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The chemistry of compounds containing multiple bonds to silicon

tions, a theoretical prescription which shows how to design a linear

has developed rapidly since the isolation of the first stable silene allenic-type, RE=E=ER, (E = Si, Ge).

and disilene in 198%2 A variety of compounds with €E and
E=E (E = Si, Ge, Sn, Pb) bonds were isolated, characteriZed,
and studied theoreticalf/Experimentdl?>*and theoreticdlstudies

Quantum mechanical calculatidfg!ishow that the linearaq
symmetry) trisilaallen& is not a minimum on the g, potential
energy surface (PES) but is a second-order saddle point. Upon

revealed that the double-bonded compounds of silicon and its breaking theD,q symmetry5 optimizes to an unusual highly bent
heavier group - 14 analogues usually adopt trans-bent structures structure6 of C; symmetry with a bending angte of 69.4°, planar
1, in contrast to the planar carbon analogugs, terminal silicon atoms and dihedral angebl'Si'Si®H' = 0° and
OHISiISiPHZ = 115.5 (the respective angles in allene andSin
are 90 and —90°). Upon bending ob, the S+Si double bonds
are elongated from 2.125 A &to 2.269 A in6 (B3LYP/6-31G-
(d,p))*2 Linear5 lies 20.6 kcal/mol abové.13
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In contrast to the substantial information which is already He H1\Si1A07\Si3aH1'
available for compounds with=€E and E=E bonds, very little is H/S'=S':S'“\H ER . é‘ﬁ
. . . H H

known, either experimentafyor theoretically3atabout compounds 5 6 7

with an extended skeleton of multiple bonds of the types
E=C=C, E=E=C, E=C=E, or E=E=E. The first two compounds

of this type, R,E=C=CR?R? (E = Si, Ge) @), were synthesized
and characterized by X-ray crystallography only recently, showing
a nonlinear EEC=C skeleton with a pyramidalizedfE entity®

A theoretical study concluded that the bending of these=C
skeleton is an inherent property of the molecule.

Can a proper substitution be found that will restore the linear
allenic-type structure for a trisilaallene? Substitutiorbefith four
methyl groups has a small effect; the SiSiSi bond angle is slightly
widened to 74.214 probably as a result of steric congestion between
the methyl groups, as shown T Increasing the steric congestion
by using bulkier alkyl groups widensto 116.9 for R=(H3;CH,C),-
(H3C)C (R=CH) (it also twists the planes of the terminalRSi

RY, o r3 E=Si, 0=172.0°,26=357.2° groups to be almost perpendicular to each other). Similar steric
o 'PE\:U-C~C/ E=Ge, 0=159.2° 20=348.4° effects are responsible for the relatively widengle of 136.5in
. )“9’3 a \Rz R'=2,4,6-tri-isopropylpheny 4 (R=MesSi) (geometry optimization of (R = H) results ino. =

R s R?=t-Bu, R%=Ph 86.6" with the skeletal GC2SitSSRC3C* atoms being in the same

plane). It is clear that the strategy of increasing the substituents’
size does not lead to the desirBg-allenic-type trisilaallene.

Silyl substitution has a much more profound effect on the central
bending angle, and in (¢$i),Si=Si=Si(SiH), (8) o is 126.7.
Furthermore, in8 the planes defined by the terminal £),Si
fragments are perpendicular to each other, as in allene, while in
(R = R' = CHjy) they are very similar to those & The energy
required to enforce an allenic-type linear structure ¥{dR = R’
= CH;) and for8 is 16.8 and 4.7 kcal/mol, respectively. These
energy differences demonstrate that with more electropositive
substituents, such as SjHhe bending potential af is flatter, and

The first group 14 compound containing arrE=E allene-type
skeleton, {-BusSi),Sr—=Sr=Sn(St-Bus),, was reported in 1999,
showing a bending angle of 158.at the central tin atom and
significant pyramidalization at the terminal tin atofi 2003,
Kira et al. reported the spectacular isolation of the first trisilaallene
4 (R = Me;Si) which exhibits a very acute SSi=Si angle of
136.5, and quantum mechanical calculations showed th&=R
Si=SIR; (R = CHa) also possesseshent Si=Si=Si skeleton?

R\/T R\/SR thus, linearization becomes more feasible. Therefore, the way to
G, s|1¢\sji2>3i3/c reach aD,y structure seems to be the use of electropositive
( A \ ‘> substituents.
/0\2 /C\“ Indeed, substitution of trisilaallene with,B groups achieves
R R R R the goal! In9 the SiSiSi skeleton is linear, the terminal silicon atoms

S

are planar, and the two terminal BSiB planes are perpendicular to
each other— yielding a classic allenic-typ®,q structure! The
The strongly bent structures df (R=Me3Si) and of (-Bus- Si=Si double bond length i® is 2.207 A, somewhat elongated
Si),Sr=Sn=Sn(St-Bus), raise the intriguing question: Can heavier compared to that of (2.125 A) but shorter than that ® (2.269
group-14 analogues of allene be linear? In this contribution we A). NBO analysid® (B3LYP/6-31G(d,p)//B3LYP/6-31G(d,p)) re-
provide, using high-level, up-to-date quantum mechanical calcula- veals significant conjugation between the Bifoups and the SiSi
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bonds, so that each of the=S8i bonds is depopulated to 1.68 el.
while the empty 2p orbital of each B is populated with 0.16 el.
Rotation of one of the Bk groups by 90 (with constrainedCs
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2p(B)—x(Si=Si) conjugatiort® The crucial role of conjugation

Supporting Information Available: Cartesian coordinates and total

between the StSi bonds and the empty 2p(B) orbitals in inducing  energies. This material is available free of charge via Internet at http:/

linearity of the S&=Si=Si skeleton is clearly demonstrated if.
That is when the hydrogens on the boron atom&ame substituted
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by a bulky alkyl group represented by Et whose orientation was References

constrained so as to mimic a steric repulsion similar to that caused
by at-Bu groug%aand by Me, a bent structufe®, with o = 171.0°
results®c The steric congestion between the constrained Et groups
forces the BR groups to rotate by 21°6 reducing the 2p(B}
m(Si=Si) conjugation.
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To prevent rotation around the -SB bonds, cyclic diboryl
substituents as il can be usedll is indeed found to have a
classic allenic-type structure with a=S8i bond length of 2.173 A
and perpendicular siladiboryl ringkl is a system which potentially
can be synthesized. It is interesting that in contrast%ol2 and
13 have strongly bent structures with of 137.5 and 145.8,
respectively. This is primarily due to reduced 2p{B)S=Si) con-
jugation as a result of competing 2p\gp(B) or 2p(0O)-2p(B)
conjugation.
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The optimized structure of #e=Ge=GeH; is bent, witho. =
70.9 andr(Ge=Ge) of 2.367 A. However, (pB),Ge=Ge=Ge-
(BH,), and the Ge analogue dfl have an allenic-type linear
structure and a shorter &&e bond of 2.268 A and 2.231 A,
respectively.

In summary, linear trisilaallenes and trigermaallenes do exist
when o-donor, z-acceptor BB substituents are used. Very bulky
silyl substituents may also induce a linear allenic-type structure
due to the small linearization barriers in these trisilaallenes. These
theoretical predictions, and in particular the prediction ttiahas
an allenic-type structure, are awaiting experimental testing.
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to each other. (c) The Sand Sf centers are not planar, i.€]BSi'B2Si2

and [B3SiPB*Si2 are —163.7 and 166.3, respectively.
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