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SYNTHESIS OF THE SULFUR ANALOG OF A6—PGI]

Masakatsu SHIBASAKI, Yasuhiro TORISAWA, and Shiro IKEGAMI*

Faculty of Pharmaceutical Sciences, Teikyo University, Sagamiko, Kanagawa 199-01

A synthesis of the sulfur analog of A6—PGI with potent inhibitory activity in

1
platelet aggregation is described. The synthesis starting from the suitably protected
Corey lactone includes the hydroxylation of the lactone and the novel intramolecular

addition of the sulfenyl bromide.

In the course of our synthetic studies on the chemically stable and biologically potent
analogs of prostacyclin (PGIZ) with the aim of developing drugs, the carbon analog (4) of A8
PGI] was pre¥ious]y synthesized. Unlike the high inhibitory activity of A6-PGI] (2) to platelet
aggregation, the biological behaviors of the carbon analog (4) were unexpectedly weak.
Accordingly, in order to clarify the structure-activity relationship in the AG-PGI] series, the
sulfur analog (3) was chosen as an attractive target. In this communication we wish to report
an efficient synthesis of the sulfur analog (3) of AG—PGI1.

In the synthetic plan of the sulfur analog (3), the trans-hydroxy-aldehyde (5) was selected
as a key synthetic intermediate. However, methodology for the stereo and regiocontrolled
synthesis of 5 seems to remain undeveloped. After many synthetic attempts, we finally found
that the suitably protected Corey lactone (§) is a reasonable starting material for the present
purpose.

Thus, the formation of the enolate of 6 ( 1.2 equiv of LDA, THF, -78° ) and subsequent
treatment with 1.5 equiv of M005.pyridine.HMPA comp]ex3 ( -78%r.t.) afforded the desired
hydroxy-lactone (7) up to 80% yield as a mixture of diastereoisomers4 [ IR(neat) 3400, 1770 cm-1 ].
Reduction of 7 with 3 equiv of LAH ( ether, reflux, 2 h ) provided the triol (8) [ MS(EI)
359(M+-CH20H) ] in 80% yield. The selective protection of the glycol moiety of the triol (8)
was accomplished by treatment of § with 5 equiv of 2,2-dimethoxypropane and a catalytic amount
of anhydrous p-toluenesulfonic acid in dry benzene at room temperature for 0.5 h, giving the
hydroxy-acetonide (3) [ IR(neat) 3500 cm-1; PMR(CDC13,TMS) §1.40, 1.45 ( two singlets, 2CH3) ]
in 60% yie]d.5 The structure of 3 was securely confirmed by the following transformation. The
oxidation of 9 with PCC in the presence of sodium acetate afforded the 5-membered ketone (lg)

[ IR(neat) 1740 cm-1 ] as a single product in 70% yield.

The next stage of the synthesis required the protection of the remaining hydroxy group
with the inversion of its configuration. This was easily achieved by stirring 9 with triphenyl-
phosphine ( 2 equiv ), benzoic acid ( 1.5 equiv ) and diethyl azodicarboxylate ( 2 equiv ) at
room temperature for 0.5 h,6 affording the inverted benzoate (11) [ MS(EI) 519(M+-CH3) 1 1in
nearly quantitative yield. The stereochemistry of the benzoate (]11) was determined by the fact
that treatment of 11 with potassium carbonate in methanol gave the alcohol (12), definitely
different from the starting alcohol (9) [ rf values on silica gel TLC plate eluted with ether-
petr.ether (1:1), 0.24 for 9 and 0.15 for 12 ].

The extension of the lower side-chain was carried out by the standard method as follows;

(i) desilylation of 11 with tetra-n-butylammonium fluoride in THF at room temperature for 5 h



1248

—_— )
te Iz
e e
> >
1l 0]
O umn
x
N

COOR

R:0

Rs  or,
: Ry=COPh, R.=Rs=H
: R,=COPh, R.=Me, Rs=H
: Ry=H, R.=Me, R=THP
: Ri=Ts, R.=Me, Ra=THP

| ]
(e IR LN}

—

t

—
(\a}

=

COOH
X OH
A _CHO
R,
l;-‘ : 'I
OH R2
2: X=0 5
3: X=S
4: X=CH,
R2p, 0 PhC00 L:9><
- X ho
0si="
OTHP OTHP
9: Ru=H, Ra=0H
10: R,-R,=0 13: R=CH,OH
11: R,=0COPh, R,=H 14: R=
12: Ry=0H, R,=H 0
COOMe
B COOMe
R / ts
OTHP  OTHP OTHP  {wp
21: R=SAc 23
22: R=Sh

Chemistry Letters, 1980

PhCOO0

3 R
OH OH

: R=CH(OH)CHOH
: R=CHO

-
o

}

—
(o)]

g

CO0Me

S
OR OR

24: R=THP
gg: =H

to the alcohol (13) ( 85% yield ), (ii) oxidation of 13 with 10 equiv of Collins reagent and
then the Emmons-Horner reaction using dimethyl (2-oxoheptyl)phosphonate to the enone (]4)
[ IR(neat) 1720, 1665, 1620 cm-1; MS(EI) 499(M+-CH3) ] ( 85% yield ).
NaBH4 in methanol at -25° for 0.5 h, followed by acidification by the addition of excess
oxalic acid and continued stirring at room temperature for 24 h gave the crystalline tetraol
(1) [ Ms(ET) 374(M+—H20) ] as a mixture of the diastereoisomers at the C-15 position ( PG
numbering ) in nearly quantitative yield.
Construction of the upper side-chain from 15 proved to be unexpectedly so difficult that

the careful selection of reaction conditions was required.
dioxane-water (3:1) cleanly converted 15 to the aldehyde (16).

Reduction of 14 with

Oxidation with excess NaIO4 in
Since the aldehyde (16) was

surprisingly unstable, it was immediately treated with Wittig ylid ( 5 equiv ) prepared from

(5-carboxypentyl)triphenylphosphonium bromide

7

and sodium methyisulfinylmethanide in DMSO at

room temperature for 0.5 h. The crude acid (ll) was then esterified with CH2N2 and purified by
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silica gel column chromatography to afford the benzoate methyl ester (18), which was subse-
quently protected as THP ether, followed by deprotection of the benzoate group ( K2C03 in
methanol ). Through this sequence, the desired hydroxy-ester (19) was securely separated from
the unwanted side product8 and obtained in ca. 20% overall yield from the tetraol (15) [ IR(neat)
3450, 1740 cm-1; PMR(CDC13,TMS) 65.10-5.70 (multiplet, 4H, olefinic protons); MS(CI,NH3)
554(M++NH4) 1. The stereochemistry of the newly formed double bond in 19, one of the most
important points,9 was tentatively assigned as cis-configuration from much literature plr‘ecedent.]0
Introduction of a sulfur atom with the concomitant inversion of 9-hydroxy configuration
was easily achieved by our previously reported method.]2 Thus, treatment of the alcohol (]9)
with 10 equiv of tosyl chloride in pyridine at room temperature afforded the tosylate (20) in
80% yield, which was converted to the corresponding thioacetate (2]) [ IR(neat) 1740, 1690 cm-1;
MS(CI,NH3) 612(M++NH4) ] in nearly quantitative yield by reaction with sodium thioacetate in
DMSO-DMF (1:1) at 50~60° for 5 h. Then the thioacetate (2]) was directly oxidized to the
disulfide (gg)12 in 95% yield by treatment with 2.5 equiv of sodium methoxide in methanol under
oxygen atmosphere at room temperature for 10 h, followed by esterification with CH2N2 [ rf
values on silica gel TLC plate eluted with ether-petr.ether (2:1), 0.45 for 21 and 0.35 for 22 1.
Generation of the sulfenyl bromide and its intramolecular addition to the cis double bond
is a specutacular feature of the present synthesis. Inspection of a molecular model suggests
that this intramolecular addition must proceed via energetically unfavorable transition state
such as 23 and consequently the intermolecular path might be preferable. In contrast to this
speculation, the intramolecular addition of the sulfenyl bromide proved to proceed preferencially,
rather than the intermolecular process.9 The addition of an equimolar amount of bromine in
carbon tetrachloride to a diluted solution of the disulfide (gg) in carbon tetrachloride
( 5 mg/ml ) at 0° for 0.25 h, followed by removal of the solvent and immediate treatment with
excess DBU in toluene at 55~65° for 2.5 h to yield the desired endo-vinyl sulfide (24).
Purification through silica gel column chromatography ( ether-petr.ether, 1:1 ) gave the pure
material [ IR(neat) 1740 cm-1; PMR(CD013,TMS) §5.20-5.70 (multiplet, 2H, olefinic protons),
5.10 (multiplet, 1H, vinyl sulfide proton); MS(CI,NH3) 568(M++NH4) ] in ca.40% yield from the
disulfide (22). Careful hydrolysis of two THP groups in 24 in ACOH-HZO-THF (3:1:1) at 45«55°
for 1.5 h provided the desired new sulfur analog (25) as a mixture of the diastereoisomers at
the C-15 position ( PG numbering ) in nearly equal amount.. The more polar isomer was tentatively
assigned the structure of the 15a-isomer1] [ r£ 0.30 on silica gel TLC plate eluted with ether-
petr.ether (9:1) for two times; MS(EI) 382(M"), 364(M'-H,0), 346(M'-2H,0) 1, while the Tess
polar isomer [ rf 0.35 ] as the 158.
The chemical stability of the both isomers is nearly the same as that of the previously
synthesized 9(0)-thiaprostacyclin methyl es’cev'.]2 The conversion of the more polar isomer of
25 to 3 was accomplished by usual saponification technique.
Preliminary biological results obtained with the sulfur analogs (3) indicated high inhibitory
activity in platelet aggregation of rabbit induced by ADP, which was comparable to that of
9(0)-thiaprostacyc]in.]3 Biological details will be published elsewhere.
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