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AbSWSCC A general and effective synthesis of cyclic pentspeptides containipg Arg-Gly-Asp sequem~, which are 

potent antithrombotii agents, is reported. 

The research of Glycoprotein (GP) tWIlla antagonists as anttthmmbatk agents has been an active ama in recent 

years.1-7 A number of cyclic peptides containing Arg-Gly-Asp sequence (RGD) including DMP 728 (1) have been 

discovered as potent llblllla antagonists. DMP 728 has dissociation constant in the pkomolar range when blndtng to 

GPIIWllla, and exhibits potent antiplatelet activities both in tifro and in viw.s As a part of our clinical study program on this 

antithrombotic agem, an effective l+rge scale preparation of this cyclopeptide is required. Thii paper reports our effective 

IO-step, chromatography-free synthesis of DMP 728. The key step In the synthesis is the facile detosylatiin of RGD 

containing cyclic peptiies leading to DMP 728. 

1 

The original l&step solii phase synthesis was employed to allow qukk preparations of many +cture similar cydii 

peptides.* The guanidino group of arginine was pro&d as tosylate and the B-carboxyl group ot aspartk add was 

protected 8s cycbhexyl ester.* Both protecting groups were remWed by anhydrcus HF. The resulting producl was 

purified by HPLC. In our first attempt to produce large quantity of DMP 728, the same 1sstep reaction sequence was 

carried out in solution phase synthesis (Sche~ 1 82). In thii synthesis, the cyclic peptide 13 must be prepared under 

dilute Conditbn to avoid Intermolecular c&fing of linear peptide 12. Campound 13 wae,directk precipitated out of the 

reaction solution. The tosyl and cycbhexyl protecting grwps were removed by a mfxture of trifluoruacet~ acU,(TFA) and 

trllk acid. To avoid acid catalyzed ring opening of the cyclic peptkle under pmbnged reaction time (a 3 hours), the reactlon 

was carried out under carefully monitored temperature (-8 to -8OC). The acids were removed with large volume of 

anhydrous diethyl ether to provide DMP 728. This synthesis provided enough material for early clinkal etudtes. however, it 

was not economical and practff as a manufacture process. 
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(a) NHm.HCI. ~95%. @) Hp, Pd/c. 95%. (c) BOC-ON. TEA, 75%. (d) DCC. DMAP, 5296. (e) TFA. 87%. 

(1) HBTU. DIEA, 9!3%. @) TFA >95%. 

Scheme 1 
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(a) HBTU. DIEA. (b) TFA. (c) HBlU. DIEA. (d) Hp. PdKL (0) HBTU. DIEA. (f) TFA. (g) DIEA. HOk. 40% 

irom 8. (h) TFA, triik add, anisole, -9 - -8gC, r3h; &her, 90%. (i) CH9SO9H. QQ%. 

Scheme 2 

Our effective lO-step synthesis of DMP 728 was devebped as outlined in Scheme 3. We protected the aspa#tk 

acid 14 as &I-butyl ester which could be easily removed with Muoroacetb acid. We envisioned that the resulting 

catboxyk acid would facilitate the deto8ylatiin of the cycbpe@de by an intramolecular miQratiin.g 
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Reaction of N-CBZ-5-t-butyl-L-asp8rtic acid 14 with l,lcarbonytdiimidazole, followed by sddttion of m- 

aminomethylbenzoic acid 15 prbvidsd dipeptide 16 in 73% yield. Trtpeptide 10 ~8s synthesized in three Step4 as Shown 

in Scheme 2 with soms modtfkxttbn. Coupling of Na-t-BCC, N&methyl-NwTosyt-L-arginlne 8 wtth gtycine bet@ ester in 

the presence of HBTU generated the dipeptids which was converted into 9 in qWn9Wie yield. The coupfin reaction of 

Na-BOC-D-~aminobutyric 8cid wfth peptide 9 was tfWMe3ome due to the 3teric hindrance of the SSCOfKUfY afYfine of 

peptide 9. The best result was achieved by using HBTlJ as ccupling agent in acetonttdle to produce tdpeptkIe 10 (95% 

yield). As shown in Scheme 3, the N-Boc protecting group of tripeptide 10 was removed by trtftuoroacetic 8dd to 8fford 

peptide 17 (99% yield). Coupling of peptides 16 and 17 gave pentapeptlde 19. Removal of both benzyl and CBZ 

groups of 19 in a single step provided peptii 19. Cyclization of 19 was carried out by adding linear pent8peptMe 19 

into a solution of HBTU in acetonitrile at 5 - 10°C to produce the desired peptide 90 in excellent yield without cross 

coupling by-product.10 The cyclic pepliie was again precipitated out of the reaction mixture as a pure product. This 

syntheticgequence provided analytically pure cyclic peptide 90 in 50% overall yield from commercial available starting 

rn8teri8l8. 
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(a) CDL 73%. @) TPA. 93%. (c) HBTtJ. DEA. 90%. (d) Hp. Pdll=. 96S (e) HBllJ, 50% from 8. (f) TPA, 5oc; trifri acid, 

anischa. -x) - -8cC. 20 min. 99% yield. (9) CH3SD3H. 83%. 

Scheme 3 
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Wtih large wantity of cyclic peptide 20 in hand, the stage wss set to remove the remaining two protecting groups 

to form DMP 728. There is a number of reports for tl)e deiosylation of arginina.~oa*ll and arginina containing 

peptides.t~*t2 However, these methcds did not pmduce satiiactory results in our case. Finslly. this was achieved by an 

one pet two step process. The fl-t-butyi group of aspartic acid was removed by trifluoroacetic acid st 9~. Then the tosyl 

orcup of arginlne was removed by trtfllc acid ln presence of anisole at the temperature range of -20 to -8OC. The reaction 

was completed in 20 minutes. The product was precipitated out from the reaction mediim by addition 01 n-butyl ether, 

neutral&M, and converted into i-Is methanssulfwii acid salt (92% tram 20). In contrast with the previous slow detosylatbn 

of cyclic peptide 13 (Scheme 2), we believe that the facile detosylation of peptide 20 is due to the carboxylic function 

participation in the deprotection step.g 

In conclusion, we have devebped an efficient synthesis of cyclic peptiie DMP 728. No chromatography 

separation is needed in the synthesis. The desired product is isolated in high yield and hiih purity. The reactions are 

readily to scale up, and amen&b to commercial rnsnufacture. 
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