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Absfmct: An cnantio\pec~t~c ayntheslh of SB 2138.57. a potent, nonpeptide fibrinogen recepror antagonist. is 
reported. The synthetic route unploys a\ a key btep an intramolecular aryl fluoride displacement to form the ieven- 
membered ring of the I ,4benrodiazepine system 

Recently, we reported’ the direct design of 1,4-benzodiazepine 1 from a constrained peptide, and 
showed 1 to be a highly potent and selective fibrinogen receptor antagonist.’ In a continuation of our 

preliminary studies,’ we moved the point of attachment of the amidinophenyl side chain from the S-position 
to the 7-position to afford 2. Although 2 was somewhat less active than 1 in both binding affinity and 

antiaggregatory potency,’ subsequent SAR studies led to the identification of SB 214134 (3) as a highly 
potent, selective, and orally active fibrinogen receptor antagonist.’ Further investigation revealed that the 

biological activity of 3 resided exclusively in the (-)-enantiomer. SB 214857 (4). However, since the 
individual enantiomers of 3 were originally obtained via a preparative chiral HPLC separation of a late-stage 
racemic intermediate, the absolute configuration of 4 remained uncertain. In order to address this issue, and 
to be able to provide a large quantity of SB 214857 for additional studies, we required an efficient and 

enantiomerically unambiguous synthesis. In this report, we describe an enantiospecific synthesis of SB 

214857 from a derivative of L-aspartic acid, which allowed us to definitively assign the absolute 
configuration of the asymmetric center, and additionally provided access to multigram quantities of material 
for additional biological testmg. 

1 8-substitution 3 racemic (SB 214134) 

2 7-substitution 4 (-)-enantiomer (SB 214857) 

Our strategy for the synthesis of SB 214857 was to employ an intramolecular displacement of an 
activated aryl halide to construct the seven-membered ring of the I .4-benzodiazepine system (Scheme 1). A 
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similar strategy has been used in the construction of related 1.4.benzodiazepine systems,’ and we had 
previously demonstrated the feasibility of the cyclization of 5 to 6 wherein the halide was either chloride or 
fluoride (X = Cl or F) and the activating group was a nitro group (Z = NO,).h In extending these studies to 
SB 2148.57, we would require a carboxylic ester (Z = COzR1) or related group (carboxylic acid or amide) as 
the activating group, which is much less electron withdrawing than a nitro group. Thus, the successful 
implementation of this strategy in the synthesis of SB 214857 depended on whether a carboxylic ester (or 
related group) would be sufficiently activating to allow for displacement of the aryl halide, and on whether 
the cyclization would proceed without racemization. 

Scheme 1 

5 6 

The synthesis of SB 214857 is illustrated in Scheme 2. Carboxylation of commercially available 4- 
fluoro-3-methylphenylmagnesium bromide (7) in THF afforded a 77% yield of 4-fluoro-3-methylbenzoic 
acid (S),’ which was esterified with isobutylene in the presence of catalytic trifluoromethanesulfonic acid to 
give tert-butyl ester 9 in 94% yield. Benzylic bromination with NBS. followed by reaction of the crude 
benzyl bromide with excess 40% aqueous methylamine in THF, gave amine 10 in 70% overall yield from 9. 

The amino group in 10 was acylated with N-Cbz-L-aspartic acid P-methyl ester’ in the presence of DCC and 
HOBt to afford amide 11 in 86% yield. Hydrogenolysis of the Cbz protecting group in 11 under standard 
conditions gave cyclization precursor 12 in 98% yield. When a 0.1 M solution of 12 in anhydrous DMSO 

was warmed for 18 hours in an oil bath preset at 125”C, 12 was completely consumed and the desired 
cycliaation product 13 wax obtained in 47% yield, together with a 28% yield of the elimination product 14. 
Attempts to minimize the formation of 14 are under investigation.’ Analysis of 13, [a], -262.1” (c = 1.0, 
MeOH), by chiral HPLC”’ revealed an S:K ratio of >99:1, confirming that the cyclization had indeed 
proceeded without racemization.” 

TO complete the synthesis, the fc,vt-butyl ester of 13 was dcprotected with trifluoroacetic acid in CH:CI, 
in the presence of anisole to afford carboxylic acid 15 in 95% yield. Coupling of 15 with I-Boc-4,4’- 
bipiperidine” in the presence of EDC afforded fully protected SB 214857 (16) in 94% yield. Saponification 

to afford carboxylic acid 17. followed by removal of the Boc protecting group and purification, afforded 
zwitterionic SB 214857 (4). [a],, -200. I’ (c, = 0.5, MeOH). in good overall yield. Analysis of totally 
synthetic SB 2 14857 by chiral HPLC” showed an S:R ratio of >99: I. and biological assay’ confirmed that we 

had prepared the biologically active enantiomer of SB 214134 (3). Full details of the biological evaluation of 
SB 2 I4857 will he published elsewhere.’ 
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Scheme 2 
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17 SB 214857 (4) 

a) CO,, THF (77%); b) isobutylene, 5 mole % TfOH, Et-O, sealed pressure bottle, -78°C to RT (94%); c) 
NBS, (PhC0)20,, Ccl,, reflux; d) 40% aq. CH,NH,, THF (70% from 9); e) Cbz-L-Asp-P-methyl ester. DCC, 
HOBt.H20, DMF (86%); f) H,, 10% Pd/C, MeOH (98%); g) 0.1 M 12 in anhydrous DMSO, 125°C (bath 
temperature) (47% of 13,28% of 14); h) 1: I TFA/CH,Cl,, anisole (95%); i) I-Boc-4,4’-bipiperidine, EDC, (i- 
Pr),NEt, DMF (94%); j) 2.0 N NaOH (2 eq.), I : 1 MeOH/THF, then AcOH (81%); k) 4 M HCI in dioxane, 
CHCl,, then neutralization of excess reagent with ca. 1.0 N KOH in EtOH to give 4 HCl (75%); 1) 
prectprtation from aqueous solution at pH 6.8 (83%). 

In summary, we have synthesized enantiomerically pure SB 214857 (4) from a derivative of L-aspartic 
acid. The synthetic route incorporates as a key operation an intramolecular displacement of an activated aryl 
fluoride to construct the seven-membered ring of the 1.4.benzodiazepine system, and thereby establishes that 
a carboxylic ester is in fact sufficiently activating to allow for such a reaction in the intramolecular sense. 
Further, the cyclization proceeded without racemization, and thus the absolute configuration of the single 
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asymmetric center of SB 2 14857 is established as (S). Finally, the synthesis has been scaled up to provide 

multigram quantities of SB 2 14857 for biological testing. 
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