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Synthesis of Sulphur-containing Prostacyclin PGI, Analogues 6,9-Epithio-PGI,,
its S-Oxide Stereoisomers, and its $S-Dioxide

By Kyriacos C. NicorLaou,* RoNaLD L. MAGoLDA, and WiLLiaM E. BARNETTE
(Department of Chemistry, University of Pennsylvania, Philadelphia, Pennsylvania 19104)

Summary The synthesis of the biologically active PGI,
analogues, 6,9-epithio-PGI,, its S-oxide stereoisomers,
and its SS-dioxide is reported.

THE important physiological role and the therapeutically
promising properties of prostacyclin (PGI,)!»2 (1), coupled
with its rather unstable nature, make the design and
synthesis of stable biological mimics of this molecule highly
desirable. In this communi:ation we report the synthesis

of a number of sulphur-containing® 5,6-dihydroprosta-
cyclins, namely 6,9-epithio-5,6-dihydroprostacyclin (2c),
and its S-oxides (3c; sulphoxide stereoisomers) and SS-
dioxide (4c).

A degassed solution of the 9-thio-PGF,, derivative (7)2
in AcOH-tetrahydrofuran(THF)-H,O (3:2:2) was heated
at 45 °C for 20 h to produce directly the methyl ester (2a)t4
(79%) by removal of the silyl ethers and concurrent acid-
catalysed intramolecular ring closure. In order to explore

t Satisfactory spectral data were obtained for all new compounds.
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the possibility of forming the other C-6 epimer of (2) the
9-thioacetoxy-trans-PGF,, derivative (8) was synthesized
as follows. The 98-methylsulphonyloxy-11,15-bis(tetra-
hydropyranyl)-PGF,, methyl ester (12)% was converted into
the 11,15-bis(t-butyldimethylsilyl) ether (14) vig the diol
(13) [(i) AcOH-THF-H,O, 3:2:2, 45°C; (ii) t-butyldi-
methylsilyl chloride-imidazole~dimethylformamide, 25 °C]
in 909 overall yield. Irradiation of this bis(silyl) ether
with u.v. light in the presence of diphenyl disulphide
(0-5 mol equiv.) in degassed benzene solution at 20 °C for
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4h afforded an equilibrium mixture of 5(E)- and 5(2)-
isomers (15) and (14) with the 5(E)-isomer predominating
(ca. 85:15).5 Column chromatography on silver nitrate-
impregnated silica gel led to isolation of pure (15) (809%,) and
recovery of the starting compound (14) (14%). Exposure
of (15) to an excess of potassium thioacetate in dimethyl
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sulphoxide at 45 °C for 24 h furnished the thioacetate (8)
(869%,). However, when the thiol (9) [obtained from (8) on
exposure to K,CO; in MeOH] was subjected to the cycliza-
tion conditions described above, the same 5,6-dihydro-6,9-
epithioprostacyclin (2) was obtained. This observation
suggests the intermediacy of a discrete carbonium ion in this
ring closure reaction. The model compounds (10)f and
(11)f were also found to undergo this easy cyclization under
acidic, anaerobic conditions (MeC H,SO,H-p, CH,Cl,, 25 °C)
yielding the cyclic sulphide (5) recently reported by Shi-
basaki and Ikegami.® In agreement with these authors,$
we also observed the instability of the above thiols towards
disulphide formation and cyclization to the sulphides on
exposure to air and/or silica gel. These compounds were,
therefore, freshly generated from their corresponding
acetates under basic and strictly anaerobic conditions and
used immediately without purification.

Oxidation of (2a) with m-chloroperbenzoic acid (1-1 mol.
equiv., CH,Cl,, —78 °C) or H,0O, (THF, 25 °C) furnished the
S-oxide methyl ester (3¢c) as a mixture of sulphoxide
stereoisomers (709,) separated by preparative layer
chromatography (silica gel, 10% MeOH in CH,CL) into a
major isomer (Ry = 0-26) and a minor isomer (Rp == 0-33)
(ca. 2:1 ratio).

Exposure of (2) to diphenyl diselenide (0-5 mol. equiv.)
and hydrogen peroxide®® (10 mol. equiv.) in THF at 25 °C
for 4 h resulted in the formation of the SS-dioxide methyl
ester (4a) in 939, yield, presumably by the action of
PhSe(O)OOH" formed i# situ under these conditions. This
new methodology for oxidation of sulphides to sulphones
appears to be very promising owing to its selectivity and
mildness.

1 Prepared from cyclopentene oxide as follows: (i) epoxide opening with lithium acetylide-ethylenediamine complex, (ii) protection
as t-butyldimethylsilyl ether, (iii) hydroboration—oxidation to the aldehyde, (iv) condensation with the ylide derived from 4-carb-
oxybutyltriphenylphosphonium bromide, (v) deprotection of the alcohol, (vi) mesylation, (vii) displacement with potassium thioace-

tate, and (viii) deprotection with methoxide in absolute methanol.

The trans-olefin was obtained by photolytic—Ph,S, isomerization

of the cis-isomer at the silyl ether stage and purified by silica gel-silver nitrate column chromatography.
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In agreement with the 6f-stereochemical assignment to
(5)% and on the basis of *H n.m.r. spectroscopy we tenta-
tively assign the 68-configuration to all the above PGI,
analogues.

Basic hydrolysis of the methyl esters (2a), (3a), and (4a)
with 909 EtOH containing NaOEt (5 mol equiv.) produced
smoothly the corresponding sodium salts (2b)—(4b) which
could be directly employed for bioassays after suitable
dilutions or acidified to yield the acids (2c)—(4c) after
extraction with ether.

Preliminary biological results obtained with (2a) indicate
weak inhibitory activity in human blood platelet aggrega-
tion and vascoconstricting activity in isolated cat coronary
artery.
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