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Hydrozirconation of acetylenes, especially 1-alkynes, is an 
important reaction in synthetic chemistry for several reasons: (1) 
the mild nature of the conditions involved; (2) efficiency; (3) 
commercial availability of Schwartz's reagent, Cp2Zr(H)Cl (1), 
which effects the chemistry;1 and (4) excellent regio- and ste
reochemical control of reagent addition.2 Although the inter
mediate vinylzirconates can be employed in selected coupling 
reactions to form quite valuable carbon-carbon bonds,2 there is 
no widely utilized method for directly transferring these vinylic 
ligands in a Michael sense to a,/3-unsaturated ketones.3 We now 
describe a new, efficient solution to this problem based on a 
ligand-exchange phenomenon which occurs between a simple 
higher order (HO) cyanocuprate and a vinylzirconate leading 
directly to reactive vinylic cuprates.4 

Treatment of a 1-alkyne with 1 is best carried out, for subse
quent transmetalation purposes, in THF at room temperature. 
The resulting intermediate 2 is then exposed to J equiv of MeLi,5 

thereby forming 3. A cooled solution of Me2Cu(CN)Li2
6 (from 

2MeLi + CuCN in THF or Et2O at -78 0C) is subsequently 
added and the mixture stirred at this temperature for ca. 15 min. 
The transmetalation,7 presumably forming mixed HO cuprate 4, 
is then followed by addition of an enone to afford adduct 5 
(Scheme 1). 

The examples in Table I illustrate the power of this new cou
pling sequence. Noteworthy is the introduction of a (3 side chain 
(6) characteristic of the potent antisecretory agent misoprostol, 
without recourse to initially preformed, isolated vinylic halide or 
stannane (patented) intermediates.8 

Alternative modes of addition have also been developed which 
effect this Zr-to-Cu transmetalation. Since the MeLi/Me2Cu-
(CN)Li2 series is tantamount to adding the elements of 3RLi + 
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Table I. 1,4-Addition Reactions of Mixed Vinylic Cyanocuprates 
Formed via Transmetalations of Vinylzirconates Derived from 
l-Alkynes 
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"All products were fully characterized by IR, NMR, MS, and 
HRMS data. bIsolated, chromatographically pure materials. cOne 
equivalent was added to assist in the transmetalation step. 
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CuCN (combination 1, eq 1), there are two other combinations 
that should afford the same net ligand transfer from vinylzirconate 
2 to cuprate 4. 

Combinat ion 1 

MeLi * Me 2 Cu(CN)L i 2 

Combinat ion 2 Combinat ion 3 

2MeLi + MeCu(CN)LI = = 3MeLi * CuCN (Eq. 1) 

7 

C >-Cu(CN)Li 

When commercially available,9 lower order cyanocuprate 8 is 
used in place of 7 (combination 2),10 together with an initial 2 
equiv of MeLi,11 the transmetalation can likewise be carried out 
as illustrated in Scheme II. 

Perhaps the simplest scenario involves introduction of 3 equiv 
of MeLi (precooled to -78 0C) to vinylzirconate 2, to which is 
then added LiCl-solubilized CuCN12 in THF (combination 3) to 
induce vinylic cuprate formation. Scheme III highlights a few 
challenging cases, including those resulting in production of 
protected PGE1 (9) and its 15-methyl analogue (10). 

In summary, a transmetalation sequence13 has been developed 
that allows for the direct conversion of terminal acetylenes, via 
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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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