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Partial and complete chemical modification
of poly-(1,1 -dimethyl-1 -sila-cis-pent-3-ene)
by addition of dichloroketene

Howard Shih Jen Lee and William P. Weber'
K. B. and 0. P. Loker Hydrocarbon Research Institute. Department of Chemistry.
University of Southern California. Los Angeles. CA 90089- 1661. USA
(Received 12 December 1990; accepted 8 March 1991)

Dichioroketene, generated by the ultrasound-promoted dechlormnation of trichloroacet % chloride • th ii,,.
has been added to the carbon-carbon double bonds of poly( t.l-dimeth.1-I-sila-ut.ý-pent-3-enei pol.-
The molecular-weight distribution of the adduct polymer in which all of the carbon -carbon double bond&
have reacted with dichloroketene. poly [ 2.2-dichloro-cis-3.4-bisi methylene lcclobutanone dimethylst 1.lenej.
100% poly i I-C1C -C-O I. has been characterized by gel permeatiul. chromatogiaph\ The micro~tructure
of 100% poly l--ChC-C-0) has been elucidated by iH. "3C and -"Si nuclear magnetic resonance as
well as by infra-red spectroscopy. Similarly, a series of random copolhmers have been prepared in %hizh
only some of the carbon-carbon double bonds of poly-I have reacted with dichloroketene, These hate
been characterized as above. The glass transition temperatures (T.) of these copolymers, as well as that
of 100% poly (I-CI,C•C0O). have been determined by differential scanning calorimetry The Tg values
are found to increase linearly with the percentage of the carbon-carbon double bonds of poly-[ that have
reacted with dichloroketene..

(Keywords: dichloroketene; addition, T, values; copolymers)

INTRODUCTION 3-vinylcyclobutanones) are obtained- 6 . For example.
[2 + 2] cycloaddition reaction of II with one of theDichloroketene (II) is well known to undergo cyclo- C-C double bonds of 5-trimethylsilvlcyclopentadiene

addition reactions with the C-C double bonds of yields 7,7-dichloro-4-exo-trimethylsilylbicyclo[3.2.0]hept-
alkenes2. These [2 + 2] cycloaddition reactions proceed 2-en-6-one' 8 . Despite considerable interest in the
stereospecifically via a concerted [irt + ir•] reaction in reactions of allylic silanes9 , this is the only case of such
which the n-system of the alkene and the C-C double a reaction.
bond of the ketene approach each other via an orthogonal The facile generation of I1 under mild experimental
trajectory=. These reactions yield 2,2-dichloro-34-disub- conditions from inexpensive readily available starting
stituted cvclobutanones in which the geometrical relation- materials recommends this reaction. 1I can be generated
ship of the substituents is identical to that in the starting either by the homogeneous dehydrohalogenation of
alkene. i.e. cis-alkenes yield cis-cyclobutanones and dichloroacc.yl chloride with triethylamine or by the
rrans-alkenes yield trans-cyclobutanones. heterogeneous dechlorination of trichloroacetyl chloride

with active zinc'". The recent observation that
c2c=c=o0 ultrasound promotes this heterogeneous reaction further

- - facilitates the preparation of 2,2-dichlorocyclobutanones I -
C12  2.2-Dichlorocyclobutanones are themselves versatile

synthetic intermediates. For example. they can easily he
Cis -cyclooctene converted to cyclobutanones by the dissolving metal

reduction of the C-Cl bonds"2 . This transformation can
crtc=c=o 0 also be achieved by reaction with tri-n-butyltin hydridet 2

ye P. cbxyi They can likewise be modified under basic conditions toC1z yield i-alkoxycyclopropane carboxylic acids via a
Favorskii-type ring contraction reaction1 -s.

Trrns-cyclooctene Despite the high reactivity of II discussed above. no

tUnlike less reactie ketenes. 11 reacts even at room examples of its reactions with C-C double bonds of
temperature with the C- C double bonds of unactivated unsaturated polymers such as cis-l,4-polybutadiene have

a sl t cycohexene- Even been reported. This is surprising since there isalkenes. such as cyclopentene and c~lhxn' vn considerable interest in the chemical modification ofwkith 1.3-dienes. which might react with II via a [2 + 4] ponsderslete Modificatio n a
pathwax. [2 -- 2] cycloaddition products (2.2-dichloro- polymers ono of futin go ups int a

- polymer is one of the general routes for the synthesis
"To %hom correspondence should be addresed of new polymeric materials. Many such reactions lead
0')32- 361 92 0)8174--011
1 1992 Butterworth- Heinemann Ltd.
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Addition of dif luorocarbene to
poly (1 -methyl-i -phenyl-i -si la-cis- pent- 3-
ene). Thermal stability and characterization
of microstructures by 1H, 13C0 'IF and I'Si
n.m.r. spectroscopy

Howard Shih-Jen Lee and William P. Weber*
K, B. and D. P. Loker Hydrocarbon Research Institute. Department of Cherm;stry
University of .Southern Ca/if ornia, Los Angeles, California 90089- 1661, USA
( Received 15 March 199 1, accepted 24 June 19971)

Excess difluorocarbene. generated by the sodium iodide catalssed decomposition of tn(rtlukrornv~h\% 1~
mercury, adds int a stereospecific oi~ mannet to the carbon carbon double bofldN M'pkI-re
phenvl-l-sila-cis-pent-3-enei (i to yield pol% _3.-ditluorometh% lene- I-meth.% -I -phn~ %I-I -.iIl-, If,-pent-S
ene) (F.C-ti1. Similarly. a series of random copolymers has been prepared inl ik hith )nl.% Wlle Of'h
carbon-carbon double bonds of I hase reacted with ditluorocarhene. The micro~lructure, of tne-.e
difluorocyclopropanated polymers have been determined by 'H. ' C. "F and , Si n rnir 'P~cct'r0N.coP1
The glass transition temperatures of these copoirmers are found to depend on the e'.tri! .f
difluorocyclopropanation. The thermal ;tabiditN of FC-1 has been determined h' iherrn jin-icimt,~
analvsis. The thermal stability of 1. F:C-1. pII3dclrmtreclmt'k hnl ~-'p
3-ene) (CLC-T and ( 1-methvl-3,4-metbslene-l -phenNl-t-.sila-,-i,-pent-3-ene I iH&(-f i re compaired

(Kev~ords: difluorocarbene; copoly~mers; microstructure)

INTRODUCTION readily than that of a carbon chlorine bond's On the

There is considerable interest in the chemical modification other hand. if nucleophilic attack on one of the
of polymersl -A. Such reactions permit the preparation of mtypeyslicnrsta s/ oteal.i

polyers'v~ch annt bepreare bymonmer carbocation is rate limiting, then we might anticipate that
polx merizaon can o aditon partial e chmia modiictone the difluorocarbene adduct polymer would decompose
permits the svinthesis of novel copolymers. Carbene mr ail ic iio-loiebn smc
addition to unsaturated polymers is one method for srne hnaslcnclrn od 3

facile deri'.atization. For example. dichloro- and di-
fl uo roca rbene add stereos pect fica~ll to the carbon -carbon Cc1if C C
double bonds of r'i~s- and irn-.-ovuain5' X H

We have previously added dichlorocarbene to the 4 1 -- s -
carbon-carbon double bonds of I and found the polymer i

Cl,.C-I to undergo facile chain scission at low temperature LC6H5  iC61-5 ceiH5 Lc65 e,ý

195: Ct"'1 This degradation process probably occurs by
a twko-step mechanism, The first involves ionization of
one of the carbon- chlorine bonds with concerted rcc1ci cI
disroitator% opening of the cyclopropane ring to yield C1'H X r x
an allyhli cation. This symmetry-allowed process is--S
accelerated due to stabilization of the allvlic cation b%
the twAo adiacen t met hylphenylsil,. groups. It is well C61-15 C,~ rCH ,~ H

knoin that'silicon ha-, 'a profound' stabilizinia effect on
/Wcarbocation ccntrcý '. Subsequent nucleophilic attack
h% the chloride anion on an adjacent methvlphenvls .ilxl A series of copolymers composed of I-methyl- I-
Centre re'.ultt in scission of the polymer chain (equation phenvl-i-sila-c-is-pent-3-enef il i and 3,4-dtfluorcimethvl-
'i1i1 F&.i- I-pt~e to be more-stable tha .n CI2C .-1 if ene- f-niethvl- l-phenvl-1-sila-coi,-pent-3-ene(ll I )units has
the firt s.tep in thi-, process is rate determining since been prepared by' controlling the extent of the
ionizatiOn oif a carbon - luorine bond will occur less dttl uorocvclopropa nation of the carbon carbon double

bonds of 1. in the hope that these will have predictable
'T(, 'AhiJ corre pý,dnxJan Thould he addrc.'.Cd physical properties between those of I and FC-11.

i~i 519' 2o4299 wj

199' hutier~korih Heinermann Lid POLYMER, 1992, Volume 33, Number 20 4299
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2=2 Reprinted from Macromolecules. 19I92, 25,
Copyright @ 1992 by the American Chemical Society and reprinted by permission of the copyright owner,

Dimerization and Polymerization of
2,3-Benzo-5-siiaspiro[4.4lnona- 2,7-diene

Liming Wang, Young-Boon KO, and William P. Weber*

Donald P. and Katherine B. Laker Hydrocarbon Research Instttute. Department of
Chemistry, University of Southern California, Los Ang~eles, Caiifornta ~9(M9-1661
Received October 21, 1991; Revi~sed Manuscript Received January 24, 1992

ABSTRACT: Treatment of 2,3-benzo-5..silaspuro(4.4]nona-2,7-diene (1) with catalytic amounts of n-butyl-
lithium and hezsmethylphospboramide (HMIPA) in' THF results in dimerization of I to give 2,3: 12,13-dibeazo-
5.1O-disiladispiro(4.4.4.4joctadwe-2,7,12,16-tetraene (11). On the other hand, ring-opening metathesis
polymerization (ROMEP) of I cocatalyzed by tungsten hezachioride and tetraphenyltin gives poly[ (3,4- benzo-
1-silacyclopent-3-en-1-ylene)-czis- and -tran~s-but-2-en-1,4-yleneJ (cis- and trans-Ill).

Introduction____-

W. have been interested in the ring-opening polymer- C~OW I,(C5c MS TT
ization of 1-silacyclopent-3-enes. These reactions generally 0 ,IV ,
lead to poly(1-sila-ci8-pent-3-enes).1 Recently, we studied Fiue1Sytssof23 nz-slapr(.Inn-2,d-
the anionic polymerization of several 5-silaspiro(4.4J nona- Figue (I. Snhsso .- ez--dsio44nn-,-a
2,7-d~iezie systems and found that dimerization competes en(I
with polymerization in some of these cases.2- In an
attempt to better understand the factors controlling this 4~
competition, we studied both the anionic and ring-opening
metathesis polymerization of 2,3-benzo-5-silnspiroll4.4]- S1 T:/70
nona-2,7-diene (1).

Results and Discussion I1
2,3-enz-5-slasiro[.4]ona-,7-iene(I)was re- Figure 2. Treatment of I with n-buty~jthiurn. Synthesis of2,3:
2,3Beno-5ailpir[4.)noa-27-&ne 1) as re- 12,13-dibenzo-5,1O-diiladispiro[4.4.4.4]octadecA-2,7,12,16-tst-

pared from benzyl(chloromethyl)dichlorosilane (IV) (Fig- raene (11' .
ure 1). Thus aluminum chloride catalyzed intramolecular
Friedel-Crafta cycliuation of IV gives 1,1-dichloro-3,4- observed at 5.30 ppm. Likewise, the allyL benzyl and vinyl
benzo-l-silacyclopent-3-ene (V),4 which rects with 1,3- 13C NMR signals of I and Hl can be compared to those of
butediene and magnesium in THE to yield 1. VI and VII (Table 1). The nature of the factors which

Treatment of I with catalytic amounts of n-butyllith- favor dimerization of I and VI under anionic catalysis is
him and HMPA did not result in anionic ring-opening not fully understood.
polymerization and formation of poly[ (3,4-benzo-1-sila- On the other hand, ring-opening metathesis polymer-
cyclopent-3-en-1-ylene)-cia-but-2-en-1A4-ylene] (cia-rn1) but ization of I cocataiyzed by tungsten hexaciiloride and te-
rather in formation of a dizner 2,3:12,13-dibenzo-5,10- traphenyltin with activation by cyclopentene is successful
disiladisp:-zI4.4.4..4loctdec---2,7,1 9.1 9L-*traene (11) (Fig- and re'-lta in cia- and tran8-Ill (Figure 3). Ring-opening
ure 2). By comparison, both 1,l-dimethyl-1-silacyclopent- metathesis polymerization reactions are often stereos.
3-ene and 1,1-dimethyl-3,4-benzo-1-silacyclopentene lective but not stereospecific.5 Tungsten hexachloride arnd
undergo anionic ring-opening polymerization to yield tetraphenyltin have been frequently utilized as catalysts
respectively poly(1,1-diinethyl-1.sila-cws-pent-3-ene) I and for ROMEP. Cyclopentene has been previously utilized to
poly(1,1-diinethyl-3,4-benzo-l-silapentene).5 activate such ROMP Catalyst systemsg7

The anionic dimerization of I to yield II may be related The stereochemical composition of III can be determined
to the dimerization of 2,3-dimethyl-5-silaspiro(4.4lnona- by integrattion of the allyl and vinyl hvdrogen resonances.
2,7-dienie (VI) which gives 2,3:12,13-tetramethyl-5,10- Specifically the iH NMR signal at 1.94 ppm in assigned
disiladispiro[4.4.4.4]octadeca-2,7,12,16-tetraene (VII), to the allylic hydrogens of trani-111 units, while the
whose structure has been rigorously established by X-ray resonance at 1.97 ppmn is assigned to cia-HI units. Likewise,
crystallography. 3 The molecular weight of 11 was deter- the 'HI NMR signal at 5.20 ppm is assigned to the vinyl
mined by mass spectrometry while its structure was hydrogens of tra na-Ill units while that at 5.25 ppm results
established by 11H, 13C, and 29Si NMR as well as by IR and from the cia-rn1 units. Integration of theme is consistent
UV spectroscopy. In particular, the 29Si NMR resonance with.a polymer composed of 16 % trans-rn1 units and 84 %
for I is found at 33.51 ppmn while that for I1 is observed ci8-Ill units.
at19.12 ppm, an upfield shifttof 14.4 ppm. This issimilar The 130 and 29Si NMR of the 3,4-benzo-l-
to the 13.7 ppm upfield shift that is observed when the uilacyclopent-3-en-1-ylene (VIII)units aresensitive to mi-
29Si NMR resonance for VI (25.54 ppm) is compared to croenvironinent (Figure 4). Three "Si NM~R signals are
that of VII (11.87 ppm). In addition, the chemical shifts observed. These can be accounted for on the basis that
of the vinyl protons and carbons are consistent with the but-2-en-1,4-ylene (EX) units on either side of VIII
structure I. In particular, the vinyl protons of I are units can be both cis-DC, one cia-DC and one trans-DC1, or
observed at 6.08 ppm while those for 11 are found at 5.39 both tran8-IX. The microenvironment for VII with cis-
ppm. By comparison, the 'H NMR signals for the vinyl IX on either aide is most probable while that with trane-
protons of VI are found at 5.91 ppm while those of VII are IX units on either side is least probable. The 3OSi NMR

0024-9297/92/2225-2828$03.00/0 @ 1992 American Chemical Society
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Anionic Dimerization and Ring-Opening Polymerization of
1,1- Divinyl-lI-silacyclopen t-3-ene

9teven J. Sergeant, Stephen Q. Zhou, Georges Manuel, and
William P. Weber*

Donald P. and Katherine B. Loker Hydrocarbon Research Intritute. Departmentr of
Chemistry, LUniversity of Southern California, Los Angeles, Califernia 9068~9- 1661

Received November 18, 1991, Revised Manascrtpt Receiced Ja-twir 28. "992

ABSTRACT: Anionic rinig-opening polymerization of 1,l-diviny1-1-silacyclopent-3--ene 11 cocatali-zed by
rt-butyllithium and hexamethylphosphoramide (HMPA) in THF at low temperature (-78 0 C leads to a
mixture of 1. I,6.6.tetravinyl-l,6-disilacyclodeca-3,8-diene dizner)gand poly(.1 I-divinyl- .sla-ci-s- pent-3-ene)
(polymer). These have been separated and chiaracterized by 1H, 1'IC. and n9Si NMR, IR, and UV spectroscopy
and elemental analysis. The molecular weight of the dimer has been determined by mass spectroscopy, while
the molecular weight distribution of the polymer haa been measured by gel permeation chromatopaphy
(GPC). Thermogravimetric analysis (TGA) of the polymer in nitrogen gave a 62%'- char yield. The glass
transition temperature (T,) -65 @C of the polymer wus determined by differential scanning calorimetry
(DSC). The mechanism of this reaction has been studied.

Introduction '

The proposal by Yajinia that poly(l-methyl-1-aila-<
ethane) [CH3SiHCH 2I. is a key intermediate in the 0'

/ \ TWA40PA 
i

conversion of poly(dimethylsilane) into jS silicon ca~rbide /~T4/EP
baa stimulated considerable interest in the chemistry of
polycarboeilanes.1 Saturated polycarbosilanes such an Figure 1. Equilibration of 1-silacyclopent-3..ens. via siliconate
poly(1,1-dimethyl- 1-silabutane) and poly(1,1-dimethyl-l- internnediates.
silaothane) have been prepared by anionic,2-' platinum-
catalyzed,6 and thermal" riug-opening polymerization of K __ ( K 2 > .

1,3-disilacyclobutene, respectively. We have been inter- I
ested inethel.prsparationofbutan eoe gua annsateuratietdl

sate inthe repratin o steeorgul unaturted Figure 2. Anionic dimerization-ring-opening polyammrzation
polycarbosilane such as poly(l-sila-cia-pent-3-enes). 10'-2 of.
These have bet~n prepared by the anionic ring-opening
polymerization of 1-silacyclopent.3-enus. Studies designed 720is I 56
to elucidate the mechanism of these polymerization >

reactions have shown a number of unusual features. For
example, 1,1,3,4-tetramethyl-1-silacyclopent-3-ene un- Sdergoes exchange of alkyl groups bonded to silicon rather S.
than polymerization on treatmentwith n-butyllithium and
hexamethylphoephorarnide (HMPA) in tetrahydrofuran 716 ý7 4 212
(THE) at low temperature."1 This observation as well as ia&1CNM Tvleinscdsfrpymrndie.
the presence of 1-methyl- 1-silacyclopent-3-ene end groups F~ss3 5  M ,vle nscnsfrplmraddmr
in poly(1-methyl-1-sila-cws-pent-3-ene)' 3. 1' has been in- Experienta Section
terprete in terms of the importance of anionic hyper- 1H, 13C, and OSi NMR spectra were recorded on a Brukar
valent siliconste intermediates in these polymerization AM-360 spectrometer operating in the Fourier transform mode.
reactions (see Figure 1). 2OSi NMR spectra were obtained by use of hoteranmudear gated

In this papers, we report that anionic ring-opening po iepret egVvlm souin winthaplasfmdwereyfused
lymerization of 1-divinyl-1-silacyclopent-3-ene yields to measure 'H and "2C NMR spectra. whereas 15% solutions
poly(1,1-divinyl-l-hilacyclopent-3-ene) (polymer) as ex- were utilized to obtain 2Si NMR spectra.
pected. This carbosilmne polymer has a very high degree The ratio of dimer to polymer was determined by integration
of unsaturation and is converted on thermal decomposition of quantitative 12C NMR spectra. "&C T, values for disner and
to a high char yield. However, of greater mechanistic polymer were determined using the inversion recovery method"6
interestý significant amouintsof 1.1,6,8-tetravinyl- 1,8-diaila- (Figure 3). Samples of polymer and of mixtures of dimer and
3,8-cyclodecadiene (dimer) are isolated along with the polymer dissolved in chloroform-d were placed in 5-mm NMR
polymer. Experiments on the effect of monomer con- tubes. Thes solutions were depossed by bubbling UHF argon
centration and temperature on the ratio of dimer to through them for 2 h. The NMR tubes were than sealac. The
polymer provide additional understanding of the mech- spcr were obtained at 30 OC on a Bruker SY-270 FT

anis ofthisreation Th obsrvaion hatpurepolmer spectrometer using a r pulse of 12.4 ps and a r/2 pulse of 6.2 ma,.
ani-n o ths ractin. le bsevaton tat urepolmer Fifty-six mcans were accumulated with relaxation delays of 0.01,

can be equilibrated to a mixture of dimer and polymer 0. 1, 0,5,1.0,5.0,10.0,20.0,40.0,80.0, and 120.0 seconds. Ana~lysis
under polymerization reaction conditions is particularly of these data gives the "3C T, values for both the dimer and the
significant (see Figure 2). polymer.

0024-9297/92/2225-2832$03.00/0 Z 1992 American Chemical Societv
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Stereoselective anionic ring opening polymerization
of 1,1 -dimethyl-1 -silacyclobutene
Characterization of poly(1 A -dlmethyl-1 -sila-cis-but-2-ene)

Marcus Theurig and Wifllamn P. Web~r*

0. P and K. B. Loker Hydrocarbon Research Institute, Qepartment of Chemistry. Un~iversity, of
Southern California, Los Angeles. CA 90089- 1661, U)SA

SUMMARY

Stereoselectl~ve anionic ring opening polymerization at 1, 1 -dimechyl-1 -silacyclobutene co-cata-
lyzed by n-buty~litthIum and hexameth'y4phospthoramide (HMPA) In THF at -780C y4eld .0rm ty,
poly(1 .1-dlmethyl- I -sla-cis-but-2-ene). The polyrner has been characterized by H. C. Si NMRspec-
troscopy, gal permeation chromatography (GPC), theimogravimretric analysis (TGA) and elemental ariay-
sis-

n-8uLi / HNIVA 3

I THF, -V0 C

EXPERIMENTAL

IHarnd 'CNMR speOa were obtained on a Bruker AM-360 spectrometer operating inte
Fourier Transform mode (Fr). Sl NMR spectrs were recorded on an IBM-Bruker WP-27"-Y spectrome-
ter. Five to ten percent welght/vw"' Toe solutions of polg in cporolormn-d were used for I H NMR spec-
Ira, whereas fifteen percent solutions were utillized for "C and 'Si NMR spectira. "C NMR spectra were
run with broad band proton dlecouF!ý;. A helleronucleer gated decoupling pulse sequence (NONCE) with
a 20 sec delay was usedto acquire SI NMR Spectr,(I4).Thea.were etern~y referenced to TMS. Cho-
rotorm was used as an Internal reference for 1 H and" NMR spectra. IR spectra were recorded on a
Perkin-Elmner PE-281 spectrometer.

Gel Permeation chromatographico analysis of the molecular weight distribution of the polymer was
performed on a Waters system comprised ofa & 6K Inlector, a 510 HPLC solventv delivery system, a R401
refractive index detector and a Modal 820 Maxima control system. A Waters 7.8 mm x 30 cm Uttrastyrage
linear column packed with less than 10 m particles of mixed pore size crosslinked styrene d"Itiaenzee
copolymer maintained at 200C was used for the analysis, The eluting sol~vent was HPLC grade THF at a
flow rate of 0.8 rnL/ml~n. The retention times Were Calibrated against those of known monodisper-se po-
lystyrene standards: M p 612,000; 114,000; 47,500; 18.700 and 5.120 whose Mw/Mn are less tihan 1 .09,

Therrnogravimretnic analysis of the polymer was carried out on a Perkin-Elmer TGS-2 Instrument
with a nitrogen flow rate of 40 cm /mlin. The temperature program for the analysis was 500C for 10 min
followed by an increase of 40 C/min to 7500 C.

Elemental analysis was performed by Galbraith Laboratories, Knoxville TN.
All reactions were carried out under an atmosphere of argon In flame dried glassware. THF was

dried by distilliation from a deep blue solution of sodlum/benzophenone ketyll Immediately prior to use.
HMPA was distilled from calcium hydride and stored over activated 4 AO molecular sieves.

1,11-OlmethyI-1-allacyclobutene (1)
( was prepared by flash vacuum pyrolysis of cllallyidlmethylsilane (Aldrich) at 7500C. The~ I and

.To whorn offprint rmquestsa should be sent



REPORT DOCUMENTATION PAGE 070,0188

@ . - * I 1 *df l .q . 'Oe #s . n .~~,,i ... i *,*.~~ *. *

SAGIINCY US ONLYeav blank) 2. REPORT OAT! 3. REPORT TYPE ANO OATES COv'RIO. 1993 ,, , T Journal Article
4. TITLE ANO SUBTITLE 5 FUNOýNG NuMB•ES

Anionic ring-opening polymerization of 2,3-benzo-i-sila-
cyclobutenes. Characterization of poly(2,3-benzo-l- N00014-89-J-1961
ailabutenes)

6. AUTHOR(S)

M. Theurig, S.J. Sargeant, G. Manuel and W.P. Weber

7. PERFORMING ORGANIZATION NAME(S) AND AOORESS(ES) 0 P-RFORMNG ^RGANIZA.TON
REPORT NUMBER

Department of Chemistry
Loker Hydrocarbon Research Institute
University of Southern California
Los Angeles, CA 90089-1062

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORENG MONiTORiNG

Office of Naval Research

800 N. Quincy Avenue
Arlington, VA 22217

1t. SUPPLEMENTARY NOTES

Published in Macromolecules, 25, 3834 (1992).

IZ1. DISTRIBUTION / AVAILABILITY STATEMENT t1b. OISTRIUTION CODE

Unlimited

13. ABSTRACT (Maximum 200 words)

See attachments

14 SUBJECT TERMS IS. NUMBER Of PAGES
Anionic ring-opening polymerization 4
2,3-benzo-l-silacyclobutenes 14. PRI•E CO01
Poly(2,3-benzo-l-silabutenes)

17 SECURITY CLASSIFICATION I18 SECURITY CLASSIFICATION 19. SECURITY CLASSIFCATION 24. LIMWTAT5O OF ABSTRACT

OF REPORT OF T0IS PAGE Of ABSTRACT
Unclassified Unclassified Unclassified Cnlimited

S.SN 7S'.0-01-18O-5500 Stsndard Fort" 296 (Rev 2 89)ý
'AC %I~ o S4464ýd :4



3834 Macromolecules 1992, 25, 3834-3837

Anionic Ring-Opening Polymerization of
2,3-Benzo-l-silacyclobutenes. Characterization of
Poly(2,3-benzo- 1-silabutenes)

Marcus Theurig, Steven J. Sargeant, Georges Manuel, and
William P. Weber*

Katherine B. and Donald P Loker Hydrocarbon Research 1n.r•tute Depar'.lent of
Chemistry, University of Southern California, Los Angeles, California 9•089- '661
Received January 13, 1992; Revised Manuscript Receied April 8, 1992

ABSTRACT: Anionic ring-opening polymerization of 2,3-benzo- 1, 1-dimethyl- 1.silacyclobutene I), 2.3-benzo-
1-methyl-1-phenyl-1-silacyclobutene (1I), and 2.3-benzo-1,1-dipheny-.l-silacyclobutene 1I1II catalyzed by n-
butyllithium and hexamethylphosphoramide (HMPA) in THF at low temperature (-78 °C) yields respectively
poly(2,3-benzo-1,l-dimethyl- -si-abutene) (IV), poly(2,3-benzo- -methyl-1-phenyl-I-silabutene) N). and poly-
(2.3-benzo-1,1-diphenyl-l-silabutene) (VI). These polymers have been characterized by ýH, :1C, and 2Si
NMR as well as by IR and UV-visible spectroscopy. Their molecular compositions have been determined
by elemental analysis. The molecular weight distributions of these polymers have been measured by gel
permeation chromatography (GPC), their thermal stabilities by thermogravimetric analysis (TGA), and their
glass transition temperatures (r,) by differential scanning calorimetry (DSC).

Introduction Thermogravimetric analysis (TGA) of the polymers was carried
While there has been considerable work done on the out on a Perkin-Elmer TGS-2 instrument at a nitrogen flow rateof 40 cm3/min. The temperature program for these c-nalyses was

ring-opening polymerization of silacyclobutanes, the P()- 50 *C for 10 min followed by an increase of 5 C. mrin to tO0 SC.
lymerization of 2,3-benzo-l-silacyclobutene systems has After 10 min at 100 *C the temperature was increased at a rate
been less thoroughly studied. This paper reports the of 5 *C/amin to 750 *C. The glass transition temperature (T,)
synthesis and characterization of poly(2,3-benzo-1,i-di- and the melting point (T.) were determined by differential
methyl-l-silabutene) (IV), poly(2,3-benzo-l-methyl-l- scanning calorimetry (DSC) on a Perkin-Elmer DSC-4 system.
phenyl-l-silabutene) (V), and poly(2,3-benzo-1,1-diphenyl- The inital temperature for the analysis was 30 *C. This was
1-silabutene) (VI). These polymers were prepared by the increased at a rate of 20 OCimin to 200 "C. The melting points
anionic ring-opening polymerization of 2,3-benzo-1,i-di- of the polymers were alsomeasured on an Electrothernal melting
methyl-l-silacyclobutene (I), 2,3-benzo-l-methyl-l-phen- point apparatus and are uncorrected-

High-resolution mass spectra were obtained at the Universityyl-l-silacyclobutene (II), and 2,3-benzo-1,1-diphenyl-l-si- of California Riverside Mass Spectrometry Facility on a VG-
lacyclobutene (MI), respectively. 7070 EHF mass spectrometer at an ionizing voltage of 20 eV.

Exact masses were determined by peak matching against known
Experimental Section masses of perfluorokerosne.

1H, 13C, and n9Si NMR spectra were obtained on an IBM- Elemental analysis was performed by Galbraith Laboratories,
Bruker 270-SY spectrometer operating in the Fourier transform Knoxville, TN.
mode. 13C NMR spectra were run with broad-band proton de- Tetrahydrofuran (THF) was distilled immediately prior to
coupling. Ten to fifteen percent solutions in chloroform-d were use from sodium benzophenone ketyL Hexamethylphosphora-
used to obtain 13C and 2$Si NMR spectra. Five percent solutions mide (HMPA) was distilled from calcium hydride and was stored
were used to obtain 1H NMR spectra. Chloroform or TMS were over 4-A molecular sieves. Hexana was distilled from lithium
utilized as an internal standard for 1H and 13C NMR spectra. A aluminum hydride. n-Butyllithium in hexane (2.5 M) and 2-
heteronuclear gated decoupling pulse sequence (NONOE) with bromobenzyl bromide (Aldrich) were used as received. Dime-
a delay of 20 s was used to obtain 2sSi NMR spectra which were thyldichlorosilane, methylphanyldichlorosilane, and diphenyl-
externally referenced to TMS.& dichlorosilane were obtained from Hfila. They were purified by

IR spectra were recorded on a Perkin-Elmer PE-281 spec- fractional distillation.
trometer of neat liquid samples on sodium chloride plates or as All glassware was dried overnight in an oven at 120"C and was
potassium bromide pellets for solids. UV spectra were recorded flame dried prior to use. All reactions were conducted under an
onaShimadzuUV.260UV-visiblespectrometer. Spectra-quality atmosphere of purified argon.
THF was used to prepare solutions of polymers, and spectra- 2,3-Benzo-l,1-dlmethyl-I-silacyclobutene (I).' I was pre-
quality hexane was used to prepare solutions of monomers for pared by the reaction of 2-bromobenzyl bromide and dimeth-
UV spectroscopy, yldichlorosilane with magnesium powder in ether following

Gel permeation chromatographic (GPC) analysis of the mo- literature procedures. The product was purified by fractional
lecular weight distribution of the polymers was performed on a distillation through a 15-cm vacuum-jacketed Vigreou column.
Waters system. This was comprised of a U6K injector, a 510 A fraction (bp 106/107 OC/6o mm (lii 2 73 "C/17 mm)] of 17 g
solvent delivery system, a R401 differential refractometer, and (441% yield) was isolated. 'H NMR a 0.36 (s,6 H), 2.06 (s, 2 H),
aMaxima820datastation. A7.8mm x 30cmWatersUltrastyra- 7.03 (m, 2 H), 7.18 (m, 2 H). '3C NMR 6 -0.45, 20.13, 126.18,
gel linear column packed with <10-Mm particles of mixed pore 126.91,130.38, 130.46, 145.94, 150.55. nSi NMR; 3 9.41. JR. P
size, cross-linked styrene-divinylbenzene copolymer was used 3056, 2960, 2909, 1586, 1450, 1436, 1282, 1247, 1043, 849, 823,
for the analysis. The eluant was HPLC-grade THF at a flow rate 786,718cm-1. UV: • nm (s)219(5300),262(1200),269(1700),
of 0.8 mL/min. Retention times were calibrated against known 276 (1550).
monodisperse polystyrene standards M, 179 000,110 000,20 400, 2,3-Benso- I -nethyl-l-phunyl-l-silacyclobutene (II). Ina
and 1350 whose M.IM. are less than 1.09. 500-mL three-necked round.bottom flask equipped with a re-

Preparative GLPC was carried out on a Gow Mac 550 GC flux condenser, a pressure equalizing addition funnel, and a Tef-
equipped with a 1/4 in. x 10 ft stainless steel column packed with ion-covered magnetic stirring bar was placed magnesium powder
10% SE-30 on Chromoeorb W NAW 60/80 mesh. The column (9.7 g, 0.4 reol) and ether (30 mL). A mixture of 2-bromobenryl
was deactivated immediately prior to use by injection of 50 4L bromide (33 g, 0.13 mol) and methylphenyldichlorosilane (26.8of hexamethyldisilasane. g. 0.4 mot) in ether (150 mL) was placed in the addition funnel

0024-9297/92/2225-3834$03.00/0 Z 1992 American Chemiral q.neitv
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Polymer Bulletin 28. 281-286 (1992) POlyMe BuleI~n

Synthesis and characterization of poly(1-methyl-1.silabutane),
poly(1 -phenyf-1 -sitabutane) and poly(1 -silabutane)
Charles X. Liao and William P. Weber*

D. P. and K. B. Loker Hydrocarbon Research Insitute. Department of Chemistry. University of
Southern California, Los Angeles, CA 90089-1661. USA

Summary:
Anionic ring opening polymerization of 1 -methyl-1 -sllacyclobutarle, 1 -phenyl- 1 -

silacyclobutane and 1 -silacyclobutane co-catalyzed by n-butyllithium and hexameth-
ylphosphoramide (HMPA) in THF at -780C yields poly(1 -methyl-i -silabutane), poly(1 -
phenyl-1 -silabutane) and polyf 1 -silabutane) respectively. These saturated carbosi-
lane polymers possess reactive Si-H bonds. They have been characterized by 'H, 13C
and '2Si NMR as well as FT-IR and UV spectroscopy. Their molecular weight distribu-
tions have been determined by gel permeation chromatography (GPC), thermal sta-
bilities by thermogravimetric analysis (TGA) and glass transition temperatures (T) by
differential scanning calorimetry (DSC).

Introduction

While polymethyihydrosiloxanes are well known commercial products (1),
polycarbosilanes which possess reactive Si-H bonds have only recently attracted
significant attention. The proposal by Yajima that polyf I -methyl-I -silaethane) (-CH -
SiH-CH 2-)n is an intermediate in the pyrolytic conversion of poly(dimethylsilane) fibebrs
into silicon carbide fibers (2,3) stimulated interest in such systems (4,5). Oligo(i -
silapropane) has been prepared by hydrosilation polymerization of vinyldichlorosiiane
to yield poly(1 ,1 -dichloro-i-silapropane) followed by reduction of the Si-Cl bonds with
lithium aluminum hydride (6,7). Low molecular weight poly(l-methyl-1 -sila-cis-pent-3-
ene) and poly(i -sila-cis-pent-3-ene), carbosilane polymers which contain both reac-
tive Si-H and carbon-carbon double bonds have been prepared by anionic ring
opening polymerization of I -methyl-i -silacyclopent-3-ene and 1 -silacyclopent-3-ene
respectively (8,9).

H
ri-BLJLUHMPA

THFI-78PC ~ I

Experimental

I H and 13C NMR spectra were obtained on a Bruker AM-360 spectrometer
operating in the Fourier Transform mode (FT). 'Si NMR spectra were recorded on an
IBM-Bruker WP-270-SY spectrometer. Five to ten percent weight/volume solutions of
polymer in chloroform-d were used for 'H NMR spectra, whereas fifteen to twenty
percent solutions were utilized for 13C and 29Si NMR spectra. '3C NMR spectra were
run with broad band proton decoupling. A heteronucf ear gated decoupling pulse
sequence (NONOE) with a 20 sec delay was used to acquire 29Si NMR spectra (10).

* Gr~epontngauth~or
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Synthesis of carbosilane monomers and Poly-{1 -methyl-i-(3'-phenoxypropyl)-l -sila-cs-pent-3-ene](V).

polymers with mesogenic pendant groups A flask, containing a Teflon covered magnetic sttmng bar. was fitted
with a rubber septum THF (10 mL), 100 L of HMPA and 0 50g of

Steven J. Sergeant and William P WeOer (11) were added by syringe. The flask was cooled to -78*C for 15 min,
Donald P and Kaffitrne B. LokerHydmocatron Research Instffute and n-butyllithium (120pL) was added via syringe to the stirred

Department of Chemistry, University of Southern California solution The reaction was allowed to proceed for 3h and was
Los Angeles, CA 90089-1661 quenched via the addition of sat. aq. NHCl The organic phase was

removed and the aqueous phase was extracted with ether (3x5OmL)
Introductlon The combined organic phases were washed with water, dried over

anhydrous CaCI2 , then filtered through a plug of glass wool The

Liquid crystalline(LC) materials demonstrate unusual phase behavior solvents were removed under reduced pressure to yield an opaque.
which combine properties of the homogeneous liquid and the gummy solid. The polymer was twice taken up in a minimum amount
ordered crystalline states.'- Polyme0c, side chain"', LC materials of THF, precipitated out of solution with methanol and then
comprised of a flexible, low T,, siloxane backbone in which the silyl centrrfuged. Finally, the polymer was dried under vacuum to give
centers are substituted with pendant mesogens have been 0.43g (80% yield). Table I lists the polymers which were prepared
prepared.' The low T, (.64oC) of poly(1,1-dimethyl-l-sila-.cJs-
pent-3-ene) suggests that materials based on stereoregular Monor Polymer MJM

unsaturated carbosilane backbones, substituted with pendant
aryloxy groups, might exhibit LC behavior at rt. Such materials -29
would represent a novel class of liquid crystalline substances- 741900!4960

THhMA• H2PKIC4 0

fn ThIFM4PA -<' tzi)

Q Sf ~ 2700/29000
Experimental a

1 HF was distilled from a dark blue solution of sodium
benzophenone ketyl under nitrogen. HMPA was distilled over II1 VI
Calcium hydride and stored over sieves (4A) in a synnge sealed
container. Chloroplatinic acid (Aldrich) was used without further
purification, n-Butyllithium (Aldrich) was titrated before use.' Allyl 4-?.. L..I 17200/8460
phenyl ether (Aldrich) was redistilled before use. '\ f

4-Allyloxytiphenyll 2-allyloxynapthaleoe'.1 -methyl-i -silacyclopent-
3-ene10 , 1 -phenyl-1 -silacyclopent-3-ene" were prepared by literature
procedures. ViI

All reactions were conducted in flame-dried glassware under an
atmosphere of UHP argon .A-.oJL " 29100/16700

Monomer synthelis

Monomers were prepared by H2PtCl, catalyzed hydrosilation IV VIII
reactions of 1-methyl-l-silacyclopent-3-ene or 1-phetlyl-l-silacyclo-
Pent-3-ene and the corresponding allyl aryl ethers, as below. Table 1, Monomers and polymers prepared for this study.

1 -Methyl-i -(3-o-biphenoxypropyl)-1 -silacyclopent-3-erne(A).
A flask, fitted with a rubber septum, is charged with
4-allyloxybiphenyl and 1-methyl-i-silacyclopent-3-ene. HCPtCl,
lx10'" Pt to allyl aryl ether, is added by syringe. The reaction is
quenched after 4h via the addition of water/methanol. The organic The sttU of tUe moomers anid lyms were confirmed by 1H,
layer was removed and the aqueous phase was extracted with ether. '3C and "Si NMR specrocopy. The molecular wiight distnrbution of
The combined organic layers were dried over CaCI7 . The product the polymers wa determined by GPC on a Waters system. TGA was
was punfied by flash chromatography on a silica gel column using carned out on a Perkiin-Elmer TGS-2 instnjnent.The thermal
pentane/chloroform (11) as eluant. This removed the Pt transitions of the polymers wer determined by DSC on a
complexes. A water white liquid was obtained in 70% yield. Table I, Pertn-Elmer DSC-7.
illustrates the monomers which have been prepared.

Polymer Synthesis by Anionic Ring Oenina Polymerization (AROP) Polarizing optical microscopy (POM) was done using an Unitron
polanrizing microscope fitted with a LeitziOmege hot stage-The

Polymers were synthesized by AROP of the corresponding polymer films were iheated to 80C and then cooled it 05C/mmin

monomers using n-butyllithium and HMPA as co-catalyst in THF Micrographs w obtained at various terpeiture at a

solvent, as below magnification of 1OOx with a Polaroid camera attachwmen
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Synthesis and Properties of Novel Functionally Substituted
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AftSTRACT: Polvfl.(3'.cyanopropyl)- 1-methyl-l-uilabutanul, poly(1-methyl-N-3'-(glycidyloxy)propyIJ-1-
silabutanal. polyl I-metbyl-l-t3'-(triethozyui~yl)propyl]-l-silabutanel. poly( l-mathyl-l.(4',7'.1O'-trioxaun-
decanyl)-1-silabutanel. poly[ 1-methyl- 1-(4',7'. 10',13'-tatraozltetnadectfyl)-l-ilahutafelOJ polyf 1-methyld-1
13'.(phenyloxy)pOpyIJ-l-s~lbutaflel. and poly(1.methyl4l-(3'.(puzttafluorophenyl)propylJ-1-ailbuxtane] have
been prepared by the platinum-catalyzed hydroeilation graft reactions between poly(I.mothyl-l-2zlabUtane)
and the appropriate functional alkene. These polymer. have been charactermad by 1H, 13C, 'IF (where
appropriate), and "Si NMR as well as by FT-Ilt and UV spectroscopy. The molecular weight distributions
of these polymer. have been determined by gel permeation chromatography (GPO), their thermal stabilities
by thermogravimetric analysis (TGA), and their glass transition temperatures (T,*&) by differential sconning
calorimetry.

While there bas been considerable work over the last 50 (dimethylailicones) such as low surface tension, high
years on silicone polymers, 1-2 there has been much less thermal stability, and low glass transition temperature
work on carbosilane polymers. The observation of Yajima with properties which are associated with the pendant
that thermal decomposition of poly(methylailylonemeth- functional chain. For example, polyjmethyl(3A33-ftrflu-
Ylene) [CH1SiHCH2]- results in loss Of methane and oropropyl)siloxsnell combines thermal stability and low
hydrogen and formation of 0-silicon cabide3-4 has stin- glass transition temperature with lubricating properties
ulated considerable interest ;n polycarbosilanes.-5  and lack of swlling in hydrocarbon solvents characteristic

This paper reports the preparation of saturated car- of perfiucroalkyl polyMerLS." 14 Poly[ 1-(3'-cyanopropyl)-
bosilae polymers which have functionally substituted 1-methyluilozanel compounds find utility as thermally
pendant alkyl chains. These have been prepared by the stable polar liquid phase for gas-liquid chromatography,
chemical modification, by platinum-catalyzed hydrosila- while similar chemically bonded silozane Polymers are
tion graft reactions between functiunal alkenes and the used in high-pressure liquid chromatography.'5 Poly(31-
reactive Si-H bonds, of the saturated carbosilane polymer, aminopropyl~methylsloxane, poly(3'.(acryloxy)propylj-
poly(I-methyl-l-silabutane).s There is considerable in- methylsiloxane, poly(3'-mwrcptopropyl)methylsloxane,
terest in the chemical modification of intact Polymers since poly(3'.-cyanopropyl)methylsilozane, poly(3'-(glycidyl-
this method often permits the synthesis of polymer. which oxy)propyl]methylsloxane are among the silicons poly-
cannot be prepared directly.7 -8  men with pendant functionally substituted! alkyl groups

CH3 CHIwhich are commercially available."1

CNJ~. Closely related to these are siloxane graft copolymema
He~leThese polymeric systems have a siloxane backbone in

H ' ~ which some or all of the silyl centers cary flunctional
CN substituted oligomeric side chains. Important examples

Backgoundof this type of polymer are polysilozanes substituted with
Backgoundhydrophliffc nonionic ollgooxyothylens) pendant groups.

Numerous types of silicone polymers with functionally These find commercial application as surfactantall and
substituted pendant alkyl chains have been prepared. The are of scientific interest due to their ability to complex
synthesis chemical properties, and significant applications lithium cations to form solvent-free polymer electroytes
of these have been reviewed. 5-'2 Some of these have which have reasonable ionic conductivities.' 7-3 T7hese

..-- -1. _, L .,. -010p h ,vu v the nIt',nrtltdhvdrosi-
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SYNTHESIS, CHARACTERIZATION and PLATINUM naOpOMLy three ncked b~t-tdn. 4.penlae 1  I
CATALYZED CROSSLINKING Of COOYISL-YLBTretlux condenser, a pressure equalizing add !Orý ',re, ano a 'e.'ionc rr
-1-YLIDENE-.14 .PfIENYLENE). PROPERTIES of AROMATIC magnetic stirring bar was Placed nagr~es,..' in ý'Aer 7 2i4 -r 3

CARBOSILANE THIERMOSET 1,4-di. bromob~enzene If134 g, E6 8 wichr ~ol, '-~e 'a'

Charles X. Liao, Min Wei Chan and William P. Weber' mmo)ixtrna stirre at0 rt wasI 51One magrreJ.m~o'a .ke .
0. P. and K. S. Laker Hydrocarbon Research institute, Dept. ofro)i fF(2 uwssol add"' i

Chem, U of outernCaliorna, os Agels, A 9089-661completion 0f tle additon the nixture nas e~j -''f':'3! Iiate, 20
Chem. IL t Sother Calforna, Ls Aneles CA 0089t681mL) was added 7he organic ayer *i5r .- s

wvashed with 2 x 30 mL ether 7r~e zn ord
ABSTRACT:ahdosmgeimslaetr, z

Low molecular weight cOP~lYtSl !acyloOutl I dlerne' 4 prierrylerre' I) 3 eapdouratingnesiu suaejc -eress., &- e ,
has~~~~O ebeorano prnpaer 'edce thee~ 'Ccto V~ -cc.Cr i4 5,accu w~C -e.s ss a
has een repred y m restchOf ~ ~ ~minimum amount 01 TeiF ana !~re pol,-"e ias ,z,-s

the di-Grignard reagent pirepareo fromn o-jofcrrlocerzenle I tias .een taroProcess was repeated ?wice 7he po~yrner -~as
terized by 1

tH, 
13 C and 29Si NMR as weg as FT iR and UV spectros~cohy ;s 75!IQ0 il o h oye

molecular weighlt distribution has foean deteirrtled oy' GPC. and is tl'errnai bandtHNR814-15 In.4-t23 ' 3'-
Stability by TGA in both nitrogen and air Thermai degiadation 0l 1 it, l~rogen obtaneRd. 13.76, 1343. 18 27. (8m 2 4 2 o 2 ~2 1 '32 72

gives high (60-62%) char ytied r9 of I has Deen measured oy OSC Platinum 131 19.6 3.6 13 93, 1354 2379. 13S8 24451 ' 9O S343 '27j8

catalyzed ring opening of the strained s~lacyclobulane rings crossitiks I The 3 672. 696. 720, 13 543363 3049.3 896 ?4 2 45 7 --6, 41 3 '-443 A

bending modulus log E*. tan 6 and Tg of this thermoset inal `,4has teen 742 143.8 6, 22 12129 3 8 8' .32

determined by DMTA. Electrical properles: aociectric :cnstattl and d55sspat~on 784, 719. 690. E.30 cmt uv ;,max mm q. 243 2' ZE. 002
factor are reported Crossllnking of II

Intodctin:In a lo mlrb flask 1(6,0g) amnd Pt comprex150 .L, ce esscuedt!o 0

1,1.Disubslituted-t.silacycidbutanes undergo piatin..it ca-ailzeot 1 2 rnL) The solvent was removed iunder red,.lce ptessre aTla :eeC'ea:,re S'_",
themal14 swet a anoni r~g oenig ptyrer~at~n 53 ýrigopeiri 21 The sample was dried at 400C for 12 11 under ~ac,.,r,-, 'r a'rcod ! as "fe,: at

theracylo34 as el asd an-ioniacyringopaeuning na po reiztn wS e to cr'9 lof I 500C in vacuum drying oven tor 1 Il and fihen at 2030C lOr anotheir , 'Ai)

plslacyclobutasilaand s 9I 1 .3dslcycosstahe nits has esen tia d rqr ntO Clostine Other samples o1 I were cured at 1S0 OC !or 3 n &a4 then at 200COC !or 5 n t3i

high yield conversion of organometallic polymers to ceramc materials 13 14 Results and Discussion
Sitacyclobutanes have not been previousty ised to crossi~nK Polycarnd.ahaes I has been prepared by tne reaction of the di-Grinafd reagent prepared

Condensation potyrnerization ot aromatic dli.Gr~gnara reagent Preipared from from 1.4-dibromobenzene with it n THF End groups phenlyl p-brOrnO-
p-dlibromObenzene with It leads to low molecular weight I Tms viscuous phenyl. or silanot are important du,: io :,,a ',Jw MOIC,-~ar wegrhts of I I..t~llM.~
liquid has a low Tg Pfatinum catalyzed crosSlnk~rg of I yeids a thermoset 2.60011,400). These leads to extra signals n the 

13C NIMA s;pectra ofl 1,Bands
mateialwhih hs a g aove170C. hgt)1;eciig moulu C~lecric at 3363, 1120 and 1128 cm- 1 assigned to S.CH groups -a,,e tcel detected .n

mosanteral dhishhsipatio fabtore10C ~hOnig ~uu o e the FT-18 spectra afll.
contan an disiptio fatorThe thermally stability of I was determined byv TGA r' - -- ,,en t s stabLe

to 600C. Between 60 and 2500C. a 9% weight losswAds Zcser.,ýo L-tle frunner
It 14S. weight loss Occurs between 250 and 4600C Above 4600C rapid weight loss

-& (3 1 0occurs. By 6200C, 31% percent at the original weight of ttife sample, wnas

Expeimenal:been tost. No further weight loss was detected on heating to 8000C A 6Q%
E 1H amnta3l: pctawr u n r~rA-50setoee char yield was obtatned (Figure 1). This high char yield probably resurts from
operatnd 13te0Tmde2S NMR spectra were run ~ r( o n a Brurier 27050spctomTe thermal crosslinking due to opening ot the Silacyclobutane rings ott1 3 4

spectrometer t3C NMA spectia .,ere run with cr050 04110 proton ocioupiing
29St NMR spectra were obtained by use 01 a neteronuclear gated decoupling
pulse sequence (INVGATE) with a pulse delay of 15-20 s15 13C and 29Si
NMR spectra were Obtained in 15% solution ot chIr~ijorlrml- IH NNMP spectra
were obtained in 5% solution of chlorotorin-d IR spectra was recorded oh an
IBM FT-IR/30S DTGSiOSI spectrometer of neat flims on sodium chloride
Plates UIV spectra of ethyl ether soluions were recorded on a Shimadizu
UV-260 spectrometer

The molecular weight dlistribution of INS polymer was determined by GPC
on a Waters system comforisedi of a 1U6K injector a 510 HPLC solvent delivery
system, a R401 differential refractometer and a Maxima 820 Control system A
Waters 78 mm x 30 cm Ul~trastyrageI linear column packe with c 10 "aM
particles of mixed pore size crosslinked stryenre-divinylbenzehe copolymer was
utilized for the analysis. The column was maintained at rl The eruting solvent
was HPLC grade TH-F at a flow rate 0 7 riL min The retention times were
calibrated against known monodlisperse loliyslyrene stanodards 47,500,
18,700. 5.120 and 2.200 whose M.w Mn values are < 1 09

TGA was carred out on a Perkimn-Elmer TGS-2 instrument with a nitrogen 50i' ------------- awi's

flow rate of 40 ccmmn The temperature program for the analysis was S0OC for 2 teounrum~ [a
min. The temperature was then increased at a rate of SOC-mmt to 750 or 8OO OC.
Tlg oftI was determined by OSC on a Pertkin-Elmer 050-7 instrument The FigureI -t TGA of polymertIirn ntfrogen.
melting point of indium 1156 00) and spectral grade mI-hexane 1 -95 OC) were
utlitzed to calibrate the DSC. The t emperature scans were begun at -100 00 for
5 min The temperature was then increased at a rate of 20 OCimin to 150 OCý The thermal stdiblitY Of Pit cured I was also determfined by TGSA in
DMTA of cured materials was perlormed on a Polymer Laboratories DMTA Mk 11 nitrogen- The rralor difference between the PI cured and non-cured, Sample 0,tt
A standard single cantilever Pending head 1.150-3000C) was used The i5 that the Initial weight toss is eliminated. This initia weight toss Is pi'obabry due
analysis was carred out at frequency o010 1,.1 and 5Hz at a strain level 01 2 The t0 low 17110eculailfweih Soligomers. Weight loss at hig temtperature (,2O0oC0 I
temperarure was increased at 400;min Dielectric Constant and dissipation similar for both curfed and Pit cured samples.This suggests that the degree of
factor were determined on a DuPont DEA-2970 Dielectric Analyzer crOssfilirting Of achieved by thermal and Fit crSslirking mlay be similar.

THF was distilled from a deep blue solution of sodiu rvoenzophe none The ithermial stability of a Pt cured I was also measured in the air, it was
ketyl prior to use. Alt reactions were conducted in dried glassware under argon thermalty stable to 2500C. Between 250 and 3650C. a 35% weight toss 5s
Magnesium Powder, 1,4-dibromoioenzene and 1,3 clivinyiltetramethyldiSi- Observed. Between 365 and 50000. an additional 15% weight toss S
loaane Platinum complex 2-3% Ptl in sxylene IPt comptexf tI-lust wyere used detected. Above 5000C. a Second rapid weight toss occurs. No further weight
1.1-OfChtaro-1-sitacyclobutane (It) was pmopared by Grigniarci cyctization loss is detected above 6200C (Figure 2).
ot 3-chtoropropyitnichlorosilane with magnesium Powder in ethyl elnier 16- 18
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ANIONIC POLYMERIZATIONS OF TRIMETHYLVINYL.- C3Plmrzto Bu H
SILANE AND PHENYLDIMETHYLVINYLSILANE TOWARDS CH• Polmerization

THE SYNTHESIS OF WELL-DEFINED POLYFLUORO- -H3 BuLi / Touine

DIMETHYLVINYLSILANE AND POLYVINYLALCOHOL CH 'NH'
Yaodong Gan, William P Weber, Surva Prakash, 0 'C for 2 da~ s

George A. Olah and Thieo E. Hogen-Esch then 20 'C for 3 _'3%
Loker Hydrocarbon Institute

Department of Chemistry Pratodes ivFation

University of Southern California Oxidation i 5F OE:., cHc::
Los Angeles, CA 90089 107 HzO,'KOH C for hou-

NMcGHi THF

Over the last decade, polytrimethylvanylsitlane (PITMVS) and Bu50 C for !9 hours

polyphenyldimethylvinylsilane (PPDMVS) and their ci--- -HCH,
copolymers and polymer blends have been widely applied andH
studied as materials for gas-separation membranes (1-3), optical
fibers (4), contact lenses k5,6), waterproofing fabrics (7), .pucal Scheme 2

disks (8), semiconductor devices k9), etc. However, reactions of (Huls America Inc.) to a phenvimagnesium bromideiTHF

PTMVS and PPDMVS to give other potentially useful polymers solution at -20oC followed by reflux for 2 hours Over 701c
have not been explored. Thus, narrow molecular weight isolated yield of product was obtained. Both T"MVS and

distribution (MWD) PT7MVS and PPDMVS might be useful as PDMVS were distilled from CaH2 twice under vacuum pror .o
intermediates in the synthesis of monodisperse polyethylene, use. Toluene was purified by stirrnog over fresh K-Na alloy
polyvinylalcohol, polyacetylene, polyvyinlhalide, polynitro- under vacuum overnight. Tetrafluoroboric acid-diethyl ether
ethylene and polyvinvlamine (Scheme 1) Such polymers can complex (85%) was purchased from Aldrich Chemical Co
not readily be synthesized, PPDMVS was purified by reprecipitation in THF using MeOH as

the non-solvent.
Polymerizations: Anionic polymerization was carried out by

"NO -- 'CH3-"SICH- H initiation of purified TMVS and PDMVS with n-, sec-, or tere-
butyllhthium in toluene at various temperatures (in the -70 OC

to 20 OC range especially at the lower temperatures). The
reaction usually took 12 hours to several days. The colorless

X OH solution was finally reacted with methanol and precipitatea in
cold MeOH, Polystyrene-b-TMVS block copolymers were

synthesized via the same procedure.
Protodesilylation Reactions: The reaction of PPDMVS with

OR _, NR2  HBF4.Et2O was carried out in a polypropylene vessel. Low MW
.i Jn of PPDMVS (DP-46) were first tried in order to obtain more

Scheme 1 complete substitution. The purified PPDMVS was dissolved in

Anionic Polymerization of Trimethylvinylsilane (TMVS) and chloroform, and HBF4.Et2O was then introduced under argon.
Phenyldimethylvinylsilane IPDMVS) The reaction mixture was stirred at 60 OC for 3 hours. During

Silicon stabilizes a-carbanions due to its" vacant d orbitals this protodesilylation process, the reaction temperature was

(10) Vinvlsilanes such as TMVS and PDMVS are therefore good carefully monitored in order to prevent boiling of the solvent
candidates for living' anionic polymerizations. Anionic and swelling of the plastic vessel. After evaporation of the
polymerization of TMVS and PDMVS was first reported by N. volatile materials, the resulting fluorosilane polymer was
S. Nametkin et al. in 1965 (11). They synthesized oligomers (12), characterized by 1H and 1 9 F NMR and by SEC.
homopolvmers (1I), block- (13) and graft- copolymers (14) under Oxidation Reactions: The PFDMVS obtained was dissolved in
various conditions (11,13,15.16). They also reported the THF and transferred to a glass flask. A 15% KOH solution in
occurrence of termination reactions resulting from hydride MeOH was introduced into the reaction vessel followed by the
elimination (17,18) Later studies by Rickle confirmed such side dropwise addition of 30% H202 aqueous solution. The reaction
reactions and their effects on MWD and yield (19,20). He also
found that such side reactions were enhanced by the addition of mixture was refluxed (50 oc) for 4-19 hours. The resulting
ethers (20). We now wish to report the synthesis of polymer was not water-soluble indicating that conversion was

monodisperse polvvinvlsilanes by anionic polymerization and incomplete. We then tried to use dioxane instead of

tother polymers. THF/MeOH solvents following the same reaction procedure.
Synthesis of monodisperse polyfluorodimethylvinylsilane We also tried replacing H202 by three equivalents of m-
(PFDMVS) and polyvinylalcohol (PVA) chloroperbenzoic acid (MCPBA) with an excess of triethylamine

Protodesilviation and oxidation of various of organosilicon in THF/MeOH and refluxing for 19 hours.

compounds had been recently demonstrated by Tamao
(21,22,23), Fleming (24,25) and Nishiyama (26), but none of these Results and Discus•-in

involved polymers We now wish to report on such In the synthesis of PTMVS and polystyrene-b-TMVS, best

transformations for PPDMVS employing similar reaction results were obtained at -20 oC in toluene for four days. In the
conditions (Scheme 2) case of PDMVS, we carried out polymerization reaction in

toluene at 0 oC for 2 days and then raised temperature to 20 °C

Ee t for another 3 days, which always gave the best results. The MW
Materials: TMVS was purchased from Huls America Inc of the potymers we obtained ranged from 3,000 to 23,000 with
PDMVS was synthesized by adding vinvldimethylchlorosilane MWD's around 1.1 and yields of 90-95%. The long reaction
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Polymer Bulletin 30, 127-131 (1993) PI"W JI1 1 f ulti

Bulk anionic ring opening polymerization of silacyclopent-3-enes
Steven J. Sergeant, Mark A. Tapsak. arnd William P. Weber*

Donald P. and Katherine B. Loker Hydrocarbon Research institute Chemistry Oevarimer't
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Summary

Poly[ 1,1 -diphenyl-1 -sila-cis-pent-3-ene)(l). polyfl 11 -dimethyl- 1 -sila-cis-pent-
3-ene](ll), polyfl1-methyl-.1-phenyl-1 -sila-cis-pent-3-ene](fll).
poylyf1-methyl-sila-css-pent-3-enej(IV). and potyfl1-pheny-l--sila-cis-pent -3-enej(V)
were prepared by buik anionic ring opening polymerization of the corresponding
1 -silacyclopent-3-enes, at room temperature by use n-butyllithium or t-butyllithium
and HMPA as co-catalysts. No solvent (THF or diethyl ether) was utilized

Introduction

Stereoregular polyji -sila-cis-pent-~3-enesj have previously been prepared by the
anionic ring opening polymerization of the corresponding 1 -silacyclopent-3-ones in
THF (1 -4) or diethyl ether (5) at low temperature (-40 to -78'C) by use of alkyllithium,
and HMPA, TMEDA or DMPU as co-catalysts. While these reactions proceed readily
in high vie'i, experimentally they are difficult to carry out on preparative scale.
Specifically, the ether solvents must be rigorously purified by distillation from sodium
benzophenorte ketyl under inert atmosphere immediately prior to use. The ever
present possibility of the formation of hydrope-oxide impurities in ether solvents is an
additional concern. Maintenance of low reaction temperature requires specialized
cooling equipment. In this paper, we report a simplified stereoregular high yield
polymerization of 1 -silacyclopent-3-enes to the corresponding
polyf 1 -sila-cis-pent-3-enesJ.

Experimental

Monomers and reagents

Monomers were prepared by published procedures (1 -5).

HMPA was redistilled and stored over activated molecular sieves (4A) in a Miniriert
syringe valve container, n-Butyllithium, 2.5M in hexane, and t-butyllithium. 2.0M in
hexanes, were purchased from Aldrich and were titrated before use (6).
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