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Abstract: The synthesis and antiplatelet activity of a series of bis-heterocyclic thromboxane Ay receptor
antagonists is described. The L-proline analog 9 was the most potent ligand in this class with a Kp = 7.910.71
nM in washed human platelets.

Thromboxane Az (1, TxA2), an unstable meiabolite of arachidonic acid, is a potent stimulator of platelet
aggregation and elicits contraction of smooth muscle.! A diverse group of structures have been identified which
display TxAz/endoperoxide antagonistic activity in platelets, bronchial and vascular smooth muscle.23 Recent
reports from these laboratories have described potent TxA2 antagonists related to BMS 180,291(2) which display
an outstanding duration of action in vivo.43 In conjunction with these studies, we have examined BMS 180,291
analogs in which the 7-oxabicycloheptane moiety has been replaced with a pyrrolidine or substituted pyrrolidine
ring. Some of these targets were particularly attractive since optically active heterocycles could be derived from
readily available amino acids such as proline. Disclosed here in preliminary form are the synthesis and the
antiplatelet activity of these pyrrolidine oxazoles.
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The targets of this investigation were prepared as shown in Schemes I - IIL. As illustrated in Scheme I,
standard peptide coupling of proline 3 and serine amide 46 afforded dipeptide 5. Cyclization and subsequent
oxidation of oxazoline 6 was accomplished using the methodology described previously for BMS 180,291.4 The
choice of cyclization conditions were dependent on the substrate; the mesylation/KoCO3 method was only used
with racemic amino acids due to concer about epimerization. Although we anticipated that the Ph3P conditions
would not lead to racemization of the amino acid, this possibility was addressed directly at the stage of the
oxazole-amine 7. Oxidation of oxazoline 6 followed by hydrogenolysis provided oxazole-amine 7. The
stereochemical purity of this intermediate was assessed by HPLC on a Chiralcel OD column. The enantiomeric
excess of intermediates 7, derived from D- and L-proline, were 97.5% and 100% respectively’. Elaboration of 7
proceeded by either alkylation or acylation to give the target compounds 85 and 9.

The related analog 10, derived from pyroglutamic acid, was prepared using a different strategy in which
the acid side chain was attached via alkylation of pyroglutamic acid-t-butyl ester. Condensation of the sodium salt
of 11 with benzyl bromide 12 provided lactam 13 in 48% yield. Homologation of the oxazole side-chain
followed the route outlined in Scheme I to provide oxazole 10.
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Scheme I: Preparation of Proline-Based TxAz Antagonists
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(a) RNH,, EtgN, HOBY, ethyl-3-(3-dimethylamino)propylcarbodiimide » HCI (WSC) (84%); (b) PhPa, CCly, CHaCN,
iProEMN, 23°C (50%); (c) MsCl, EtyN, 0°C; then KoCOg, acetone, reflux (98%); (d) CuBr,, DBU, CHCl,, EtOAc, 23°C
(21-88%); {8} 10% Pd/C, Hp, CHgéH 23°C (99%); {f) NaCNBHj, HOAC, 2-(CHO)-PhCH,CHC0,CH;, CHyOH, 23°C
{77-87%); (g) 2-(COzH)-PhCH,CH,CO,CHa, oxalyl chioride, EtaN; then 7 (36%); (h) LIOH, Hz0, THF (69-87%)
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{a) NaH, THF, RBr, -78°-23°C (48%); (b} 4N HCVdioxane, 0-23°C {67%); {c) RNH,, EuN, HOBY, othyl-3-(3-dimethylamino)-
propylcarbodiimide  HCI {WSC), { 52%); (d) MsCl, EtgN, 0°C; then K;CO,, acetone, refhix (98%); (e) CuBry, DBU, CHClg,
EtOAc, 23°C (41%); () LIOH, H0, THF (76%)
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(a) oxalyl chioride, CHyCly, DMF, 23°C; then indoline-2-carboxylic acid (60%); (b) RNHy, EtaN, HOBY, ethyl-3-
(3-dimathylamino)-propylcarbodiimide « HCl (WSC), { 72%); (c) MsCl, EtaN, 0°C; then K,CO, aceitone, reflux { 66, 93%);
{d) CuBrz, DBU, CHCl3, EtOAc, 23°C (45%); {8) LIOH, Hz0, THF (32, 73%); 1) NiO;, CHpClp, 23°C (38%).



Synthesis of pyrrolidine oxazoles
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The indoline analog 14 was synthesized as outlined in Scheme ITII. Condensation of excess acid chloride
derived from 15 with indoline-2-carboxylic acid provided amide 16 in 60% yield. Elaboration of the oxazole
side-chain used the previously described methods. Of interest is the observation that condensation of (£)16 with
L-serine amide 4 provided diastereoisomers which could be separated readily by flash chromatography. The
individual amides were then carried on to yield (+)14 and (-)14. Amide 17 was prepared by a route analogous to

that used for 9 starting with 4-cis-t-butyldimethylsilyloxyproline.

Pharmacology

All compounds were tested for their ability to inhibit arachidonic acid-induced (800 pM) and ADP-induced
(20 uM) platelet aggregation of human platelet rich plasma and the results are shown in Table 19. Consistent with
these compounds as selective TxAj receptor antagonists, none were effective in inhibiting ADP-induced platelet
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aggregation. Both antagonists derived from proline, (+)8 and (-)8, inhibited AA-induced aggregation; however
this inhibition was enantioselective as (-)8 was 100-fold more active than (+)8. The basic nitrogen present in (-)8
was not necessary for potent TxA, antagonism as the acylated derivative 9 possessed identical activity in vitro. In
contrast to the equivalent potency of (-)8 and 9, the related lactam 10 was 1,000-fold less active. The
hydroxylated analog 17 was also weakly active. The poor activity of 10 and 17 can not be explained by
increased steric bulk in this region of the molecule since indoline (+)14 was only 10-fold less active than (-)8.
An alternative explanation is that the polar functionality present in 10 and 17 binds to an apolar site on the
receptor, thereby destabilizing the binding interaction. Although somewhat less potent than the corresponding
oxabicycloheptane analog (SQ 33,961; AAIPA Isg = 2 nM)3, pyrrolidines 8 and 9 were more active than a well-
characterized antagonist BM 13.50510 (AAIPA I50 = 730 nM).

The most potent analogs were studied for their ability to displace [3H]-SQ 29,548 from its specific binding
sites in human platelet membranes!!, Oxazoles 8 and 9 displayed binding affinities at the TxAp receptor
consistent with their potent antiplatelet activity; Kg = 11 £ 0.35 nM (slope = 1.9 £ 0.17) and 7.9 £ 0.71 nM (slope
= 1.0+ 0.11), respectively. The binding interaction appears to be of the competitive nature for 9 but given the
steep slope, non-competitive for pyrrolidine 8.

We have demonstrated that the 7-oxabicycloheptane nucleus of potent TxA7 antagonists such as BMS
180,291 can be replaced with a pyrrolidine while maintaining potent Tx Ay antagonistic activity in vitro.
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