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Abetrack zitconocene dichloride acts as a catalyst precursor for the stereomlective cyclomagneskkn 
of an array of substituted 1,6_heptadienes in. the pmsence of butylmagnesium chloride to form tours 
l&@is)methybnagneshim substituted carbocycles. 

Carbocyclic ring systems possessing defined stereochemistry are present in a wide range of natural 

products. The development of stereoselective techniques for their efficient construction represents a significant 

synthetic goal. We have recently reported a novel catalytic process in which non-conjugated dienes react with 

organomagnesium reagents in the presence of a catalyst derived from zirconocene dichlcnide to yield 1,2- 

bis(methylmagnesium) substituted csrbocyclic rings (q. 1). 13 This reaction accomplishes a transfonnatlon 

similar to the stoichiomtric; zirconium-mediated cyclization of non-conjugated dienes developed by Nugent and 

Negishi? but is cat&tic in zirconium. As we had previously noted signifkant differences in the stereosele~tivity 

of the catalytic versus the stoichiomeuic cyclizations of l&heptadiene, we initiated a series of investigations on 

the stereoselectivity of these reactions as a function of the reaction parameters Hetein we report studies of the 

effects of magnesium reagent, substrate, and solvent on the activity and stereoselectivity in the zirconium catalyzed 

cyclomagnesiatlon of 1 &heptadienes 

The catalytic cyclomagnesiation reactions of heptadiene and octadiene derivative..@ are sensitive to 

solvent.*f The reaction pmceeds smoothly in solvents such as diethyl ether, diisopmpy1 ether, or dibutyl ethet? 

mom strongly coordinating solvents such as THF significantly inhibit the turnover rates. The cycliratlon of 9,9- 

diallylfhmrine in diethy ether at room temperature in the presence of 10 molab Q&Cl2 proceeds to 80% 

conversion after 9 hours; in contrast, only 30% conversion ls observed in THF under these conditions.6 
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In contrast to the stoichiometric reactions, the catalytic cyclomagnesiation reaction will not tolerate 

unprotected hydroxyl groups. Unprotected 1,6-heptadiene-4-o1,4,4dimethy1-1,6-heptadiene-3-01. diallylether, 

di~ylsulMeandmethyl~y~didnatcyclizeunlers~conditiolls,nnninthe~ofexcessMg 

reagents.7 In contrast, terdary nimethylsilyl ethers, prhnary or seumda@ t-butyldimethylsilyl ethers, diaUylaniline 

and acetonides cyclixe smoothly to give good yields of cyclixed ploducts (Table 1). 

Catalytic cyclixation of substituted heptadienes are slower than 1,6_heptadiene. The bis(CHgOTBDMS) 

substituted diene requires six days using 10% catalyst to achieve complete conversion at room mmpaamm in 

diethyl ether. However, cyclomagnesiation in nfluxing isopropyl ether gives complete conversion in under three 

hours without diminished stereoselectivity. A similar enhancement in rate was observed for 4-t- 

butyldimethylsilyloxy-1,6-heptadiene, but in this case the trans selectivity tkmased Corn 79 to 67%. 

Geminal substitution at the 4position of the hepnufiene substrates kmasesthetranssekuivityofthe 

catalytic cyclixation to 9397% (Table 1). Howeva, the trans selectivi~ far the catalytic cyclixaticn of the parent 

1,6-heptadiene with BugI@ / CpgZrClg (6456. t:c) in EtgO is lower than the axresponding stokhiomenic 

cyclixation with BuLi or BuMgX / C!pgZrClg (X=Br. Cl) in THF or EtgO?% Higher trans selectivity (86:14 t:c) is 

observed with organomagnesium halides (BuMgCl or BuMgBr) than widr dibutyhnagnesi~ nevertheless, the 

selectivity is still lower than that seen in the stoichiometric reaction with butyhtqnesium halides, BugMg or with 

BuLi.3 

Mechanistic studies to be reported elsewhere provide compelling ev&nce for ximonacyclopentane 

intiatcs for these mactions.l~ One explanation for the lower selectivity of the catalytic cyclixadon is that 

the metallacycles isomer&e under the catalytic conditions. Men&cycle formation is known to be mvemibk9 the 

lower selectivity of the catalytic reactions may reflect the themxxlynamic stability of the xhconocene 

metallabicycles as well as the relative rates ofisomerization and transmetallation. The relative thmynamic 

stabilities for the heptadiene metal&y&s am unknown, but the tmns is favored for xhconacycles derived from 

octadiene.98 Catalytic cyclixarion of 1,7octadiene at 2SoC in ether, followed by hydrolysis affords an 82: 18 

cktrans ratio of dimethylcyclohexanes, a ratio similar to that seen in stoichionnznic reacti0ns.f~ However, 

catalytic cyclixation of 1,7-octadiene at 1OCPC in dibutyl ether results in a reversal of stenochemistry and yields a 

3169 cktrans ratio of products. Thus, the steteochemistry of the cyclixation will likely depend both on the the 

kinetic selectivity for the cyclixation (which will vary as a function of the substrate and the catalyst) and the rate of 

metsllacycle isomerixadon. Studies on the mechanism and stemochemisuy of these mactions are continuhrg. 
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Table 1. Stereoselectivity in the Cyclization of l@kptadiene+s in Ether at Room Temperature 

Entrs Substrate MgReagent time&s WI% produd Sterroedectivitgltr 
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1 CL 
2 

c 

3 
Ph 4 

‘N 
+N 

4 
-< 

s Me -xc \ 

TBSO 

6 
TBSO 

BUSWE 

BuMgCl 

BUM&l 

BUMgCl 

BuMgCl 

1 94’ 

1 9s. 

1 9$ 

3 79b 

3 4sb 

6 Sib 

2 87b 

2 sab 

2 84b 

Ph 
‘N 3’ ..‘I, 

6436 

86z14 

3357 

79~21’ 

97s 

937 

95:s 

95:s 

‘By GC. kdated yield. %ixtures of minor cis isomers wem not separated and themfore 
the stereochemistry was not determined. 
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