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Abstract—The structure—activity relationship (SAR) of the vinyl pyridine region of himbacine derived thrombin receptor (PAR-1)
antagonists is described. A 2-vinylpyridyl ring substituted with an aryl or a heteroaryl group at the 5-position showed the best over-
all PAR-1 affinity and pharmacokinetic properties. One of the newly discovered analogs bearing a 5-(3-pyridyl) substituent showed
excellent PAR-1 affinity (K; = 22 nM) and oral activity with reduced Clog P and improved off-target selectivity compared to an ear-

lier development candidate.
© 2007 Elsevier Ltd. All rights reserved.

Cardiovascular disease (CVD) affects one third of US
adult population and is the leading cause of death in
the US.! The majority of CVD mortality and morbidity
is associated with coronary artery diseases (CAD)
caused by advancing atherosclerotic lesions.?> Spontane-
ous rupture of an atherosclerotic plaque can result in the
formation of an occlusive thrombus leading to myocar-
dial infarction (MI) and unstable angina, which can of-
ten be fatal. Thrombin plays a key role in arterial
thrombosis: it cleaves fibrin to fibrinogen and activates
platelets, two key events in thrombus formation.? While
thrombin is essential for its life-sustaining role in hemo-
stasis and wound healing, thrombin’s over-activity un-
der pathological conditions often results in arterial or
venous thrombosis which will lead to MI, unstable angi-
na, or stroke. Various antithrombotic agents aim to
attenuate either the endogenous production of thrombin
or its proteolytic activity. However, their widespread use
has been tempered by bleeding side effects and a lack of
oral activity.*

Thrombin activates platelets and other cell types via
proteolytic cleavage of specific cell surface G-protein
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coupled receptors known as protease activated receptors
(PARs).> Four PARs are known (PARI1-4), among
which PAR-1, also known as thrombin receptor, is the
most abundant on human and monkey platelets. Among
the various platelet activators, thrombin is the most po-
tent. It has been proposed that thrombin activates plate-
let thrombin receptors via a ‘tethered ligand’ mechanism
in which the newly unmasked amino terminus by throm-
bin of the extracellular loop intramolecularly ligates the
receptor eliciting intracellular signal transduction which
leads to platelet activation.® The cloning and character-
ization of PAR-1 in the early 1990s presented an oppor-
tunity for identifying small molecule PAR-1 antagonists
as novel, orally active antithromotic agents.® Because
thrombin is the most potent activator of platelet, and
because a PAR-1 antagonist would selectively block
thrombin-mediated platelet activation without inhibit-
ing fibrin formation or platelet activation by other acti-
vators (e.g., ADP and thromboxane A2), a PAR-I1
antagonist might achieve potent antiplatelet effects with
less bleeding side effects than the currently available
anticoagulants and antiplatelet agents.’

We have previously reported a series of PAR-1 antago-
nists 1-5 based on the natural product himbacine.’*
Structure—activity relationship (SAR) development at
the pyridine 6 position led to the potent, albeit orally
inactive, compound 2. Further SAR development at
the pyridine 5 position yielded the potent compound 4
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with excellent oral activity in the platelet aggregation as-
say in cynomolgus monkeys.® Compound 4, however,
showed induction of rat specific CYP 2B liver enzyme
at higher doses with time-progressed lowering of the
parent plasma levels. Such an apparent autoinduction
pattern suggests potential lack of adequate drug expo-
sure needed for the FDA-required long term rodent car-
cinogenicity studies. Compound 4 is highly hydrophobic
(Clog P = 6.0) and showed slow metabolite clearance in
our laboratory animal clearance studies. We suspect that
the enzyme induction observed in rat could be attributed
to the accumulation of metabolites. By studying the
metabolic profiles of compound 4, we identified com-
pound 5 with better therapeutic window in the enzyme
induction study in rat.” However, an off-target activity
at the cannabinoid CB, receptor was observed for com-
pound 5 in a GPCR counter-screen (CB, K; = 38 nM for
5).1° Due to the immunological implications of CB,
mechanism,!! this property was deemed inappropriate
for an ideal development candidate. In order to further
optimize the properties of this series, we undertook a
comprehensive SAR study of the heteroaryl region ad-
dressed to replacing the pyridyl ring and the 5-phenyl
substituent. Reported herein is the outcome of these
studies which have resulted in the identification of po-
tent, orally active thrombin receptor antagonists with
reduced Clog P and excellent CB, selectivity.
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The synthesis of PAR-1 antagonists incorporating pyri-
dine surrogates is shown in Scheme 1. Palladium cata-
lyzed coupling of the previously reported tricyclic vinyl
tin derivative 7'> with appropriate aryl or heteroaryl ha-
lides followed by chromatographic purification gave the
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Scheme 1. Reagents and condition: (a) Pd(PPh;),, RX (X = Cl, Br, or
1), toluene, 100 °C.

trans-products 8a—n. The aryl or heteroaryl halides are
either commercially available or readily prepared from
commercially available precursors using standard proto-
cols. Our studies have shown that the presence of Cg,—
Cy double bond did not affect the PAR-1 ICs, values
considerably (e.g., compounds 8b and 8d had similar
ICso as compounds 1 and 3, respectively). Therefore,
due to the ready availability of the tricylic intermediate
7 using established procedures, the unsaturated tricylic
unit was initially explored for pyridine SAR studies.

Binding studies were carried out as previously reported
using human platelet membranes as PAR-1 source and
tritiated high affinity thrombin receptor activating pep-
tide (haTRAP) as a radioligand.'®> PAR-1 ICs, values
or percentage of inhibition at 1 pM for compounds
8a-n are shown in Table 1. The ICsy values of 8a-d
are similar to those reported for the corresponding
C8a—C9 saturated analogs, which establishes the fact
that the presence of a C8a—C9 double bond does not af-
fect PAR-1 binding, as discussed before. We did not
identify any aryl or heteroaryl surrogates that are signif-
icantly better than the 2-pyridyl ring (or the 2-quinolyl
ring). The phenyl replacement analogs 8e and 8f are
essentially inactive. The 3-pyridyl compound 8g is
slightly less potent than the 2-pyridyl 8a and the 3-quin-
olyl compound 8h is ca. 10-fold less potent than the
2-quinolyl compound 8c. Other heteroaryls such as the
2-thiozolyl (8k), the pyrazine (8i) or the pyrimidine (8j)
also did not produce better potency than the 2-pyridyl
(8a). The benzoxazole compound 8l is less potent than
the 2-quinolyl compound 8c. These results may suggest
that the basicity and orientation of the nitrogen lone
pair of electrons in the 2-pyridyl or 2-quinolyl rings is
important for the binding to the thrombin receptor. Fi-
nally, although the 6-Me substitution (8b) and 5-phenyl
substitution (8d) gave ca. 10-100-fold improvement over
5,6-unsubstituted compound 8a, the combination of
6-Me (or 6-Et) and 5-phenyl disubstituted compounds
(8m and 8n) did not give synergistic improvement in
binding. The ICsps are actually higher than the 5-phenyl
substituted compound (8d) that has no substitution at
the 6-position. Presumably, the alkyl substitutions at
the 6-position in compounds 8m and 8n forced the
5-phenyl ring into an unfavorable binding conformation.

We next evaluated replacement of the 5-aryl ring on the
pyridine with other groups, especially heteroaromatic
rings, in an effort to lower the hydrophobicity. These
compounds were synthesized conveniently from the pyr-
idyl triflate intermediate 9 that we reported previously.®
As shown in Scheme 2, the triflate 9 was converted to
compounds 11a,b through palladium catalyzed coupling
reactions with appropriate organozinc reagents. The
amino derivatives 11c—f were prepared from 9 by the
Buchwald amination protocol.'* Compounds 11g-r
were prepared from 9 under Stille, Suzuki, or Miyaura'®
conditions.

The PAR-1 binding activities of 5-pyridyl derivatives
11a-r are summarized in Table 2. The 5-alkyl substi-
tuted compounds 11a and the cyclopentyl derivative
11b are less potent than the phenyl derivative 3. Interest-
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ingly, the 5-pyrrolidino compound 11c with an ICs, of
29 nM is as potent as the phenyl compound 3 and five
times more potent than the cyclopentyl compound
11b. Presumably, this is because the pyrrolidinyl ring
can adopt a flatter conformation than the cyclopentyl
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Scheme 2.

ring through conjugation of the nitrogen lone pair of
electrons with the pyridyl ring and this flatter conforma-
tion more closely mimics that of the phenyl ring. Other
cyclic amino analogs 11d-f bearing polar or basic
groups in the heterocyclic ring gave reduced binding
affinity. A variety of heteroaryls (11g-k and 11n-o) pro-
duced good PAR-1 affinity except the ones that are
highly polar such as the 3-pyridine oxide (11q), and
the imidazoles (111 and 11m). The SAR of the 2-, 3-,
and 4-pyridyl compounds (11n, 110, and 11p) parallels
that of the o-, m-, and p-substituted 5-aryl groups. We
have previously established that ortho and meta substit-
uents on the phenyl ring are better than the para substi-
tution.® The same SAR is emulated in the case of 2-, 3-,
and 4-pyrdiyl groups where the 2-pyrdyl derivative (11n)
and the 3-pyridyl derivative (110) are highly active and
the 4-pyridyl is two orders of magnitude less active

(11p).

The pharmacokinetic profiles in a rapid rat model'® for
selected analogs were also studied (Table 2). Among the
bipyridyl derivatives, the 3-pyridine derivative 11o
showed the highest plasma levels. The pyrrolidine deriv-
ative 11¢ and the 3-pyridine compound 110 were further
evaluated in the ex vivo platelet aggregation assay in
cynomolgus monkeys.'” Compound 11¢ showed only
transient inhibition of platelet aggregation at 3 mpk.
However, compound 110 showed complete inhibition
of platelet aggregation up to 4 h at 3 mpk and ca. 70%
inhibition at 6 h. When compared to 4, which gave com-
plete inhibition up to 6 h, compound 110 seems to have
a shorter duration of action. Compounds 11¢ and 110
were also evaluated in the cannabinoid CB, receptor
binding assay.!® While compound 11c showed a K; of
487 nM, compound 11o is more selective with a K; of
13 M.

In summary, the SAR of the pyridine ring for the him-
bacine derived PAR-1 antagonists was evaluated. The
2-vinyl pyridyl ring with suitable substitutions at the 5-
or 6-position is important for PAR-1 binding. Both
the basicity and the orientation of the lone pair electron
on the pyridine nitrogen may be important. The C-5 po-
sition of the pyridine ring is amenable to considerable
modification and the resulting compounds have pro-
duced good oral activity. Heteroaryls are generally well
tolerated at the C-5 position of the pyridine ring with the
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3-pyridyl (110) being the best with lower Clog P (3.7 for
110 vs 6.0 for compound 4) and excellent CB, selectivity.
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