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(n-&H, )z Zr(Cl)H (I) reacts with 4-chlorocyclohexene and 4-bromocyclo- 
hexene to give moderate yields of bicyclo[3.l.O]hexane. Reaction of I with 
4chloropent-l-ene gives low yields of cis- and trans-1,2-dimethylcyclopropanes, 
42% Warzs-pent+Zene, and no cis-pen&2-ene. Reaction of I with 2-methyl-3- 
chloropropene gives 31% methylcyclopropane. Formation of these rings is . 
believed to proceed by Zr-X (X = Cl, Br) ~-elimination. Side reactions include 
(1) .Zr-X j3-elimination to yield halogen-free olefins and (2) formation of 
halogen-free olefins by direct reduction of C-X by Zr-H. 

It is known that (T& H5 )2 Zr(Cl)H (I) reacts with olefins to form stable alkyl- 
zirconium complexes, (q-C5 H5 )* Zr(C1)R [ 1, 21. This reaction involves either 
regiospecific addition of Zr-H to a terminal olefin or addition of Zr-H to an 
internal-.olefin followed by rapid rearrangement via reversible p-hydride elimina- 
tion to place the Zr atom at the least hindered accessible position. Thus, reaction 
of I with either act-I-ene or act-kene forms complexes with the zirconium 
substituent at the end of the alkyl chain [Ba] . It also is known that haloall@- 
metallic complexes can undergo metal-halogen elimination to form olefins [3] 
or in some cases carbocyclic rings [4]. Earlier workers who studied the \T$&H~)~- 
Zr(Cl)R complexes have emphasized the utility and stereochemistry of ZrR 
cleavages by electrophilic reagents [2]. We now report that (C5HS )* Zr(Cl)H adds 
to.olefins containing.halogen. The addition is followed by decomposition to give 
cyclopropanes or. olefimc produets. 0 

In the reaction of I with 4chlorocyclohexene, which is representative of the 
reactions studied, 5.20.mmoles each- of l- and 4chlorocyclohexene and 50 fl of 
benzene in C&D6 (2 ml total volume) were stirred for 61 h at 65°C (sealed hbe, 
inert atmosphere). The reaction mixture was cooled and if the ’ H NMR spectrum. 
of the completed reaction solution showed significant indication of residual &yl- 
zirconium, the solution was hydrolyzed,prior to analysis.‘The yields of organic. 
products were determined by GLC and ’ H NMR. The products, yields, and read- 
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tion &n&&ns for &@ && &pe&&& & sum&&& & T&e 1. .. .-_ ] .. 
In every .&se st&ied fwh&e % E Cli the isolated yicldbf (TJ&H~ )2 @Cl, _[ 51.. 

was in t&t ran& 82+8’7%. Vkenever pbssible, puresaniples bf-volatile products 
were collected by GLC The ’ H NMR spectra of all pro&.& are identical to. 
those found in the literature or to those of authentic samples. 

The proposed pathway for tl-kreaction of I with 4-halocyclohexene is 
illustrated in Scheme 1.. 

reduction 

I 

ZrH addition 9- 21-x T-elimination 

O- 

reduction \ Q 4 

0 ct X 

Formation of bicyclo[3_l_O]hexane is believed to proceed by Zr-X r-elimina- 
tion, while formation of cyclohexene proceeds by ZrX P-elimination and/or 
direct reduction of C-X by Zr H. Product cyclohexene is susceptible to further 
addition of Zr-H to yield a cyclohexylzirconium complex, which, upon 
hydrolysis would give cyclohexane. The reaction of I with chlorocyclohexane to 
give cyclohexane demonstrated the feasibility of direct reduction of C-Cl by 
ZrH* . The lower yield of bicyclo[ 3.1.01 hexane from 4-bromocyclohexene 
might be due to the facility of direct C-Br reduction. 

The reaction of I with l-chlorocyclohexene yielded no bicyclo[3.l.Ojhexaire. 
This is consistent with Zr- .C1/3-elimination being favored over Zr-H &elimination. 
Thus, after the Zr-H addition to the double bond in 1-chlorocyclohexene, either 
one or two Zr-H fieliminations must precede Zr-Cl -y-elimination to give 
bicyclo[3.l.Olhexane. The ZPH P;elimination would have tocompetewith 
Zr-Cl @-elimination, the latter giving-cyclohexene. The faster rate of Pd-Cl -. 

*C-C1 red&ions by M-H eke commdi Se& for example ret &I. 
Reductions of CR,Cl, to CH,Cl and CHCI, to CH,CTly <pC5H&Zko1)H~heve~elso been observed [6bli.. ’ 



ek&ation cbmpared with PdeH $elimin&ion @I&&Y has b&n &rnon&&d~~~~. 
The reaction of I~wjth:~&chloro~entil~ene ga& tr&s-pentri-en& but no cis- 

pent_Zene. Formation of trati-pent-2-ene can occur from (1) Z&X p&.iminaY ~ 
tion *d/or (2) reduction of formed 4chlo;o-trans-pent;2-ene. Furthe~~explora- 
tions of effects of leaviqg groups and.olefin stereochem_istry on ring.closkre_ar& 
in progress. -. 
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