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Abstract: Despite the excellent in vitro potency of a series of benzamide glycoprotein IIb/Illa antagonists, which
have been reported previously, poor in vivo potency in the inhibition of platelet aggregation was observed when
the most potent inhibitor XU057 was dosed intravenously to dogs. In this communication, we report that
replacement of the benzamide in XU057 with an isoxazolecarboxamide resulted in significant improvement in in
vivo potency. More importantly, the analogue XU065 showed an excellent oral antiplatelet effect in dogs. © 1998
The DuPont Pharmaceuticals Company. Published by Elsevier Science Ltd. All rights reserved.

Glycoprotein IIb/Illa (GPIIb/IIIa) is a heterodimeric membrane protein present on the surface of platelets
that mediates platelet adherence and aggregation.' In response to platelet activation by a variety of agonists, such
as ADP, thrombin, and collagen, this protein undergoes a substantial conformational change that results in an
increased affinity for fibrinogen, a multivalent plasma protein.>® The binding of multiple GPIIb/Illa molecules to
a single molecule of fibrinogen leads to crosslinking of the platelets, which causes platelets to aggregate. The
pathophysiological consequences of this process include myocardial infarction, unstable angina, transient ischemic
attack, and stroke.** Thus, inhibition of platelet aggregation by selectively blocking the association of fibrinogen
with GPIIb/II1a represents an attractive antithrombotic strategy.

The Arg-Gly-Asp (RGD) sequence present in fibrinogen®’ has been proposed as a recognition site for the
binding of fibrinogen to GPIIb/IIla , and platelet aggregation is inhibited in the presence of small RGD-containing
peptides.® "2 Thus, the RGD sequence has provided a starting point for the successful development of highly
potent antagonists of GPIIb/Illa, and a number of RGD-containing cyclic peptide and nonpeptide RGD mimetics
have been reported as potential antithrombotics.''*

In our efforts to identify nonpeptide RGD mimetics, several novel series of GPIIb/IlIa inhibitors with 2,3-
diaminopropionic acid derivatives as surrogates of aspartic acid have been discovered."” ™" Despite the excellent in
vitro activity of the benzamide series of compounds,'® poor activity was observed in the ex vivo inhibition of ADP
induced platelet aggregation in dogs. In this communication, we report that replacement of the benzamide core of
the most active compound XUO57 in this series with an isoxazolecarboxamide resulted in a significant
improvement in in vivo activity. More importantly, the isoxazolecarboxamide analogue XU065 showed a dose

dependent antiplatelet effect following oral administration to dogs.
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Chemistry

The synthesis of XU06S is outlined in Scheme 1. Alkylation of methyl-3-hydroxy-5-isoxazolecarboxylate
2 ( Aldrich) with 4-cyanobenzyl bromide 1 in DMF at 60 °C using potassium carbonate as base produced the ether
derivative 3, which was saponified to give the carboxylic acid 4. Coupling of 4 with methyl-N>-(n-
butoxycarbonyl)-L-2,3-diaminopropionate 5, which was prepared as described previously,' yielded the amide
intermediate 6. A Pinner reaction of 6 using anhydrous hydrogen chloride in methanol followed by treatment with
ammonium carbonate in methanot afforded XU065. Saponification of XU065 produced the corresponding acid
7.
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The formamidinopiperidine analogue 16 of this series was prepared using the method shown in Scheme 2.
4-Hydroxymethylpiperidine 8 was reacted with di-s-butyl-dicarbonate to give the N-Boc protected derivative 9. A
Mitsunobu reaction of 9 with methyl 3-hydroxy-5-isoxazolecarboxylate 2 produced the ether compound 10,
which was saponified to give the acid 11. Coupling of 11 with 2,3-diaminopropionic acid derivative 5 yielded the
amide 12. The Boc group of 12 was removed using 4 N HCl/dioxane and the resulting amine was reacted with S-
methyl-N,N’-bis(benzyloxycarbonyl)isothiourea 14 to give the N-bis(benzyloxycarbonyl)amidinopiperidine
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derivative 15. The two Cbz groups were removed using TFA at an elevated temperature (60 °C) to give the N-
amidinopiperidine compound 16.

Scheme 2
H H  pphyDEAD/THF
9y O_/O (Boc)20/CHaCla g o a/ BOL\NQV
DIEA
8 90% 9 45%
o)
LIOH/THF BO&Q\;MOH TBTU/DIEA BOO\D\/O\(\HL cone
90% \-0 5/DMF NHCOp-n-Bu
85%
11
CbzHN.__S<
e ? Me 44
4 N HCI/Dioxane HCl.HNQ\/O NLN/\(C%Me NCbz
_— S H
100% N-O NHCO,-n-Bu DMF/DMAP
63%
13
Cbzk o c TFA.HK\ ¢}
O.Me TFA .
CbzHN OJNﬁ/Y 2! _._—>a H2N D\PN”/\(COZMG
N-O NHCO2-n-Bu 75% N-C NHCOz-n-Bu
15 _ 16

Results and Discussion

We have reported the discovery of a novel series of fibrinogen receptor antagonists with benzamide as a
core and 2,3-diaminopropionic acid derivatives as surrogates of aspartic acid.'® The most potent inhibitor among
the analogues prepared is the n-butylcarbamate XU057. Because of its excellent in vitro potency, XUO0S57 was
studied in dogs.'® As shown in Figure 1, the administration of an iv bolus of 0.5 mg/kg of XUO057 to dogs
resulted in an 80% inhibition of ex vivo platelet aggregation, which quickly declined to approximately 25% over 1
h. Our efforts to optimize this series focused on replacement of the benzamide core with heterocycles and on
modification of the benzamidine. Thus, the phenyl ring in XU057 was replaced with an isoxazole ring to afford
XU065. Using the human platelet rich plasma assay (human PRP assay) XU065 showed an in vitro activity
comparable to that of XU057 with an ICy; of 50 nM (Table 1) after esterase conversion to the corresponding. free
acids. When the 4-amidinophenyl residue of XU065 was replaced with a N-amidinopiperidin-4-yl group to
afford compound 16, a fourfold loss in the inhibitory activity resulted.
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Figure 1. Inhibition of ADP (100 pM) induced ex vivo platelet aggregation in dogs dosed
intravenously with XUO057 at 0.5 mg/kg.

Table 1. In vitro potency in the inhibition of ADP (10 uM) induced platelet aggregation

J\/JN“(COZHZ
R N H  NHCO,nBuU

N-O
c & R R? Human PRP
omp IC,* SEM (nM)°
Xuos7 325
XU065 4-Amidinopheny! Me 507
7 4-Amidinophenyl H 60+ 10
16 N-Amidinopiperidin-4-yl Me 200 £ 20

“Methyl ester was converted to the free acid form prior to the PRP assay using porcine liver esterase. '

*Inhibition of platelet aggregation was determined in three donors. See ref 16 for assay protocol.

The in vivo antiplatelet effects of XU065 were evaluated in dogs.'® Compared with X U057, significant
improvement in in vivo activity was observed with XU065. Following an iv bolus administration of XU065 to
dogs at a dose of 0.5 mg/kg, XU065 exhibited a maximum inhibition of ex vivo ADP (100 pM) induced platelet
aggregation, which was maintained for over 3 h (Figure 2). More importantly, XU065 demonstrated a dose
dependent inhibition of ex vivo platelet aggregation after oral administration to dogs. At an oral dose of 0.5
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mg/kg, XU065 showed a measurable inhibition of ex vivo platelet aggregation. Over 60% of inhibition was

achieved when the dose was increased to 0.8 mg/kg. Maximal inhibition of platelet aggregation was achieved and

maintained for up to 5 h after an oral dose of 1.6 mg/kg.
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Figure 2. Inhibition of ADP (100 uM) induced ex vivo platelet aggregation in dogs
dosed intravenously with XU065 at 0.5 mg/kg.

Conclusion

Replacement of the benzamide core in XUO057 with an isoxazolecarboxamide afforded XU065, which

showed a significant improvement in in vivo antiplatelet activity over XUO057 following an iv administration to

dogs. More importantly, XU065 is orally active in dogs and demonstrated a dose dependent inhibition of ex vivo
ADP (100 pM) induced platelet aggregation.
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Figure 3. Inhibition of ADP (100 pM) induced ex vivo platelet aggregation in dogs
dosed orally with XU065.
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X U057 or XU065 itself is inactive in the inhibition of platelet aggregation. After intravenous or oral
administration to dogs, they were rapidly hydrolyzed to their corresponding carboxylic acids to exhibit the

observed inhibition of ADP-induced ex vivo platelet aggregation as shown in Figures 1-3.



