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The concerted, suprafacial fusicm of two olefins to a cyclobutane ring is syPlmretry- 

forbidden (1). Thistransformati~can,intheory,poceedcrmthecoord~tionsphereofcertain 

transition metals (2). Tha metal in this procese ("forbidden-to-allowedwed" catalysis) performs a 

special function involving an exchange of electron pairs with the transforming olefin ligarkie. 

The metal-catalymed fusion of adjacent olefin ligands proceeds with a relocalisatiool of d elec- 

trondensity(2)which can introducetraneformationreetraintsdepaniing on the nature of the 

fusing olefinligands (3) and the ligti field. a) The role of thetransitionmetalinthe cyclo- 

butanaticn of coordinated butadiene ligands differs from that in the cyclobutanaticmof simple, 

nonconjugated olefins or acetylenes. This Note diBcUSSeS sane differences and their hplicatione 

to catalysis. 

Ccmsider tk ccmcertadinterconversiouof the bis(cis-butadiene)metalcanplex I (Cm) 

ti the CiS-1&diVhy1CyC1ObU~ metal CmpleX 11 (CB) (Cf. f&ure). In this ~Om&iOq - 

the ZY plane is the element of syPanetrymaintai.ned by the canposite molecular orbitals. The 

ligani orbitals in I asd II are assigned to the synxnetric (S) or antisymmetric (A) set accord- 

to their symmetries about the ZY plane. These assigmnents are indicated in the correlation dia- 

gram in the figure; the subscripts in the synnwtry symbols refer to the particular ligarnl orbi- 

tals used in the indicated canbinationrr, e.g., 4s refers to the antisymmetric caubinationof 

butadiene $2 orbitals in I and Sx* to the symmetric c~bimtion of olefin ligand fi orbital6 in 

II. The metal atanic orbital6 similarly fall into S azrd A aete. The matal dxy, dxa arid px are 

A and the remaining six are S. S,in the figure refers to the tuo remam matalmtric 

) Three possibilities exist for the ligand field splitting of the two criticalmetald orbital6 
a (i .e., the ligand field exclusive of the transf~ olefins) 1) the orbit&s am left de- 

generate inwhich case norestraint sare~,2)~~((21~bital~~~e~rg~r 
introducing the possibility of generatingamtalcqlex inanexcited state,aW 3) tlm Sk 
orbital is of higher energywhich can, comaeivably, -de ligaxl field driviog force for 
theground-statetraneformati~. 
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Figure. Correlaticndlagrufor ti lntarcweraionof bie(cls-butadiene)ntal(dlO) and%- 
1,2!4ivinylcyclobutana metal(d 

atadc orbitalq the orbital de-ted A (in II), left unassigned, refer6 to the next bighest 

orblhlofA symatry. This orbital .should potwess BUM antibcold~ propertlesvlthreqectto 

thedi~ligaM8yBtem. 

The caWring of th molecular orbltala in I and II illustrated in the figure is only 

approximte; further, the metal atunic orbital a8sigxxaent.e have been deliberately omitted since 

theywouldlnfactbe ccqlexmixtures dictatedby energy and overlap factors differingwitheach 

retal6y8toa. These factors, however, &ha&l not eignlficantly alter the arguments to be 

pXWellt&. 

In the forbidden-to-allrmd process, the critical arbitals are the crossing +3 and 

Ah. Conceivably, a nmhr of metal eystemcr can provide the appropriate number of valence elec- 

Wand orbitalorderlng toalloua grow+etate interccmveraionof theligande. Inthe hypo- 

tbstical@W.emintheflgure, for example,d4 metalsy6temswould provide the ground-st,atea) 

rrtalc~lex oMerirtgforgra3&-state Ugard lnterccnvereion. These metal systems need not be 

a) Ue are not conaldering here law energy excited states. Excited states of metals with fewer d 
electrw could have the proper synmoetry for smooth interconversion. 
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the most energetically favorable, however. If ona ccmaiders the change in ligand-to-matalbond~ 

character that accanpenies ligand transformation a somawhat different picture emerge& The bond- 

ing between the metal and ligard systems stems from donor interaction6 (ligand bonding orbitale- 

to+eetal) and backbonding interactians (metal-to-ligand antibonding orbitala). In I, there are 

three backbonds, the S&, qz, and A.+,e, in II there are two, Ae anl Se. Maximum b&ing between 

the transforming ligands and themetalehould be achieved whenthe entira cora of holding orbital6 

in the product canplex correlates with occupied orbital6 of the etarting caaplex. As6undng the 

orbital ordering in the figure, maximum bonding should be maintairmd in1 +I1 withmatalay&ema 

containing six or more valence electrona. For the reverea tranefarmatiaor (i.e., II -+I) ten 

valence electrons would be required, i.e., tooccupyall threeA orbitala in II uxl maintainfull 

bonding across the reaction coordimte with inoipient fmtion of A$x, A$= upd %a. Thin dee- 

cription does not rastrict transformation II + I to d xOtran&iollmetalsyetteaum,however. 

Additional donor ligands aa the metal could play a oontribut&I role in this oata- tranmfor- 

mation by reordering metal valence electrons through c ~tionwiththemetal. MetalEyatema 

with fewer valence electrons could thus populate the third A orbital in II thereby provia a 

full bonding core of populated orbital8 across the reaction coordinate. Metal eyst~~ rioh in 

valence electrona should nevertheless be catalytically more active than other eystamo which can 

less readily provide the indicated ordering, other conaideratione being equal. 

It is important to separate the role of the metal in its fmbidden-to-all& capacity 

from its other catalytic functions. The metal-free concerted interconversion of his-butadiena - 

and cis-1,2~ivinylcyclobutane requires an intersystem flow of electron pairs between the borxling - 

cores of I (Y+, A$2, Avx and S#x) and II (So, SU, Sn, An). The metal can achieve thie by popu- 

lating SJrz in I and Az*in II and by providing two empty orbital6 of tha aama sgmmstries (2). 

To the extent that these operations are not achieved, the l&and tranaformationa remain 

"forbidden" in the Woodward-Hoffmamn sense (1). The seaond function of the traxuition metal ie 

to maximize ligani-to-metal bonding acroes the reaction ooordinate by providing a sufficient num- 

ber of valence electrona and the required ordering of matal caaplex orbitale. Deficiencies here 

need not preclude reaction. This area reflects more the energetic8 of the proceea, ar6 not nao- 

essarily "forbiddenness" in the previous 8enee. 

butadiene is converted cnnoothly to tie-1,2~ivinylcyclobutane with variaw sero-valent - 

nickel canplexes (4). This reaction produces, in addition, cyclooctadiam mad vinyl oyulohexem. 

It has al60 been demcmetrated that the divinylcyclobutana is formad reversibly; thus butadie~ 
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and ths spectrum of other products formed can be obtained from the divinylcyclobutane. All pro- 

ducts from this reaction are believed to be formed from n-ally1 intermediates generated from the 

condensation of nickel-coordinated butadiene ligands. 

The synznetry arguments presented here do mt allow a definitive statement on the actual 

role of zero-valent nickel in these reactions. This simple molecular orbital treatment indicates 

only that a grouml-state reaction path exists (I #II), and, further, that it is particularly 

favorable for dl' transition metal systems (e.g., zero-valent nickel). This does not imply, 

however, an obligation in any reaction system for a single step reaction alaog the thermally- 

allowed reactioncoordinate. Similarly, the observation that sane products in a reaction arise 

through z-ally1 intermediates (5) does mt preclude contributions from the concerted reaction 

path, evensignificantones. These results, we feel, do introduce the concerted interconversion 

I g II as a viable carrlidate in nickel(O)-butadiene chemistry. 
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