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AN EFFICIENT SYNTHESIS OF PLATELET-ACTIVATING FACTOR (PAF) VIA 1-0-
ALKYL-2-0-(3-ISOXAZOLYL)-SN-GLYCERO-3-PHOSPHOCHOLINE, A NEW PAF AGONIST.
UTILIZATION OF THE 3-ISOXAZOLYLOXY GROUP AS A PROTECTED HYDROXYL.
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gxgmaﬁg: Potent PAF agonists (R)-3a,b were synthesized and converted into,
by droxyi sonazole e the aeldic componont. and Rydrogenciyiic ring eleavags
of the resulting 3-isoxazolyloxy group into the inverted alcohol.

Platelet-activating factor (PAF) (1) is an alkyl ether phospholipid
mediator that plays important roles in various biological and pathological
processesl). According to the structure-activity relationships of PAF
analogues so far reported, a small acyloxy or carbamoyloxy group is neces-
sary at the sn-2 position to exert potent agonistic activities?).

Two natural 3-hydroxyisoxazoles, ibotenic acid and muscimol, have been
reported to be potent agonists of neurotransmitters glutamic acid and GABA,
respective1y3'4). This bioisosterism between 3-hydroxyisoxazole and pro-
pionic acid structures prompted us to synthesize 2-(3-isoxazolyloxy)- PAF
derivatives (R)-3a,b corresponding to propionyl PAFS) (2), which is nearly

equipotent as acetyl PAF (1), expecting agonistic activities.
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Qur strategy was to introduce the 3-isoxazolyloxy moiety at the sn-2
position of glycerol by Mitsunobu reactions) using 3—hydroxyisoxazéle as the
acidic component, and then cleave the ring to generate the inverted chiral
alcohol, thus enabling (R)-3a,b to be converted into 1.
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The starting material, glycerol acetonide (S)-4 {[a}%s +14.8° (neat);
lit.7), [@a]p +14.5° (neat)}, was prepared7) from D-mannitol. This chiral
acetonide has often been criticized for racemization®'®). we found, however,
that (S)-4 showed the above specific rotation value after several months on
storage, if the substance was carefully worked up at pH 7.2 and treated with
aqueous sodium hydrogen carbonate solution before distillation. (S)-4 was
converted into (S)-5a,b in three steps according to Godfroid et al.'s
methodl0) . Treatment of (S)-5a (10 mmol) with 3—hydroxyisoxazolell) (12
mmol), triphenylphosphine (20 mmol), and dimethyl azodicarboxylate (Tokyo
Kasei, 20 mmol) in tetrahydrofuran (THF, 45 ml) at room temperature afforded
the 3-0-alkylated isoxazole (R)-6a in a 87% yield after chromatography.
Similarly, (R)-6b was obtained in a 91% yieldlz). Generally, alkylation of
3-hydroxyisoxazoles under various conditions gives a mixture of 0- and N-
alkylated products in a 2:1 - 1:4 rat103’13'15). This first example of

6)

Mitsunobu reaction using 3-hydroxyisoxazole as the acidic component

provides a solution to this problem14).

Reductive cleavage of the oxygen-nitrogen bond of the isoxazole ring
has been well known. To our knowledge, however, only one example of such
cleavage of 3-alkoxyisoxazole has been reported: in their synthesis of
tetracyclinels), Stork and Hagedorn III catalytically hydrogenated a 3-
benzyloxyisoxazole derivative in THF-MeOH, to generate a g-ketocarboxamide.
In this reaction the benzyl group was probably reduced to toluene, because
the amide was obtained without hydrolytic treatment. On the other hand,
catalytic hydrogenation of (R)-6a,b (10% Pd-C, 4 atm, room temperature,

48 hr) in THF-EtOH (1:9) gave the alcohols (R)-5a,b in a 93-94% yield.
Presumably the intermediary imino-ester of (R)-5a,b was decomposed by
ambient EtOH. This is the first experiment to demonstrate that a 3-isoxa-
zolyl alkyl ether can be utilized as a protected alcochol.

Repetition of the above Mitsunobu reaction with (R)-5a,b afforded (S)-
6a,b. Judging from the specific rotation values of enantiomeric pairs of
5a,b and 6a,b (indicated in Scheme 1), the Mitsunobu reaction proceeded
each time with at least 99% inversion.

Removal of the trityl group in (R)-6a,b and introduction of the
phosphocholine side chain into the resulting alcohol were carried out
according to the standard procedure reported for the corresponding (R)-2-0-
benzyl glycerol derivativess'lo), yielding (R)-3a {[a]lz)6 -5.00° (c=1.00,
CHCla)} and (R)-3b {[a]Z® -4.70° (c-1.00, CHC14)). Similarly, (S)-3a
{[a1§® +5.00° (c=1.00, CHClg)} and (S)-3b {[a]§® +4.70° (c=1.00, CHCly)}
were prepared from (S)-6a,b.

The isoxazole ring of (R)-3a,b was cleaved as described above, and the
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resulting Lyso-C;g-PAF {[a]35 -6.25° (c=1.04, CHClz:MeOH=1:1); 11t.%),
[«1Z% -6.03° (c=1.04, CHClz:MeOH=1:1)} and lyso-C,g-PAF {[a]Z® -6.72°
(¢=5.00, CHClg:MeOH=1:1); 1it.16), (0135 -6.7° (c=5. CHClz:MeOH=1:1)}
were acetylated to afford Cig-PAF {[a1® -3.70° (c=1.00, cHC13);
11t.8), {01! -3.66° (c=0.71, CHC1g)} and C,g-PAF {[«13® -4.10°
(c=1.00, CHClg); 11t.8), [a]%5 -4.00° (c=0.71, CHClj)}, respectively.
Thus, the present method provides an efficient route from the chiral build-
ing block (S)-4 to 1 (three steps shorter than the benzyl methodlo) ).

PAF agonistic activities of 3a,b were measured as described earlier17).
As expected (R)-3a,b exhibited potent activities, both in rabbit platelet
aggregation {ECgqg: Cyg-PAF, 2.5 x 1078 ™; (R)-3a, 3.5 x 1078 M; (R)-3b,
3.3 x 1078 M] and rat hypotension [relative potency: C1g-PAF, 1.00; (R)-3a,
0.88; (R)-3b, 0.33], whereas (S)-3a,b were much less active [(S)-3a: ECgg,
1.1 x 10'6 M; relative potency, 0.003-0.01]. These results suggest that the
3-isoxazolyl group 1s recognized by the PAF receptor(s) as an acetyl or
propionyl group. Syntheslis and biological activities of antagonistic 2-0-
(3-1soxazolyl)glycerol derivatives will be published elsewhere.



702

[References and Notes]

1) "Platelet-Activating Factor and Related Lipid Medliators”, ed. by F.
Snyder, Plenum Press, New York, 1987; P. Braquet, L. Touqui, T.Y. Shen
and B.B. Vargaftig, Pharmacol. Rev., 39, 97 (1987).

2) J.J. Godfroid and P. Braquet, Trends. Pharmacol. Sci., 7, 388 (1986).

3) U. Madsen, L. Brehm and P. Krogsgaard-Larsen, J. Chem. Soc. PERKIN
TRANS. I, 359 (1988), and references cited therein.

4) P. Krogsgaard-Larsen, A. Hedegaard, .L. Nielsen, B. Nielsen, U. Madsen,
L. Brehm, E. Falch, H. Hjeds and J.J. Hansen, Trends. Med. Chem. '88,
429 (1989).

5) C.A. Demopoulos, R.N. Pinckard and D.J. Hanahan, J. Biol. Chem., 254,
9355 (1979); M.L. Blank, E.A. Cress, T.-C. Lee, B. Malone, J.R. Surles,
C. Piantadosi, J. Hajdu and F. Snyder, Res. Commun. Chem. Pathol.
Pharmacol.,38, 3 (1982).

6) O. Mitsunobu, Synthesis, 1, (1981).

7) J. LeCocq and C.B. Ballou, Biochemistry, 3, 976 (1964).

8) M. Ohno, K. Fujita, H. Nakal, S. Kobayashi, K. Inoue and S. Nojima,
Chem. Pharm. Bull., 33, 572 (1985).

9) H. Eibl, Angew. Chem. Int. Ed., 23, 257 (1984).

10) F. Heymans, E. Michel, M.C. Borrel, B. Wichrowski, J.J. Godfroid,
0. Convert, E. Coeffier, M. Tence and J. Benveniste, Biochim. Biophys.
Acta, 666, 230 (1981); M.C. Borrel, C. Broquet, F. Heymans, E. Michel,
C. Redeuilh, B. Wichrowski and J.J. Godfroid, Agents and Actioms,
12, 709 (1982).

11) I. Iwai and N. Nakamura, Chem. Pharm. Bull., 14, 1277 (19686).

12) Mitsunobu reaction of dl1-5 with acetic aclid under the same conditions

gave its acetate in ca. 50% yield. Introduction of the acetyl group at
this stage is not advantageous for the synthesis of PAF (see ref. 10).

13) Y. Kishida, T. Hiraoka, J. Ide, A. Terada and N. Nakamura, Chem. Pharm.
Bull., 15, 1025 (1987); T. Yokobe, Yakugaku Zasshi, 89, 1254 (1969).

14) Only secondary alcohols gave satisfactory results in selective 0O-
alkylation. For this purpose, 5-methyl- and 5-phenyl-3-hydroxyisoxazole
are also available. Under similar conditions, primary alcohols yielded
a mixture of 0- and N-alkylated products. On the other hand, 3-hydroxy-
isoxazoles were selectively O-alkylated (in more than 90% yield) by the
reaction with mesylate or tosylate of primary alcochols (or alkyl halides)
in DMF or HMPA using sodium hydride as the base.

15) G. Stork and A.A. Hagedorn III, J. Am. Chem. Soc., 100, 3609 (1978).

16) .G. Hirth and R. Barner, Helv. Chim. Acta, 65, 1059 (1982).

17) N. Nakamura, H. Miyazaki, N. Ohkawa, H. Koike, T. Sada, F. Asal and S.
Kobayashi, Chem. Pharm. Bull.. 32, 2452 (1984).

(Received in Japan 12 October 1989)



