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Organopalladium Approaches to Prostaglandins. 11.
Synthesis of PGF,, and 12-epi-PGF,, by the
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Intermolecular Coupling of Three Different Alkenes?
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The synthesis of prostaglandins has recently received consid-
erable attention.! Among the most efficient approaches to the
primary prostaglandins has been the three-component coupling?
of organocopper reagents, organic halides, and enones or deriv-
atives® (eq 1). Tandem radical cyclization* has afforded another
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efficient route to these physiologically important compounds (eq
2).> Recent interest in the efficient synthesis of the primary
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prostaglandins via organopalladium intermediates® prompts us
to report a novel new approach to prostaglandins which nicely
complements these earlier approaches.

The key starting material in our synthesis of PGF,, and 12-
epi-PGF,,, is the readily available chiral alcohol cis-4-((tert-bu-
tyldimethylsilyl)oxy]-2-cyclopenten-1-o0l (1).> The one-step in-
termolecular coupling of three different alkenes, 1, ethyl vinyl
ether, and 1-octen-3-one, in the presence of Pd(OAc),, NaOAc,
and a catalytic amount of Nal (no solvent) at room temperature
for 3 h affords the key bicyclic enone § ([a]??p = -51.1°) as a
2-3:1 mixture of exo and endo isomers, respectively, in 72% yield
(Scheme I). This extraordinary one-pot transformation un-
doubtedly involves sequential (1) oxypalladation of the elec-
tron-rich vinyl ether” to produce 2, (2) intramolecular cis insertion
of the cyclopentene™ to afford intermediate 3, which is blocked
from syn palladium 8-hydride elimination by the silyloxy group,
(3) carbopalladation of the electron-poor enone, and finally (4)

tDedicated to Professor George Zweifel on his retirement.
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palladium B8-hydride elimination to produce the desired product
5.8 Since the exo and endo isomers are easily separated or the
endo isomer can be cleanly epimerized in 98% yield to the exo
isomer upon treatment with 0.3 equiv of pyridinium p-toluene-
sulfonate in EtOH for 1 day at room temperature, all subsequent
work has been carried out on pure exo-S.

This unique multiinsertion process affords easy entry into a
variety of analogues of this highly hindered bicyclic system, al-
though no attempt has been made to optimize the yields (eq 3).
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The use of 1-octene in this reaction resulted in the formation of
a mixture of isomeric alkenes in 54% yield (eq 4). This chemistry
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appears particularly promising for the synthesis of naturally oc-
curring cis-2-(2-alkenyl)-3-alkylcyclopentanones, such as 12-
oxophytodienoic acid,’ (-)-preclavulone A,'° and (+)-methyl
epijasmonate.!’
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Enone § is readily converted to the isomerically pure exo-
methoxy alcohol 6 upon treatment with 0.016 N HCI in methanol
for 3 days at room temperature (eq §). Since this alcohol has
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been prepared previously by a biosynthetic approach!? and sub-
sequently epimerized to the corresponding $-enone, which has been
carried on to PGF,, in three routine subsequent steps, this synthesis
constitutes one of the more efficient chiral approaches to PGF,,.

Enone § is also readily converted to a mixture of diastereomeric
dienones 7 in 77% yield when treated with HCI in methanol for
3 days (eq 6). Enone 6 also gives dienone 7 in over 90% yield
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9
s .08 NHCI ~"
CH,O0H G\/\N/\N ©®
7% o
7

when treated with 75 and 25 equiv of acetic acid and morpholine,
respectively, in 2:1 DME/H,0 for 72 h at 70 °C. Dienone 7
should prove particularly valuable in the synthesis of the C
prostaglandins.!?

Since 12-epi-PGF,, (10) has previously only been synthesized
by a rather tedious process!® or via a side product arising during
the synthesis of PGF,,,!* and apparently nothing is known about
its pharmacological properties, we elected to complete its synthesis
using readily available enone § (Scheme II). Reduction with
(S)-BINAL-H'¢ affords a single product assigned structure 8 in
analogy with previous such reductions. Hydrolysis proceeded in
77% yield. The attempted Wittig reaction using sodium dimsyl!?
or KO-z-Bu'® to generate the ylide proved unsuccessful. However,
the use of potassium hexamethyldisilazide!© afforded 12-epi-PGF,,
(10) in 54% yield. Unfortunately, 12-epi-PGF,, exhibited limited
activity toward blood platelet aggregation (5, > 1000 uM against
ADP-induced aggregation and I, = 179 uM against arachidonic
acid induced aggregation).

In conclusion, the controlled, palladium-promoted, one-step,
intermolecular insertion of three different alkenes affords a highly
efficient synthesis of compound 5, a valuable intermediate in the
formal synthesis of PGF,,. This same intermediate affords 12-
epi-PGF,, in only four steps and 21% overall yield from the readily
available chiral starting material 1.
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A major synthetic value of enzyme catalysis is its predictable
stereoselectivity.2 A change of stereoselectivity, though very
unusual, may occur, however, with different substrate structures,?
temperatures,® or solvents.® These selectivity changes are often
not very significant, with some exceptions® where the enantiose-
lectivity is inverted. In the case of enzymatic aldol reactions, the
diastereofacial selectivity for the aldehyde component is often
consistent and completely controlled by the enzyme as documented
by numerous reactions catalyzed by fructose-1,6-diphosphate
aldolase® and N-acetylneuraminic acid (or sialic acid) aldolase’
(EC 4.1.3.3). We report here a complete reversal of stereose-
lectivity in the sialic acid aldolase catalyzed reactions of pyruvate
with L-mannose and with 6-deoxy-L-mannose (L-rhamnose)
(Scheme 1).

NeuAc aldolase is a type I aldolase forming an enamine in-
termediate with pyruvate, which reversibly reacts with the second
substrate N-acetylmannosamine to give NeuAc.®? The enzyme
accepts many aldoses as acceptor substrates. In all reactions, the
enamine intermediate approaches the si face of the incoming
aldehyde substrate to form a new stereogenic center of S con-
figuration.” In the reaction with L-mannose or 6-deoxy-L-mannose
(L-rhamnose), however, a single product with a new stereogenic
center of R configuration generated via re face attack was obtained
in each case in >80% yield. Both products adopt a C, confor-
mation as indicated by the adjacent transaxial coupling of protons
at positions 3, 4, and 5. The enzyme products have the same NMR
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