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The early transition metal-induced reductive cyclization of 
enynes to produce metallacyclopentenes, followed by their 
subsequent transformation to a variety of organic products, has 
been the subject of numerous recent reports.2.3 In the majority 
of these, a stoichiometric quantity of the metal reagent was 
employed. Recently, workers in several laboratories have dem- 
onstrated the viability of catalytic carbon-carbon bond formation 
in zirconocene systems under conditions where an excess of a 
trialkylaluminum or Grignard reagent is p re~ent .~  Herein we 
describe the first early transition metal-catalyzed transformation 
of enynes to bicyclic cyclopentenones. 

We recentlyreported that a stoichiometric titanoceneequivalent 
could be utilized in the conversion of enynes to bicyclic 
iminocyclopentenes and ~yclopentenones.3*~ In comparison to 
the previously reported zirconocene systems? this method tolerated 
a greater level of polar functionality, including esters. Integral 
to this process, in the instance of iminocyclopentene formation, 
was the conversion of 1 to 2 (Scheme I), during which some 
"titanocene" species was eliminated.6 If this fragment could be 
trapped by enyne prior to its decomposition or conversion to "dead- 
end" products, the system would be rendered catalytic.' 
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(7).In initial experiments, sequential addition of enyne and r-BuNC to a 
stoichiometric amount of cpzTi(PMe~)~,  repeated 4 times, gave a 220% yield 
(by ' H  NMR) of 2 based on titanium.3b 
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Scheme I 

Attempts to achieve such a system through the use of 
conventional isocyanides proved fruitless, presumably due to 
irreversible reaction of the nascent catalyst and excess isocyanide. 
After much experimentation, it was found that C ~ Z T ~ ( P M ~ ~ ) ~ *  
(1 0 mol %) catalytically converted enyne and a slight excess of 
Me3SiCN to the corresponding iminocyclopentene? The (tri- 
alkylsilyl)cyanide(trialkylsilyl)isocyanide tautomeric equilib- 
rium,1° which largely favors the (trialkylsily1)cyanide tautomer, 
conveniently limited the concentration of free isocyanide. Un- 
fortunately, use of Me3SiCN gave variable results, although in 
some cases complete consumption of the enyne was observed when 
slow addition of the Me3SiCN was employed (Table I, entries 1 
and 3). Reactions employing i-Pr3SiCN were too slow to be 
useful, but t-BuMezSiCN proved to be a good compromise with 
respect to reactivity and compatibility. Using 10 mol % Cpz- 
Ti(PMe3)z and a slight excess of t-BuMezSiCN, conversion of 
enyne to 2 was nearly quantitative ('H NMR) in all cases shown 
in Table 1.1' Hydrolytic workup of 2 provided cyclopentenones 
3 in good yield.9 The functional group toleration which we 
observed in the stoichiometric case3 was retained in the present 
catalytic system, as could be seen for the diester substrates (entries 
4,5 and 7). Levels andsenseofdiastereoselectivityfor this process 
were similar to thoseobserved in the related stoichiometric process, 
as was seen for entry 6.2b,cJZ 

In summary, we have developed the first early transition metal 
system for the catalytic formation of bicyclic cyclopentenones 
from enynes and a carbon monoxide equivalent.Sk The dem- 
onstrated utility of the analogous stoichiometric processes2aVb 
speaks to the potential for this new catalytic method in natural 
product synthesis. Examination of the scope of this novel process 
with regard to substrate structure, level of functionality tolerated, 
and the use of in situ generated, phosphine-free, and enantiopure 
catalysts of titanium and other metals is under investigation. 
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Table I. Titanocene-Catalyzed Conversion of Enynes to Bicyclic Cylopentenones 
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entry starting material cyanide' product isolated yield (%) 
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Me3SiCN was added slowly over a 4-8 h period; t-BuMeZSiCN was added immediately at  the beginning of the reaction. See supplementary material 
for full details. 13% of starting material was also isolated. Isolated as a 5:l mixture of diastereoisomers. The major isomer, as assigned on the basis 
of NOE analysis, is shown. 
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