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Low-valent complexes involving the ligation of unsaturated 
moieties to z i rc~nocene , ]~~ and other metal  center^,^ have shown 
considerable promise as intermediates for organic synthesis. In 
principle, coordinatively unsaturated zirconocene centers should 
be capable of promoting the reductive coupling of unsaturated 
carbon-heteroatom linkages with carbon-carbon multiple bonds. 
Despite the obvious synthetic potential of this reaction, there 
remains a paucity of examples where successful transformations 
of this sort have been realized.2b In this communication we wish 
to report the first examples of annulation reactions involving the 
intramolecular cccyclization of carbon-nitrogen double bonds with 
alkenes and alkynes (e.g., 1 - 2).  
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We initiated our studies by examining potential methods for 
the direct generation of zirconocene-imine complexes. Negishi 
and co-workers have reported that the treatment of zirconocene 
dichloride with 2 molar equiv of n-butyllithium provides a con- 
venient source of a "zirconocene" equivalent.3b Exposure of 
N-methylbenzaldimine (3) (1 .O equiv) to (Cp)2Zr(n-Bu)2 (1.1 
equiv) in T H F  [25  "C (75 min)] furnished a solution of the 
zirconocene-imine complex 4. Evidence for the intermediacy of 
4 was provided by its interception with 3-hexyne ( 2  equiv, 45 "C), 
subsequent hydrolysis (aqueous HCI), and acylation (Ac20, 
C5H5N) to provide the (E)-allyl acetamide 6a in 67% yield. In 
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"In this instance ca. 8% of the corresponding trans isomer was also 
formed. 

U 

Figure 1. X-ray crystal structure of 9b. 

an analogous fashion, 4 could be regioselectively trapped with 
1-hexyne ( 2  equiv, 25 "C) to give the (E)-allyl amide 6b in 64% 
yield after acylation. That the above method could be extended 
to the intramolecular coupling of imines with carbon-carbon 
multiple bonds was demonstrated by the following experiment. 
Cyclization of N-methyl-2-(2-butynyloxy)benzaldimine (7) in the 
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presence of (Cp),Zr(n-Bu), [1.35 equiv, 0 OC (3 h) - 25 OC (12 
h)] followed by hydrolysis (aqueous HC1) and basification gave 
the benzotetrahydropyran 8 in 58% chromatographed yield. 

It is noteworthy, but not particularly surprising, that the zir- 
conocene-promoted coupling of simple aliphatic aldimines with 
unsaturated hydrocarbons was found to proceed inefficiently. The 
lack of generality of zirconium-mediated coupling in these in- 
stances can be ascribed to the known predisposition of aliphatic 
aldimines to undergo facile tautomerization and condensation 
under ambient  condition^.^ We now report that the efficiency 
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of cocyclization can be effectively restored by the substitution 
of N,N-dimethylhydrazones6 as aldimine equivalents. Accord- 
ingly, a series of unsaturated N,N-dimethylhydrazones were 
subjected to bicyclization in the presence of (Cp),Zr(n-Bu), (1.35 
equiv) to afford the corresponding annulated products 9a-f in good 
to excellent yield after chromatographic purification (Table I).' 

It is of particular interest in a synthetic context that the cy- 
clization of the olefinic hydrazones la,b gave the cis-cyclo- 
alkylhydrazides 9a,b with a very high degree of stereoselectivity.* 
Less than 3% of the alternative trans isomers were detectable by 
capilliary GC mass spectrometry or high field 13C NMR. It is 
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also noteworthy that the reductive cyclization of l b  gave rise to 
the rearranged cis-2-ethylcyclopentyl hydrazide 96 rather than 
the anticipated cyclohexyl derivative (Figure l)." 
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The foregoing results clearly demonstrate the synthetic gen- 
erality and operational simplicity of this new annulation method. 
The utilization of chiral hydrazonesg in enantioselective zirco- 
nocene-promoted bicyclizations as well as the application of this 
methodology to problems of synthetic interestlo will be the topics 
of future reports from this laboratory. 
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