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Abstract: An enantioseleetive synthesis of MK 287 (L-680,573), a member of a family of 
rrans-2,5_diaryltethy~ofurans, and its biological activity are described. 

Platelet-activating factor (PAF)l, a family of endogenous phospholipids chemically identified as 

l-O-alkyl-2-0-acetyl-sn-glycero-3-phosphocholines, is considered to play a major role in 

pathophysiological conditions in several human diseases 2. PAF is synthesized and secreted by a 

wide variety of cells involved in inflammatory responses such as basophils, eosinophils, 

neutrophils, macrophages, endothelial cells and IgE-sensitized bone marrow mast cells2v3 and it 

induces a wide range of biological and ph~acological responses4 including smooth muscle 

contraction, bronchocons~ction, neutrophil and platelet aggregation, eosinophil chemotaxis, 

hypotension and acute renal failure. PAF has also been postulated to play a major role in the 

pathogenesis of asthma, particularly in the late phase responsesfi16. 

There is strong evidence to suggest that PAF eiicits its biological functions both in vitro and in viva 

by binding to specific receptors on target cells. A number of PAF antagonists encompassing a 

wide variety of structural types have been reported7 including PAF based structural analogss, 

complex natural products such as kadsurenoneg and other lignans, ginkgolideslu, as well as totally 

synthetic entities like WEE-208611 and L-652,73112. In this communication, we report the 

synthesis and biological activity of MK 287 (L-680573) 13, a highly potent, specific, orally active 

PAF receptor antagonist which is undergoing clinical trials. 
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MK 287 (L-680,573) is a member of a family of trans-2,5-diary1 tetrahydrofurans which exhibit 

PAF receptor binding antagonism. This compound evolved from a screening program designed to 

discover novel natural products with PAF antagonist activity. Using the inhibition of PAF binding 

to rabbit platelet membrane preparation as a screening assay, two such compounds were discovered: 

kadsurenoneg ( IC50 = 150 nM) and veraguensin ( IC50 = 1000 nM). Initial structural optimization 

of veraguensin provided the simplified but more potent PAF antagonist L-652,731 (Ki = 103 

nM)12. 

The weak in viva activity of L-652,73114 coupled with its relatively short half-life in rhesus 

monkeys (t1,2 = 41 min, i.v.) due to rapid metabolism preclllded its clinical development. Further 

structural modification of L-652,731 revealed that incorporation of an electron-withdrawing 

substituent into the 3-position of one of the aryl rings and replacement of 4-methoxy group of 

L-652,731with other longer alkyl ethers in the same aryl ring led to a marked potency enhancement 

with concomitant improvement of metabolic profile as exemplified by L-659,989t5 (human platelet 

membranes, Ki = 9 nM). In order to find a compound with further improved metabolic stability as 

well as a better pharmacokinetic profile than L-6.59,98914, a number of polar group modifications 

were investigated, from which MK 287, which contains a 5-hydroxyethylsulfone group was 

identified. The detailed structure - activity relationship leading up to the discovery of MK 287 ~111 

be the subject of future publications. 

CHEMISTRY 

The synthetic strategy described in this communication for the synthesis of MK 287 is a modified 

version of the strategy developed and published from these laboratories for the preparation of 

L-659,98916 and related compounds. Access to most of the tran.s_2(S),5(S)-diarl tetrahydrofurans 

prepared by this general route involved regioselective reduction of a &ketone to the corresponding 

hydroxy-ketone, followed by resolution after esterification with (-)-(R)-0methylmandehc acid and 

subsequent reduction to the diol which was shown to cyclize without racemization with 5% TFA in 

CHCl3. Early during this investigation, the synthesis of MK 2X7 and its enantlomer, L-680.574, 

was accomplished, using the above mentIoned synthetic sequence with minor modification. 

Moreover, m keeping with our earlier observations with L-652,731 I3 and L-659,989*6. the 

(-)-isomer MK 287 was found to be the active enantiomer responsible for most of the PAF receptor 

binding inhibitory activity. 

Since one can regioselectively reduce the keto group adjacent to the aryl ring having electron 

withdrawing substituents at position 3, it seemed reasonable that one might also be able to reduce it 

in an enantioselective manner as well, providing access to a chiral synthesis of the 2.5diary1 

tetrahydrofurans. 
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In this communication, we report such a reduction of our diketone intermediate in a regio- and 

enantioselective manner using (S)-BINAL-H (developed by Noyori17el al.) as the reducing agent. 

To the best of our knowledge, this reduction has not previously been reported on a diketone 

substrate. 

The diketone sulfone (2) (Scheme-l) was prepared in three high yield steps from the reported 

intermediate (1)‘s. which in turn was prepared in three steps from 5iodovanillin and 

3,4,5trimethoxyacetophenone. The diketone sulfone (2) was reduced with (S)-BINAL-H using a 

modification of Noyori’s conditions18 to the hydroxy-ketone (3) and 57% of the regio-isomeric 

hydroxy-ketone. The pure hydroxy-ketone (3) was obtained by crystallization (ether, hexane) in 

70-76% yield ([o]D = -12.6, c=l, CHC13). The hydroxy-ketone (3) was further reduced to the 

diol by NaBI&t in methanol at O’C. The crude diol upon exposure to 5% TFA in CHCl, at O’C 

yielded 1:4 mixture of cis and rruns tetrahydrofurans. The 2(S),5(~)- cis isomer was reequilibrated 

(10% TFA in CHC13,2o’C, 2 hrs) to a 1:l mixture of cis and trans isomers, enhancing the overall 

yield of the tram isomer. The electron deficient hydroxyethylsulfonylphenyl group as expected 

suppresses the ionization and racemization at the chiral benzylic center and there by helps maintain 

the stereochemical integrity during both the cyclization and equilibration processes, which was well 

demonstrated in the synthesis of L-659.989 le. The desired 2(S),S(s)-tram isomer was treated with 

n-Bu4N+F- in THF which, after usual workup and crystallization (ethyl acetate, hexane) yielded 

MK 28719 in 62% yield over three steps in an enantiomeric excess2n of >98%. 

BIOLOGICAL RESULTS AND DISCUSSION 

In vitro studies: 

MK 287 potently inhibited [3H]-CtgPAF binding to human platelet and PMN membrane 

receptors*l with Ki values of 6.1 nM and 3.2 nM, respectively, while the K, values of the 

(+)-enantiomer L-680,574 were found to be 116 nM and 59 nM, respectively. The above results 

indicate that most of the biological activity resides in the (-)-enantiomer MK 287, which is 20-fold 

more potent than the (+)-enantiomer, L-680,574. This is consistent with our earlier finding of the 

potency observed for (+)- and (-)-enantiomers of L-659,98921. 

Cellular Studies: 

MK 287 was found to be a potent and specific inhibitor of PAF-induced human platelet 

aggregation. The IC50 values for inhibition of PAF-induced aggregation by MK 287 were 56 nM 

in plasma-rich platelets and 1.5 nM in washed platelets. This difference in potency can be attributed 

to a high degree of binding to plasma proteins. In addition, preincubation of isolated human 

neutrophils with MK 287 potently suppressed PAF-induced degranulation with an IC5o value of 

4.0 nM. 
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a: ti, ~H~~2~~2S)2, DMF, N2.13O’C ‘2hr. then diketone iodide, 16hr, 83% 

b: mCPBA, CH2Ct2, R-I’ 2hr, 88% c: TBDMSCI, imidaxole, DMF, RT, 4hr, 87% 

d: (S)-3rN~-H, THF, -78’C. 6hr, 73% c: NaBK$, MeOH, quant. 

f: 5% WA in CHC13, S”C, 6hr g: n-BuqN+F-, THF, RT, 2hr, 62% 
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Snecificitv Studies 

MK 287 was found to be a specific PAF receptor antagonist as it showed no significant inhibition 

of specific binding of several radioligands such as [3H]-LTB4, [3H]-LTC4, [3H]-LTD4, 

[3H]-fMLP, or [1251]-(358 to their respective receptors at concentrations from ltol0 PM. MK 287 

also showed no appreciable affinity for guinea pig heart pt, guinea pig lung p2 and calf brain at or 

a2 receptors at a concentration of 10 pM. The PAF-induced platelet aggregation by MK 287 was 

found to be specific as it had no effect on human platelet aggregation induced by ADP, vasopressin 

or the thromboxane A2 agonist II44069 at concentrations from 1 to10 PM. 

The in vivo efficacy of MK 287 was demonstrated in two different animal models. MK 287, 

when administered orally, potently inhibited PAF-induced (lOnMn<g) extravasation and increased 

plasma N-acetyl-P-D-glucosaminidase (NAGA) activity22 in male and female rats in a 

dose-dependent manner with ED5n values of 2.3 and 0.1 mg/kg, respectively. The observed 

gender difference could be due to differences in bioavailability and/or metabolism. The above 

gender difference was less pronounced in PAF-induced bronchoconstriction in guinea pigs. MK 

287, when administered intravenously, potently inhibited PAF-induced bronchoconstriction in a 

dose-dependent manner in both male and female guinea pigs with EDso values of 0.19 and 0.10 

mg/kg, respectively. 

In summary, we have described an efficient enantioselective synthesis of MK 287 (L-680,573) 

which has been shown to be a potent, specific and orally active PAF receptor antagonist and is 

currently undergoing clinical trials. 
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