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Abstract: A series of isoxazolidines has been synthesized as mimetics of the RGD sequence and was evaluated 

as antagonists of the platelet glycoprotein IIb/IIIa receptor. These compounds were shown to be highly potent 

GPIIb/IIIa antagonists, exhibiting submicromolar potencies. © 1998 The DuPont Pharmaceuticals Company. Published by 
Elsevier Science Ltd. All rights reserved. 

Platelet rich thrombus formation is involved in various vasoocclusive disorders such as unstable angina, acute 

myocardial infarction, and reocclusion following angioplasty. 1,2,3 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 integrin (GPIIb/IIIa).4, 5,6 A major determinant of the GPIIb/IIIa-fibrinogen interaction is receptor 

recognition of the tripeptide sequence Arg-Gly-Asp (RGD).7, 8 Thus, the RGD motif has been actively pursued 

as a template for structure-based drug design, and considerable efforts have been expended to design peptides and 

peptidomimetics that contain or mimic the RGD sequence as antagonists of fibrinogen binding to activated 

platelets.9, ]0 

Many examples of potent GPllb/llla antagonists have been described, including those incorporating centrally 

constrained RGD mimics, for example, drug candidates l a  11,12 and lb .  13 
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As a part of our research program directed toward the design and synthesis of clinically useful antithrombotic 

agents, we discovered a novel series ofisoxazolidine-based heterocycles 2, shown to be inhibitors of fibrinogen- 

mediated platelet aggregation. We herein report the synthesis and biological activity of these novel GPIIb/IIIa 

antagonists. 
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S y n t h e s i s  

The isoxazolidine-based GPIIb/IIIa antagonists of general structure 2 were synthesized as shown in Scheme 

1. Treatment of 4-cyanobenzaldehyde with an N-substituted hydroxylamine yields the nitrone 4, which is treated 

with the dipolarophile/-butyl vinylacetate to afford the isoxazolidinyl acetates 5, 6 as a cis and trans mixture 

with the cis isomer predominant, as shown by NOE measurements. The cis/trans ratio varies with the R1 

substituent. For example, in the case of R1 = methyl, the cis/trans ratio is around 3; while for RI = benzyl, the 

ratio is increased to 10. The two isomers are separated by chromatography and transformed to the target 

molecules separately. Basic hydrolysis of 5 with LiOH in aqueous Tiff  yields the key intermediate acid 7, which 

is coupled to the diaminoester 814 using PyBOP to yield 9. A Pinner reaction, ammonia treatment and ester 

hydrolysis sequence carried out on 9 yields the target RGD mimics 2. A related series of reactions are employed 

for conversion of the trans series 6 to the corresponding trans RGD mimics 10. 
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(a) RaNHOH.HCI , Na2CO3, CH2C12, rt, 80-95%; (b)/-Butyl vinylacetate, 100 °C, 12-18 h, 70-85%; 
(c) LiOH, THF, H20, 75-90%; (d) 8, NEt3, PyBOP, DMF, 0 °C, 80-95%; (e) MeOH, HCI(g), CHC13, 
0 °C-rt, 24 h; then, (NH4)2CO3, MeOH, rt, 4-8 h, 40-80%; (f) 4 N HCI in H20, 48 h, 80-90% 
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Bio log i ca l  A c t i v i ty  

The compounds were evaluated as platelet aggregation inhibitors by measuring their effect on the ADP 

stimulated aggregation of human platelets in vitro. 15 These results are presented in Table 1. 

Table 1. In vitro activity ofisoxazolidine analogs in the inhibition of platelet 

aggregation using human platelet-rich plasma 

Compound R 1 R2 IC50(~tM) 

2a Me ( ~ .  0.028 

10 Me ~ 1 m 5 

2b C6H5CH2 ~ O. 1 9 

2c i-Pr ~ 0. 1 4 

2d Ph ~ 0.53 

902 
/ 

2e Me ( A ~  0.058 

2f Me x . ~  0.084 
N-O 

2g Me CO2 n-Bu 0.164 

A key element of our design for potent GPIIb/IIIa receptor inhibitors is the incorporation of a structural 

constraint within the molecule to direct the key vectors of the N and C terminal side chains. 10,16,17 Control of the 

stereochemistry of this key central constraint may lead to enhanced potencies. Indeed, the cis and trans isomers 

of this class ofisoxazolidines exhibit quite different activity profiles. As shown in Table 1, the cis isomer 2a is 

over 50-fold more potent than its corresponding trans isomer 10, suggesting the cis isomer, due to its favorable 

geometry, has a more efficient interaction of its N and C terminal chains with the fibrinogen receptor than the tram 

cogener. 



58 P. N. Confalone et al. / Bioorg. Med. Chem. Lett. 9 (1999) 55-58 

To investigate the effect of substitution on the isoxazolidine nitrogen on potency, various Rl-substituted 

analogs were prepared. When the methyl group in 2a is replaced with benzyl (2b) or isopropyl (2c), a 

decrease of around 5-fold in potency is observed, while with phenyl (2d), a very significant decrease is found, 

indicating simple alkyl substituents on the isoxazolidine nitrigen are preferred for activity. Different sulfonamides 

are comparable in activity; for example, 2e and 2f are only slightly less potent than 2a. We made one carbamate 

analog, the n-butylcarbamate 2g. This compound is significantly less active than the corresponding 

sulfonamides, in contrast to other related series.ll 

In vivo studies of these isoxazolidine-based GPIIb/IIIa inhibitors with regard to duration and potency revealed 

attractive phamacological profiles. For example, when administered intravenously at a dose of 0.025mg/kg in a 

canine model, 18 2a maintained over 50% ex vivo platelet inhibition after 12 h, implicating a potential value of 

this series of compounds as clinically useful antithrombotic agents. 

Acknowledgment: We thank JeffBozarth and Mark Forsythe for running platelet aggregation assays. 

References and Notes 

1. Fuster, V.; Steele, P.M.; Chesbro, J. H. J. Ant, 67011. Cardiol. 1985, 5, 175B. 
2. Hamm, C. W.; Lorenz, R. L.; Bleifeld, W.; Kupper, W.; Wober, W.; Weber, P. C. 3. Am. Coll. Cardiol. 
1987, 10, 998. 
3. Fitzgerald, D. J.; Roy, L.; Catella, F.; Fitzgerald, G. A N. Engl. J. Med. 1986, 315, 983. 
4. Bennet, J. S.; Vilaire, G. J. Clin. lnvest. 1979, 64, 1393. 
5. Peerschke, E. I.; Zucker, M. B.; Grant, R. A.; Egan, J. J.; Johnson, M. M. Blood 1980, 55, 841. 
6. Hawiger, J.; Parkinson, S.; Timmons, S. Nature, 1980, 283, 195. 
7. Philips, D. R.; Charo, I. F.; Parise, L. V.; Fitzgerald, L. A. Blood 1988, 71, 831. 
8. Andrieux, A.; Hudry-Clergeon, G.; Ryckewaert, J. -J.; Chapel, A.; Ginsberg, M. H.; Plow, E. F.; 
Marguerie, G. J. Biol. Chem. 1989, 264, 9258. 
9. Nichols, A. J.; Ruffolo Jr., R. R.; Huffman, W. F.; Poste, G.; Samanen, J. Trends Pharm. Sci. 1992, 13, 
413. 
10. Blackburn, B. K.; Gadek, T. R. Ann. Rev. Med. Chem. 1993, 28, 79. 
11. Xue, C. -B.; Wityak, J.; Sielecki, T. M.; Pinto, D. J.; Batt, D. G.; Cain, G. A.; Sworin, M.; Rockwell, A. 
L.; Roderick, J. J.; Wang, S.; Orwat, M. J.; Frietze, W. E.; Bostrom, L. L.; Liu, J.; Higley, C. A.; Rankin, F. 
W.; Tobin, A. E.; Emmett, G.; Lalka, G K;  Sze, J. Y.; Di Meo, S. V.; Mousa, S. A.; Thoolen, M. J.; 
Racanelli, A. L.; Hausner, E A.; Reilly, T. M.; DeGrado, W. F.; Wexler, R. R.; Olson, R . E . J .  Med. Chem. 
1997, 40, 2064. 
12. Zhang, L. -H.; Anzalone, L.; Ma, P.; Kauffman, G. S.; Storace, L.; Ward, R.; Tetrahedron Lett. 1996, 37, 
4455. 
13. Mousa, S. A.; Olson, R, E.; Bozarth, J. M.; Lorelli, W.; Forsythe, M. S.; Racanelli, A.; Gibbs, S.; 
Schlingman, K.; Bozarth, T.; Kapil, R.; Wityak, J.; Sielecki, T. M.; Wexler, R. R.; Thoolen, M. J.; Slee, A.; 
Reilly, T. M.; Anderson, P. S.; Friedman, P. A. J. Cardiovasc. Pharmacol. 1998, 32, 169. 
14. Xue, C. -B; Rafalski, M.; Roderick, J.; Eyermann, C. J; Mousa, S, Olson, R. E.; DeGrado, W. F. Bioorg. 
Med. Chem. 1996, 6, 339. 
15. Mousa, S.A.; Bozarh, J. M.; Forsythe, M. S.; Lorelli, W.; Ramachandran, N.; Jackson, S.; de Grado, W. 
F.; Reilly, T. M. Cardiology 1993, 83, 374. 
16. Alig, L.; Edenhoger, A.; Hadvary, P.; Hurzeler, M.; Knopp, D.; Muller, M.; Steiner, B.; Trzeciak, A.; 
Weller, T. 3~ Meal. Chem. 1992, 35, 4393. 
17. Callahan, J. F.; Bean, J. W.; Burgess, J. L.; Eggleston, D. S.; Hwang, S. M.; Kopple, K. D,; Koster, P. 
F.; Nichols, A.; Peishoff, C. E.; Samanen, J. M.; Vasko, J. A.; Wong, A.; Huffman, W. F.; J. Med. Chem. 
1992, 35, 3970. 
18. Mousa, S. A.; Degrado, W. F.; Mu, D. -X.; Kapil, R. P.; Luccesi, B. R.; Reilly, T. M. Circulation 1996, 
93, 537. 


