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Summary

(n-CsHs ), Zr(C1H (1) reacts with 4-chloroecyclohexene and 4-bromocyclo-
hexene to give moderate yields of bicyclo[3.1.0Thexane. Reaction of I with
4-chloropent-1-ene gives low yields of cis- and trans-1,2-dimethylcyclopropanes,
42% irans-pent-2-ene, and no cis-pent-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) y-elimination. Side reactions include
(1) Zr—X B-elimination to yield halogen-free olefins and (2) formahon of
halogen-free olefins by direct reduction of C—X by Zr—H.

It is known that (7-CsHs ). Zr(C1)H (1) reacts with olefins to form stable alkyl-
zirconium complexes, (n-CsHs ). Zx(C)R [1, 2]. 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 g-hydride elimina-
tion to place the Zr atom at the least hindered accessible position. Thus, reaction
of I with either oct-1-ene or oct-4-ene forms complexes with the zirconium
substituent at the end of the alkyl chain [2a]. It also is known that haloalkyl-
metallic complexes can undergo metal—halogen elimination to form olefins { 3]
or in some cases carbocyclic rings [4]. Earlier workers who studied the (7-CsH;),-
Zr(ChH)R complexes have emphasized the utility and stereochemistry of Zr—R
cleavages by electrophilic reagents [2]. We now report that (CsHs ), Zr(Cl)H adds
to olefins containing halogen. The addition is followed by decompos1t10n to give
cyclopropanes or. olefinic products.

. In the reaction of I with 4-chlorocyclohexene, which is representatlve of the
reactions studied, 5.20 mmoles each-of 1- and 4-chlorocyclohezene and 50 Ml of
benzene in C4D, (2 ml total volume) were stirred for 61 h at 65°C (sealed tube,
inert atmosphere). The reaction mixture was cooled and if the ! H NMR spectrum
of the completed reaction solution showed significant indication of residual alkyl-
zirconium, the solution was hydrolyzed prior to analysis. The yields of organic °
products were determined by GLC and 'H NMR The products yields, and reac-
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tlon cond1tlons for the vanous expenments are summanzed in Table 1
. In every case studied where X = C]; the isolated yield of. (n-CsHs), Z].'Clz [5]
‘was in the range 82--87%. Whenever possible, pure: samples of volatlle products
were collected by GLC. The 'H NMR spectra of all products are 1dent1cal to
those found in the literature or to those of authentic samples. .

The proposed pathway for the reactlon of I with 4-halocyclohexene ls
Mustrated in Scheme 1.
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Formation of bicyclo[3.1.0Thexane is believed to proceed by Zr—X vy-elimina-
tion, while formation of cyclohexene proceeds by Zr—X g-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
Zr—H*. The lower yield of bicyclof3.1.0]hexane from 4-bromocyclohexene
might be due to the facility of direct C—Br reduction.

The reaction of I with 1-chlorocyclohexene yielded no b1cyclo[3 1. O]hexane
This is consistent with Zr -Cl -elimination being favored over Zr—H p-elimination.
Thus, after the Zr—H addition to the double bond in 1-chlorocyclohexene, either
one or two Zr—H g-eliminations must precede Zr—Cl 7-elimination to’ give .
bicyclo[3.1.0lhexane. The Zr—H g-elimination would have to. compete with
Zr—Cl -elimination, the latter gwmg cyclohexene The faster rate of Pd—-Cl

*c—c1 reduehons by M-H ave common. See for example ref. 6a.
Reduchons of CH,CI, to CH,CI and CHC!B to CH,CI by (n-CsH,)Zr(Cl)H have also been observed [Gb]
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_ehmmatlon compared with Pd—H g-elimination already has been demonstrated [3]
“The reaction of I with 4-chloropent-1-ene gave trans-pem;-z-ene but no cis-

pent-2-ene Formation of trans-pent-z-ene can occur from (1) Zr—X g-elimina- '

. tion and/or (2) reduction of formed 4-chloro-trans—pent-2 -ene. Further explora-

tions of effects of leaving groups and. olefin stereochem1st:ry on ring. closure are

in progress.
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