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The optimisation of a tertiary sulfonamide high-throughput screening hit is described. A combination of
high-throughput chemistry, pharmacophore analysis and in silico PK profiling resulted in the discovery of
potent sulfonamide oxytocin receptor antagonists with oral exposure and good selectivity over vasopres-
sin receptors.
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Oxytocin, 1 is a peptide hormone acting on the G pro- chemistry with templates derived from these aldehydes failed to
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oxytocin, 1
tein-coupled oxytocin receptor which modulates numerous
physiological roles including the control of uterine contrac-
tions.1–3 Antagonism of the oxytocin receptor is a potential treat-
ment for threatened pre-term birth and has been clinically
validated by the peptidic antagonist atosiban, 2, administered
by iv infusion.4 A small molecule, orally administered oxytocin
receptor antagonist is an attractive next generation therapeutic
agent (Fig. 1).

High-throughput screening of the GSK compound collection
identified the tricyclic quinolinone, 3 as a moderately potent oxy-
tocin receptor antagonist with good selectivity against the related
V1a vasopressin receptor but poor solubility and bioavailability.5 A
related, high molecular weight, oxytocin receptor antagonist 4
with in vivo activity has been reported by Serono Pharmaceutical
Research Institute.6 Our aim was to optimise the potency, solubil-
ity and oral bioavailability of 3 without significantly increasing
molecular weight (<500) (Fig. 2).

Chemistry (Scheme 1) was carried out to find novel isosteres for
the tricyclic quinolinone group of 3.

The moderately potent compounds 5–8 (Table 1) were identi-
fied in a fluorescence polarisation binding assay.5 All the tricyclic
quinolinone replacements (R1, Table 1) contained a distal phenyl
ring and were derived from commercially available heterocyclic
biaryl aldehydes (Scheme 1). Further rounds of high-throughput
All rights reserved.
improve potency.
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Figure 1. Structures of oxytocin and atosiban.
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OT    fpKi = 6.7 
V1a  fpKi  < 5 
Molecular weight = 460 

Solubility < 1 ug/mL 
Fpo = 4%
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OT    Ki = 0.65 nM 
V1a  Ki  = 42 nM
Molecular weight = 624 

Inhibition of  rat uterine contractions: 
72% @10 mg/kg(iv) (non-pregnant)
35% @30 mg/kg(po)(non-pregnant)
30% @30 mg/kg(po) (late-term pregnant)

Figure 2. Tertiary sulfonamide oxytocin receptor antagonists.
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Scheme 1. Reagents and conditions: (a) i—Na2SO4, DCM, 100 �C, 10 min (sealed microwave vial); ii—NaBH4, DCM/MeOH, rt, 1 h (yield 60–95%); (b) pyridine, rt, 1 day then
150 �C, 10 min (yield 40–90%).
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A pharmacophore based on known active oxytocin receptor
antagonists 9 and 10 (Figs. 3 and 4) was generated in an attempt
to overcome the potency plateau without increasing molecular
weight.7,8

Mapping compounds 5–8 to the pharmacophore in Figure 4
(Fig. 5) suggested poor alignment of the biaryl unit to the plane
of the indane aromatic element.
Table 1
SAR from optimisation of 3.
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Sulfonamide 11 (Fig. 6), containing a biaryl motif similar to that
found in 9, showed better pharmacophore alignment but binding
affinity did not improve (Table 2). Presumably this was due to lack
of conformational rigidity compared to 9.

The pharmacophore maps the biaryl fragment as a plane
aromatic (distal phenyl) and hydrogen bond acceptor (pyridine)
(Fig. 7). The model requires the vectors of the pyridine and distal
phenyl ring to adopt a non-co-planar arrangement (45 deg from
co-planar). Compounds 12–15 were prepared (Scheme 2) to
increase conformational rigidity, preventing the rings adopting a
co-planar arrangement.

This strategy resulted in the discovery of potent compounds
(Table 2). Compounds were profiled in binding and functional
assays to confirm functional antagonism and selectivity.5

Selectivity against V1a was poor but the functional potencies of
13 and 14 were encouraging and PK (pharmacokinetic) profiling
was carried out (Table 3). Both compounds had relatively poor
CYP (cytochrome P450 enzyme) profiles and poor solubility, result-
ing in low oral exposure.

The serious PK shortcomings were tackled by in silico profil-
ing. Our efforts targeted the aryl sulfonamide because pharmaco-
phore analysis (Fig. 7) suggested only the sulfonamide oxygen
atoms are required as hydrogen bond acceptors. The phenyl ring
can be replaced to optimise the PK properties and retain potency.
A number of highly potent oxytocin receptor antagonists were
prepared with both electron rich and electron deficient aryl sul-
fonamides (Table 4).

Only the compounds with low clogD7.4 (calculate log
distribution coefficient at pH 7.4), the imidazole sulfonamides 21
and 22, were predicted to have good solubility and improved CYP
profiles. Measured solubility and CYP inhibition of 21 and 22 were
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Figure 3. Antagonists used in pharmacophore generation.

Figure 4. Consensus pharmacophore derived for compounds 9 (grey) and 10 (gold).
Key elements of note include two hydrogen bonding acceptors (green arrows)
mapped on pyridines of 9 and diketopiperazine amide carbonyl groups of 10, a
plane aromatic (bronze spheres) mapped on the phenyl group of 9 and indane
group of 10, a small hydrophobe (cyan spheres) based on pyridine methoxy group
of 9 and the sec-butyl group of 10 and a hydrogen bonding acceptor (green arrow)
mapped to the triazole of 9 and the morpholine amide carbonyl group of 10.

Figure 5. Pharmacophoric alignment of 5–8 (in gold) and 9.
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Figure 6. Structure of sulfonamide 11.

Table 2
Selectivity SAR for tertiary sulfonamides.

NO

N
S

O

O

N

X

O

Compound X OT
pKi

OT fpKi

(FLIPR)
V1a fpKi

(FLIPR)
V1b fpKi

(FLIPR)
V2 fpKi

(Yeast)

11 H 6.9 — — — —
12 CN 8.0 8.2 7.3 Inactive 6.3
13 Cl 7.9 8.5 7.6 Inactive 5.9
14 Me 8.1 8.7 7.8 Inactive 6.6
15 F 8.2 8.1 7.3 Inactive 7.2

Figure 7. Pharmacophoric alignment of 11.
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better than 13 and 14 in agreement with in silico profiling (Table
5). The oral bioavailability was determined for 21 and found to
be superior to 13 and 14.

Selectivity profiles for 21 were determined in functional assays
and in lower throughput filtration binding assays.9 A significant
improvement in selectivity was achieved (Fig. 8).

In summary, the moderately potent tricyclic quinolinone 3 has
been optimised to give a highly potent tertiary sulfonamide antag-
onist 21 with encouraging PK properties using a combination of
high-throughput chemistry, pharmacophore analysis and in silico
profiling. Data generated for 21 met requirements for hit to lead
transition.
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Scheme 2. Reagents and conditions: (a) i—Na2SO4, DCM, 100 �C, 10 min; ii—NaBH4, DCM/MeOH, rt, 1 h (yield 84%); (b) 4-MeO-Benzenesulfonyl chloride, pyridine, rt, 1 day
then 150 �C, 10 min (yield 92%); (c) 2-X-Phenylboronic acid, Na2CO3, DME:H2O:EtOH (7:3:2), Pd(PPh3)4, 140 �C, 5 min (yield 62–93%).

Table 4
Sulfonamide SAR.
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a clogD7.4 determined by ACD V8.0.

Table 3
PK profiles of potent tertiary sulfonamides.

Compound 13 14

Solubility (lM) 9 6
CYP (lM)
1A2 >33 >33
2C9 0.52 0.81
2C19 0.45 0.69
2D6 >33 >33
3A4 (DEF) 0.75 0.71
3A4 (7BQ) 2.2 2.1

Fpo (%) 12 9

Table 5
Optimised PK profiles of potent tertiary sulfonamides.

Compound 21 22

Solubility (lM) 259 214
CYP (lM)
1A2 18 19
2C9 6.7 0.78
2C19 13 25
2D6 31 29
3A4 (DEF) 1.3 2.8
3A4 (7BQ) 4.8 >33

Fpo (%) 40 —
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Figure 8. Selectivity profile of orally bioavailable sulfonamide.
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