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Abstract—High-throughput screening of an array of biphenylmethylamines synthesised by high-throughput solid-phase chemistry
resulted in the identification of compounds with high-affinity for the 5-htsa receptor. The structure—activity relationship within this
series and further array synthesis led to the identification of the biphenylmethylamine derivative 11, a potent and selective 5-htsa

receptor antagonist.
© 2005 Elsevier Ltd. All rights reserved.

5-hts Receptors are subdivided into 5-htsa and 5-htsg
receptors representing distinct gene products. To date,
the 5-hts5 receptor has been cloned from a number of
species including human! and guinea pig.? In contrast,
the 5-htsg receptor is a pseudogene (not functionally ex-
pressed) in man.> mRNA and receptor immunolocalisa-
tion studies have shown the 5-htsp receptor to be
preferentially expressed in brain, including cortical and
limbic areas®* suggesting a potential role for the recep-
tor in higher brain function. Although the human 5-htsp
receptor was cloned in 1994, the role of the 5-htsA recep-
tor in brain function is still very poorly understood due,
at least in part, to the lack of selective ligands. This has
provided the impetus to perform a high-throughput
screen to identify novel ligands for the receptor that
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might serve as pharmacological tools for brain function-
al studies.

3,2-, 3,3-, 3,4, 4,2-, 4,3-, 4,4-isomers
1; X=CO and CONH

High-throughput screening of the in-house compound
collection using [PH]LSD radioligand binding? resulted
in the identification of a series of active biphenylmethyl-
amine compounds. These screening hits originated from
an array of compounds 1, synthesised by high-through-
put chemistry. As the biphenyl moiety is known to be a
privileged motif for binding to 7-transmembrane (7-TM)
receptors,” the array 1 was designed specifically to be
cross-screened against a range of 7-TM receptor targets.
It was synthesised by solid-phase chemistry according to
Scheme 1 employing a carbamate linker and a Suzuki
reaction-reductive amination—acylation sequence. The
synthesis platform utilised IRORI™ microkans in a
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X =CO, CONH 3,2-, 3,3-, 3,4-, 4,2-, 4,3-, 4,4-isomers

Scheme 1. Reagents and conditions: (a) Wang resin (1.7 mmol/g, 150—
300 um), di-2-pyridylcarbonate, Et;N, CH,Cly; (b) N-R'-3- or
4-bromobenzylamine, CH,Cl,, rt, or 1,2-dichloroethane, 70 °C; (c)
2-, 3-, or 4-formylbenzeneboronic acid, Pd(Ph;P);, Na,CO;, 1,2-
dimethoxyethane-water (9:1), 80 °C under argon; (d) R?NH,, Na,SOy,
AcOH, NaBH(OACc)3, 1,2-dichloroethane; (e) R3COCL, Et;N, CH,CL,
or R3NCO, CH,Cl,; (f) 20% CF;CO,H, 80% CH,Cl.

split-mix directed sorting combinatorial process® to af-
ford the products as single compounds. After cleavage
from the resin, the individual products were obtained
as trifluoroacetate salts in quantities of up to 35 pmol.
The robust nature of the solid-phase chemistry is dem-
onstrated by the isolation of 6625 compounds in >80%
LCMS purity from the planned 6912 component array.
Only 45% of these products required purification, which
was achieved using parallel preparative LC techniques.’

A significant advantage of the high-throughput chemistry
approach is that analogues of screening hits are immedi-
ately available and SAR can be established quickly.
Although the array comprised six different biphenyl iso-
mer combinations, designed to allow the substituent
groups to be presented in different orientations, the com-
pounds with affinity for the 5-hts5 receptor consisted al-
most exclusively of the 4,4-isomers. Add1t10nally, it was
clear that a basic group was required in the R* substituent
and amides were generally much more active than ureas
(data not shown). The most potent compound from the
original array was derivative 2 (Table 1) with pK; 7.6.

Affinity was confirmed in the [PHJLSD radioligand-
binding assay by re-preparation of the most potent com-
pounds, and a new focused array (969 compounds) was
synthesised based on the initial SAR, using the solid-
phase chemistry in Scheme 1 in both cases. The two ar-
rays were instrumental in probing further SAR and
selectivity data for the 5-htsa receptor.

A selection of illustrative SAR data is summarised in
Table 1. Compounds 24 exemplify the requirement for
a basic group in the R? substituent for good afﬁmty
Replacement of the N,N-dimethylaminoethyl group in 2
with the less basic 3-pyridylmethyl substituent in 3 result-
ed in comparable affinity, whereas compound 4 with a
non-basic substituent was more than 10-fold less active.
From a range of R! variables, the phenethyl substituent
gave by far the most potent derivatives, as illustrated by

the lower aﬂinlty of compounds 5 and 6. Varying the lipo-
philicity of the R* substituent also had a dramatlc effect on
affinity. Replacement of cinnamoylin R* by benzoyl while
retaining optlmum R! and R? substituents, as in com-
pound 7, resulted in reduced affinity. The phenyl urea 8
had comparable affinity to the benzamide 7, although
most ureas were much less active than amides. The pipero-
noyl derivative 9 retained moderate affinity while the
trans-3-phenylcyclopropanoyl compound 10 was only
slightly less active than the cinnamoyl analogue 2. How-
ever, the 3-cyclopentylpropionyl analogue 1la gave
enhanced affinity at the 5-hts receptor with a pK; of 8.2.

Keeping the favourable R? 3- cyclopentylproplonyl sub-
stituent constant, the effects of varying R and R? were
probed further. Analogues 12 and 13, where R' is H and
indanyl, respectively, were significantly less active, but
the 2-(2-pyridyl)ethyl (14) and 2-phenoxyethyl (15)
derivatives retalned good affinity. Maintaining R' as
phenethyl and R? as 3-cyclopentylpropionyl, a range
of R? substituents containing basic groups afforded
compounds which retained good affinity, e.g., derivative
16, but none of these matched that of 11a. The sulfon-
amide 17, analogous to amide 2, had reduced affinity
with a pK; of 6.6.

Receptor-binding affinities for a selection of the most
potent compounds against a range of relevant receptors
(5-HT, dopamine, and a-adrenoceptors) are shown in
Table 2. The compounds examined possess generally
good 5-htsa selectivity when compared with binding
affinities at other 5-HT and dopamine receptor sub-
types, showing a range between 10- and 1000-fold. The
selectivity profile improves with increasing 5-hts, bind-
ing affinity as demonstrated by compound 11a, which

=2 100-fold selective against the majority of the other
5-HT receptor subtypes. Similarly, amongst the ana-
logues tested, 11a shows the highest selectivity against
the adrenergic o, g receptor (ca. 50-fold). It does, howev-
er, possess significant affinity for the human serotonin
transporter.

The requirement for lipophilic groups in both R' and R?
limits the opportunity to increase the hydrophilicity of
molecules in the active series. However, some com-
pounds lacking the R® amide were found to possess
moderate affinity, e.g., the N-benzylpiperidinyl deriva-
tive 18. Interestingly, in this series the 4,3-isomer 19
maintained comparable affinity. However, amines of
the types 18 and 19 lacked selectivity against other
receptors in Table 2 (data not shown).

18; 4-isomer; pK; 6.9
19; 3-isomer; pK; 6.7

In another approach to reduce lipophilicity, analogues
20-23, in which each phenyl ring in turn is replaced by
a pyridyl moiety, were synthesised using variations of
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Table 1. Affinities in 5-htsa radioligand-binding assay

H R®. ©
OO
R
Compound? R! R? R? pK;
2 Ph\/\ MezN\/\ Ph\/\ 7.6
3 Phe_~ \ Ph A 7.3
MeO
4 Ph\/\ \©/\/ Ph\/\ 6.3
5 MeO. -~ \ PhaAG 5.2
0]
6 { \ PhAa 6.0
(0]
7 Ph\/\ MezN\/\ Ph 6.2
8 Pho_~o MeN_~ NHPh 6.4
O
9 Phao~ \ 4 6.7
O
Ph Me,N Ph
10 ~ AN N 7.1
11a Ph\/\ MezN\/\ O—\—> 8.2
12 H Me N~ Q—\_, 5.5
13 @ Me,N_~ O—\+ 6.6
14 \ /) MezN\/\ O—\—> 7.5
N
15 PhO\/\ MeZN\/\ O—\_> 7.1
H
16 Pho_~ CN)_/ O—L 7.6

# All compounds are trifluoroacetate salts.

the chemistry in Schemes 1 and 2. Here, SAR differed
(Table 3) where the cinnamoyl compounds 20 and 22
were slightly more potent than their 3-cyclopentylpropi-
onyl counterparts. Although excellent affinity was re-
tained, especially in compound 20, selectivity was
noticeably poorer than in the biphenyl series, particular-
ly against the oy receptor (20, pK; 7.8).

In summary, the compound identified from this ser-
ies with the greatest affinity and selectivity for the 5-
hts5 receptor is derivative 11a (di-trifluoroacetate salt
after array synthesis). It was re-synthesised using
solution-phase chemistry by the route shown in
Scheme 2, and converted to its dihydrochloride salt
11b.



D. F. Corbett et al. | Bioorg. Med. Chem. Lett. 15 (2005) 4014-4018 4017

Table 2. Receptor-binding profiles of selected compounds

Receptor?® Affinity (pK;)

2 3 11a
5-HTia 6.1 6 6.3
5-HTp 6.2 6.2 6.5
5-HTp 6.8 5.9 6.4
5-HTg <5.0 <5.0 <5.0
5-HT\ ¢ <5.0 <6.0 <5.0
5-HT>4 6.4 6.1 6.1
5-HT2p 5.9 5.7 6.0
5-HT,c 6.2 6.0 6.4
5-hts, 7.6 £ 0.07 7.3+0.14 8.2+ 0.05
5-HTs <51 <57 5.4
5-HT, 6.0 5.9 5.4
Dopaminergic D, 6.1 5.9 5.9
Dopaminergic D3 6.0 5.8 6.2
Dopaminergic Dy 59 5.8 6.1
SerT — — 7.6

#Receptors and radioligands used in the binding assays: 5-HT;a
(human cloned receptors [HCR] in HEK 293 cells, [*H]-8-OH-
DPAT); 5-HT;g and 5-HT;p (HCR in CHO cells, [3H]—5—HT);
5-HTg, 5-HT, and 5-HT,5 (HCR in HEK 293 cells, [*H]-5-HT); 5-
HT,4 (HCR in HEK 293 cells, [3H]ketanserin); 5-HT>c (HCR in
HEK 293 cells, [*H]mesulergine); 5-hts, (HCR in CHO cells,
[PHILSD); 5-HT, (HCR in HeLa cells, [PHJLSD); 5-HT, (HCR in
HEK 293 cells, [3H]-5-CT); D,, D3, and D4 (HCR in CHO cells,
["**Tliodosulpride); o5 (HCR in CHO cells, [*H]prazosin); serotonin
transporter (SerT) in LLCPK cells, [*H]citalopram.

®SerT data is for salt 11b. Data represent the mean of at least three
separate experiments except where mean pK; values are quoted as
<6.0 (n=2).
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Scheme 2. (a) NI1,Nl-dimethylethylene-1,2-diamine, NaBH(OAc);,
AcOH, CH,Cl,, 44%; (b) 3-cyclopentylpropionyl chloride, Et;N,
CH,Cl,, quant.; (c) 4-formylbenzeneboronic acid, Pd(PPh3),, Na,COs,
H,O/DME 1:9, 76%; (d) phenylethylamine, NaBH(OAc);, AcOH,
CH,Cl,, 57%.

SO

11a, di-CF,CO,H salt
11b, di-HCl salt

L
NN,

Compound 11b was further evaluated in a human 5-htsx
receptor functional assay utilising 5-carboxamidotrypta-
mine (5-CT)-stimulated [*>S]JGTPyS binding to cell

Table 3. 5-htsa Affinities of pyridyl analogues

©\/\ X NMS2

Iz

(e}
Compound X Y R pKi (5-htsa)
20 N CH  ph " 8.3
3| N  CH Q—\» 7.9
22 CH N Ph/\/ 7.6
23 CH N Q—\_’ 7.5
1101
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n
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log [5-CT] (M)

Figure 1. 5-CT-induced stimulation of [**SJGTPyS binding to human
S-htsa/HEK 293 cell membranes in the absence and presence of
compound 11b (1 uM). Data points represent means + SEM of at least
three separate experiments. Results are expressed as percentage of the
maximal 5-CT response.

membranes prepared from human embryonic kidney
cells transiently expressing the human receptor. At a
concentration of 1 uM it produced a parallel right-
ward-shift of the 5-CT concentration-response curve
(Fig. 1) giving an apparent pKg (mean £ SEM, n = 3)
of 8.0 £ 0.04, comparable to the pK; determined from
[*H]LSD binding (Table 2).

The biphenyl derivative 11b therefore shows a profile
consistent with competitive antagonism at the human
5-htsa receptor.

A summary of the guinea pig pharmacokinetic profile for
compound 11b is shown in Table 4.8 After intravenous
dosing, compound 11b has a moderate blood clearance,
a large volume of distribution and a long half-life. Oral
bioavailability is low at 4% but bioavailability is im-
proved via the subcutaneous route (63%). CNS penetra-
tion was achieved via each dose route investigated (data
not shown). Further in vivo pharmacological studies into
the functional role of brain 5-htss receptors using the po-
tent and selective antagonist 11b as a tool compound are
ongoing and will be reported in a future publication.
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Table 4. Guinea pig pharmacokinetic parameters for compound 11b% 3. Pasqualetti, M.; Ori, M.; Nardi, I.; Castagna, M.; Batista
Cassano, G.; Marazziti, D. Mol. Brain Res. 1998, 56, 1.

Parameter - Route of administration 4. Grailhe, R.; Grabtree, G. W.; Hen, R. Eur. J. Pharmacol.
v po sc 2001, 418, 157.

Dose (mg/kg) 1 3 3 5. Bleicher, K. H.; Green, L. G.; Martin, R. E.; Rogers-Evans,

Cinax (ng/mL blood) _ 20 388 M. Curr. Opin. Chem. Biol. 2004, 8, 287; Horton, A. D.;

t1> (h) 35 3.9 2.2 Bourne, G. T.; Smythe, M. L. Chem. Rev. 2003, 103, 893;

CL,, (mL/min/kg) 22 _ _ Patchett, A. A.; Nargund, R. P. Annu. Rep. Med. Chem.
Vd,, (L/kg) 6.1 _ _ 2000, 35, 289.

F (%) _ 4 63 6. Shi, S.; Xiao, X.-y.; Czarnik, A. W. Biotechnol. Bioeng.

1998, 61, 7.
7. Edwards, C.; Hunter, D. J. J. Comb. Chem. 2003, 5, 61.
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