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A Simple Total Synthesis of Prostaglandins from
4-Cumyloxy-2-cyclopentenone
Sir:

We have recently described a synthetic route to prosta-
glandins which utilizes the 2-methylene cyclopentanone 1
as a key intermediate.! The latter was synthetized via reac-

tion of the kinetic enolate 2, derived from the bromoketone
3, with formaldehyde.

o-

Chemically more complex enolates of the same regio-
structure as 2 are, of course, formed via conjugate addition
or organocuprates to suitably protected 4-hydroxy-2-cyclo-
pentenones.? In spite of the very poor results reported in al-
kylating such enolates, even with reactive allylic halides,?
we believed that they might yield to the unusual effective-
ness of monomeric formaldehyde in the trapping of kinetic
enolates.

We now report the successful completion of this ap-
proach to PGF,, via the readily available* 4-cumyloxy-2-
cyclopentenone (8). The latter undergoes conjugate addi-
tions in very good yields* and is easily obtainable from cy-
clopentadiene.’ To a cold solution of 0.2 mol of cyclopenta-
diene, 0.1 mol of cumyl hydroperoxide,® and 0.11 mol of cu-
pric acetate in 60 ml of acetic acid was added (40 min,
under nitrogen) a cold solution of 0.11 mol of ferrous sul-
fate in 60 ml of water. Work-up, after 1 hr at room temper-
ature, and rough distillation gave the crude acetates 4, R =
OAc. Hydrolysis (10% potassium hydroxide-methanol,’
room temperature, overnight) to the epimeric alcohols 4, R
= H (chromatography on activity 11 alumina) and oxida-
tion (Jones) gave the required cyclopentenone § in ~43%
overall yield from cumyl hydroperoxide.
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Protection of (+)-1-iodo-1-octen-3-012%% ([a]D +10.0°)
as its benzyloxymethyl ether was carried out by treatment
with 1.2 equiv of benzyl chloromethyl ether (ethyldiisopro-
pylamine, 10° to room temperature, overnight). The iodo
ether 6 was thus obtained in 95% yield after silica chroma-
tography ([a]D —132° (¢ 3.0, THF); ir 2900, 1620, 1170,
1100, 1040, 950, 740, 700 cm™!; NMR 6 7.35 (5 H, s), 6.4
(1 H, dd, J = 14.5, 4.5 Hz), 6.2 (1 H, d, J = 14.5 Hz),
4.8-435(4H,m), 1.7-1.1 (8 H, m), 0.85 (3 H, )).
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The crucial 1:4 addition-formaldehyde trapping was
studied extensively and, although we could not achieve the
yields which we were able to obtain with 2, we succeeded in
defining conditions that reproducibly gave yields of 50-60%
for the conversion of 5to 7.
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Addition of 3 mmol of the vinyl iodide 6 in ether to 6
mmol of 1.23 M tert-butyllithium (—78°, 2 hr under argon)
was followed by addition of 1.5 mmol of tributylphosphine-
cuprous iodide (dropwise 15 min, —50°; then an additional
45 min), addition of 1.5 mmol of 5 in ether (—78°, then 30
min at —40° and 30 min — —20°), followed by cooling to
—78%, and addition of 6 ml of formaldehyde solution (~1
M in ether) kept at —78°, and, after stirring for another 30
min (~78° — —50°), the reaction mixture was poured into
saturated ammonium chloride solution. Washing of the
ethereal extracts with ammonium chioride-ammonia buffer
(pH 7.5-8.0)° and ammonium chloride solution gave after
removal of excess side chain and other impurities (silica
gel) a mixture of the required hydroxymethyl cyclopenta-
none 7 together with the mirror image of the 15-epi isomer
8(7:8 = ~1.3:1).
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The remaining steps were carried out as previously de-
scribed! with the benzyloxycyclopentanone analog of 7'0
leading, after removal of the protecting groups with so-
dium-ammonia, to PGF3, (9) and the mirror image of 15-
epi PGF3,. Those were readily separated (as their methyl
esters) by silica gel chromatography (ether-pentane) to
give the methyl ester of (+)-PFG; [a]D +22.2° (¢ 1.70,
THF), identical in all respects (ir, '"H NMR, 3C NMR,
CI-MS, and TLC behavior) with the natural substance.
Hydrolysis gave pure (+)-PGF3, [a]D +22.7° (¢ 1.2, THF)
(reported, +23.5°).

The value of formaldehyde as a trapping agent for cer-
tain enolates which undergo rapid equilibration under al-
kylation conditions is once again demonstrated. The rela-
tively simple converging synthesis described here leads in
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eight steps from 4-cumyloxy-2-cyclopentenone (5) to (+)-
PGF,, and the enantioner of its 15-epimer in 17% overall
yield, 12
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The Structure of Compounds Containing Linear and
Tetrahedral Silicon-Mercury Bonds, a Uniquely
Caged Lithium Ion

Sir:

We wish to report the first single-crystal X-ray diffrac-
tion studies of compounds containing silicon to mercury
bonds. The cyclic compound 2,2,4,4,6,6,8,8-octamethyl-2,4,-
6,8-tetrasila-1,5-mercuracyclooctane (I) is a centrosymme-
tric molecule containing two linear Si-Hg-Si moieties
joined by methylene groups. The lithium tetrakis(dimethyl-
phenyisilyl)mercurate (II) may be described as an isolated
contact ion pair of crystallographic symmetry 2-C3, in
which the anion comprises a mercury tetrahedrally coordi-
nated by four dimethylphenylsilyl groups with the two lithi-
um cations entrapped in symmetry related cages comprised
of the mercury, three silicon atoms, and five carbon atoms.
The crystallographically required twofold axis passes
through the mercury.

The structures of I and II are shown in Figures 1 and 2.
One may contrast silicon-mercury bonds in the linear con-
figuration and in the tetrahedral system. The Hg-Si dis-
tances are equivalent in the cyclic compound with a linear
Si-Hg-Si system (178.7°) with an average distance of
2.503 A, whereas in the tetrahedral system two clearly dis-
cernible distances are present at 2,493 and 2.549 A with an
average 2.521 A distance. The distinctly different Hg-Si
distances observed in Li;Hg(SiMe;Ph)4 are a manifestation
of the distortion caused by the lithium ion and may be ac-
counted for by noting Si(1) interacts with two lithium cat-
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Figure 1. The skeletal structure of octamethyl-2,4.6,8-tetrasila-1,5-
mercuracyclooctane.

Figure 2. A partial structure of tetrakis(dimethylphenylsilyl)mercurate
which shows the coordination of the lithium ions. Only the carbon
atoms forming the cages around the lithium ions have been included
for the sake of clarity. The C2 and C2’ carbons are methyl carbon
atoms while all other carbons are phenyl carbon atoms.

ions, whereas Si(2) only interacts with a single lithium cat-
ion.

These data, in conjunction with the earlier data reported
on 3Jyg-n coupling,' support the relationship which has
been proposed between the geometry surrounding mercury
and 3J gy which show a decrease from 43.5t0 27.0t0 19.0
Hz going from the linear sp hybridized mercury, to sp?, to
the sp® hybridized tetrahedral complex. This strongly sup-
ports the proposed trigonal coordination for the mercury
atom in Li[Hg(SiR3)3] species. Data for 3Jyg y in the
Me,PhSi series of derivatives are given in Table I.

Figure 2 shows that the lithium ion is novelly encom-
passed in a cage composed of carbon, silicon, and mercury
atoms. The lithium-carbon distances are in the range of
2.4-2.6 A, slightly longer than lithium-carbon bonds in
alkyl-lithium derivatives (2.18-2.30),2 but similar to those
observed in lithium-hydrocarbon ion pairs.> The silicon-
lithium distances are 2.9-3.0 A, again longer than the cor-
responding silicon-lithium bond distance observed in silyl-
lithium derivatives (2.68 A).* The lithium-mercury dis-
tance is 2.58 A.

The most interesting feature of this system is the entrap-
ment of the lithium ion by the silicon-carbon moieties of
the anion which results in a “*bare” lithium ion unlike those
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