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EVIDENCE FOR ¢-w CONJUGATION
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An allyl group bonded to a Group IV metal exhibits enhanced reactivity toward electro-

i1 2
philic reagentsl' and unusual spectral properties, ~ This atypical behavior has been cited
as evidence for pr-dr bonding and ¢ -n carbon-metal hyperconjugation, A number of experi-

4 P |
mental  and theoretical ' 3 papers have recently provided convincing evidence for the
importance of g-r conjugation with allyl and benzyl organometallic compounds. We now
report theoretical evidence for 0-n conjugation in a series of compounds containing an allyl

group bonded to a Group IV metal atom (Fig, 1).
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FIGURE 1
One of the first problems encountered in trying to assess the relative amounts of ¢-7

versus (d-p)w bonding in an allyl compound is the relative populations of the ground state con

Extended Huckel6 molecular orbital calculations suggest that all of the above

formers, 1
compounds exhibit a shallow energy minimum at ¢ ~ 110, In all cases the cis conformer 1
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was considerably higher in energy than the trans conformer 3. The difference in total energy
between 33.-3: and the lowest energy conformers (& =~ 110°) ranged from 6, 2 to 8, 3 kcal/mole,
These data suggest that those conformers which exist between the cis-gauche and the trans-
ga.uc:he1 and that favor o-m conjugation would be most stable,

The O-n conjugation effects should be maximized when the C3-M ¢ bond is parallel to

the w-orbitals of the C,-C 2 double bond as in 2, Examination of the data in Table 1 indicates

that the ¢ C-M bond isldelocalized in the 90° conformation E. Thus, in Ei-f.,e. the approximate
bond order of the double bond, based upon the Mulliken overlap population (pCl :CZ), decreases
while the ¢-r interaction of the w orbital on C2 and the C-M 0o bond is 3: also results in an
increase in charge density at C1 relative to the planar conformers l and 2 The increase in
the polarizability of the C-M bond in 52-3: is reflected in a decrease in the overlap popula-
tion of the allyl carbon-M bond (pc3_M).

The EH calculations are also consistent with the experimentally observed spectral
properties3 and the decrease in the ionization potential4' 5 as a result of the 0-w conjugation,
In the 90° configuration 2 the highest occupied molecular orbital is assigned to a linear com-
bination of 0 and = orbitzls, resulting from o - delocalization, The HOMO in l and 3 is
compriged largely of contributions from ¢ orbitals of the -CHZM(CH3)3 moiety, The lowest
unoccupied molecular orbital is assigned to the w* orbital of the Cl-C2 double bond, In all
cases except carbon, the LUMO had slightly less w* character in the 90° conformation than

in the cis or trans conformation, In all cases the energy of the « orbital (E") was lower in the

90° conformation where 0-n mixing can occur,

Addition of a proton to the terminal carbon atom, as in 4, results in a marked increase
in 0-ninteraction and extensive perturbation of the carbon-carbon double bond (pc =C ) In
all cases except 2a, pa - is considzrably greater than the CI-CZ woverlap, p . Rehybrid-

ooopon - T

ization at C3 in 4 from sp3 to sp2 results in increased O-r interaction but with an increase in

energy.
H\\. /H
N M(CH,)
C C 3’3
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LS

These results are therefore consistent with a vertical stabilization of 4 in the transition
state, that does not require extensive heavy atom motion, In general, the:harge on M
increases (except for Pb) and pc M decreases as the C-M bond delocalizes to stabilize the
neighboring cationic center, The extent of 0~ interaction is less for M=C than for the
heavier atoms. Thus, the calculations adequately reflect the experimentally observed trends,

despite the fact that d-orbitals have been omitted from the basis sets,
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TABLE 2

EH Calculations on Protonated” Allyl Derivatives

Compound QC QM pc -c pn pc___‘T pC M LP,ev
i 1 2 C,-C 3
i 2
4a 0.109 0,213 1,016 0,192 0.124 0.671 -11, 65
4b 0. 081 1. 262 0.979 0, 154 0.187 0. 543 -11, 36
4c 0. 086 1, 264 0,983 0.161 0,178 0,518 -11, 51
44 0. 084 1.402 0.980 0. 159 0. 180 0,494 -11, 61
4e 0. 085 1,402 0,981 0,160 0, 481 -11,.68

The proton was added from the side opposite the substituent X (« = 90°) with a Ci--H+
bond distance of 1, 2& and a bond angle of 90° relative to the nodal plane of the double bond.
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