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There had been some controversy over the nature of the transition state in hydroboration
reactions. Brown ot al. first proposed a four-membered transition state® for the reaction.
Kinetic and isotope effect studies in the solution phase with various olefins and alkyl boras-
nesz-s supported this view, However, this was disputed by Streitwieser ot nl. on the basis of
steroochonieal cvidcneus. Also, the results of = gas phase kinetic ctudy and MO symmetry
conaidoration of the reaction between ethyleme and borane nggutod the transition state to
be a looss three-membered activated complex.

As it appeared that no attempt has so far been made to study this problem by way of MO
calculations, we used the CNDO/2 -o'ﬁhod9 to obtain the minimum energy configuration of both the
two proposed transition states. The geometiric parameters of both the 4-center and 3-center
complexes for the sthylene borane reaction have been fully optimized and the results are shown
in figure I. Their CNDO/2 energies are found to be -25,485 a.u, and -25,565 a,u, respectively.
Thus, the 3-center transition state is st-ble by about 50 Kcals/mole and may be regarded as
the preferred pathway. '

A clear picture of bonding in the 3-center complex has been obteained by generating a set
of Localized Molecular Orbitals (IMD) by the self-energy localiszation proeodurom'n. The IMO
eigenvectors interestingly indicate the existence of s three center bond between the two carben
atoms and the boron atom. The coentributions from the p, orbitale of both the C-atoms and the
B-atom are most pronounced in the formatlion of this bond sand the two C-atoms are foumd to con-
tribute equally to the bonding. The atomic hybrids used by B in B~H bonds are nov clese to -ps,

vhile that in the C~B~C bond is -pz's. A Mulliken population analysis shows B to be ~ve(0.18 e)

and each C to be +ve (0,10 @),

The transfer of charge and the MO intersctions involved in the complex formation are
obtained by expandinglz the MO's of the complex in terms of those of C,H ‘(D&) and B, (C, ')15
The changes in the occupation number of the MO's (An) due to the interaction are given in the

' table I, vhere it can be found that the LUMO (2a,) of BHy; has gained a net charge of 0.647
that has been itransferred mostly from the BOMO (lbl‘) of ethyleme., However, the 2;1 occupancy
is found to be much grester than the net charge transferred (0.344 ¢) and this excess charge
comes from the low lying hg M0 of czﬂ4 vhich is of matching symmetry. The high occupancy of
the LUMO (lbzg) of ethyleme is surprising but may be explained as arising due to some back
donation from the 1e orbitml of Bﬂs. Also, the higher lying MO's of both Bﬂs and 6234 that were
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previously unoccupied are found to be alightly populated after the interaction, probably dus to
self-excitation of the lower lying MO's of the adduct.

In conclusion it may be said that the reaction between 0234 and Bﬂs, vhich may be regarded
as a prototyps of hydroboration resactions, proceeds through a 5-center intermediate rather than
4-center one; and that the 3-center complex contains a well defined C-B-C three center two
electron bond,

Table ]
Zoxis ) BH} Ao L.f 2B 4
hl -0,082 1la ~-0.214
Xaoxis g

le -0.227 1b, ~0.082

3u
2e -0,048 1b -0,027

2u
2a, 0.647 28, -0.019
3a, 0,029 b, ~ -0.001
Ze 0.020 b, -0.337
e 0.003 b, 0.259
2,, 0.018
Zog 0,008
Sag 0.001
Py, 0.001
3o, 0.0
Tota] 10,344 Total  -0,34%
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