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Abstract: The structure—activity relationship (SAR) of a series of orally active glycoprotein IIb/IIla antagonists
containing an alkyl or aryl sulfonamide grafted onto an indole core is described. © 1997 Elsevier Science Ltd.

Platelet rich thrombus formation is involved in various vasoocclusive disorders such as unstable angina,
acute myocardial infarction, and reocclusion following angioplasty.' The final, common event leading to
thrombus formation, independent of the mechanism of platelet activation, is the binding of fibrinogen to its
platelet receptor glycoprotein ITb/Illa (GPIIb/IIIa). Nonpeptide antagonists’ that mimic the RGD sequence on the
alpha chain of fibrinogen have been shown to inhibit platelet aggregation.’ These laboratories have previously
reported the design and synthesis of potent, centrally constrained GPIIb/Illa antagonists,®®* as well as the
identification of an q-sulfonamide moiety as a unique potency enhancing feature.* This paper describes our
work on a series of GPIIb/ITla antagonists that incorporate an indole as the bicyclic central core. This has led to the
identification of 1.-756,568, 7a, which is a potent antagonist that shows prolonged duration of activity when dosed
orally in rhesus monkeys.
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2 Reagents: (i) CHsN», EtOAc; (ii) BBrs, THF, (iii) NaH, Mel or BnBr; (iv) Hy, 10%Pd/C, EtOH; (v) X-OH, DEAD
PPhj in THF or X-Cl, Cs,CO3, DMF; (vi) 1 N NaOH, THF/MeOH; (vii) B-Alanine ester, BOP, NMM, CH;CN;
(viii) HC1 (g), EtOAc.
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The indole analogs 7a—q were prepared as illustrated in Scheme 1. Standard methodologies were used in
the preparation of substituted B-alanines® as well as the various N-termini.” The indole intermediate § was obtained
through de-methylation or esterification of the commercially available indoles 1, 2, and 4. In the case of the N-
substituted indoles, the O-benzyl protected indole 3 was alkylated with the appropriate halide, followed by
debenzylation to give the desired intermediate 6 (R = Me or Bn). The N-terminus was then installed by alkylation
with the appropriate halide using cesium carbonate in DMF, or with the appropriate alcohol employing Mitsunobu
chemistry. (For compounds 7a, 7b, 7h, and 7j, a Boc group was used in protection of the N-terminus).
Saponification of the resulting ester afforded the acid intermediate 6, which was coupled to the appropriate §-
alanine derivative and deprotected to give the target compounds 7a—7q (Tables 1, 2, and 3).

Two assays were utilized to assess the potency of the prepared antagonists. The platelet aggregation assay®
measures the ability of compounds to inhibit ADP-induced platelet aggregation of human gel-filtered platelets.
However, since the receptor concentration in the assay is approximately 20-30 nM, the limit of sensitivity of this
assay is between 10-15 nM. In addition, owing to the presence of added 2% bovine serum albumin in this assay,
it fails to accurately assess the intrinsic potency of highly protein bound’ compounds. Thus, to measure the
differences in affinity for the receptor between compounds, a second assay was developed based on purified
receptor.” EDsy values are calculated from the competitive binding between compounds of interest and the
fibrinogen receptor antagonist ['*I]L-692,884 to purified GPIIb/IIla activated by coating onto yttrium silicate
Scintillation Proximity Assay Fluomicrospheres (SPA-A assay).

Table 1
"Der A
ou COH
NHSO;
Platelet Aggregation SPA-A Protein
Compound  n X IC., (aM) ED, (M)  Binding
7a 1 N 13 0.099 66%
7h 2 Up}_ 8 0.056 76%
7c 1 \@;C 5700 - not soluble
N
H
7d 1 m_ 15 0.49 57%
Te 1 \(I\_\ 15 - 94%
7 2 N 21 - 94%
Tg 1 m‘ 150 - not soluble

~
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The first group of analogs (Table 1) investigated the preferred arrangement of the substituents on the
central indole constraint (responsible for directing the vectors of the amino and acid termini). Substitution, as seen

in compounds 7a and 7b, where the amino terminus is attached at the 5-position on the indole ring, and the acid
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terminus extends from the 2-position, afforded the most potent compounds in both the platelet aggregation assay
and the SPA-A assay. Interestingly, both the 2-carbon linker present in 7b (EDsg = 0.056 nM) and the one-
carbon linker of 7a (EDsq = 0.099 nM) result in compounds of similar potency in the SPA-A assay. Substitution
of the acid chain at the 3-position on the indole to give 7c led to a dramatic decrease in potency, over 500-fold,
compared to 7a (5700 nM vs. 13 nM for the platelet aggregation assay). The 2,6-substituted indole 7d could not
be distinguished from the isosteric analog 7a based on the platelet aggregation assay. However, using the SPA-A
assay, it was shown to be about fivefold less potent (EDsq 7d = 0.49 nM vs. EDsg 7a = 0.099 nM).

Modification through N-substitution on the indole ring was also examined (7e-7g). These variations
afforded a significant decrease in potency in the platelet aggregation assay with the more lipophilic benzyl group
(7g. IC5p = 150 nM), while the smaller N-methyl substituent in 7e and 7f was tolerated, albeit with increased
protein binding. A possible explanation for the low potency of 7g is that it is highly bound to the bovine serum

albumin present in the assay mixture. Unfortunately, 7g was not soluble enough to accurately measure the extent

of protein binding.
Table 2
R [}
T
HH
u H NH302_©
Platelet Aggregation SPA-A Protein
Compound R IC,, (nM) ED,(nM)  Binding
7 13 0.099 66%
a HN:)—\O ©
7 HN:}—\.O 8 0.056 76%
—
7h HN__ N o 12 0.13 57%
7i ' 280 0.25 99%
N [¢]
7 hQ—\O 45 0.07 99%
HN
7 NN 45 0.28 98%

A=/
¢ ° 100 2 98%
7 gr\/‘

Compounds with amino termini of varying basicity and chain length were prepared and are described in
Table 2. The more basic compounds 7a, 7b, and 7h were shown to be the most potent in the platelet aggregation
assay, whereas the weakly basic heterocycles were highly protein bound and were less potent GPIIb/IIla
antagonists. For these latter compounds (7i, 7j, 7k, and 71), the SPA-A assay was utilized to assess their intrinsic
potency. The EDs; values obtained from the SPA-A assay demonstrated that the pyridine 7i and imidazole
congeners (7k and 71) were 5- to 20-fold less potent than 7b. In general, it appears that the most basic amino

heterocycles were also the most potent in both in vitro assays. It is interesting that the 2-amino pyridine analog 7j
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was found to be among the most potent compounds tested, despite the fact that 2-aminopyridine has a pKa of
~6.7 compared to that of piperidine at ~12. Perhaps this is due to the fact that the 2-aminopyridine is capable of
forming a bidentate interaction with the receptor."!

The effect of removing the o-sulfonamide group is shown with compound 7m, which has an ICsq of
1uM in the platelet aggregation assay (Table 3). Installation of a 3-pyrid-3-yl substituent has provided a
significant boost in potency in other series of RGD mimic fibrinogen receptor antagonists.'>® However,
incorporation of this functionality into the indole series afforded compounds that were only moderately more
potent than the unsubstituted compound 7m, and much less potent than the sulfonamide compounds 7a and 7b.
We then decided to examine various alternative a-sulfonamides as shown with the analogs 70, 7p, and 7q. All of
the sulfonamide analogs displayed similar potencies in the SPA-A assay, and have modest to low protein binding.
Therefore, it was decided to evaluate all 4 sulfonamide analogs, as well as the two-carbon linker 7b, for their in
vivo efficacy in rhesus monkeys.

Table 3

HN "
°© i F; COH
AN 2
OOy
H

1 2 Platelet Aggregation SPA-A Protein
Compound R R IC,, (M) ED,,mM)  Binding
7m H H 1000 170 52%
n (R,S)-pyrid-3-yl H 810 - 47%
7a H NHSO,Ph 13 0.099 66%
7o H NHSOzPh\% 17 0.04 63%
0
7p H NHSO;—(_)-Me 6 0.06 85%
7q H NHSOZ—C':) 12 0.07 -

Our goal was to obtain compounds suitable for once-a-day dosing. Therefore, each compound was
examined for its effect on ex vivo platelet aggregation when dosed orally at 0.25-0.3 mg/kg in rhesus monkeys
daily for 4 days." Plasma samples and platelet aggregation measurements were obtained 2 h after dosing and 0.5
h prior to the next dosing (23.5 h after previous dose). The 30 min pre-dose sample is an indicator of inhibition of
platelet aggregation at trough plasma concentration of drug, while the 2 h post dose measurement is a reflection of
the ex vivo aggregation at or near the peak plasma concentration of drug. Inhibition of platelet aggregation at
trough plasma levels of drug are shown in Figure 1 along with exact oral doses (mg/kg) of each compound.

The inhibition of the extent of ADP-induced aggregation at 2 h post dose (data not shown) seen for 7b and
70 was disappointing, as these two compounds failed to maintain consistent, high levels (80-100%) of inhibitory
activity. In contrast, 7a, 7p, and 7q uniformly displayed total inhibition (100%) of platelet aggregation at or near

peak plasma concentration of drug. However, as can be seen in Figure 1, 7p and 7q were unable to maintain
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inhibitory activity equal to that of 7a at trough plasma concentration of drug. Indole 7a was very effective at a
dose of 0.25 mg/kg/day in maintaining consistent, effective levels of inhibitory activity throughout a 24 h period.
Inhibition of platelet aggregation at trough plasma concentration of drug ranged between 82-95%, befitting a
compound suitable for once-a-day dosing.

In summary, incorporation of a potency-enhancing ¢-sulfonamide onto an rigid indole core has given a
series of potent, structurally simple, nonpeptide RGD mimics as inhibitors of platelet GPIIb/IMa-fibrinogen
binding. Optimization of this series of compounds has culminated in the synthesis of L-756,568, a potent, orally

active fibrinogen receptor antagonist with long duration of activity suitable for once daily oral administration.
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Figure 1. Inhibition of ADP-induced platelet aggregation at baseline and 23.5 h after dosing rhesus (n = 2/compound)
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