H NMR: 6 3.60-3.75 (s, 2H), 7.16-7.78 (m,
8H).

5.5.12.4. General procedure for preparation of acid
chlorides (21a—-d). Compounds 21a-d were synthesized
from 20a-d following the same procedure described
for the preparation of 15. Compounds 21a-d were ob-
tained as yellow to reddish brown oils (85-94% yield)
and used without further purification. Representative
"H NMR (21b): 6 3.85 (s, 3H), 4.20 (s, 2H), 6.82-7.60
(m, 8H).

5.5.12.5. General procedure for preparation of 6-(m-
substituted)-phenyl-2-tetralones (22a-d). Compounds
22a-d were synthesized from 21a-d following the same
procedure described for the preparation of 16. Com-
pounds 22a-d were obtained as yellowish brown oils.
All 2-tetralones were stored under nitrogen and used
within 24 h to avoid decomposition.

6-(m-Trifluoromethylphenyl)-2-tetralone (22a). (32%
yield) "H NMR: § 2.58-2.62 (t, 2H), 3.16-3.18 (t, 2H),
3.62 (s, 2H), 7.20-8.18 (m, 7H).

6-(m-Methoxyphenyl)-2-tetralone (22b). (35% yield) 'H
NMR: ¢ 2.57-2.62 (t, 2H), 3.14-3.18 (t, 2H), 3.60 (s,
2H), 3.85 (s, 3H), 6.88-7.50 (m, 7H).

6-(m-Chlorophenyl )-2-tetralone (22¢). (40% yield) 'H
NMR: 6 2.57-2.62 (t, 2H), 3.13-3.18 (t, 2H), 3.63 (s,
2H), 7.20-7.60 (m, 7H).

6-(m-Bromophenyl )-2-tetralone (22d). (37% yield) 'H
NMR: § 2.58-2.60 (t, 2H), 3.08-3.10 (t, 2H), 3.61-3.63
(s, 2H), 7.05-7.88 (m, 7H).

5.5.13. Preparation of 6-(im-substituted)-phenyl-2-tetral-
ones (22a, b) by method 2

5.5.13.1. m-(Substituted)-4-biphenylacetic acids (20a,
b). A mixture of 4-bromophenylacetic acid (0.430 g;
0.002 mol), the appropriate PBA (2.0 mmol), K,CO;3
(0.829 g;  0.006 mol), and tris(dibenzylideneace-
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tone)dipalladium (0) (0.018 g; 0.02 mmol, 1 mol%) was
kept under nitrogen for 15-20 min at room temperature.
Water (6 mL) was added via a syringe to the closed sys-
tem. The reaction mixture was heated at 65 °C with stir-
ring for 2 h. After cooling to room temperature, the
mixture was filtered, treated with 1 N HCI (until pH
3-4), extracted with CH,Cl,, washed with water, and,
dried over Na,SO4 and concentrated in vacuo to yield
the desired biphenyl carboxylic acids (20a, b) (81-85%
yield). Characterization of 20a and 20b was as for meth-
od 1 and the products were used to synthesize 22a and
22b, respectively, as in method 1.

5.5.14. Preparation of 6-(m-substituted)-phenyl-2-tetr-
alone (22a, b) by method 3

5.5.14.1. 4-Bromophenylacetyl chloride (23). Com-
pound 23 was synthesized from 17 following the same
procedure described for the preparation of 15. Com-
pound 23 was obtained as a reddish brown oil (88%
yield) and was used without further purification; 'H
NMR: 6 4.20 (s, 2H), 7.20-7.60 (m, 4H).

5.5.14.2. 6-Bromo-2-tetralone (24). Compound 24 was
synthesized from 23 following the same procedure de-
scribed for the preparation of 16. Compound 24 was
obtained as an amber crystalline solid (54% yield);
mp 66-70 °C (1it.®> no mp reported), 'H NMR: ¢
2.66-2.70 (t, 2H), 3.16-3.20 (t, 2H), 3.65 (s, 2H),
7.0-7.4 (m, 3H).

5.5.14.3. General procedure for preparation of 6-(m-
substituted)-phenyl-2-tetralones (22a, b). Compounds
22a, b were synthesized from 24, as for 20a, b in method
2. The products 22a, b were obtained as yellow-brown
oils and characterization was identical to the com-
pounds obtained by methods 1 and 2.

5.5.15.  2-Dimethylamino-6-(m-trifluoromethylphenyl)-
1,2,3,4-tetrahydronaphthalene (6b). Compound 6b was
synthesized from 22a using the same procedure as
described for the preparation of Sb-d. The 6b free base
was obtained as a colorless oil (31% yield); free base
'"H NMR: § 2.14-2.20 (m, 2H), 2.39 (s, 6H), 2.62-2.73
(t, 2H), 2.83-2.95 (m, 1H), 2.99-3.05 (d, 2H),
7.05-7.85 (m, 7H). The oil was converted to the HCI
salt, as described, for use in pharmacologl,ical studies.
HCI salt: white powder, mp 177-179 °C, '"H NMR: ¢
1.95 (m, 1 H), 2.58-2.63 (m, 2H), 2.85 (s, 6H), 3.05-3.20
(t, 2H), 3.38-3.42 (m, 1H), 3.45-3.52 (d, 2H), 7.05-7.85
(m, 7H); MS m/z: 320.2 (M + H)*. Anal. (CoH»(FsN-
HCI) C, H, N; C: calc., 64.13. Found: 65.08, 65.10.

5.5.16. Dimethylamino-6-(m-methoxy)-phenyl-1,2,3,4-tet-
rahydronaphthalene (6¢). Compound 6¢ was synthesized
from 22b using the same procedure as described for the
preparation of 5b-d. The 6¢ free base was obtained as a
colorless oil (29% yield.); free base 'H NMR: § 2.14-
2.20 (m, 2H), 2.39 (s, 6H), 2.60-2.68 (t, 2H), 2.80-2.85
(m, 1H), 2.90-3.00 (d, 2H,), 3.85 (s, 3H), 6.87-7.57 (m,
7H). The oil was converted to the HCl salt, as described,
for use in pharmacological studies. HCI salt: yellow
powder, mp 165-168 °C, 'H NMR: § 1.95 (m, 1 H),
2.58-2.63 (m, 2H), 2.85 (s, 6H), 3.05-3.20 (t, 2H),

3.38-3.42 (m, 1H), 3.45-3.52 (d, 2H), 3.85 (s, 3H),
6.78-7.57 (m, 7TH); MS m/z: 282.4 (M+H)".

5.5.17. 2-Dimethylamino-6-(m-chlorophenyl)-1,2,3,4-tet-
rahydronaphthalene (6d). Compound 6d was synthesized
from 22c¢ using the same procedure described for 6a. The
6d free base was obtained as a yellow oil (17% yield); 'H
NMR: § 2.18-2.22 (m, 2H), 2.39 (s, 6H), 2.62-2.73 (t,
2H), 2.83-2.85 (m, 1H), 2.99-3.05 (d, 2H,), 7.15-7.60
(m, 7H). The oil was converted to the HCI salt, as de-
scribed, for use in pharmacological studies. HCI salt:
white powder, mp 207-210 °C, "H NMR: § 1.95 (m, 1
H), 2.55-2.65 (m, 2H), 2.85 (s, 6H), 2.95-3.20 (t, 2H),
3.22-3.38 (m, 1H), 3.42-3.50 (d, 2H), 7.15-7.60 (m,
7TH); MS miz: 2854 (M+H)". Anal. (C;gH,,CIN-H-
C1:0.25 H,0) C, H, N, CL

5.5.18. 2-Dimethylamino-6-(n-bromophenyl)-1,2,3,4-tet-
rahydronaphthalene (6¢). Compound 6e was synthesized
from 22d using the same procedure described for 6a. The
6e free base was obtained as a yellow oil (15% yield); 'H
NMR: ¢ 2.18-2.25 (m, 2H), 2.39 (s, 6H), 2.62-2.73 (t,
2H), 2.80-.2.95 (m, 1H), 2.98-3.15 (d, 2H), 7.00-7.80
(m, 7H). The oil was converted to the HCI salt, as de-
scribed, for use in pharmacological studies. HCI salt:
buff-brown powder, mp 155-158 °C, 'H NMR: ¢ 1.95
(m, 1 H), 2.55-2.65 (m, 2H), 2.85 (s, 6H), 2.95-3.20 (t,
2H), 3.22-3.38 (m, 1H), 3.42-3.50 (d, 2H), 7.00-7.80
(m, 7H); MS mi/z: 348 (M*+H,0), 330.1 (M+H)*. Anal.
(C1gH»oBrN-HCI-1.50 H,O) C, H, N; Br: calcd, 20.29.
Found, 21.24.
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