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High throughput screening of the corporate compound collection led to the identification of a novel series of
2-amino-9-aryl-3-cyano-4-methyl-7-oxo-6,7,8,9-tetrahydropyrido[20 ,30:4,5]thieno[2,3-b]pyridine deriv-
atives as selective PR agonists. Initial SAR exploration leading to potent and selective agonists 9 and 11,
X-ray crystal structure of 9 bound to PR-LBD and preliminary developability data are described.

� 2009 Elsevier Ltd. All rights reserved.
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The progesterone receptor (PR) is a member of the nuclear
receptor super-family and is a ligand dependent transcription fac-
tor.1 PR and its endogenous ligand, progesterone (P4, 1 in Fig. 1),
play an important role in uterine ovulation and implantation.2 Syn-
thetic PR ligands are commonly used in hormone replacement
therapy, oral contraception, and treatment of endometriosis and
uterine fibroids.3 Endometriosis is a painful disease characterized
by the growth of endometrial tissue outside the uterus. It is asso-
ciated with dysmenorrhea, chronic pelvic pain, fatigue and a host
of other symptoms. Progestins such as P4 and medroxyprogester-
one acetate (MPA, 2) act by opposing estrogen-stimulated endome-
trial tissue proliferation in the treatment of endometriosis. Some
side-effects associated with this therapy such as weight gain, break
through bleeding, and mood disturbances, are associated with the
full agonist activity or poor steroid receptor selectivity of the prog-
estins.3–5 There has been great interest in development of selective
non-steroidal PR agonists, and several small molecule non-steroi-
dal PR agonists have been reported in the literature (e.g., 3–5).6,7

Herein we describe discovery of a novel series of 2-amino-9-aryl-
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3-cyano-4-methyl-7-oxo-6,7,8,9-tetrahydropyrido[20,30:4,5]thie-
no[2,3-b]pyridine derivatives as selective PR agonists.
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Figure 1. Steroidal (1, 2) and non-steroidal (3–6) PR agonists.
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High throughput screening (HTS) of the corporate compound col-
lection using a PR binding assay8 led to the identification of the tricy-
clic pyridine 6 as a hit with a PR pIC50 of 6.7. The compound was
subsequently found to be active in a PR CV-1 agonism assay9 and
in the more definitive T47D alkaline phosphatase cellular assay10

with a pEC50 of 6.2 and 7.1, respectively. Furthermore, compound
6 showed great selectivity for PR over AR (AR pIC50 <5.0 in the bind-
ing assay, AR pEC50 <5.0 in the CV-1 agonism assay).

In order to assess the tractability of the HTS hit, several close ana-
logs of 6 were synthesized via multi-component condensation of
malononitrile, acetone and N-methylmorpholinium tetrahydropyri-
dine-6-thiolates (7). The required tetrahydropyridine-6-thiolates 7
were generated in situ from arylaldehydes, cyanothioacetamide
and Meldrum’s acid in the presence of N-methylmorpholine
(NMM) (Scheme 1).11 These tricyclic pyridine analogs (8a–8i)12 were
tested in the PR binding and the CV-1 agonism assays to provide an
initial SAR.

As shown in Table 1, the nature and position of substituents on
the 9-aryl moiety of these tricyclic compounds had a significant ef-
fect on PR potency. The analogs with substituents on the ortho-po-
sition of phenyl (6, 8b–8d) increased binding affinities in the order
of 2-OMe < 2-Me < 2-F < 2-Cl. Introduction of a second halogen on
the 3-, 4-, 5-, or 6-position of 2-Cl-phenyl group attenuated its PR
binding affinity (8f–8i).

The synthetic route described in Scheme 1 provided analogs,
such as compound 6, as a 1:1 mixture of enantiomers owing to
the chiral center on 9-position of the tricyclic ring. Computational
docking studies13 were conducted to predict the more active iso-
mer and postulate plausible binding modes for both isomers with-
in PR. Docking studies predicted the S-isomer to be the more active
enantiomer as the lactam NH group of the S-isomer could form a
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Scheme 1. Reaction conditions: (a) NMM, ethanol, rt then reflux; (b) ethanol,
reflux.

Table 1
PR binding, CV-1 agonism and T47D alkaline phosphatase data for the tricyclic pyridine c

9

N
H

S

N

O

Ar

Compds Ar X PR binding pIC50
a

8a Ph NH2 5.7
8b 2-F–Ph NH2 6.2
6 2-Cl–Ph NH2 6.7
8c 2-Me–Ph NH2 5.9
8d 2-OMe–Ph NH2 <5.0
8e 3-OMe–Ph NH2 <5.0
8f 2,3-Di-Cl–Ph NH2 6.1
8g 2,4-Di-Cl–Ph NH2 6.1
8h 2,5-Di-Cl–Ph NH2 6.0
8i 2-Cl-6-F–Ph NH2 5.9
9 (S)-2-Cl–Ph NH2 6.8
10 (R)-2-Cl–Ph NH2 5.2
11 2-Cl–Ph Cl 7.3
12 2-Cl–Ph OH <5.0

a Values are the mean of P2 determinations.
hydrogen bond with Asn-719 while the R-isomer could not due
to steric constraints. The two enantiomers of the compound 6 were
then separated by chiral HPLC and absolute stereochemistry of
each isomer was subsequently determined by VCD analysis.14 Both
S- and R-isomers, 9 and 10, were tested in the PR binding and the
CV-1 agonism assays. Consistent with the computational docking
predictions, the S-isomer (9) was found to be much more potent
(PR binding pIC50 = 6.8 and CV-1 pEC50 = 6.7) than the R-isomer
(10, PR binding pIC50 = 5.2, CV-1 pEC50 <5.0). Compound 9 also
showed good activity in the T47D alkaline phosphatase cellular as-
say with a pEC50 of 7.4.
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To investigate the binding mode of the tricyclic pyridines, the

crystal structure of 9 bound to the PR-LBD (ligand binding domain)
was solved to a resolution of 2.24 Å.15 Figure 2 displays an overlay
of progesterone 1 and compound 9 bound to PR-LBD and shows
that compound 9 occupies the same binding pocket as PR’s natural
ligand, progesterone. The charged clamp region of Q725 and R766
overlays well with little notable movement. The 2-chlorophenyl
moiety pushes the angle of the ligand towards M909, which is a
residue associated with decreased agonism.16 The ligand slightly
moves M909, but the Ca carbon is not moved from the agonist po-
sition in progesterone. The distance from the amide nitrogen in
compound 9 and the oxygen on N719 is 2.7 Å, which confirmed
the docking predictions for the S-isomer.

Both the docked binding mode and crystal structure of 9 sug-
gested that the binding affinity might be enhanced by replacement
of the 2-amino group with a less polar group. To test this hypoth-
esis, both 2-chloro-analog 11 and 2-hydroxyl-analog 12 were syn-
thesized from 6 via Sandmeyer reaction (Scheme 2).17 Compound
11 demonstrated greater potency than compound 6 in both the
PR binding and the CV-1 assays (pIC50 = 7.3, pEC50 = 9.1, respec-
tively) while compound 12 found to be inactive in both assays. In
addition, compound 11 was found to be more potent than 6 in
T47D alkaline phosphatase cellular assay with a pEC50 of 8.6. Fur-
ompounds

2

X

Me

CN

PR CV-1 pEC50
a AR binding pIC50

a PR T47D pEC50
a (% P4)

<5.0 <5.0 —
5.4 — 6.4 (47)
6.2 <5.0 7.1 (80)
<5.0 <5.0 —
<5.0 — —
< 5.0 — —
<5.0 <5.0 —
<5.0 <5.0 —
<5.0 <5.0 —
5.4 <5.0 6.1 (13)
6.7 <5.0 7.4 (83)
<5.0 <5.0 —
9.1 5.7 8.6 (116)
<5.0 <5.0 —



Figure 2. Superposition of 9 (blue) and 1 (green) crystal structures. Enzyme
backbone and key backbone residues are shown in the color of the ligand to which
they correspond.
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Scheme 2. Reagents: (a) NaNO2, HCl, H2O.
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ther, compound 11 demonstrated good selectivity for PR over AR
(AR pIC50 = 5.7 in the binding assay, pEC50 <5.0 in the CV-1 agonism
assay). Docking studies showed that the chloro group in 11 can
form good hydrophobic interactions with Leu-763, Val-760 and
Met-801 as well as an electrostatic interaction with the sulfur of
Met-801. The amino group in 6 can also form a weak hydrogen
bond with Met-801, however, this interaction is absent with the
hydroxyl analog 12 or its tautomer.

Compound 6 was evaluated in general selectivity, CYP450, hERG,
and in vitro and in vivo PK studies. Compound 6 demonstrated high
selectivity in a CEREP screen of 50 receptors, transporters and ion-
channels (<10% of inhibition at 1 lM against all 50 targets in the pa-
nel). In a CYP450 screen, compound 6 showed no or little inhibition
for 4 major P450 isozymes (pIC50 <5.0 for 1A2, 2C19, 2D6, 3A4) and
moderate inhibition for 2C9 (pIC50 = 5.9). Compound 6 did not show
activity in a hERG binding assay. In vitro human and rat liver micro-
some stability studies revealed moderate intrinsic clearance for
compound 6 (human: 0.019 mL/min/mg liver; rat 0.083 mL/min/
mg liver). Compound 6 also demonstrated moderate clearance and
oral bioavailability (Clb = 24 mL/min/kg, F = 36%, T1/2 = 1.1 h,
Vdss = 2.5 L/kg) in in vivo mouse PK studies (0.5 mg/kg iv, 1.0 mg/
kg po). These PR potency, selectivity and initial developability data
suggest that this series constitutes a reasonable starting point for
further medicinal chemistry investigation.

In summary, we have identified a novel series of tricyclic pyri-
dines as non-steroidal small molecular PR agonists. Initial SAR
exploration led to potent and selective PR agonists such as 9 and
11. The crystal structure of 9 bound to the PR-LBD was solved
and provided direction for subsequent lead optimization.
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