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Abstract: Analysis of piatelst aggregation inhibition results and rotational isomer preferences has
provided an understanding of inhibitory potency for m-phthalic acid analogs 3-7. Constraint of the
N-terminal amide led to compound 8, which is potent, selective, and orally active,

Small molecule inhibitors of platelet aggregation offer a potentially attractive means to
prevent thrombogenic disorders such as unstable angina and myocardial infarction.1-3 The
tripeptide sequence Arg-Gly-Asp (RGD) is believed to mediate fibrinogen binding to the plateiet
Gplib/iila receptor (Table 1)2, and peptidomimetics45 of this sequence have become the focus of
research. We hypothesized that potent inhibitors could be prepared by incorporating an element of

Table 1. Small Molecule Fibrinogen Receptor Antagonists.
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a) inhibition of ADP-mediated platelet aggregation in
human gel-filtered platelets (uM)2

geomatric (structural) constraint at the center of the molecule to direct the vectors of the N and C
terminal chains. The central phenyl ring of 2 (L-700,462)6 as well as compounds reported by
Alig47, Austel®, Blackburn4, Callahan®, Ku10 and others'? have built upon this idea. We now report
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the design and preparation of the low-molecular weight, centrally constrained, nanomolar fibrinogen
receptor antagonist 9 (L-709,780), and describe the pharmacology of this compound.

Consideration of synthetic ease, the potential for geometric control, and the previously
reported steric requirements of the central glycine of RGD13 suggested the use of a bis-
functionalized aromatic ring as the central constraining moiety. We have found that the meta-
phthalic acid derivative 3 (Table 1) has an IC50=0.53 uM for inhibition of platelet aggregation, and
thus serves as a key lead compound.

Table 2. Pyridine Analogs of Compound 3.
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a) inhibition of ADP-mediated platelet aggregation in
human gel-filtered platelets (uM)

As part of a program directed at systematic modification of 3, pyridine analogs (Table 2) were
prepared. While the 3,5- (4) and both possible 2,4-disubstituted pyridines (5 and 6) were of
comparable potency to each other, the 2,6-isomer (7} was >100-fold less potent. We hypothesized
that the position of the pyridine nitrogen in 7 favored an energetic preference for less potent
rotational isomers. A comparison of some of the possible rotational isomers of 7 suggests that
conformation D, in which dipole moments are opposed, would be of lower energy compared to
conformation A, in which dipole moments are aligned (Figure 1).
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Figure 1. Rotational Isomers of Compound 7.
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To investigate this hypothesis further, AM114 calculations were carried out on the central
portion of 3-7.15.16 Table 3 contains the calculated energies and dipole moments for four of the
possible conformations of 3'-7°. in general, those conformations with high dipole moments display
higher relative energies than those with low dipole moments, as can be seen for the anti
conformations of the parent 3. For this structurs, the barriers to rotation about the bonds X and Y
are ~1.2-1.4 keal.

Qur caleulations indicate that the dipole moment of 7' is lowest for syn2, and that this form of
7' is ~4-10kcal more stable than are the anti and syn1 forms. The barriers to rotation about the
bonds X and Y of 7' (4-6kcal) are significantly higher than are those for 3'-6'. Therefore, it seems
reasonable to conclude that conformer D is a preferred orientation for 7, and that the poor potency
of 7 is a reflection of this preference.
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Table 3. AM1 calculated heats of formation (AHf) and dipole moments.!>

Analog| Conformer AHf AAHf Dipole Analog | Conformer AHF AAHE Dipole
(kcal/mol)}{(kcal/mol)| Moment (kcal/molY (kcal/mol)] Moment
(Debye) (Debye)
synl -45.66 1.12 6.6 synl -34.77 1.36 5.5
3' [antil,antiz| 46.78 0.00 4.3 6 antil -30.77 5.36 5.5
syn2 -46.20 0.58 4.4 anti2 -36.13 0.00 2.2
4" |antil,anti2} -36.49 0.00 4.2 synl -25.94 | 10.11 7.9
syn2 -35.68 0.81 6.1 7' |antil,anti2 | -31.87 4.18 4.8
synl -34.77 1.36 5.5 syn2 -36.05 0.00 2.4
, antil -36.13 0.00 2.2
5 anti2 -30.77 5.36 5.5 8.9 Syn' -26.17 0.87 6.5
syn2 3023 | 590 5.5 antl -27.04 1 0.00 3.0

With these results in mind we proposed that the potency of 3 cauld be improved b{/ restricting
the rotation of bonds X and/or Y, thus favoring either the syn1, anti1 or anti2 conformations, and
suppressing the syn2 conformation. To test these ideas, the isoindolinone compounds 8 and 9 were
prepared (Scheme 1).17 Thus, altthough 8 had an ICs0=10uM, a loss of potency of 20-fold relative to
3, 9 showed an 20-fold jncrease in potency, with an IC50=25 nM.

Energetic calculations of compound 9’ indicate that conformations are preferred in which the
carbonyl groups lie in the same plane as the phenyl ring. The anti orientation is energetically
favored over the syn by ~1kcal with a low rotational barrier of 1.2kcal.

Figure 2. Constrained Amide Fibringon Receptor Antagonists. IC50 (UM)?
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a) Inhibition of ADP-mediated platelet aggregation in
human gel-filtered platelets (uM)

The selectivity of 9 was determined by comparison of the compound's ability to inhibit platelet
aggregation with its ability to inhibit the binding of human umbilical vein endothelial cells (HUVEC) to
fibrinogen, vitronectin and fibronectin.18 At concentrations of 300 uM, 9 showed no inhibition of
binding of HUVEC, indicating >12,000-fold selectivity for Gpllb/llla.
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Scheme 1. Preparation of Compound 9.
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a) 1.1eq CH3MgBr/0°C,then 2eq nBuLi/-65°C, solid CO2, 85%; b) CH3OH/HCI, 95%;
c) NBS, CCls, 80%; d) 14, CgHg,reflux, 80%; e) LiOH/MeOH,THF,H20, quant.;
f)N-methylmorpholine, BOP reagent, CH3CN, 809%; g) HCI{(g)/EtOAc, 95%.

The {n vivo activity of 9 was assessed by determining ex viyg platelet aggregation responses
to ADP and collagen before and after oral administration to conscious dogs, using methods
described previously.'® The oral administration of 2 mg/kg and 4 mg/kg 9 resulted in a maximal
65% and 80-90% inhibition of gx vivo platelet aggregation, with platelet aggregation returning to
pretreatment levels at approximately 140 minutes and 480 minutes after oral administration,
respectively.

In summary, analysis of platelet aggregation inhibition results and modeling considerations
for analogs 3-7 revealed the importance of rotational isomer preference. Additional constraint of the
N-terminal amide led to compound 9, which proved to be a potent, selective, and orally active
fibrinogen receptor antagonist. Further development of this lead compound is underway.
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