4076

Structure and Bonding in B1gX2H1p (X = C and Si).
The Kinky Surface of 1,2-Dehydro-o-disilaborane

Eluvathingal D. Jemmis* and Boggavarapu Kiran

School of Chemistry, Upérsity of Hyderabad
Hyderabad 500046, India

Receied December 23, 1996
Revised Manuscript Receeéd March 6, 1997

The chemistry ofb-carborane 1) has several parallels with
benzené:® Jones and co-workerbave brought out yet another
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a minimum at the B3LYP/6-31G* level with a-&C distance,
1.622 A, comparable to the experimental value (Table 1) and
to the previous theoretical studies. The Wiberg bond iftlex
(WBI) of 0.74 reflects the stretched and delocalized nature of
the C-C bond. For comparison, WBI for-©€C bond in ethane

amazing parallel between these two prototypes: the 1,2-dehydro4s 1.00. The 1,2-dehydro-carboraneZ) is also calculated to

o-carboraneZ) is shown to be comparable in reactivity to 1,2-
dehydrobenzene (benzyneg)( Derivatives of disila-analogs

be a minimum with a €C distance of 1.361 A. This is much
longer than the corresponding-C distance in benzyne but no

should provide equally interesting chemistry. Seyferth and co- direct comparison can be made as there is no previous theoretical

worker$ have synthesized a dimethyl derivativedof Despite
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the structural similarity betweehand4, they differ substantially
in their reactivity patterns. Nucleophilic bases attack the
dimethyl derivative oft resulting in the loss of an MeSi vertex;
whereas, inl the reaction is centered on a boron adjacent to
the carborf. Will the behavior of BoSioH1o follow that of the
carbon analog? The structure ofI$j contrast dramatically
with that of ethylen€:# Constraints of an icosahedral skele-
ton make any guess on the structure of thgSBHio even
more hazardous. This paper compares the€CQlouble bonds
in 2 and 3 and unravels an unexpected kinky structure for
B10SizH10.

The structured—6 and11 were optimized at the HF/6-31G*
and B3LYP/6-31G* levels of theory/1° Total energies and

or experimental estimate.

The frontier orbitals o and3 are ther and thex* levels.
The LUMO energies for2, 3, and ethylene are-0.1438,
—0.0702, and 0.0188 au, respectively. Therefore, in Diels
Alder reactions, the reactivity toward normal dienes is expected
to be in the ordeR > 3 > C;Hy,, if steric considerations are not
taken into account. The bonds in2 and3 are destabilized in
relation to ethylene by similar amounts (egs 1 and 2). These
are in tune with the observed experimental reactivittes.

CHg+2—1+CH, —57.4 kcal/mol 1)

@)

The calculated SiSi distances 4 of 2.309 A (HF) and
2.312 A (B3LYP) are comparable to the experimental distance
of 2.308 A (Table 1). This is shorter than the—Sii bond
distance in (CH)eSiz, 2.340 A3 The dehydro structurs is
calculated to have an SBi distance of 2.164 A at the HF level
and 2.229 A at the B3LYP level of theory. In contrast to the
increase in the SiSi distance irb on going to the B3LYP level,
the B—B bonds which are involved heavily in the multicenter
bonding of the cage are shortened at this level, (HF aBB=

C,Hg+3—CHs+CH, —60.1 kcal/mol

important parameters are given in Table 1. Unless otherwise 1.825 A; B3LYP av B-B = 1.809 A). The influence of the
stated, B3LYP energies and bond parameters are used in thécosahedral skeleton in determining the relativieond strengths

discussion. The structure ofcarborane has been studied by
several theoretical methods.The structure is calculated to be
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is demonstrated by eqs 3 and 4.

H,Si=SiH, + C,Hs —
Si,Hg + H,C=CH, —19.0 kcal/mol (3)

(4)

The exothermicity of eq 3 is attributed among other factors
to the strong € C r bonds. However, the eq 4 is endothermic.
A probable explanation for the reversal could be obtained from
the structural details of the icosahedral skeletons. Th&B

1+5—2+4 36.6 kcal/mol
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Table 1. Total and Relative Energies (RE) at HF/6-31G* and B3LYP
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/6-31G* Levels and Important Parameters of Various Isomers

total energy (au) RE (kcal/mol) XX (A) WBI
HF B3LYP HF B3LYP HF B3LYP exptl HF B3LYP
1 —329.62084(0) —332.10450(0) 1.609 1.622 1.624 0.75 0.74
2 —328.30841(0) —330.77019(0) 1.322 1.361 1.75 1.65
3 —229.38685(0) —230.90995(0) 1.251 1.223 245 2.36
4 —831.69385(0) —834.87366(0) 2.309 2.312 2.308 0.56 0.49
5 —830.39606(1) —833.57328(1) 13.7 5.2 2.164 2.229 1.58 0.98
6 —830.41788(0) —833.58160(0) 0.0 0.0 2.300 2.317 0.68 0.51
11 —830.38162(3) collapsed ® 22.8 2.640 0.02

distance in B;H122~ is 1.800 A. To accommodate this skeletal
distance, the €C bond inlis stretched to 1.624 A. The strain
goes up further in2, because the €C double bond is

different MOs 8). Theo MO (8a) arises from the interaction
of the p orbital on S, with the s hybrid on Sj,. A lone pair
formed on Sj,is the HOMO 8b). There are a few examples

energetically more expensive to stretch. The calculated distancein literature where the p orbital of one Si is accepting electrons

of 1.361 A in2 is only marginally longer than that in ethylene.
The structure is distorted considerable from an ideal skeleton.
Another source of strain is the pyramidalization of the carbon
in 2. A contraction, instead of elongation, is in orderinthe
Si—Si distance decreases to 2.312 A. This is still far from the
standard icosahedral value of 1.800 A inJBi,2~. Further
reduction of strain is achieved in the silicon system by
introducing the double bond). In addition, the pyramidal-
ization at Si is less-demanding energetically. Thus, the com-
bination of1 and5 is better compared t® and4. Despite this
5is calculated to be a transition state. Following the imaginary
frequency led to an unusual struct@avith Cs symmetry.

The surface o6 is kinky. One Si atom has gone out of the
icosahedral surface (s3) and the other has gone slightly in
(Sin). The average SiB bond distance of 2.121 A i6 has
gone to 2.360 A for the Si and 2.043 A for the $i. The
Si—Si distances and WBI values #(2.309 A, 0.57) and
(2.300 A, 0.67) are comparable. However, the-Si bond in
6 is very different from that iMd. The results indicate that a
good approximation to bonding can be obtained starting with
the interaction of two sphybrid Si groups. In a symmetrical
arrangement as i, there is ao orbital and ar orbital (7). In

6, one Si goes up and the other goes down, resulting in two

from the hybrid orbital of the adjacent Si. MonobridgedHsi

(9) presents the closest comparisénEven though the environ-
ment around Si is very different ®and9, the SpH, structure
presents such an interactiéh.The Sp unit in 6 can also be
compared to that in g, (10). The trans structurdO is
calculated to be more favorable than the cis structure; the latter
is not even a stationary poifft. However, the constraints of
the Bjo template forces a cis arrangement with the unusual
bonding patternga,b).

This bonding arrangement also satisfies the electron count
(2n + 2 electrons) needed fatosostructures?® In 6, this has
been achieved by the participation of all the four valence
electrons of one Si atom (Qiand two valence electrons of the
other Si (Siy) for skeletal bonding. There is another structure
(12) on the HF potential energy surface corresponding to two
lone pairs, one on each Si atom. Structddeis 9 kcal/mol
higher in energy thab, with an SiSi distance of 2.604 A but
without any bonding interaction. Howevedrl is a third-order
stationary point at the HF level. This structure may become
more important for the heavier analogs. It collapses &b the
B3LYP level.

In view of the reactivity and novel bonding characteristics,
6 is an exciting target for experiments.
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