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A variety of skeletal transformations of organ0 (mostly methyl) polysilanes 
are reviewed, with emphasis on recent results from the author’s laboratory. 
They include: (a) aluminum chloridecatalyzed rearrangements, (b) silyllithium- 
catalyzed redistribution reactions, and (c) degradation with loss of divalent 
silicon species under photolysis, thermolysis, and catalysis by Group VIII metal 
complexes. .T 

Grganopolysilanes have been known fcg over huncjr~~ yegrs. However, -it 
is only within the last two decades that numerous organic derivatives of poly- 
silanes of linear, branched-chain, monocyclic, bicyclic and cage types have been 
synthesized and their chemical and spec.tral proPerties examined [l-S]. This 
review is not comprehensive, but deals with selected aspects of this field of 
chemistry, with particular emphasis on recent results from my own laboratory. 

Although there is the closest congeneric relationship between silicon and 
carbon, the siliconsilicon bond is much more .polarizable and hence reactive 
than the carbon--carbon bond. Therefore, in contrast to hydrocarbons and their 
derivatives, polysilanes and their inorganic [7-S] and organic derivatives undergo 
a variety of skeletal transformations under considerably mild~conditions1 A- 
mong others, the topics of alumin um chloride-catalyzed skeletal rearrangements, 
silyllithium-catalyzed redistribution reactions of the silicon-silicon &mew&k, 
and degradfition reactions wltb loss of &valent silicon. (silylene) ‘Species under 
photolysis, .thermolysis or.cataly&s by Group “II metal complez~ have recent- 
ly-received special attention. . . _ ._ . . 

I, Alumin~~chlo~d&catalyzed skeletal reairangement -t. : _: . . 

-In 1968, during the course of systematic studies 6n aluminum chloride-~ 
catalyzed chlorodemethylation reactions of permethylat&_l polysilanes-[lb] we, 
discovered that dodecamethylcyclohexasilane (XIII).undergoes ring coi&&tidn 
very easily to give an Si-si&Isubstititcd cycl~pentas&me in good ‘yield [ll]; It 
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was soon realized that this novel type of skeletal rearrangement is a general reac- 
tion not only for cyclic but also for acyclic metbylpolysilanes, and provides a 
convenient synthetic route to certain organopolysilanes otherwise not readily 
accessible. For reasons of clarity, the rearrangement of acyclic metbyipolysilanes 
will be described first. 

Acyclic methylpolysilanes 
Permethylated linear polysilanes of formula I are converted into the corre- 

sponding branched-chain isomers II-Vi when treated with a catalytic amount of 
aluminum chloride in boiling benzene for 1 h. In most cases, the yields of the 
rearrangement products are practically quantitative [12,13]. 

n = * 

(II) 

R = 6 

~ 

(Me&i)&iMe 

(Me3S&,Si 
Me(Mez Si),Me- (111) 

(I) n=6 (Me&i)$i - &Me2 - SiMes 
(IV) 

n= ’ (Me$i)$i - SiMe, - SiMez - SiMeJ + 
(V) 

(Me3Si)3Si - SiMe(SiMe& 
(VU 

The rearrangement of I (n = 6) can be assumed to proceed via the interme- 
diacy of a branched-chain isomer IVa, since even though this compound is, not 
detectable, it is when prepared independently, readily transformed into IV 
under the usual rearrangement conditions (eqn. 1). 

Me$i Si Me, 
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Me-Si- 
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/ 
benzene, ref lux 

MeSSi SiMe, 

UPa) 

These results indicate clearly that the reaction, in general, tends to proceed 
towards formation of the most highly-branched chain, probably the most thermo- 
dynamically stable, isomers. However, from I (n = 7), an equilibrium mixture is 
formed containing the intermediate rearrangement product V and the final prod- 
uct in a 2/1 ratio. Structure V may be favored over structure VI for steric reasons. 

With a view to providing insight into the mechanism of the rearrangement, 
the behavior of some chloro derivatives of polysilanes toward aluminum chloride 
catalyst has been exaxnjned [13]. 

P P 
MesSi - SiMe - SiMez - SiMej MepSi - SiMe2 - SiMez - SiMe~ 

wu (VIII) 
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In cyclohexane at room temperature, under which conditions no permethyl- 
ated polysilanes interact appreciably with this catalyst, 2chlorononamethyl- 
tetrasilane (VII) undergoes compiete rearrangement in 4.5 h to IX in 90% yield 
and to very small amounts of II and X. 

Ax13 SiMe3 Fe3 
VII - ClMe$i - SiMe - SiMe3 f II + CIMezSi - SiMe - SiMe&l 

cyclohexene. 
(2) 

zoomtemp. 
(IX) (=I 

In contrast, the l-chloro isomer VIII forms practically no rearrangement 
products in cyclohexane at room temperature even after 24 h. At reflux tempe- 
rature however, it is completely converted into IX (60% yield), II and X in 2h 
(eqn. 2). 

The reaction witb aluminum chloride of a simpler system, 2chlorohepta- 
methyltrisilane, in which there is no possibility of the skeletal rearrangement 
should be noted. It undergoes a complete transformation to octamethyltrisilane 
(15%), l-cbloroheptamethyltisilane (64%) and 1,2-dicblorohexamethyltrisilane 
(21%) in refluxing cyclohexane. 

From these findings it can be concluded that the skeletal rearrangement of 
the permethylated acyclic polysilanes I involves the following steps. Initially, a 
compound having a silicon-chlorine bond at an internal position of the mole- 
cular skeleton (XI) is formed as a result of the reaction on the starting substance 
I of aluminum chloride, either alone or in association with hydrogen chloride 
possibly contained in traces in the catalyst. This intermediate XI then undergoes 
intramolecular rearrangement to a more highly branched-chain isomer XII. Final- 
ly chlorine/methyl interchange occurs between this rearranged intermediate XII 
and the starting permethylated compound I to give the observed final product, 
with regeneration of the intermediate XI. 

Cyclic methylpolysilanes 
Treatment of dodecamethylcyclohexasilane (XIII) with aluminum chloride 

as catalyst in benzene at room temperature or in refluxing cyclohexane produces 
(trimethylsilyl)nonamethylcyclopentasilane (XIV) in almost quantitative yield 
[ll]. If the reaction is carried out in the presence of a large excess of trimethyl- 
chlorosilane, (chlorodimethylsilyl)nonamethylcyclopentasilane (XVI) is obtain- 
ed in ca. 60% yield along with XIV and other by-products. Evidence for the 
structure of these ring-contraction products comes from chemical transforma- 
tions (see Fig. 1) as well as spectroscopic studies 1143. 

Thus, treatment of XVI with phenylmagnesium chloride in tetrahydrofuran. 
(THF) gives (phenyldimethylsilyl)nonamethylcyclopentasilane (XVII) in excel- 
lent yield, and this in turn can be converted into ethoxynonamethylcyclopenta- 
silane (XVIII) (65% yield) by treatment with 0.1 N sodium ethoxide in ethanol 
at room temperature. The ethoxycyclopentasilane XVIII is transformed into the 
known decamethylcyclo~entasilane (XIX) by treatment with methyllithium, 
and into cblorononamethylcyclopentasilane (XX) (94% yield) on refluxing with- 
an excess of acetyl chloride (A&l). 

Cblorodemethylation without ring contraction of XIII can be effected by 
passing dry hydrogen chloride at room temperature through its solution in : 
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l?ig. 1.Rhgcontzaction ofdodecamethylcyclohexasilane<XIII)andsubserluent reactions.R=MeL 

cyclohexane containing a catalytic amount of aluminum chloride. Chlorounde- 
camethylcyclohexasilane (XV) is thus produced in 66% yield and can be identi- 
fied by its reconversion into the permethylated cyclohexasilane XIII by treatment 
with the methyl Grignard reagent. The chloro compound XV undergoes almost 
complete rearrangement to XVI with ahmrinum chloride catalyst in cyclohexane 
at room temperature, under which conditions XIII itself remains substantially 
unchanged. 

These results suggest that the mechanism for the ring contraction of XIII 
must be closely analogous to that described for the skeletal rearran gement of 
the acyclic compounds, and involve the initial formation of XV, followed by 
its rearrangement to XVI and finally Si-Cl/Si-Me interchange between XVI 
and XIII. Here again, we find that the reaction tends to proceed towards the 
formation of an isomer containing a most highly branched silicon atom. 

In agreement with this view, the ring contraction of (trimethylsilyl)undeca- 
methylcyclohexasiIane (XXI) proceeds with f&nation of l,l-bis(trimethylsilyl)- 
octamethylcyclopentasilane (XXII) as a sole final product 1151. Monitoring the 
progress of this reaction by GLC, and also an experiment starting with preform- 
ed (pentamethyldisilanyl)nonamethylcyclopentasilane (XXIII), demonstrate 
that XXII is formed via XXIII (eqn. 3)_ 
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XIX and XIII might be interconvertible under these conditions, and it has been 
confirmed that this is indeed the case (eqn. 6). 

6(MezSi)5s 5 (Me,Si), 
WX) (XW 

Similarly, all the members of the homol,ogous series of cr,&cliphenylpoly- 
methyIpolysilanes of formula XXIX undergo redistribution with phenyldime- 
thylsilyllithinm as catalyst in THF at room temperature (eqn. 7), except for 
.1,2-diphenyltetramethyldis?lane (XXIX, n = 0) [19]. The reaction mixture re- 
mains homogeneous throughout the reaction. Irrespective of which homolog of 
XXIX is employed as starting material, after ca. 10 h an equilibrium is always 
established among all the lower homologs of XXIX and dodecamethylcyclohexa- 
siiane (XIII). 

PhMe2SiLi 
PhMe2Si(Me2Si),SiMeZPh - 

THF 
(Me#i& + 21 PhMe2Si(Me2Si),SiMe2Ph (7) 

(XX=) (n = l-3) NW x = o-3 

The attainment of equilibrium in each case has been confirmed by perform- 
ing the reaction between the cyclohexasikme (XIII) and I,2-diphenyltetramethyl- 
disilaue (XXIX, n = 0) in the molar ratio of l/6,1/3, and l/2 in the presence of 
the silyllithium (eqn. 8), which gives essentially the same equilibrium mixtures as 
those formed by the redistribution of the polysilanes XXIX with n = 1, n = 2, 
n = 3, respectively. 

(Me2Si), + m PhMe2SiSiMe2Ph F Z PhMe2Si(Me2Si),SiMe2Ph 

(XIII) . m = 6,3,2 x = o-3 

(8) 

It is noteworthy that this type of redistribution reaction formqy bears a 
close resemblance to the well-known acid- and base-catalyzed “equilibration” of 
polydimethylsiloxanes, and represeats a special case of the ring-chain equilibria 
frequently encountered in “inorganic polymers” [20,21]. 
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In the light of the reaction pathway proposed by Gihnan and Tomasi [2%] 
for the formation of dodecamethylcyclohexasilane (XIII) in lithium coupling 
of MezSiClz in the presence of Ph&Li as catalyst in THF, a mechanism can be 
suggested for the Ph&Li-catalyzed redistribution of XXVIII. This involves a re- 
latively fast initial formation of a dynamic equilibrium mixture among several 
lower members of the homologous series of XXVIII as a result of a sequence 
of Si-Si/Si-Li redistributions (eqn. 9). The polysilanyllithium compounds 
Li(SiMe&SiPh3 having y = 5 or 6 are then capable of undergoing cyclization 
(eqn. 10). The insolubility of hexaphenyldisilane, which precipitates completely 
as it forms during reaction, serves to make the overall reaction (eqn. 5) proceed 
irreversibly_ 

III. Phofolysis 

One of the most striking findings on the physical properties of organopolysi- 
lanes is the fact that many of them exhibit intense absorptions in the ultraviolet 
region. Many papers and reviews on this subject have been published in the past 
decade [ 4,5,23]. 

In 1969, we were prompted by this remarkable property of the slllcon- 
silicon bond to initiate a series of studies of the photolysis of various types of 
silicon-silicon compounds including cyclic [24] and acyclic [25] polysilanes 
and cyclic s&hydrocarbons containing silicon-silicon linkages in the ring [ 261. 

Cyclic methylpolysilanes 
Dodecamethylcyclohexasilane (XIII) has been found to undergo photolysis 

readily when its solution in cyclohexane is irradiated internally with ultraviolet 
light (2537 A) at room temperature for 20-40 h, giving rise to two of the lower 
permethylated cyclopolysilanes, decamethylcyclopentasilane (XIX) and octame- 
thylcyclotetrasilane (XXX), ahmg with a polymer 1241 (eqn. 11). 

(MezSi)B 5 (Me,Si), + (MezSi)4-+ polymer (11) 

(XIII) (XIX) (XXX) 

The photolysis proceeds with generation of dimethylsilylene species (XXXI). 
This fact is-established by trapping experiments. Thus the irradiation of XIII in 
the presence of diethylmethylsilane gives compounds XXXIIa and XXXIIb in the 
ratio of ca. 2.5/l in high yield, along with a small amount of XIX (eqn. 12). 
In this case polymeric material is produced only in traces. 

Et2MeSiH 
XIII % n(Me,Si:) - EhMeSi(SiMe2),H (12) 

(==u (XXXIIa) n = 1 
(XXXIIb)n=2 

The photolysis of XIII for a prolonged period of time gives a significant 
amount of 1,4-diiydrooctamethyltetrasilane (XXXIII) and a small amount of 
1,3dihydrohexamethyltrisiIane in addition to the products listed above. The 
formation of XXXIII can be ascribed to homolytic cleavage of the silicon-sili- 
con linkage in the cyclotetrasilane XXX to give a diradical, which in turn ab- 





duces (trimethylsilyl)methylsilylene species, which can also be effectively trap- 
ped by diethylmethylsilane [33]. 

In certain cases, the photolysis can successfully be used as a method for 
structure determination of organopolysilanes. For example, since no useful in- 
formation could be obtained from their NMR spectra, identification of the two 
previously described isomers XXVI and XXVII was best acomplished as follows 
[16]: Photolysis of one isomer with m.p. 151” in diethylmethylsilane solution 
gave, after 20 h (99% conversion), EhMeSiSiMeaH (XXXa) alone, while similar 
photolysis of the other isomer with m-p. 136” gave, after 54 h (99% conversion), 
both XXXa and E&MeSi - SiMeH - SiMeB in a 4/l ratio, in reasonable yields. 
Based on these results, the former isomer is identified as XXVI, and the latter 
as XXVII. 

IV. Thermolysis 

Certain types of silicon-functional organodisilanes and.-polysilanes under- 
go thermal redistribution as exemplified by eqns. 14 and 15. 

Me,SiSiMe,Y + Z Me(Me*Si),Y (14) 

YMeaSiSiMezY + Z Y(Me#i),Y (15) 

where Y stands for, e.g., OMe [34-373, CN [38], and H [39], and x = 1,2,3,. . . . 
For these reactions two different mechanisms are possible: one involves an 

a-elimination to produce silylene species followed by successive insertion of the 
silylene into the Si-Y bonds, the other comprises a four-centered transition 
state without intervention of the silylene. 

Weyenberg, Atwell and their cow&kers have extensively studied the syn- 
thetic, kinetic, and mechanistic aspects of thermolysis of methoxy derivatives 
of di- and tri-silane [3437]. They succeeded in trapping the silylene species 
with a variety of unsaturated hydrocarbons such as disubstituted acetylenes: 
butadiene and 2,3dimethvlbutadiene, obtaining XXXVIII, XXXIX and XL, res- 
pectively, and concluded 
mediacy of the silylenes. 

that the thermal redistribution proceeds via inter- 

Me Me 

In the presence of lithium methoxide as catalyst, redistribution of 1,2-di- 
methoxytetramethyldisilane occurs at 100” within 10 h. For this base-catalyzed 
reaction, a mechanism involving nucleophilic assistance in a four-centered transi- 
tion state has been proposed [34]. 
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V_ Catalysis by transition metal complexes 

In 1965 Urenovitch and West attempted to effect the addition of pentame- 
thyldisilane to 1-octene using Speier’s catalyst (chloroplatinic acid in isopropyl 
Alcohol), but the reaction led only to decomposition of the disilaue into trime- 
thylsilane and isopropoxysilicon compounds 140 J. Their failure prompted us to 
investigate the behavior of some organopolysilanes towards Group VIII metal 
complexes [41-461. 

It has been found that polysilicon hydrides such as pentamethyl- and sym- 

tetramethyldisilane undergo redistribution reactions very easily when heated 
in a sealed glass tube at 90” with a catalytic amount of a complex of nickel, 
palladium or platinum having phospfiine ligands, giving a mixture of several 
lower members of the corresponding homologous series (see eqns. 14 and 15, 
Y = H) [42,433. These redistribution reactions are, from the evidence of trapping 
experiments described below, believed to proceed via an a-elimination to gene- 
rate silylene species (probably complexed with the metal “silylenoid”), follow- 
ed by successive insertion into the Si-H bonds. 

Thus, heating a mixture of pentamethylclisilane and diphenylacetylene in 
cyclohexane in the presence of trans-[PtC&(PEt&] as catalyst at 90” for 24 h 
gives XXXVIII (RI = R2 = Ph) in 5.3% yield [44]. Moreover, very interestingly, 
an analogous reaction of sym-tetramethyldisilane with a disubstituted acetylene 
in the presence of NiC12(PEQ2 as catalyst gives a l,l-dimethyl-2,3,4,5_tetraor- 
gano-l-silacyclopentadiene (XLI) in good yields (R1 = R2 = Ph, 56%; R’ = R2 = 
Et, 95%; R’ = M e, R2 = Ph, 44%; R1 = SiMe3, R2 = Ph, 30%) 1433. In both cases, 
none of higher homologs of methylsilanes arising from the redistribution are 
formed. 

HMe,SiSiMe,H + 2 R’C=CR* L H,SiMe, + (16) 

Si 
Me2 

(XL11 

More recently it has been shown [45] that a variety of organosilicon com- 
pounds otherwise accessible only with difficulty can be synthesized very conve- 
niently by treating disilicon hydrides with unsaturated compounds or other 
systems in the presence of an appropriate transition metal complex as catalyst. 
Examples are shown in eqns. 17 and 18. 

HMe*SiSiMqH t PhCsCH 
PdCl2(PEt& 

benzene, ref lux ,2h 

Me2 

(17) 

(45% yield) (XLII) /25% yield) 



MeOOC COOMe 

\ / 
ilMe2SiSirMe2H t MeOOCC=CCOOMe 

PdCI2(PEt& 
c-c 

benzene,reflux,2h 

/ \S-we H liMe2Si ’ * 2 

(XLIII) (43%yield) 

(18) 

Evidence has been obtained that both the double silylation products XLII 
and XLIII come from initial addition of the dimethylsilylene species across the 
triple bond to produce the respective silacyclopropene intermediates, followed 
by ring opening involving attack of dimethylsilane, Me&II,, which is formed as 
a result of or-elimination Tom the starting disilane. 
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