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Chemistry: Unusual Structures Predicted for Carbon Compounds 
For 102 years, a primary tenet of or- 

ganic chemistry has been that a carbon 
atom with four substituents bonded to it 
prefers a tetrahedral geometry. Since Ja- 
cobus H. van't Hoff and Joseph A. Le- 
Bel first stated this principle in 1874, no 
fundamental exception, such as an organ- 
ic compound in which all four sub- 
stituents lie in a plane, has been discov- 
ered. Until now, that is. Recently, a 
group of investigators headed by Paul 
von R. Schleyer of the University of 
Erlangen-Niirnberg in West Germany 
and John A. Pople of Carnegie-Mellon 
University have performed some sophis- 
ticated molecular orbital calculations 
and have discovered not just one, but a 
whole constellation of organic com- 
pounds whose preferred conformations 
are grossly different from the accepted 
norms. In most cases, furthermore, the 
new structures belong not to some highly 
exotic chemicals, but to normally pro- 
saic molecules in which only two elemen- 
tal substitutions have been made. 

Perhaps even more important than the 
unusual structures whose existence they 
have predicted is the recognition that 
quantum chemistry has finally come of 
age. Ten years ago, the nonempirical 
calculations-so-called because they use 
only fundamental constants and mathe- 
matical equations-of the type per- 
formed by Schleyer and Pople could be 
carried out only for the very simplest of 
molecules. Today, the calculations are a 
thousand times more efficient, and they 
can be applied to much larger systems. 

A factor of 10 in this improvement 
comes from refinements in digital com- 
puters, according to Schleyer. The addi- 
tional hundredfold improvement in effi- 
ciency arose from greatly improved pro- 
grams written by Pople and his asso- 
ciates. The net result of these 
improvements is a gross change in em- 
phasis. In the past, such theoretical cal- 
culations only provided more informa- 
tion about systems already reasonably 
well understood. Now, theory can pre- 
cede experiment and guide the way that 
a research program should proceed. 

The technique used by Schleyer and 
Pople consists, in essence, of selecting 
two or more likely geometries for a mole- 
cule and then calculating their relative 
energies. If all the appropriate structures 
have been included in the calculations, 
then the geometry witj the lowest calcu- 
lated energy should be the most stable. 
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This approach has been validated for 
many molecules whose structures are 
well known. 

Consider, for example, methane. The 
calculated energy for a molecule of meth- 
ane in which the four hydrogen atoms 
are arranged tetrahedrally about the car- 
bon atom is about 150 kilocalories per 
mole lower than the energy calculated 
for a structure in which all five atoms lie 
in the same plane. Since the dissociation 
energy of a carbon-hydrogen bond is on- 
ly about 104 kcal/mole, planar methane 
would not be expected to exist under any 
circumstances. This conclusion is veri- 
fied by experience. Earlier theoretical 
work by Roald Hoffman and his asso- 
ciates at Cornell University, however, 
indicated that the tetrahedral-planar en- 
ergy difference could be lowered by prop- 
er substitution. 

Not all carbon atoms are tetrahedral, 
of course. Compounds in which the car- 
bon atom is double-bonded, as in eth- 
ylene, are generally planar; those in 
which it is triple-bonded, as in acetylene, 
are generally linear. All known deriva- 
tives of these molecules where the hydro- 
gens are replaced by elements important 
to life-including oxygen, nitrogen, and 
sulfur-prefer the same basic shapes. 

Simple Modifications 

What Schleyer and Pople predict is 
that not only can these three structural 
precepts be violated, but that they can be 
violated by very simple modifications, 
such as substitution of two lithium atoms 
for two of the hydrogen atoms. In each 
of these simple molecules, substitution 
of two lithium atoms produces a change 
in dimension. Methane is three-dimen- 
sional, but dilithiomethane may well be 
two-dimensional in the sense that the 
centers of all five atoms may lie in a 
single plane. Planar ethylene is two-di- 
mensional, but 1,1-dilithioethylene is 
three-dimensional because the plane of 
the substituents attached to one carbon 
is perpendicular to that of the sub- 
stituents attached to the second carbon. 
Linear acetylene is one-dimensional, but 
dilithioacetylene is two-dimensional, 
with the lithium atoms forming bridges 
between the two carbon atoms so that 
the molecule is actually cyclic. Similar 
effects are observed for many other mole- 
cules. In most cases, the energy differ- 
ences that have been calculated are 
small, but Schleyer is confident that they 

are sufficiently large that the molecules 
will exist in the unusual conformations. 
One of the molecules that is most stable 
in the unusual conformation is CF2Li2, 
for which the planar energy is 25 kcal/ 
mole less than the tetrahedral energy. 

The investigators found that three ef- 
fects contribute to stabilization of the 
unusual conformations. Two of them are 
delocalization of the lone pair of elec- 
trons possessed by planar carbon by con- 
jugation with vacant 7T orbitals of the 
substituent and donation of electron den- 
sity to the carbon atom from o- electrons 
of the substituent. Both qualifications 
are met by BH2, BeH, and, especially, 
Li; many compounds incorporating them 
have unusual geometries. The third fac- 
tor that contributes to stabilization is 
enforced reduction of the angle around 
the planar carbon by incorporation of the 
atom into small rings. A good example of 
this effect is provided by 1,1-dilithiocy- 
clopropane, which is most stable in the 
planar conformation. 

The predictions of Schleyer and Pople 
will, of course, require experimental veri- 
fication. Many of the compounds whose 
structures they have studied do exist, 
but their structures have never been ex- 
amined and published. The structures 
have not been studied, in part, because 
previously there had been no reason to 
expect that their conformations are other 
than ordinary. Such a study is difficult, 
furthermore, because many of the com- 
pounds, particularly the lithium deriva- 
tives, tend to be highly associated in the 
solid state and highly solvated in solu- 
tion, which makes examination of struc- 
ture difficult. It now seems possible that 
these characteristics may be a reflection 
of the unusual conformations of the iso- 
lated molecules. 

The predictions of new structures may 
not have any immediate practical applica- 
tions, but they may give a new insight 
into many chemical problems. The find- 
ings are important, Schleyer contends, 
because chemists learn more about the 
fundamental nature of matter when ac- 
cepted rules are broken than when they 
are obeyed. Even more important, the 
results indicate that large areas of chem- 
istry that are now completely unknown 
because experimental methods do not 
permit easy exploration can be examined 
by calculation easily, inexpensively, and 
with increasing accuracy. 
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