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Abstract—A receat ab initio molecular orbital calculation on butadiene has been interpreted by Skaarup, Boggs and
Skancke as indicating that the shortness of the central C-C bond is due primarily to hybridization. Resonance was
considered to make a minor comtribution snd nonbonded interactions were judged to be unimportant. Un-
fortunately, this analysis failed to take into account the crucial role of geminal nonbonded interactions, and the
calculations were, accordingly, not desigaed to discriminate between the hybridization and nonbonded models. A
more direct investigation of intramolecular nonbonded interactions based on ab initio computations has been
carried out on other systems, however, providing evidence that the effects of nonbonded coatributions are

substantial.

Butadiene has long been a popular subject for analysis
by theorists secking to understand the connection be-
tween electronic structure and molecular properties. In
particular, quantum chemists attempted in their carliest
uuunentstorchtethecentnlC—Cbondlenathin
bmadnenetow-elecmdeloahnnon. While the C.
bond length? at 1.463(3)A is conspicuously shorter

the 1.534A length found in saturated hydrocarbons,” the
fact that the bond environment differs markedly from
thtinalhnesinremcuo!hudnnr-deloahnnonled
some workers “* to challenge the resonance inter-
pretation. In a recent paper® based on one of the most
definitive quantum-theoretical studies of butadiene yet to
appear, Skasrup, Boggs and Skancke attempted to
analyze the relative importance of the proposed contri-
butions to the C-C bond shortening. They interpreted
then'resuluassnppomnzthehybmlnnonmmem
advanced by Dewar and Schmeising* and suggested that
eomnganonnmpomﬂieforonlyabomomﬂofthe
observed shmtenm.lnmvnewmzl!mell explana-
tion invoking * leuetnonbondedrepulnon in the un-
saturated than in the saturated molecules, they
conchlded’thatsuch“nonbondedrepulmmmnot
mponn'blefonp-sp bonds being shorter than sp’-sp’
bonds.”
'l‘bepurposeofthmshortpaperutopomtomdm
Skaarup et al” took into account only nonbonded inter-
actions more remote than geminal as a consequence of
their misconception of the nonbonded model. They nei-
ther made calculations nor advanced arguments capable
ofdlmmmubetweenthebewarandSchmenmg
“hybndlnuon" pomt of view* and the “‘nonbonded in-
teraction” account.” Indeed, as pointed out both by
Bartell’ and by Dewar,’ the situations in which the one
picture might be expected to be significant are just those
in which the other arises naturally. Therefore, no simpie
observables such as those examined by Skaarup ef al.,
'whether determined experimentally or theoretically, can
resolve the argument.

Crucial to the argument are the following considera-
tions. If two tetrahedrally coordinated (“sp™) atoms are

E

fPresent address: Department of Chemistry, University of
Michigan, Ann Arbor, MI48109, U.S.A.

bonded together, they suffer six geminal nonbonded in-
teractions across the bond. By contrast, for two trigon-
ally coordinated (* "')nloms,theremonlyfour'l‘he
relief of two geminal interactions in the “sp*-sp™ case is
quite enough to account for the observed shortening if
m:mlmtencuonsmummedtofollowdnrepulnve
force laws indicated by Urey-Bradley spectroscopic
analyses.*'° Support for force laws implying repulsions
comparable to those inferred from Urey-Bradley
anﬂymhumenﬂyeomefromqmnmmulculmmof
the intramolecular interactions in methane'™* and
ethane.'® Moreover, when such force laws are built into
“molecular mechanics” force fields for hydrocarbons,'
it is possible to account very naturally for subtie trends
in structures and isomerization energies with a smaller
number of dugonble parameters than when non-Urey-
Bradley fields™ are used.

Therefore, in the two decades since the nonbonded
model was first formulated, additional supportive evi-
dence, both empirical and theoretical, has accumulated.
To be sure, virtues and limitations of the model of
geminal nonbonded interactions are now much better
understood.'"'* More definitive information is needed
befmtheptoblemmbehidtomt.'l‘herecem
treatment of Skaarup, Boggs, and Skancke, important
thoughnbemothermpects.addsnonewmslshttobelp
decide between the hybridization and nonbonded
contributions the authors originally proposed to assess.

IC. A. Coulson, Proc. Roy. Soc. A16, 413 (19%9); L. Paling,
The Nature of the Chemical Bond, Cornell University Press,
Ithaca (1939).

2M. Traetteberg, Acta Chem. Scand. 28, 1724 (1966).

R. A. Bosham, L. S. Bartell and D. A. Kobl, J. Am. Chem. Soc.
81, 4765 (1959); L. S. Bartell and H. K. Higginbotham, J. Ckem.
Phys. 42, 851 (1965).

“M. J. S. Dewar and H. N. Schmeising, Tetrahedron 6, 63 (1959).

’(K.%lz)‘s.m Hyperconjugation. Ronald Press, New York
1

‘R S. Berry, J. Chem. Phys. 38, 936 (1959).

L. S. Bartell, Tetrakedron 17, 177 (1962); J. Chem. Phys. 32, 827

(1960).
*L. S. Bartell, J. Chem. Educ. 45, 754 (1968).

2891



»n9 L. S. BarrzL

'S. Skaarup, J. E. Bogss and P. N. Skancke, Tetrahedron 32, VL. S. Bartell, S. Fitzwater and W. J. Helwre, Ibid. 63, 3042, 4750
1179 (1976). (1975); L. S. Bartell and S. Fitzwater, Ibid. 67, 4168 (1977).

T, Shimanouchi, Pure Appl. Chem. 7, 131(1963); J. Chem. Phys.  “S. Fitzwater and L. S. Bartell, J. Am. Chom. Soc. 98, 5107

17, 245, 734, 848 (1949); L. S. Bartell and K. Kuchitsu, Ibid. 37,  (1976).
631 (1962). ' E. M. Engler, 1. S. Andose and P. V. R. Schieyer, Ibid. 98,

U1, S. Bartelf and K. Kuchitsu, 1bid. 68, 1213 (1978). 8005 (1973); N. L. Allinger, M. T. Tribble, M. A. Miller and D.
1p, Pulay, W. Meyer and J. E. Boggs, Ibid. 68, 5077 (1978). H. Wertz, Ibid. 93, 1637 (1971).



