constructive comments of Professor C. P. Casey and Dr. N.
Calderon especially with respect to metallocycle intermedi-
ates.
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Prostaglandins. I. Direct Synthesis of Optically
Active Corey-Intermediate from (S)-(—)-Malic Acid
Sir:

Previously reported! syntheses of natural prostaglandins
such as PGF,, (I) are based essentially on racemic starting
materials and depend on the resolution of some intermedi-
ate?3 with the usual losses associated with such a process.

Other disadvantages of established synthetic methods
are, in many cases, the numerous and/or involved steps and
the use of complicated reagents, difficult to employ in
large-scale work. These problems prompted us to search for
alternate synthetic procedures which would avoid these
hardships. In this communication, we present a new method
for the direct synthesis, from (§)-(—)-malic acid, of the op-
tically active form of an intermediate (II), a type of com-
pound originally prepared by Corey et al.*!# We chose this
goal since all of the known prostaglandins as well as numer-
ous analogues may be synthesized® from this or closely re-
lated compounds.

Treatment of (S)-(—)-malic acid with acetyl chloride af-
forded® (S)-(—)-2-acetoxysuccinic anhydride (IIla) which
when heated under reflux with dichloromethyl ether in the
presence of zinc chloride catalyst led to the corresponding
succinyl chloride I1Ib,”® bp 75-80° (0.05 mmHg), [«]?*°D
—10 (CHCl3; ¢, 1.0%), in 80% yield. When 5 equiv of the
dianion of methyl hydrogen malonate (derived from methyl
hydrogen malonate and isopropyl magnesium bromide ac-
cording to Ireland and Marshall®) was treated with this
acid chloride at 0° in tetrahydrofuran solution, the product,
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isolated by ether extraction after dilution with water, was
an unstable oil, dimethyl (S)-(—)-4-acetoxy-3,6-dioxosub-
erate (Illc; 70% yield). Without further purification, this
oil was added to an aqueous buffer of triethanolamine-
triethanolamine hydrochloride at pH 8.5. This effected cy-
clization within 30 min to a mixture of the cyclopentenones
[V and V in which the former was highly predominant
(80-85%).10 Direct crystallization of the reaction product
gave pure IV in 50% overall yield from IIIb mp 99-100°,
[«]?°D —10.7 (CHCl3; ¢ 2.15%). Reduction of IV catalyti-
cally (5% Pd-BaSOy; benzene; 1 atm) then afforded the cy-
clopentanone VI, mp 54°, [«]?° D —17.8 (CHCl;; ¢
1.02%), in 95% yield!l. Either cis addition of hydrogen to
the double bond followed by spontaneous equilibration of
the resulting 8-keto ester or 1,4-addition of hydrogen to the
a:fB-unsaturated ketone followed by ketonization would ex-
plain the more thermodynamically stable zrans-stereochem-
istry found in VI. Conversion of VI to the desired alcohol
VII was effected by means of sodium borohydride in an
aqueous methanolic phosphate buffer at pH 5-7. Under op-
timal conditions VII comprized 80% of the product mix-
ture!? and could be isolated pure by chromatography as an
oil [«]?%° D +49 (CHCl;; ¢ 1.0%). However, it proved more
expeditious simply to hydrolyze the crude reduction product
with KOH in methanol since subsequent acidification led to
the carboxylactone VIIIa which after recrystallization was
obtained in 69% overall yield from VI and had mp 152°,
[«]®°D —53 (pyridine; ¢ 0.85%). The identity of VIIla was
confirmed at this stage by comparison with an authentic
sample obtained by the chromic acid oxidation of a com-
mercial sample of II. The subsequent reduction of the car-
boxyl group of VIIIa was accomplished, after protection of
the hydroxyl group as its acetate (100% yield), VIIIb, by
conversion to the acid chloride using dichloromethyl methyl
ether in the presence of zinc chloride followed by reduction

with sodium borohydride in ethanol at 0°. This gave the de-
sired compound, II in 98% yield,!? mp 55°, [«]25°D —48.2
(CHCl3; ¢ 1.91%), previously reported!4 as an oil {«]2¢°D
—40.3°.

A noteworthy feature of this synthesis apart from its sim-
plicity is that not only does the original single chiral center
effect control of the elaboration of the stereochemistry de-
sired in II but also guides the direction of the critical cycli-
zation in the production of IV. In addition, the overall yield
of II from (8)-(—)-malic acid exceeds 30% and coupled
with the known methods! for introducing the prostaglandin
side chains constitutes a short and highly efficient method
for the total synthesis of these natural products in optically
active form.

A full paper describing this and other work will be pub-
lished shortly.
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