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Silylenes, Silylenium Ions, and Multiply Bonded Silicon Compounds
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The field of organosilicon reactive intermediates is an intensely studied area with wide ranging connections to electronics,
commercial processes, and organic synthesis. Many organosilicon intermediates have formal analogs in organic chemistry: silylenes
vs carbenes, silyl radicals vs carbon radicals, silylenium ions vs carbenium ions, and silyl anions vs carbanions. However, one large
class of compounds which are considered reactive intermediates in silicon chemistry, but not generally in organic chemistry, are
multiply bonded compounds containing silicon.! This article highlights some of the major themes and exciting new developments
in the area of silylenes, silylenium ions, and multiply bonded silicon compounds.

Organosilylenes

Organosilylenes, R,Si:, are divalent organosilicon intermediates implicated in a wide variety of organosilicon thermal and
photochemical reactions.2 Compared to carbenes, silylenes are relatively more important as reactive intermediates, a consequence of
the “inert” pair effect which is seen more prominently for heavier main group elements.

Organosilylenes can be generated thermally through at-elimination reactions of alkoxy- or halosilanes at moderate
temperatures.

MeOSiMe,SiMe,OMe

Me,Si(OMe), + Me,Si:

Silylenes can also be produced through thermal decomposition of 7-silanorbornadienes? and silacyclopropanes.

Me_ Me Ph
S’ Ph
Si
oh kP . OO +  MesSi
Ph
ph° Ph Ph

Nea?
Si >-——-< + Me,Si:

Photolysis of polysilanes often yield silylenes in excellent yields. Popular photochemical sources include 2-aryltrisilanes and
cyclic polysilanes.s

Ph,Si(SiMe,),

(MCZSi)G + hV

(Me,Si)s + Me,Si:

Organosilylenes undergo insertion and addition reactions similar to singlet carbenes. Silylenes are known to insert into
Si-H, Si-O, O-H, and N-H bonds amongst others. Insertion of silylenes into C-H and C-C bonds are relatively rare. A diagnostic
reaction for organosilylenes is insertion into the Si-H bond of triethylsilane.

Me,Si: + Et,SiH ~ Et,SiSiMe,H
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Addition of silylenes to organic  bonds occur stereospecifically to give cis products.6

O + Me,Si: - - (>3iMe2

In the absence of reactive substrates, silylenes typically dimerize to form disilenes as intermediates in route to oligomeric or
polymeric polysilanes. If substituents are large enough on silicon, kinetically stable disilenes may be isolated.”3

2 Mes,Si(SiMe;), 2 Me;SiSiMe; +  Mes,Si=SiMes,

In some cases, silylenes undergo intramolecular rearrangements, often yielding unusual intermediates.”

Me\ /Me
Sis Si

- I

Organosilylenes have been subjected to a number of physical studies in cold inert matrices and in the gas phase. They are
singlets in the ground state and possess a characteristic np electronic transition in the visible region of the spectrum. However, the
first example of a triplet ground state for a silylene has been reported for (i-Pr3Si),Si:.' The triplet state is favored by a wide Si-Si-Si
angle and by the electron donating properties of the silyl substituents.!! A

Several types of “stable” silylenes have been reported. One example is siliconocene!? and another is a cyclic diamidosilylene.
Only the latter qualifies as a divalent dicoordinate silylene. Remarkably, it survives 4 months at 150°C without decomposition. It is
believed that this cydic silylene has considerable aromatic character.!?

07 .
\
Si [ /Si:

i
.

Silylenium Ions
Silylenium ions (R;Si*) are thermodynamically more stable than analogous carbenium ions (R;C*) in the gas phase.!%!®

R,SiH + R,C* R,Si* + R,CH

The highly electrophilic nature of the silylenium ions, however, makes their free existence in condensed phases extremely
difficult. Superacid media employed for the generation for free carbenium ions fails for silylenium ions.'¢

The use of nonbasic solvents and a new generation of non-coordinating counterions promises to be a successful strategy for
the production of free silylenium jons. Typically, the trityl cation is used as a hydride abstractor to generate the silylenium ion.

Et,SiH + Ph,C* X

E,Si* X + Ph,CH X = (CgFs), B

R,SiH + Ph,C* X

Si* X~ + Ph,CH X = Br, - CB,,H,
3
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To date, crystal structures of these silylenium ions still show weak interactions berween the highly electrophilic silylenium
ion and either the counterion or the solvent itself. In the case of Et;Si* B(C,Fs),, the triethylsilylenium ion coordinates in a 11
fashion with a toluene molecule in the solid state.!” Solid state structures of silylenium ions with hexabromocarborane counterions,
likewise show weak interactions between the bromine of the counterion and the silicon center.!8!?

The closest example of a “free” silylenium ion is that of the sterically congested Mes,Si* which is generated in the elegant
sequence shown below.”® Although no solid state structure is reported at this time, the non-associated nature of the silylenium ion is
reflected by an extraordinary downfield chemical shift value of 225.5 ppm which is insensitive to the nature of the aromatic solvent.

Mesasi/\/ +  E4SICH,CPh+ X —_— MesaSi/}}C’l\cpthstiEts

MesSit X~ + %

CPh,CH,SIEt,
X = B(CeFy),

Silenes

Silenes possess a polar Si=C bond with a significant T bond strength.2! The Si=C bond is generated by a variety of thermal
and photochemical reactions. Retro- Diels Alder’? and retroene?? reactions are two possible thermal routes.

ez Fi
FC > + Me,Si=CH,
FC
F.C

br\\ ES . -

Elimination of metal halides across the silicon-carbon bond provides another route to these species.?*
Li

tBulLi tBu\A - LiCl tBu
7 siMe,Cl SiMe,C! Nsive,

Phorolysis of acylpolysilanes provided the first synthetic route to kinetically stable silenes.?®

'l hw osiMe,
MeSiysi A1 ———=  (Mes)Si=< _

Silylene and carbene rearrangements may also give silenes as products.??’
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. Me Me
Me3S|\’C: >SI— <
H Me H
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tBu te hv I Si
Yo ———
tBu tBu

tBu

Recently, a stable silene has been produced by the silicon analog of a Peterson reaction?®

o tBuMeSiSi(SiMe,),
tBuMeSiSi(SiMe,),Li  + g . OLi
- LiOSiMe,
ISiMeztBu

;

The Si=C bond typically undergoes regiospecific addition reactions with polar substrates, the regiochemistry governed by
the normal polarity of the Si-C bond. Cycloaddition reactions, including Diels-Alder, occur with many organic Tt systems.

R
O\_ 0 MeO,  siMe,
Si Si

4 a

Q MeOSiM},
\—(
/

R—== 7 \>—<
R R —

I Si

A A

A head to tail dimerization of silenes to give 1,3 disilacyclobutanes typically occurs in the absence of bimolecular reactions.
However, severely electronically perturbed silenes may undergo head to head dimerizations to give 1,2 disilacyclobutanes.
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h{le
Me 2x Me-~a!
\
Si=CH, —— S'Cl
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Me,Si\ OSiMe, 2x Messi\Si OSiMe,
Si— —_— I
Mesi  Me Me,Si—Si—~Me

Me,Si OSiMe,

Kinetically stable silenes are often produced when the Si=C bond is sterically shielded. A remarkable example is the
2-silanapthalene molecule. NMR and X-ray structural data support a high degree of aromatic character in the silicon
containing ring.”

Tht (SiMe,),HC CH(SiMe;),
Ng;”
| 7 Tot =

CH(SiMe,),

Disilenes

Disilenes are molecules which possess a Si=Si double bond.>* As mentioned previously, they may arise from the
dimerization of silylenes. They may also be generated by the photolysis of cyclotrisilanes,?! retro-Diels Alder reactions,?233
and reduction of dihalosilanes.>

oXyl\ /oXyI
Si hv .
2 oXyl<_ /.\s,,oXyI - 3 (oXyl),Si=Si(oXyl),
i—Si
\
oXyl oXyl
Me
~a:/
Me-g;/ on hy Ph Me
Mo -~  PhPh + =g
Me Me
Ph
LiNp .
2 RSICl, - R,Si=SiR,
R, = Mes, Tht

Disilenes are unstable to oligomerization and polymerization reactions. Large substituents on silicon can lend kinetic
stability towards bimolecular processes. For example, Mes, Si=SiMes, is stable to 176°C before it decomposes via an intramolecular
35
process.
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Mes,Si=—SiMes, > b
Meszsi Si
H Mes

In extreme cases, bulky substitution may weaken the Si=Si bond, promoting the formation of silylenes under mild
conditions.*®

RZSi=SiR2 2 sti:

Stable disilenes show a prominent - 7* transition in the range of 400-475 nm, giving these compounds a light yellow to
orange appearance. Many disilenes are thermochromic. The Si-Si 7t bond strength has been experimentally estimated to be 28.8
keal/mol based on the cis-trans isomerization of a stable disilene.”’

The Si=Si bond in disilenes undergoes a variety of addition reactions with inorganic and organic substrates.>®

o Y iy
Mes,Si—SiMes, Mes,Si—SiMes,

N

Mes,Si—SiMes,

Ph——EV wcm
Ph H M

e,C—0
Mes,Si—SiMes,
Mes,Si—SiMes,

In some cases, reaction chemistry gives very unusual and exotic products. For instance, the reaction of disilenes with
dioxygen ultimately gives cyclodisiloxanes through the intermediacy of either 1,2 disiladioxetanes or disilaoxiranes.>4°

0—-0
L
02 stl—'SIR2 \ RZSI—O
R,Si=SiR, <')—§iR2
0

AN

Strained three member rings are obtained with a number of substrates.!42:43
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RSI=SR, + CHN, — R28iL\SiR2
N _oXyl

|

i=Si IN=C: —_— A
R,Si=SiR, -+ oXyIN=C: R,S-SR,

i S\
RSi=SiR, + Se - R28i/—SiR2

Disilenes can undergo reactions without analogy with olefin chemistry. For example, a tetraaryldisilene was found to
undergo rearrangement via interchange of aryl groups across the Si=Si bond, presumably through a dyotropic mechanism.*¢

Mes,Si=Si(o-Xyl), = Mes(o-Xyl)Si=SiMes(o-Xyl)

Other Multiply Bonded Silicon Compounds

Although not as well studied as silenes and disilenes, there exists a variety of other novel multiply bonded silicon species
including silanones (R,Si=0),% silathiones (RySi=S)*, silaimines (RySi=NR),* and silagermenes (R28i=GeR2)48. Examples of

their generation are shown below.

Me Me

'si

< 7 _— N + Me28i=0
10

RSi 4 S ———= RSi=S

N
THF s/
[ :Si: + PhCN, ~ || §i=N\
N\ N\ CPh,
tBu tBu
SiMes, hv .
- Mes, Ge: + Mes,Si=GeMes,

Mes,Ge—GeMes,
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Me'ss|_i " — 2 OO +  MeSi=SiMe
e Ph

Triply bonded silicon compounds have remained to a great extent elusive. The parent disilyne, H,Si,, does not have the
classic structure of acetylene but instead adopts a structure in which the hydrogens bridge between the silicon atoms.*
Diorganodisilynes, however, are predicted to have a Si = Si with a non-linear trans bent geometry.>® One of the few directed
attempts at a disilyne species is shown below.>! However, the trapping experiments with anthracene are not unambiguous. The
existence of a free diorganodisilyne is yet to be shown with certainty and remains a much sought after synthetic target.
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