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The discovery of prostaglandins - a group of biologically important com=
pounds having diverse pharmacological properties - present in the human
) seminal fluid and in vesicular gland of sheep, dates back to 19331. In
recent years chemical investigation by Swedish workers clarified2 the
structures of several representatives of this group.
We wish to report now, the total synthesis of Compound I, which we have

prepared as a mixture of two alcohols epimeric at the carbon 15. The

I OH

remaining asymmetric centres are assumed to have the configuration shown,

by the mode of its synthesis and by analogy with similar cases.
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Compound I is the first pharmacologically active, totally synthetic
derivative o:l prostanoic ac:id3 e It is remarkable that it exhibits hypo-

tensive act:'wii;j[‘+ in spite of the lack of oxygen function at Carbon 11,
5

Potassium salt of ethyl- 2-cyclopentanone carboxylate” was condensed with

Gnn‘-brmnoethylhepi:emoea.te6 in dry toluene to yield the diester II (0173280 N

beps 246-8°/0,08mm, n * 1.4557,% max. 1740, 1718 cu™>).

Treatment of
diester IT with boiling 10% sulfuric acid for 16 hours gave acid IIT

(Cy 805 €. wt,” 218, n % 1,4680;) max, 1725, 1710 en™T, num.r. 10,048
acid proton, 2,4-dinitrophenylhydrazone of the ethyl ester, C20H2806N4'
meps 74~6°), Bromination of diester II with one mole of bromine resulted
in a monobromo derivative. When the latter compound was refluxed with 20%
sulfuric acid in ethanol for 16-18 hours and the crude product was
chromatographed, cyclopentenone IV was isolated 612H1803’ eq. wt. 209.h,

l, Amax. 228(4.00)8, nemer, 7,288 7 1 H, poorly

¥max, 1695, 1626, 1000 cm
resolved triplet; methyl ester,d max. 1730, 1695, 1630, 1000 cm-l). Cyclo=
pentenone IV was transformed into nitrile V by the action of acetone cyan~
hydrin in the presence of sodium carbonate in aqueocus methanollo. The
nitrile was characterized by the disappearance of the vinyl proton in the
n.m.,r,, of the ultraviolet spectrum and by the presence of bands at 2248,

1750 and 1705 em L

in its infrared spectrum (methyl ester,¥ max, 2248,
1737 cm-l). The hydrolysis of the crude keto nitrile V was achieved by
refluxing with aqueous 8% sodium hydroxide for four hours to yield diacid
Vi (013}12005, eq. wte 127.5, mepe 73-7l4.5°,¥ max. broad acid hydroxyl,
1737, i?OB cm'l, n.m,r, of dimethyl ester 3,62§ and 3,725 3 H each, of
ester methoxyl), The diacid VI, on treatment with methanol containing

1.5 mole of p-toluenesulfonic acid per mole of diacid at 25° for 55 minutes
gave the monoester VII (CIHHZZOS’ eq. wt. 278, m.p. 58-60°,» max. 1732,

1705 cm"l, nemer, 3.715§ 3 H - OCHy of ester, 10,01 § acid proton). The
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R COOR!’

I R=COOC,Hs , R =-C, Hs
T R=R'=H

(o]
COOH

Y R=CN ,R'=H
YT R=COOH, R'=H
VII R=COOH , R'=CH,
VIl R=COCI, R'=CH,
IX R=CO-CH=CHCI , R'=CH,
X R=CO-CH;-CH{OCH; ), , R'=CH,

H OH

\/\/\/ COOCH;

X[ R= CHOH-CH,-CH(OCH, ),
Xl = CH=CH-CHO

X R=CH=CH-C¢H-(CH1 )4 -CHa
OH
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monoester VIl was converted to its acid chloride VIII ( max. 1785, 1737
cm-]’), which on treatment with acetylene in presence of aluminum chloride
in carbon teirachloride yielded a crude yproduct from which chlorovinyl
ketone IX 1 was isolated after chromatogaphy (C16H2301+Cl' ¥ max. 1727,

1685, 1585, 940 cm™t

s Amax, 234mu(4,08), n.m.r. 6,68 1 H doublet, 7,428
1 H doublet J=14 c.p.s. vinyl protons, 3,658 3 H - OCHy of ester)s The
chlorovinyl tetone IX was converted to acetal X (018}1300 s ¥ max. 1733,
1718 em™Y, nom.r., 3.60§ , 3.485, 3.335 3 H each ester - OCH,, 4.72§ carbi-
nolic proton) with methanolic sodium hydroxide. Reduction of the diketone
X with sodium borohydride yielded a mixture of stereoisomers of alcohols
XI, This crude mixture when treated with 2N sulfuric acid was transformed
to a mixture of two epimeric aldehydes from which the predominant isomer
XII - assumed to have the stereochemistry shown, was isolated (C16H260’+’

¥ max, 3600, 3400, 2745, 1726, 1680, 1630, 975, Amax., 228mu (3.85) n.m.r.
3.68§ 3 H - OCH, of ester, 4,2§ 1 H carbinolic, doublets centred at 6.25%
and 6.8§ 2 H vinylic J=8 c.p.s. doublet at 9.6§ 1 ¥ aldehydic proton J=l
CoPeBele
Treatment of aldehyde XII with pentyl magnesium bromide in dry ether, gave
after chromatography of the crude product the methyl ester XIIIL (021H3804'

¥ max. 3600, 3430, 1730, 1625, 978, n.m.r. 3.65§ 3 H ~ OCH of ester,

S5.458 2 H vinyl, 3.958 and 3.35§ 2 H carbinolic), Compound I was obtained

by alkaline hydrolysis in the usual manner,

The mass spectral analysis of the methyl ester XIIY revealed the typical
fr\agmentat:.on pattern observed in the spectra of natural prostaglandinsle.

The m/e value of some of the typicel fragments are listed in Table I,
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(1) M

(2) M-18
(3) M-2x18
(2) -3n
(3) -3
2) -7
(3) -7
(2) - 143
(3) - 143

TABLE I
PGE31 METHYL ESTER OF
COMPOUND T
(368) (354)
350 336
332 318
319 305
301 287
276 265
261 247
193

175

469



470 No.5

REFHRENCES

1. M.W. Goldblatt, Chem. and Ind,, 52, 1056(1933),
For other chronological refergm;é see S. Bergstrom and B, Samuelsson,
5)e

Ann, Rev. of Biochem,, 34, 101(1

26 S. Bergstrom, R, Ryhage, B, Samueleson and J, Sjovall, Acta, Chem,
Scand. 16, 501(1965).
3e For details on nomenclature see footnote 2, in Ann. Rev. Biochem,

3k, 101(1965).

4, The compound was assayed in anaesthetized cats recording the fall
in arterial blood pressure, Details of these experiments as well
as the other aspects of the plarmacology of the compound will be
published elsewhere (Dr. G, Beaulieu et al),

Se R, Mayer, "Newer Methods of Preparative Organic Chemistry",
Kcademic Press, New York, 1963, Vol. 2, 122,

6. D.E. Ames, R.E. Bowman and R.G. Mason, J. Chem, Soc., 174(1950).

7e Equivalent weights were determined by titration with 0.,01N NaOH,
Infrareds were all done in chloroform, ultraviolet spectra were re-
corded in 95% ethanol, N.M,R. were recorded on 60 Mc Varian Spectro-
meter and mass spectra were done on Hitachi RMU-6D,

8. M.H. Palmer and D,S, Urch, Js Chem, Soc. 174(1963),

9 Je Wiemsnn, P,F, Casals and S, Risse, Bull, Soc, Chim. 1281(1963),

10.  I.N, Nazarov and S.I. Lavyslov, Zhur. Obshchee, Khim,, 24, 466~
9(1954).

11,  W,R. Benson and A,E, Pohland, J. Org, Chem, 29, 285(1964),

12, S, Bergstrom, F, Dressler, R, Ryhage, B, Samuelsson and J. SJoﬁall,
Arkiv, for Kemi,, 19, 56301962)



