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zirconium intermediates, to vinylic cuprates, which readily par
ticipate in conjugate addition schemes. All of the events leading 
up to the cuprate from the initial vinylzirconate occur rapidly, 
even at - 78 0 C , and can be carried out in one flask. Thus, this 
new chemistry significantly extends the usefulness of the hydro-
zirconation process,1'2 while reinforcing the prominent role played 
by organocopper complexes as powerful tools for carbon-carbon 
bond constructions.14 '15 
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In our continuing effort to develop more efficient syntheses of 
antiulcer prostaglandin analogues,1 we sought a convergent process 
that could easily be carried out on a kilogram scale. The approach 
used in these laboratories involved the conjugate addition of a 
functionalized vinylcuprate to a substituted cyclopentenone.2 The 
cuprate was prepared from a mixture of vinylstannanes3'4 or a vinyl 
iodide.5 Major disadvantages of these methods included the 
nonstereoselectivity of hydrostannation and the instability of the 
vinyl iodide intermediates. 

Here we report the development of a one-pot prostaglandin 
synthesis based on a new method for generating higher order 
cyanocuprates directly from vinylzirconium intermediates. Our 
synthesis employs the chemoselective and stereoselective hydro-
zirconation of an alkyne and the in situ transmetalation to generate 
a higher order cyanocuprate. The subsequent conjugate addition 
of the resultant reagent to a substituted cyclopentenone provides 
a route to protected prostaglandins in one operation (Scheme I). 

Our synthesis is illustrated by the preparation of misoprostol, 
a commercially available prostaglandin antiulcer drug. ' Hy-
drozirconation of 4-methyl-4-[(trimethylsilyl)oxy]-l-octyne ( I , 
R1 = C H 2 C ( C H 3 ) ( O T M S ) - A - C 4 H 9 in Scheme I) with the 
Schwartz reagent (Cp 2 Zr(H)Cl ) 6 in T H F at room temperature 
gave the alkenylzirconium intermediate 2 with > 9 8 % E selec
tivity.7"9 Transmetalation of the vinylzirconium intermediate 2 
was accomplished by the addition of 2 equiv of H-butyllithium or 
methyllithium10 at -30 to -78 0C.1 1 Sequential addition of 1 equiv 
each of copper cyanide and methyllithium at - 3 0 to -78 0 C 
completed the in situ generation of the higher order cyanocuprate 

* We are indebted to Professor Bruce Lipshutz for holding up his manu
script to allow for simultaneous publication. 
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Table I. In Situ Cuprate Formation/Conjugate Addition Reaction 
from Alkynes 
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' Isolated yields of products after purification by silica gel chroma
tography. * Isolated yields of the purified deprotected prostaglandins 
after desilylation in aqueous acetone with a catalytic amount of PPTS. 
cThis compound was not available via the vinylstannane or the vinyl 
iodide methods. 
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(-30 to -78 0C) resulted in a 73% yield of protected misoprostol 
5.15 

The hydrozirconation of dienynes proceeded chemoselectively 
to afford the product of alkyne hydrometalation with only 1-3% 
attack on the diene function. The resulting vinylzirconium in
termediates also underwent transmetalation to form the corre
sponding higher order cyanocuprates which are suitable for 
conjugate addition (entries 5, 6, and 8, Table I). The generality 
of this methodology is demonstrated by the successful syntheses 
of a variety of pharmacologically important prostaglandins (Table 
D-

This new one-pot procedure for the transformation of alkynes 
into higher order cyanocuprates and-their subsequent conjugate 
addition to cyclopentenones has the following advantages: (a) 
it eliminates the need to handle toxic alkyltin compounds; (b) it 
eliminates the need to isolate and purify sensitive OJ side chain 
intermediates (vinylstannanes or vinyl iodides); and (c) it allows 
for the preparation of a prostaglandin analogue (entry 5, Table 
1) that was not obtainable via vinylstannanes or vinyl iodides. 

In summary, this process offers a short and efficient synthesis 
of prostaglandins directly from alkyne precursors and function-
alized cyclopentenones. Additionally it provides a viable method 
for practical large-scale prostaglandin syntheses. 
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