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Regiochemistry of Polysilanes Prepared by
Ring Opening Polymerization PreMPaation of MC6Ph2Si4 from a mixtue of isomers of MePhgSi4,gives rise to a mixture of both geometrical and stercoisomen possessing

EaQjgLju and Krzyszto(Matyjaszewski* either a 1,3 or 1.2 arrangement of the Me2Si units. The possible isomers are
Departmenof Chemisty, Carnegie Mellon University shown in Figure 3 along with the 13C spectrum. The 13 C NMR spectrum4400 Fifth Avenu, Pittsburgh, PA 15213 displays six peaks in the methyl region which result from the various methyl

groups present in the isomers. Because there are only six major peaks
present the reaction appears to proceed preferentially by either the 1,2 or 1.3

Introduction. arrangement of the triflate groups. The intuitive conclusion would be the
Polysilanes (polysilylenes) arm an interesting class of polymers stencally least hindered 1.3 arrangement, but differentiatng between the two

consisting of a linear backbone of silicon atoms with aryl or alkyl js very difficult.
substituents. 1.2 The interest in these materials stems from there unusual
properties such as sigma-catenation and thermochromism. They have L.... k 9 )-i .m-potential applications as photoresists. electro-optical devices, non-linear - I
optical materials, and also as precursors to silicon carbide.-12 Polysilanes [ 3b 3W
have been prepared by several methods including: I) the reductive coupling
of dichlorosilanesl.12.3 2) dehydrogenauive coupling of hydridosilanes.4i 3)
anionic polymerization of masked diselines,5 and 4) ring opening +3b, , 3d
polymerization of cyclotetrasilanes. 6 ,7 Only the last two routes provide
access to polysilanes with controlled micrOsiactus and regiochemis-y.C

Results and Discussion.L.
Recent reports have described the synthesis of stereoregular +3a, 3b, 3N, 3c

poly(methylphenylsilylene).7 It is also of interest to study the effects of 3d
regiochemist-y on poiymv properties such as the absorbance and emission
spectra. In ring opening polymerization of cycloteaslanes. the regio- and
stereochemistry of the resultant polymer can be built into the system by
synthesizing monomers with known configurations of substituents. A series
of cycloetrasilanes with varying numbers of methyl and phenyl substiwents,
MenPh8-nSi4, have been prea•ed and polymerized utilizing silyl cuprates as
initiators.

Monomer Characterization.
The synthesis of Me3Ph5Si4 results in the formation of several

isomers which are shown in Figure 1. The isomer possessing an all-trans
configuration of the methyl groups is Predicted to be the sterically least
hindered and therefore present in the highest perenrage. If the mixtuMe of . -isomers is allowed to stad in cold hexane for several days, the predominant
isomer crystallizes out and the IH NMR spectrum displays two peaks in the
methyl region in a 2:1 ratio indicating the all-trans stuacture. The 29

Si and13 C NMR spectra show similar patterns. The all-cis structure (also 2:1 -1 -. -3. ; -5. -• -7. 3 -9. 3
pattern) is sterically more hindered and less probable to form. ppr

Figure 3. Possible isomers resulting from the synthesis of 3 starting from a
mixture of isomers of MCSPh4SiS. t3C NITMR spectrum of die products.

Ring Opening Polymerization.

1a lb MeSPh3Si4 In the ring opening polymerization of the all-trars
isomer of MctPhWSi4 , there are two peaks present in the 29Si NMR spectrum

Figure I. Possible isomers from the synthesis of I (phenyl groups are not at -38.5 and -41.0 ppm in the ratio 3:1 corresponding to syndiotactic and
shown). heterotactic polymer, respectively. The heterotactic triads result from

Preparation of Me5Ph3Si4 starting from only one isomer of random junctions between monomer units.Ph repa-tration of in sthefrmtiong fro only one stereorsoMThe 29Si NMR spectrum of the polymer obtained from ring openingM le4P h4S i4 (all- tr IU11) M 31sult in the form ation of only o ne ste reoisom er po lyme rization o f 2 is pre se nted in Fig ure 4. 'Me peak at -4 1.0 ppm ,

which is shown in Figure 2. The reaction mixture also contains 5%
.Me4Ph4Si4 and 5% Me6Ph2Si4 which is due to limited chemoselectivity of corresponding to heterotactic polymer, accounts for only - 10% of the
triflation.9 The 2 9 Si NMR spectrum is shown in Figure 2. The expected PhMeSi units.
pattern of peaks, 1:2:1. indicates the selective formation of only one isomer. This indicates that ring opening of this monomer is not a random

process with regards to regiochemistry. Thus, preferential ring opening of
this monomer should occur via the pathway shown in Scheme 11. Attack of

2.2& the initiator and growing chain is expected to occur at the sterically least
hindered Me2Si unit and give rise to the mor• stable PhMeSi anion. L

2* SchemelI

S2a '4PhMeSi"(rMe-2Si)-l.

PhMeSi"

.zj w .2&. .z-.coo.;

Figure 2. Single stervoisomerresulting from the synthesis of 2. -Si DEFT ,.. " , Or
NMR spectrum of the product. DistSp al
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Me3PhgSi 4  The 29Si NMR spectrum of the polymer prepared by
polymerization of 1 is shown in Figure 6. In this DEPT acquired spectrum
the most visible peaks are from the PhMeSi units. The absence of the
heterotactic peak at -41.0 ppm indicates better control. Th~e sharp, dewrifield
signal may be assigned to the central PhMeSi unit in the syndioactic
truads(rr) which are separated by Ph2Si units. Because these trads can be
coupled in equal probabilities. m' and r' (Scheme 11), the signals of the
PhMeSi units adjacent to Ph2Si units can absorb at slightly different

chmical shifts.

r Ir m' rrLj[ No e iFr'r7H
Polymer Properties.

Table I gives the relevant molecular weight data and also the

absorptio inim theh bveplmr.Th m fdi aeil

Figure 4. 29Si DEPT NMR spetmsm of the polymer obtained from ring degree of crystallinity.
opening polymerization of Me5Ph3SM4. Table 1. Absorbance data for Polymers 1- 3.

Polymer 3G ,XgtKlnkax
2 10.500 2.0 332
3 12.000 1.6 328
1 19.000 2.0 343

Conclusions.
A series of cyclotetrasilanes with varying numbers of methyl and

phenyl subsdctisues have been prepared and polymerized using silyl Ctcup$ts
The polymerizations Of Me3Pb5Si4, Me5Ph3Si4 . and Me6Ph2Si4 appear to
occur with some regioselectively. The polymers have been analyzed using
1H, 13C. and 29Si NMR spectroscopy. along with UV spectroscopy.
Further work to determine the stereochemistry and a more detailed picture Of
the tegiochesnistry, of the polymers is in progress.

Experimental. All experiments were performed in a VAC HE dry box
,under a nitrogen atmosphere with less than !ppmn of moissuse and oxygen.
Octaphenylcyclotatrasilane was prepared as reported in the literature.8

-35.00 ý-000 1.2,3.4-Teamuethyl-1.2,3.4-tesraphenylcycloteuasilane was prepared by
Plý - previously reported methods. 1,2.3-Triniethylpentaphenyl cycloseuasilanie

Figure 5. 29Si DEPT NMR spectru of the polymer obtained fro rig was prepared by treating octaphenyl cyclotetrasilane with three equivalents of
opening polymerizationof Me6Jh 2Si4. trifluoromethanesulfonic acid followed by methylation with

methylmagnesium bromide. 1.1.2,3,4-Pentamtethyl-2.3,4-triphenylcyclo-
Me6P2Si In he 9Si MR pecrum f se Obalfed etrasilmne, 1.1 .2.2-3,4-hexamethyl-3.4-diphenvlcyclotetrasilane. andMe6h2i4 n he 9S NM sectumof hepolymer obaie 1.12,3.3.4-hexanmethyl-3.4-diphenyl-cyclotratsiiane were prepared by

frmpolymerization of 3 there is no peak present at -4 1.0 ppm. This treating 1.2.3.4-tetramiethyl-1I,2.3.4-tetraphenvl-cyclotetrailane with theconfirms its assignment and indicates some additional control over respective equivalents of triflic acid, follow'ed by methylation. The-
regiochemnistry is possible with this monomer. However, a more detailed monomers were polymetized using the silyl cuprate (PhMe 2Si)2Cu(CN)Li2analysis requires the acquisition of these spectra without using polarization in THF.
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