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The two prostaglandin (PG) endoperoxides(PGG, 1 and PGH, 2) which had been

2

postulated to be intermediates in the biosynthesis of PG

2
from arachidonic acid,
1,2,3

2
have recently been isolated and characterized by two research groups.

The fact that these endoperoxides possess an interesting spectrum of biolog-

1,2

cal activity has prompted us to synthesize some analogs of PGH, and examine

2
their biological activities.

h4,5,6

As an extention of our previous synthetic approac for PGs and their

analogs, which was, in principle, utilizing the norbornene adducts as key inter-

mediates, we report herein a synthesis of 9,11-desoxy=9,ll-vinyleno-PGF o 3 and

2
its diastereocisomer 4, although the synthesis of the same analog 17 or similar

8,9,10

analogs have, quite recently, been reported from several laboratories.
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R 1, PGG = ~-OCH 3, X-¥= -CH=CH-,

R= -OH 2= ~CH=CH-
1
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Half-acylation of the cis-diol gl‘ with pivaloyl chloride gave the mono-
pivalate 6(70%), which was converted to the cyano ester 7 by tosylation and
subsequent cyanation. Hydrolysis of 7 followed by treatment with hydrochloric
acid gave the lactone 8, the key intermediate of this synthesis(85% from 6;
Vax 1740; m/e 164(M+)). Reduction of 8 with diisobutylaluminium hydride gave

the hemiacetal 9, which was reacted with 5-triphenylphosphoniopentancic acid
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disodium salt, followed by esterification to afford the hydroxy ester 10(77%
from 9; Viax 2950, 2850, 1740; m/e 264(M+)r 246(M+—18)). Oxidation of 10 with
Collins reagent gave the endo-aldehyde ll(n.m.r. 9.35, d) which was epimerized
to the exo-aldehyde 1l2(n.m.r. 9.65, d) by refluxing in benzene in the presence
of piperidine and acetic acid. The exo-aldehyde 12 thus obtained was condensed,
without purification, with the sodium salt of dimethyl-2-oxoheptylphosphonate

to afford the enone 13(60% from 10; v 1740, 1695, 1670, 1620; m/e 358(M+),

max

+
293(M -65)). The encne 13 was reduced with zinc borohydride to give the alcchol

li(vmax 3050, 2950, 2850, 1740; m/e 342(M+-18)), which was saponified to afford

the objective glz(vmax 3050, 2850, 1710; m/e(bis-TMS) 475(M'-15)).

On the other hand, the diasterecoisomer 4 was obtained by the similar prose-
dures described above. Oxidation of 6 with Collins reagent followed by epimeri-
zation, reduction, tosylation and cyanation gave the cyano ester 15. Hydrolysis
of 15 followed by oxidation afforded the endo-aldehyde 16 (n.m.r. 9.50, d) which
was condensed with sodium salt of dimethyl-2-oxoheptylphosphonate to give the

enone 17(v__ 2250, 1700, 1670, 1630; m/e 258(M'+1), 257(M')). Reduction of 17

ax
with zinc borohydride gave the alcohol 18. Reduction of 18 with diiscbutyl-

aluminium hydride gave the aldehyde 19, which was reacted with 5-triphenylphos-

12

phoniopentanoic acid disodium salt afforded the objective 47° (v 3050, 2950,

max
2925, 1710).

Both the present analog 3 and 4 are very potent in inducing blood platelet
aggregation.13 Also the present analogs 3 and 4 have shown several significant
PG-1like pharmacological responses such as inhibition of gastric secretion and
stimulation of smooth muscle. The analog 3 is, furthermore, found to exhibit

- . . . - . . 14
the anti-reserpine and anti-tetrabenazine actions in mice and rats.
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5, R;=R,= -CH,OH 8 9
6, Ry= —CH,OH, R,= =CH,O0COC(CH,),

7, Ry= ~CH,CN, R,= ~CH,0COC(CH,),
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14, R= *CH=CH?—(CH2)4CH

15, R;= -CH,CN, R,= -CH,0COC(CHj3) 4 4
16, Ry= -CH,CN, R,= -CHO
17, Ry= -CH,CN, R,= —CH=CHCO(CH2)4CH3
18, R;= -CH,CN, R,= —CH=CH(3—(CH2)4CH3
0OH
19, R)= -CH,CHO, R,= =CH=CHC-(CH,) ,CHq
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References and Notes

1. M. Hamberg and Samuelsson, Proc. Nat. Acad. Sci. USA, 70, 899(1973).

2. M. Hamberg, J. Svensson, T. Wakabayashi and B. Samuelsson, ibid., 71, 345
(1974) .

3. D.H. Nugteren and E. Hazelhof, Biochimica et Biophysica Acta, 326, 448(1973)

4. J. Katsube, H. Shimomura and M. Matsui, Agri. Biol. Chem. (Japan), 35, 1828

{1971) :+ Synthesis of PGFl skeleton from the norbornene derivative.
5. 1Ibid., 36, 1997(1972): Synthesis of 9,ll-desoxy—Q,ll—vinyleno-PGFla(X—Y=

~-CH=CH-, Z= -CH CH2- in the formula 3).

2
r
6. Ibid., 39, 657(1975): Synthesis of Corey s lactone intermediate from the
norbornene derivative.

7. E.J. Corey, M. Shibasaki, XK.C. Nicelaou, C.L. Malmsten and B. Samuelsson

Tetrahedron Letters, 737(1976): Synthesis of the same analog 3 has been des-

cribed, the synthetic route of which was different from that of this paper.
Some of the present work, moreover, has already been described in Japan
Patent Application(Application No. Sho-50-80292, Application Date, June 27,

1975).



4102 No. 45

8. E.J. Corey, K.C, Nicolaou, ¥. Machida, C.L. Malmsten and B. Samuelsson,

Proc. Nat. Acad. Sci. USA, 72, 3355(1975): Synthesis of the azo analog (X-Y=

—N=N~, Z= —-CH=CH- in the formula 3) has been described.

9. G.L. Bundy, Tetrahedron Letters, 1957(1975): Synthesis of the epoxymethano

analogs (X-Y= ~CH,0, %= -CH=CH- or X-¥= -OCH.,~, Z= =CH=CH~ in the formula 3)

2

have been described.

2

10. A.G. Rbatjolou and P.S. Poitghese, ibid., 1457(1976): Synthesis of the analog

(X-Y= -CCO,Et=CCO,Et, Z= -CH,CH,- in the formula 3) has been described.

11. M. Hara, Y. Odaira and S. Tsutsumi, Tetrahedron, 22, 95(1966).

12. This product was composed of a mixture of the desired 15-0-0H compound and
its 15-epimer, which was subjected to the biological examination without
separation. The ratio was found to be almost 1:1 by TLC(Benzene:AcOEt:AcOH=
20:2:1); 0.30:0.32 for 3 and its epimer; 0.31:0.33 for the mixture of 4 and
its epimer.

13. Inspite of the difference of the sterecochemistry between 3 and 4, their
potency was found to be almost the same.

14. Further investigations are still underway and the results obtained there will

be published in the future.



