r""_-',——__'_"_r

B |
AD-A2E5, 508 &

\ll\l\\\\l\\l\ll\\l\|\\\\\\\\\\\\\\\\\\\\\

OFFICE OF NAVAL RESEARCH/DARPA

Publications

for

Contract #: N00014-89-J-1961
R&T Code 4132039---01

COMPOSITE MATERIALS WITH IMPROVED
PROPERTIES IN COMPRESSION

Professor William P. Weber
Loker Hydrocarbon Research Institute
Department of Chemistry
University of Southern California
Los Angeles, CA 90089-1661

Reproduction in whole, or in part, is permitted for any purposes

by the United States Government

PR i ECTE
Qg JUN 031933

12587
\\\\\\\\\\\\\\\\ \“\\\\\\\\\&\ \\\\N\\%\\




ABSTRACT DISTRIBUTION LIST

Dr. John J. Aklonis

Department of Chemistry

University of Southern California

Los Angeles, CA 90089

Dr. Jerry I. Scheinbeim

Department of Mechanical and

Materials Science
Rutgers University
Piscataway, NJ 08854

1115 OCTED B

Dr. James Economy

Materials Science & Engineering Dept.

University of Illinois
Urbana, IL 61820-6219

Dr. William P. Weber
Department of Chemistry

University of Southern California
Los Angeles, CA 90089-1661

doasgsion Pop

PRI mragt

H
1
| Dreooas

Chrur s, o0
} Ju LIBRANE I
¥
i Ty .
R 3 iy
;-—-} : ’ &;“‘,
-




TECHNICAL REPORT DISTRIBUTION LIST

Dr. Ronald A. De Marco (2)°
Director, Chemistry Division
Code 1113

Office of Naval Research
800 North Quincy Street
Arlington, VA 22217-5000

Dr. James S. Murday (1)
Chemistry Division, Code 6100
Naval Research Laboratory
Washington, DC 20375-5000

Dr. Robert Green (1)
Director, Chemistry Division
Code 385

Naval Air Weapons Center
Weapons Division

China Lake, CA 93555-6001

Dr. Elek Lindner (1)

Naval Command

Control & Ocean Surveillance Center
RDT&E Division

San Diego, CA 92152-5000

Dr. Bernard E. Douda (1)
Crane Division

Naval Surface Warfare Center
Crane, IN 47522-5000

Dr. Richard Loda (2)

Defense Sciences Office

Defense Adv. Research Projects Agency
3701 North Fairfax Drive

Arlington, VA 22203-1714

"Number of copies forwarded

Dr. Richard W. Drisko (1)

Naval Civil Engineering Laboratory
Code L52

Port Hueneme, CA 93043

Dr. Harold H. Singerman (1)
Naval Surface Warfare Center
Carderock Division Detachment
Annapolis, MD 21402-1198

Dr. Eugene C. Fischer (1)

Code 2840

Naval Surface Warfare Center
Carderock Division Detachment
Annapolis, MD 21402-1198

Defense Technical Information Center (2)
Building 5, Cameron Station
Alexandria, VA 22314

Dr. Kenneth J. Wynne (1)
Program Manager

Organic & Polymeric Materials
Office of Naval Research
Arlington, VA 22217-5000

Dr. JoAnn Milliken (1)

Scientific Officer

Polymer and Organic Chemistry
Office of Naval Research
Arlington, VA 22217-5000




T e

Farm Appron:‘ - -
REPORT DOCUMENTATION PAGE o o188
. Ase L CT I Vlemgtom A st ] 109Gl | TGl D8 EDGRE ACULEEG AR TR I3 Tev A AL 0T SAY 0a/ R PG ENALAG dete e

EIPIRL L SalhF - - -
are x (%€ 1314 NPVGED 0] (LMOIETNG ING EV-Ew.AG Tme INETGA Al on  Send (CMmmEnty 'o?uqu TR DL TR OA WMale 37 4ty IPRY et DY s

;:"';':;: ff“..‘,f'.:',','z:qn ST IVGEONCTY T AL TR Byl T S AGIGA epagqLartery ST e S lrgre i mtuemge s Togist TRy onG Setmpety o Y At ir
Sae e el Sute V204 W3R LA (IS 4304 An S AR Ot AF Meneqe™ent anG JudGger PI0RTwart FEALCY TA B0t et T4 3 441 A mgraa 30 TGS
T AGENCY USE ONLY (Ledve diank) ]2 REPQORT DATE 3. REPORT TYPE AND DATES COVERED
1993 Journal Article
4 TITLE AND SUSBTITLE S FUNDNG NLMEERS
Partial and complete chemical modification of poly(l,l- - _— ,
dimethyl-l-sila-cis~-pent-3-ene) by addition of dichlorokeuame"ooo‘“-59_1”%1

6. AUTHOR(S)
H.S.J. Lee and W.P. Weber

ANIZATION NAME(S) AND ADDRESS(ES 8 PERFCRMING TRGANIZAT ON
7. PERFORMING ORGANIZ (5) ANO (ES) REEORT worhe iR <

Department of Chemistry

) Loker Hydrocarbon Research Institute
University of Southern California

Los Angeles, CA 90089-1062 y

t

9. SPONSORING . MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING - MONITQRING
AGENCY REPORT NUMBER

Office of Naval Research

800 N. Quincy Avenue

Arlington, VA 22217

11, SUPPLEMENTARY NOTES
Published in Polymer, 33, 1748 (1992).

12a. DISTRIBUTION / AVAILABILITY STATEMENT 126, DISTRISUTION CODE

Unlimited

13. ABSTRALT (Maximum 200 words)

See attachments

14 SUBJECT TERMS 1S. NUMBER OF PAGES
chemical modification ] 8
poly(l,l-dimethyl-l-sila~cis-pent-3-ene) 16. PrICE COOEL
dichloroketene

17, SECURITY CLASSIFICATION 118, SECURITY CLASSIFICATION ]19. SECGRITY CLASSIFICATION | 0. LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT
Unclasgified Unclasgified Unclassified Unlimited
SN 7540-01-280-5500 Standard Form 298 (Rev . 39!

ProacriOed By ANV Ste 714 e




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 D. P. Loker Hydrocarbon Research Institute, Department of Chemistry,
University of Southern California, Los Angeles. CA S0089-1661, USA
(Received 12 December 1990, accepted 8 March 19391)

Dichioroketene, generated by the ultrasound-promoted dechlorination of trichloroacetyl chionde with 2inc.
has been added to the carbon-carbon double bonds of polv(t.1-dimethyl-1-sija-cis-pent-3-ene ) ipolv-1.
The molecular-weight distribution of the adduct polymer in which all of the carbon -carbon doubie bonds
have reacted with dichloroketene, poly[ 2.2-dichloro-cis-3.4-bis{ methylene jcyclobutanone dimethylistlylene .
100% poly {1-Cl,C=C==0). has been characterized by ge permeatiui: chromatogiaphy. The microstructure
of 100% poly([-Cl,C=C==0) has been elucidated by 'H. '*C and 2°Si nuclear magnetic resonance as
well as by infra-red spectroscopy. Similarly. a series of random copolymers have been prepared in which
only some of the carbon-carbon double bonds of poly-I have reacted with dichloroketene These have
been characterized as above. The glass transition temperatures (T,) of these copolymers. as well as that
of 100% poly (I-Cl,C==C==0. have been determined by differential scanning calorimetry. The 7, values
are found to increase linearly with the percentage of the carbon-carbon double bonds ot poly-1 that have

reacted with dichloroketene..

(Keywords: dichloroketene; addition: 7, values; copolymers)

INTRODUCTION

Dichloroketene (I1) is well known to undergo cyclo-
addition reactions with the C-C double bonds of
alkenes'. These [2 + 2] cycloaddition reactions proceed
stereospecifically via a concerted [n2 + n?] reaction in
which the n-system of the alkene and the C-C double
bond of the ketene approach each other via an orthogonal
trajectory”. These reactions yield 2.2-dichloro-3.4-disub-
stituted cyclobutanones in which the geometrical relation-
ship of the substituents is identical to that in the starting
alkene. i1.e. cis-alkenes yield cis-cyclobutanones and
rrans-alkenes yield trans-cyclobutanones.

0
C!2C=C=O
e et g
Cl2
(o]
Clz

Cis -cyclooctene

&

Trans-cyclooctene

Cf2C=C=O
D Y

Uniike less reactive ketenes. I reacts even at room
temperature with the C- C double bonds of unactivated
alkenes, such as cyclopentene and cyclohexene®. Even
with i.3-dienes. which might react with Il via a {2 + 4]
pathway. [ 2 + 2] cycloaddition products (2.2-dichioro-

*To whom correspondence should be addressed
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3-vinylcyclobutanones) are obtained® . For example.
[2 + 2] cycloaddition reaction of Il with one of the
C-C double bonds of 5-trimethyisilylcyclopentadiene
yields 7,7-dichloro-4-exo-trimethylsilylbicyclo[ 3.2.0hept-
2-en-6-one’ . Despite considerable interest in the
reactions of allylic silanes®, this is the only case of such
a reaction.

The facile generation of II under mild experimental
conditions from inexpensive readily available starting
materials recommends this reaction. II can be generated
either by the homogeneous dehydrohalogenation of
dichloroaceiyl chloride with triethylamine or by the
heterogeneous dechlorination of trichloroacetyl chloride
with active zinc’®. The recent observation that
ultrasound promotes this heterogeneous reaction further
facilitates the preparation of 2.2-dichlorocyclobutanones'®.

2.2-Dichlorocyclobutanones are themselves versatile
synthetic intermediates. For example. they can easily be
converted to cyclobutanones by the dissolving metal
reduction of the C-Cl bonds'?. This transformation can
also be achieved by reaction with tri-n-butyltin hydride’*.
They can likewise be modified under basic conditions to
yield x-alkoxycyclopropane carboxvlic acids via a
Favorskii-type ring contraction reaction'3!'3,

Despite the high reactivity of II discussed above. no
examples of its reactions with C-C double bonds of
unsaturated polymers such as cis-1.4-polybutadiene have
been reported. This is surprising since there is
considerable interest in the chemical modification of
polymers'®~'%. Modification of functional groups in a
polymer 1s one of the general routes for the synthesis
of new polymeric materials. Many such reactions lead
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Addition of difluorocarbene to
poly(1-methyl-1-phenyl-1-sila-cis-pent-3-
ene). Thermal stability and characterization
of microstructures by 'H, °C, *F and *°Si

n.m.r. spectroscopy

Howard Shih-Jen Lee and William P. Weber*

K. B. and D. P. Loker Hydrocarbon Research Institute, Department of Chemistry
University of Southern Califarnia, Los Angeles, California 80083-1661, USA
(Received 15 March 1991, accepted 24 June 1991)

Excess difluorocarbene. generated by the sodium todide catalysed decomposition of tinfluoromethyfiphen: -
mercury. adds i1 a stereospecific ¢is manner to the carbon- carbon double bonds of potvel-methyi-1-
phenyl-1-sila-cis-pent-3-ene) (1) to vield polyviid-difiuoromethylenc-l-methyi-1-phenyi-1-sila-co-pent-3-
ene) (F,C-1). Similarly. a series of random copolymers has been prepared in which only some of the
carbon-carbon double bonds of 1 have reacted with diffuorocarbene. The microstructures of ihese
difluorocyclopropanated polvmers have been deterrmned by 'H. '*C. 'YF and “"St nmr spectroscops
The glass transinon temperatures of these copolymers are found 10 depend on the evient ot
difluorocyclopropanation. The thermal stabiity of F,C-I has been determined by thermogravimetnic
analysis. The thermal stabthity of 1. F.C-1. poly(3.3-dichloromethslene- t-methyi-1-phens - s nepent
3-ene) (C1,C-1) and (1-methyl-3 4-methylene-1-pheny]-1-sifa-civ-pent-3-ene s tH,C-T1 are compared

(Keywords: difluorocarbene; copolymers; microstructure )

INTRODUCTION

There is considerable interest in the chemical modification
of polymers’ ~*. Such reactions permit the preparation of
polvmers which cannot be prepared by monomer
polyvmerization. In addition, partial chemical modification
permits the svnthesis of novel copolvmers. Carbene
addition to unsaturated polvmers is one method for
facile derivatization. For example. dichloro- and di-
fluorocarbene add stercospecifically to the carbon-carbon
double bonds of cis- and trans-1.4-polybutadiene®?,
We have previously added dichlorocarbene 1o the
carbon -carbon double bonds of I and found the polymer
Ct,C-Tto undergo facile chain scission at low temperature
195 C)'". This degradation process probably occurs by
4 two~step mechanism. The first involves ionization of
one of the carbon-chlorine bonds with concerted
disrotators opening of the cyclopropane ring to yield
an allylic cation. This symmetry-allowed process is
accelerated due to stabilization of the allylic cation by
fhe two adjacent methviphenvisibyl groups. It is well
Known that sificon has a profound stabilizing effect on
f-carbocation centrestt. Subsequent nucleophilic attack
by the chioride wnion on an adjacent methylphenylisilvl
centre results in seission of the polvmer chain tequation
H noFLCad s evpected to be more stable than CILC-T il
‘?‘C_“f\l step an this process is rate determining since
otization of a carbon -fluorine bond will occur less

T
@ whom correspondence should be addressed

D02 3861 97 204299 03
il 05
© 1992 Butterworth Hetnemann l.td

readily than that of a carbon chlorine bond!*. On the
other hand. if nucieophilic attack on one of the
methviphenyisilvl centres that 18 § to the allvlic
carbocation s rate limiting. then we might anucipate that
the difluorocarbene adduct polymer would decompose
more rapidly since a silicon-fluorine bond 1s much
stronger than a silicon-chlorine bond*'?.

~ = = i

I CICH C1 e cr oo o
forg X ory X o X che X CHa L 2p
-5 -5 St A e S SR s
Pl o ! ! A ;

[ CeHs j”CGHs CeHs é_Csf-'s _f" CeHs (o711
ci-

/./
-~
r 1
(lr el roaal
o —iC‘Hsi ]CHBi | Sy
= s e 45— S
H ‘ P [
LCeHs L LleHs ) pCete

A secries of copolymers composed of [-methyl-1-
phenyi-1-sila-cis-pent-3-ene (11 and 3 4-diflucromethyi-
ene-1-methyl-1-phenyl-1-sila-cis-pent-3-ene tH ) units has
been prepared by coatrolling the extent of the
difluorocyclopropanation of the carbon- carbon double
bonds of 1. in the hope that these will have predictable
physical properties between those of I and F.C-1.

POLYMER, 1992, Volume 33 Number 20 4299
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Dimerization and Polymerization of
2,3-Benzo-5-silaspiro[4.4]nona-2,7-diene

Liming Wang, Young-Hoon Ko, and William P. Weber’

Donald P. and Katherine B. Loker Hydrocarbon Research Institute, Department of
Chemistry, University of Southern California, Los Angeles, California 30089- 1661

Received October 21, 1991; Revised Manuscript Received January 24, 1992

ABSTRACT: Treatment of 2,3-benzo-5-silaspiro[4.4]nona-2,7-diene (I) with catalytic amounts of n-butyl-
lithium and hexamethylphosphoramide (HMPA) in THF results in dimerization of I to give 2,3:12,13-dibenzo-
5,10-disiladispiro{4.4.4.4)octadeca-2,7,12,16-tetraene (II). On the other hand, ring-opening metathesis
polymerization (ROMP) of | cocatalyzed by tungsten hexachloride and tetraphenylitin gives poly{(3,4-benzo-
1-silacyclopent-3-en-1-ylene)-cis- and -trans-but-2-en-1,4-ylene] (cis- and trans-111).

Introduction

We have been interested in the ring-opening polymer-
ization of 1-silacyclopent-3-enes. These reactions generally
Jead to poly(1-sila-cis-pent-3-enes).! Recently, westudied
the anionic polymerization of several 5-silaspiro{4.4]nona-
2,7-diene systems and found that dimerization competes
with polymerization in some of these cases.?® In an
attempt to better understand the factors controlling this
competition, we studied both the anionic and ring-opening
metathesis polymerization of 2,3-benzo-5-silaspiro{4.4]-
nona-2,7-diene (I).

Results and Discussion

2,3-Benzo-5-silaspiro[4.4]nona-2,7-diene (I) was pre-
pared from benzyl(chloromethyl)dichloroeilane (IV) (Fig-
ure 1). Thusaluminum chloride catalyzed intramolecular
Friedel-Crafts cyclization of IV gives 1,1-dichloro-3,4-
benzo-1-silacyclopent-3-ene (V),¢ which reacts with 1,3-
butadiene and magnesium in THF to yield 1.

Treatment of I with catalytic amounts of n-butyllith-
ium and HMPA did not result in anionic ring-opening
polymerization and formation of poly[(3,4-benzo-1-sila-
cyclopenb-s-en-1~ylene)-cis-bub2—en-1,4-ylene} (cis-IIT) but
rather in formation of a dimer 2,3:12,13-dibenzo-5,10-
disiladiapiro[4.4.4.4]octadeca-2,7,12,18-¢tatraene (1) (Fig-
ure 2). By comparison,both 1,1- dunethyl- -silacyclopent-
3-ene and 1,1-dimethyl-3,4-benzo-1-silacyclopentene
undergo anionic ring-opening polymerization to yield
respectively poly(1,1-dimethyl-1-sila-cis-pent-3-ene)’ and
poly(1,1-dimethyl-3,4-benzo-1-silapentene).

The anionic dimerization of I to yield II may be related
to the dimerization of 2,3-dimethyl-5-silaspiro{4.4]nona-
2,7-diene (VI) which gives 2,3:12,13-tetramethyl-5,10-
disiladispiro(4.4.4.4)octadeca-2,7,12,16-tetraene (VID),
whose structure has been rigorouasly established by X-ray
crystallography.® The molecular weight of II was deter-
mined by mass spectrometry while its structure was
established by 'H, 13C, and #Si NMR as well as by IR and
UV spectroscopy. In particular, the #Si NMR resonance
for I is found at 33.51 ppm while that for II is observed
at 19.12 ppm, an upfield shift of 14.4 ppm. This is similar
to the 13.7 ppm upfield shift that is cheerved when the
2Si NMR resonance for VI (25.54 ppm) is compared to
that of VII (11.87 ppm). In addition, the chemical shifts
of the vinyl protons and carbons are consistent with
structure II. In particular, the vinyl protons of 1 are
obseerved at 6.08 ppm while those for II are found at 5.39
ppm. By comparison, the !H NMR signals for the vinyl
protons of V1 are found at 5.91 ppm while those of VII are

0024-9297/92/2226-2828%03.00/0

=
CHy — 5, A 7~
(5 e 2 (T —— {0
Mg ¢ THF /e

v v

Fi(ulre 1. Synthesis of 2,3-benzo-5-silaspiro{4.4inona-2,7-di-
ene (I),

q n
é s
Si THF/ 78°C ‘

1 i
Figure 2. Treatment of I with n-butyilithium. Synthesis of 2,3
12,13-di§nnzo-5,XO-disihdjspiro[AAAA}octadm-2,7,12.18—&«.-
raene (II}.

observed at 5.30 ppm. Likewise, the allyl, benzyl and vinyl
13C NMR signals of I and II can be compared to those of
V1 and VII (Table I). The nature of the factors which
favor dimerization of I and VI under anionic catalysis is
not fully understood.

On the other hand, ring-opening metatheais polymer-
ization of [ cocatalyzed by tungsten hexachloride and te-
traphenyltin with activation by cyclopentene is successful
and re="*its in cis- and trans-111 (Figure 3). Ring-opening
metathesis polymerization reactions are often stereose-
lective but not stereoepecific.® Tungsten hexachioride and
tetraphenylitin have been frequently utilized as catalysts
for ROMP. Cyclopentene has been previously utilized to
activate such ROMP catalyst systems.”

Thestersochemical compoaition of ITI can be determined
by integration of the allyl and vinyl hvdrogen resonances.
Specifically the 'H NMR signal at 1.94 ppm is assigned
to the allylic hydrogens of trans.IIl units, while the
resonanceat 1.97 ppmis assigned to cis-Ill units. Likewise,
the !H NMR signal at 5.20 ppm is assigned to the vinyl
hydrogens of trans-I1I units while that at 5.25 ppm results
from the cis-IIl units. Integration of these is consistent
with a polymer composed of 16 % trans-IIl units and 84%
cis-II1 units.

The '3C and 2°Si NMR of the 3,4-benzo-1-
gilacyclopent-3-en-1-ylene (VIII) units are sensitive to mi-
croenvironment (Figure 4). Three #Si NMR signals are
observed. These can be accounted for on the basis that
the but-2-en-1,4-ylene (IX) units on either side of VIII
units can be both cis-IX, one cis-IX and one trans-IX, or
both trans-IX. The microenvironment for VIII with cis-
IX on either side is most probable while that with trane-
IX units on either side is least probable. The ®Si NMR

© 1992 American Chemical Society
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Anionic Dimerization and Ring-Opening Polymerization of
1,1-Divinyl-1-silacyclopent-3-ene

Steven J. Sargeant, Stephen Q. Zbhou, Georges Manue!, and

William P. Weber’

Donald P. and Katherine B. Loker Hydrocarbon Research [nstitute. Department of
Chemistrv, University of Southern California. Los Angeles. (alifornia H89- 166]

Received November 18, 1991, Revised Manuscript Recewved Jaruar 28 1992

ABSTRACT: Anionic ring-opening polymerization of 1,1-divinyl-1-silacyclopent-3-ane :I) cocatalvzed by
n-butyllithium and hexamethyiphosphoramide (HMPA) in THF at low temperature (~-78 °C) leads to a
mixture of 1,1,6,6-tetravinyl-1,6-disilacyciodeca-3,8-diene (dimer) and poly(1.1-divinyl-1-sila-cis-pent-3-ene)
(polymer). These have been separated and characterized by 'H, C, and #Si 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 has been measured by gel permeation chromatograpby

(GPC). Thermogravimetric analysis (TGA) of the polymer in nitrogen gave a §2%

char yieid. The glase

transition temperature (T,) 65 °C of the polymer was determined by differential scanning calorimetry
(DSC). The mechanism of this reaction has been studied.

Introduction

The proposal by Yajima that poly(l-methyl-1-sila-
ethane) [CHySiHCH,], is a key intermediate in the
conversion of poly(dimethylsilane) into 8 silicon carbide
has stimulated considerable interest in the chemistry of
polycarbosilanes.! Saturated polycarbosilanes such as
poly(1,1-dimethyl-1-silabutane) and poly(1,1-dimethyl-1-
silasthane) have been prepared by anionic,?* platinum-
catalyzed,’ and thermal®? ring-opening polymerization of
1,1-dimethyl-1-silacyclobutane and 1,1,3,3-tetramethyl-
1,3-disilacyclobutane, reapectively. We have been inter-
ested in the preparation of stereoregular unsaturated
polycarbosilane such as poly(1-sila-cis-pent-3-enes).!%12
These have becn prepared by the anionic ring-opening
polymerization of 1-silacyclopent-3-enes. Studies designed
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-
dergoes exchange of alkyl groupe bonded to silicon rather
than polymerization on treatment with n-butyllithium and
hexamethylphosphoramide (HMPA) in tetrahydrofuran
(THF) at low temperature.!! This observation as well as
the presence of 1-methyl-1-silacyclopent-3-ene end groups
in poly(1-methyl-1-sila-cis-pent-3-ene)!314 has been in-
terpreted in terms of the importance of anionic hyper-
valent siliconate intermediates in these polymerization
reactions (see Figure 1).

In this paper, we report that anionic ring-opening po-
lymerization of 1,1-divinyl-1-silacyclopent-3-ene yields
poly(1,1-divinyl-1-silacyclopent-3-ene) (polymer) as ex-
pected. This carbosilane polymer has a very high degree
of unsaturation and is convertad on thermal decomposition
to a high char yield. However, of greater mechanistic
interest, significant amounts of 1,1,6,6-tetravinyl-1,6-disila-
3,8-cyclodecadiene (dimer) are isolated along with the
polymer. Experiments on the effect of monomer con-
centration and temperature on the ratio of dimer to
polymer provide additional understanding of the mech-
anism of this reaction. The observation that pure polymer
can be equilibrated to a mixture of dimer and polymer
under polymerization reaction conditions is particularly
significant (see Figure 2).

DT —

Y \ THFMMPA /|\
~i

Figure 1. Equilibration of 1-silacyclopent-3-enee via siliconate

intermediates.
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Experimeatal Section

'H, 1C, and ®Si NMR spectra were recorded on a Bruker
AM-360 spectrometer operating in the Fourier transform mode.
#Si NMR spectra were obtained by use of heteronuciear gated
decoupling pulse sequence (NONOE) with a pulse delay of 20s.15
Five percent weight/ volume solutions in chloroform-d wers used
to measure 'H and UC NMR spectra, whereas 15% solutions
were utilized to obtain 2Si NMR spectra.

The ratio of dimer to polymer was determined by integration
of quantitative 3\C NMR apectra. 3C T, values for dimer and
polymer were determined using the inversion recovery method!®
(Figure 3). Samples of polymer and of mixtures of dimer and
polymer dissolved in chloroform-d were placed in 5mm NMR
tubes. These sclutions were degassed by bubbling UHP argon
through them for 2 h. The NMR tubes were then sealed. The
spectra were obtained at 30 °C on a Bruker SY-270 FT
spectrometer using a r pulse of 12.4 us and a x/2 pulse of 8.2 us.
Fifty-six scans were accumulated with relaxation dalays of 0.01,
0.1,0.5,1.0,5.0,10.0, 20.0, 40.0, 80.0, and 120.0 seconds. Analysis
of these data gives the *C T, values for both the dimer and the
polymer.
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Stereoselective anionic ring opening polymerization
of 1,1-dimethyi-1-silacyciobutene

Characterization of poly(1,1-dimethy!-1-sila-cis-but-2-ene)

Marcus Theurig and Willlam P. Weber*

D.P.and K. B. Loker Hydrocarbon Research institute, Department of Chemistry. University of
Southern California, Los Angeles, CA 50089-1661, USA

SUMMARY

Stereosalective anionic ring opening polymerization of 1,1-dimeihyl-1-silacyciobutene co-cata-
lyzed by n-butyllithium and hexamethylphosphoramide (HMPA) in THF at -78°C Yndd%pf%mmnﬂy
poly(1,1-dimethyi- 1-sia-cig-but-2-ene). The polymer has been characterized by 'H, T3¢, Vginmn Spec-
troscopy, gel permeation chromatography (GPC), thermogravimetric analysis (TGA) and eiemantal analy-

Sig.
h i BuLi / HMPA e
Si—CH, it —{-———sam\
, THF, -78°C | n
CHy

CH,

EXPERIMENTAL

"M and 3¢ NMR spectra were obtained on a Bruker AM<360 spectrometer operating in the
Fourier Transform mode (FT). <751 NMR spectra were recordad on an IBM-Bruker WP-270-SY spectrome-
ter. Five to ten percent weight/vr" e solutions of pd{;,vw in cgotoiormd weore usad for TH NMR spec-
tra, whereas fiftaen percent solutions were utllized for '“C and ““Si NMR spectra. 3¢ NMR Spectra were
run with broad band proton decouplgg. A hatetonuciear gated decoupling puise sequence (NONOE) with
a 20 sec delay was used to acquire SINMq spoar?ét). These were axternally reterenced to TMS. Chio-
roform was used as an internal reference for 'H and ' NMR spectra. IR specira were recorded on &
Perkin-Elmer PE-281 spectromater.

Gel permeation chromatographic analysis of the molecutar weight distribution of the polymer was
performed on a Waters system comprised of 8 USK infector, a 510 HPLC solvent delivery system, a R401
refractive index detector and a Model 820 Maxima control system. A Waters 7.8 mm x 30 cm Ultrastyragel
linear column packed with less than 10 m particles of mixed pore size crossiinked styrene divinylbenzene
copolymer maintained at 20°C was used for the analysis. The eiuting sotvent was HPLC grade THF a1 a
flow rate of 0.8 mL/min. The retention times were calibrated against thase of known monodisparse po-
lystyreng standards: M 612,000; 114,000; 47,.500; 18,700 and 5,120 whose M,, /M, are less than 1.09.

Thermogravimetric analyais of the polymer was carried out on a Perkin-Elmer TGS-2 instrument
with a nitrogen flow rate of 40 cm®/min. The temperature pragram for the analysis was 50°C for 10 min
followad by an increase of 4°C/min to 750°C.

Elemental analysis was performed by Gaibraith Laboratories, Knoxvilie TN,

All reactions were carried out under an atmosphere of argon in flame dried glassware. THF was
dried by distillation from a deep blue solution of sodium/benzophenons ketyl immediataly prior to use.
HMPA was distilied from calcium hydride and stored over activated 4 A° molecular sioves,

1,1-Dimethyi-1-sitacyciobutens (1)
{ was prapared by flash vacuum pyrolysis of diallyloimethyisiane (Aldrich) at 750°C. The Y and
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REPORT DOCUMENTATION PAGE rorm Aoproved
OMB No 0704 0188
3_0u eOS T " TurIe PIF UM LI OCT IR D NINIMGLCA 4 LG (T S EJE S Jw D7 TEQOPME AUIVEIAG INE I e 1D rey.gw NG AD SO I e nag #a % AG Deid sun =
PO RN WL Eaf L Halal) 159 J810 AEEVES 41G C/OIRUNG ENG /Py Ewing 1P e JHECLOA OF nTormat.on Seng Tommenty 'eqorc-u? ey Dur3en 43t mate 3 any JLNE7 10E ;_. .. N
e On It APIIMALCA A QiR S INGHERC NN TIT AQL0A T DUrORA T N AVRAGION “EABGLATTES SETLEY I RO TTE IO MM gt cn Toeoy;ny gng ReDOrtY 4TS ATTRNOR
e 4 grase Sud@ P08 i AREn L2 11130 4100 an@ s the Othce 5 Maragement 4nd Bu0qer PapWwQin REQurt Ir P T 0t 1706 3 MM, fognm mgron S L2YEH
1T AGENCY USE ONLY (Leave dlank) ]2 REPORT DATE ). REPORT TYPE AND OATES COVERED
1993 Journal Article
TS
4. TITLE AND SUBTITLE S FUNDING NUMBERS
Anionic ring-opening polymerization of 2,3-benzo-i-sila-
cyclobutenes. Characterization of poly(2,3-benzo-1- N00014-89-3-1961
silabutenes)

6. AUTHOR(S)
M. Theurig, S.J. Sargeant, G. Manuel and W.P. Weber

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8 PERFORMING CRGANIZAT.OM

REPORT NUMBER
Department of Chemistry
Loker Hydrocarbon Research Institute
University of Southern California

Los Angeles, CA 90089-1062 N

Y NAM AND ADDR 10. SPONSORING  MONITORING

9. SPONSORING / MONITORING AGENC €(S) AND ADDRESS(ES) AT A
Office of Naval Research

800 N. Quincy Avenue

Arlington, VA 22217

1t. SUPPLEMENTARY NOTES
Published in Macromolecules, 23, 3834 (1992).

[12a. DISTRIBUTION / AVAILABILITY STATEMENT 126 DISTRISUTION COOE
Unlimited

I3 ABSTRACT (Maximum 200 words)

See attachments

14 SUBJECT TERMS 15. NUMBER QF PAGES
Anionic ring-opening polymerization 4
2,3-benzo~-l-gilacyclobutenes 16. PRICE CODE

Poly(2,3-benzo-1-silabutenes)

e
17 SECURITY CLASSIFICATION 118. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ASSTRACT
OF REPORT OF TMIS PAGE Of ABSTRACY
Unclasgified Unclaseified Unclassified tnlimited
SN 7S40-01-280-5500 Standard Form 298 (Rev 2 89

Sreaccied Dy ANS Stg (18R

o ORI




3834 Macromolecules 1992, 25, 3834-3837

Anionic Ring-Opening Polymerization of
2,3-Benzo-1-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 Hvdrocarbon Research Institute Depariment of
Chemistry, University of Southern California, Los Angeles, California 30689~ 1661

Received January 13, 1992; Revised Manuscript Received April 8, 1992

ABSTRACT: Anionicring-opening polymerizationof 2,3-benzo-1,1-dimethyi-1-silacyclobutene ([}, 2.3-benzo-
1-methyl-1-phenyl-1-silacyclobutene (I}, and 2,3-benzo-1,1-diphenyl-1-silacyclobutene (111} catalyzed by n-
butyllithium and hexamethyiphosphoramide (HMPA) in THF at low temperature (-78 °C) vields respectively
poly(2,3-benzo-1,1-dimethyl- 1-silabutene) (IV), poly(2,3-benzo- 1 -methyl-1-phenyi- 1 -silabutene) V), and poly-
(2.3-benzo-1.1-diphenyi-1-silabutene) (VI). These polymers have been characterized by ‘H, 3C, and ¥Si
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 (T,) by differential scanning calorimetry (DSC).

Introduction

While there has been considerable work done on the
ring-opening polymerization of silacyclobutanes, the po-
lymerization of 2,3-benzo-1-silacyclobutene systems has
been less thoroughly studied. This paper reports the
synthesis and characterization of poly(2,3-benzo-1,1-di-
methyl-1-silabutene) (IV), poly(2,3-benzo-1-methyl-1-
phenyl-1-silabutene) (V), and poly(2,3-benzo-1,1-dipheny}-
1-silabutene) (VI). These polymers were prepared by the
anionic ring-opening polymerization of 2,3-benzo-1,1-di-
methyl-1-silacyclobutene (I), 2,3-benzo-1-methyl-1-phen-
yl-1-silacyclobutene (II), and 2,3-benzo-1,1-diphenyl-1-si-
lacyclobutene (III), respectively.

Experimental Section

'H, 13C, and ®Si NMR spectra were obtained on an IBM-
Bruker 270-SY spectrometer operating in the Fourier transform
mode. '3C NMR spectra were run with broad-band proton de-
coupling. Ten to fifteen percent solutions in chloroform-d were
used to obtain 13C and #Si NMR spectra. Five percentsolutions
were used to obtain :H NMR spectra. Chloroform or TMS were
utilized as an internal standard for ‘H and 3C NMR spectra. A
heteronuclear gated decoupling pulse sequence (NONOE) with
a delay of 20 s was used to obtain ®Si NMR spectra which were
externally referenced to TMS.!

IR spectra were recorded on a Perkin-Elmer PE-281 spec-
trometer of neat liquid samples on sodium chlaride plates or as
potassium bromide pellets for solids. UV spectra were recorded
on a Shimadzu UV-260 UV-visiblespectrometer. Spectra-quality
THF was used to prepare solutions of polymers, and spectra-
quality hexane was used to prepare solutions of monomers for
UV spectroscopy.

Gel permeation chromatographic (GPC) analysis of the mo-
lecular weight distribution of the polymers was performed on a
Waters system. This was comprised of a U6K injector, a 510
solvent delivery system, a R401 differential refractometer, and
aMaxima 820 datastation. A7.8mm X 30cm Waters Ultrastyra-
gel linear column packed with <10-um particles of mixed pore
size, cross-linked styrene-divinylbenzene copolymer was used
for the analysis. The eluant was HPLC-grade THF at a flow rate
of 0.8 mL/min. Retention times were calibrated against known
monodisperse polystyrene standards M, 179 000, 110 000, 20 400,
and 1350 whase M./ M, are leas than 1.09.

Pfepuative GLPC was carried out on a Gow Mac 550 GC
equipped with a 1/4in. X 10 ft stainless steel column packed with
10% SE-30 on Chromosorb W NAW 60/80 mesh. The column
was deactivated immediately prior to use by injection of 50 uL
of hexamethyldisilazane.

0024-9297/92/2225-3834803.00/0

Thermogravimetric analysis (T'GA) of the polymers was carried
outon a Perkin-Elmer TGS-2 instrument at a nitrogen flow rate
of 40 cn¥/min. The temperature program for these cnislyses was
50 *C for 10 min followed by an increase of 5 °C, min to 100 *C.
After 10 min at 100 °C the temperature was increased at a rate
of 5 °C/min to 750 °C. The glass transition temperature (T}
and the melting point (T,) were determined by differential
scanning calorimetry (DSC) on & Perkin-Elmer DSC-4 system.
The inital temperature for the analysis was 30 *C. This was
increased at a rate of 20 °C/min to 200 *C. The melting points
of the polymers were alao messured on an Electrothermal melting
point apparatus and are uncorrected.

High-resolution mass spectra were obtained st the University
of California Riverside Mass Spectrometry Facility on a VG-
7070 EHF mass spectrometer at an ionizing voltage of 20 eV.
Exact masses were determined by peak matching against known
masses of perfluorokerosene.

Elemental analysis was performed by Galbraith Laboratories,
Knozxville, TN,

Tetrahydrofuran (THF) was distilled immediately prior to
use from sodium benzophenone ketyl. Hexamethyiphosphora-
mide (HMPA) was distilled from calcium hydride and was stored
over 4-A molecular sieves. Hexans was distilled from lithium
aluminum hydride. n-Butyllithium in hexane (2.5 M) and 2-
bromobenzyl bromide (Aldrich) were used as received. Dime-
thyldichlorosilane, methylphenyldichlorosilane, and diphenyl-
dichlorosilane were obtained from Hils. They were purified by
fractional distillation.

All glaasware was dried overnight in an oven at 120 *C and was
flame dried prior to use. All reactions were conducted under an
atmosphere of purified argon.

2,3-Benzo-1,1-dimethyl-1-silacyciobutene (1).? | was pre-
pared by the reaction of 2-bromobenzyi bromide and dimeth-
yldichlorosilane with magnesium powder in ether following
literature procedures. The product was purified by fractional
distillation through a 15-cm vacuum-jacketed Vigreux column.
A fraction [bp 106/107 °C/6u mm (lit.2 73 *C/17 mm)} of 17 g
(44% yield) was isolated. 'H NMR 4 0.36 (s, 6 H), 2.06 (s, 2 H),
7.03 (m, 2 H), 7.18 (m, 2 H). ¥C NMR: 3 -0.45, 20.13, 126.18,
126.91, 130.38, 130.46, 145.94, 150.55. #Si NMR: 39.41. IR: »
3056, 2960, 2909, 1586, 1450, 1436, 1282, 1247, 1043, 849, 823,
786,718 cm™t. UV: Age nim (¢) 219 (5300), 262 (1200), 268 (1700),
276 (1550).

2,3-Benzo-1-methyl-1-phenyl-1-¢ilacyclobutens (I1). Ina
500-mL three-necked round-bottom flask equipped with a re-
flux condenser, a pressure equalizing addition funnel, and a Tef-
lon-covered magnetic stirring bar was placed magnesium powder
(9.7 g, 0.4 mol) and ether (30 mL). A mixture of 2-bromobenzyi
bromide (33 g, 0.13 mol) and methylphenyldichlorosilane (26.8
g. 0.4 mol) in ether (150 mL) was placed in the addition funne!

© 1992 American Chemical Sncisty
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Synthesis and characterization of poly(1-methyl-1-silabutane),
poly(1-phenyl-1-silabutane) and poly(1-silabutane)

Charies X. Liao and Witliam P. Weber*

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

Summary:

Anionic ring opening polymerization of 1-methyl-1-silacyclobutane, t-phenyi-1-
silacyclobutane and 1-silacyclobutane co-catalyzed by n-butyllithium and hexameth-
ylphosphoramide {HMPA) in THF at -78°C yields poly{1-methyl-1-silabutane), poly(1-
phenyi-1-silabutane) and poly(1-silabutane) respectively. These saturated carbosi-
lane golymers possess reactive Si-H bonds. They have been characterized by 'H, '*C
and ©8i 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 J 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 poly{1-methyl-1-silasthane) (-CH,-
SiH-CH,-}, is an intermediate in the pyrolytic conversion of poly(dimethyisilane) fibers
into silicon carbide fibers (2,3) stimulated interest in such systems (4,5). Qligo(1-
silapropane) has been prepared by hydrosilation polymerization of vinyldichlorosilane
to yield poly(1,1-dichloro-1-silapropane) followed by reduction of the Si-Cl bonds with
lithium aluminum hydride (6,7). Low molecular weight poly(1-methyl-1-sila-cis-pent-3-
ene) and poly(1-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 1-methyl-1-silacyclopent-3-ene and 1-silacyclopent-3-ene
respectively (8,9).

H
n-BulLvHMPA !
e A
H ) w7

Experimental

'H and '3C NMR spectra were obtained on a Bruker AM-360 spectrometer
operating in the Fourier Transform mode (FT). 2Si 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 '*C and *Si NMR spectra. '*C NMR spectra were
run with broad band proton decoupling. A heteronuclear gated decoupling pulse
sequence (NONOE) with a 20 sec delay was used to acquire ®Si NMR spectra (10).

*Corresponding author
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Synthesis of carbosilane monomers and
polymers with mesogenic pendant groups

Steven J. Sargeant and William P. Weber* _
Donaid P and Katherine 8. Loker Hydrocarbon Research Insttute

Department of Chemistry, University of Southern California
Los Angeles, CA 90089-1661

introduction

Liquid crystalline(LC) materials demonstrate unusual phase behavior
which combine properties of the homogeneous liguid and the
ordered crystalline states.'? Polymeric, side cham"", LC matenais
comprised of a flexible, low T, siloxane backbone in which the silyl
centers are substituted with pendant mesogens have been
prepared® The fow T, (64°C)* of poly(1,1-dimethyl-1-sila-cis-
pent-3-ene) suggests that materials based on sterecregular
unsaturated carbosilane backbones, substituted with pendant
aryloxy groups, might exhibit LC behavior at «t. Such materials
would represent a novet class of liquid crystailine substances.

(R reem O3 2 5 )
1 LA, 'n mEmMea SN Y
@ Q

©
v |

Experimental

Tey e

THF was distilied from a dark biue solution of sodium
benzophenone ketyl under nitrogen. HMPA was distiled over
calcium hydride and stored over sieves (4A) in a syringe sealed
container. Chloropiatinic acid (Aidrich) was used without further
purification. n-Butyllithium (Aldrich) was titrated before use.”  Ally!
phenyt ether {Aldrich) was redistiled befors use.
* 4-Allyloxybiphenyl® | 2-ailyloxynapthalene®, 1-methyi-1-silacyclopent-
3-ene™, 1-phenyl-1-silacyclopent-3-ene’* were prepared by literature
procedures.

All reactions were conducted in flame-dried glassware under an
atmosphere of UHP argon. ‘

lonomer svyn i

Monomers were prepared by H,PtCl, catalyzed hydrosilation
reactions of 1-methyi-1-silacyciopent-3-ene or 1-phenyi-1-silacycio-
pent-3-ene and the corresponding allyi aryl ethers, as beiow.

1-Methyi-1-(3'-p-biphenoxypropy!)-1-sitacyclopent-3-ene(ii).

A flask, fitted with a rubber septum, is charged with
4-allyloxybiphenyl and t-methyl-1-silacyciopent-3-ene. H,PtCI,,
1x10 Pt to ailyl aryl ether, is added by syringe. The reaction is
quenched after 4h via the addition of water/methanol. The organic
layer was removed and the aqueous phase was extracted with ether.
The combined organic layers were dried over CaCl,. The product
was purified by flash chromatography on a3 silica gel column using
pentane/chioroform (1:1) as eluant. This removed the Pt
complexes. A water white liquid was obtained in 70% yieid. Table |,

illustrates the monomers which have been preparad.
Polymer Synthesi ienic Rin ing Polymerizati P
Polymers were synthesized by AROP of the corresponding
monomers using n-butyllithium and HMPA as co-catalyst in THF

solvent. as below.

290

Poly-{1-methyi-1-(3"-phenoxypropyt)-1-sila-cs-pent-3-ene (V).

A flask. containing a Teflon covered magnetic stirring bar. was fitted
with a rubber septum. THF (10.mL). 100ul of HMPA and 0 50q of
(1) were added by synnge. The flask was cocled 1o -78°C for 15 min,
and n-butyllithium (120ut) was added via syringe to the stirred
solution. The reaction was allowed to proceed for 3h and was
quenched via the addition of sat. ag. NH,C! The organic phase was
removed and the aqueous phase was extracted with ether (3x50mdL}
The combined organic phases were washed with water. dried over
anhydrous CaCl, then filtered through a plug of giass wool The
soivents were remaoved under reducad pressure 10 yield an opague.
gummy solid. The polymer was twice taken up in 3 mimmum amount
of THF, precipitated out of solution with methanol and then
centrifuged. Finally, the polymer was dried under vacuum o give
0.43g (8B0% yield). Tabie | lists the polymers which were prepared

Moniomer Polymer MM,
SRS .
5, S

=X -
;
i O w

E’?\A -{*n 17200/8460
3, B

- -{E?\-—-r:-\\-} 29100/16700

&

O

S m

Table i, Monomers and polymers prepared for this study.

v

Characterization

The structures of the mondmers and polymers were confirmed by 'H,
C and ?Si NMR spectroscopy. The molecular weight distnbution of
the polymers was determined by GPC on a Waters system. TGA was
carried out on a Perkin-Eimer TGS-2 instrument.The thermal
transitions of the polymers wers determined by DSC on a
Perkin-Eimer DSC-7.

Polarizing opticai microscopy (POM) was done using an Unitron
polarizing microscope fitted with a LeitzZOmega hot stage. The
polymer films were heated to 80°C and then coocled at 0.5°C/min.
Micrographs wers oblained at various temperstures at a
magnification of 100x with a Polaroid camera attachment.
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ABRSTRACT: Polv(1-(3'-cyanopropyl)-1-methyl-1-silabutane], poly(1-methyi-1-{3"-(glycidyloxy)propyil-1-
silabutane], poly({1-methyl-1-{3’-(triethoxysilyl}propyl]-1-silabutane], poly{1-methyl-1-(4',7",10'-trioxaun-
decanyl)-1-silabutane], poly[1-methyl-1-(4',7’,10",13"-tetracxatetradecanyl)-1-silabutane], poly{1-methyi-1-
{3"-(phenyloxy)propyi]-1-silabutane], and poly[1-methyl-1-{3"-(pentafluorophenyl)propyl)-1-silabutane] have

been pre

pared by the pistinum-catalyzed hydrosilation graft reactions between poly( 1-methyl-1-zilabutane)

and the appropriate functional alkene. These polymers have been characterized by 'H, 1C, UF (where
appropriate), and #Si NMR as well as by FT-IR and UV spectroscopy. The molecular weight distributions
of these polymers have been determined by gel permeation chromatography (GPC), their thermal stabilities
by thermogravimetric analysis (TGA), and their glass transition temperatures (T}'s) by differential scanning

calorimetry.

While there has been considerable work over the last 50
years on silicone polymers,'2 there has been much less
work on carbosilane polymers. The observation of Yajima
that thermal decomposition of poly(methyisilylenemeth-
ylene) [CHSiHCH;). results in loss of methane and
hydrogen and formation of g-silicon carbide has stim-
ulated considerable interest in polycarbosilanes.®

This paper reports the preparation of saturated car-
bosilane polymers which have functionally substituted
pendant alkyl chains. These have been prepared by the
chemical modification, by platinum-catalyzed hydrosila-
tion graft reactions between functiunal alkenes and the
reactive Si~H bonds, of the saturated carbosilane polymer,
poly(1-methyl-1-silabutane).* There is considerable in-
terest in the chemical modification of intact polymers since
this method often permita the synthesis of polymers which

cannot be prepared directly.’?
CHy
!
o
oN

NN
HP1Cly

4N

Background

Numerous types of silicone polymers with functionally
substituted pendant alkyl chains have been prepared. The
synthesis, chemical properties, and significant applications
of these have been reviewed.®*!? Some of these have

kb e, shy lmewimgiarmanmaeipe nf Al

(dimethylsilicones) such as low surface tension, high
thermal stability, and low glass transition temperature
with properties which are associated with the pendant
functional chain. For example, poly{methy!-(3,3,3-triflu-
oropropyl)siloxane] combines thermal stability and low
glass transition temperature with lubricating properties
and lack of swelling in hydrocarbon solvents charactaristic
of perfluoroalkyl polymers.!31¢ Poly[1-(3’-cyanopropyl)-
1-methylsilozane} compounds find utility as thermally
stable polar liquid phases for gas-liquid chromatography,
while similar chemically bonded silozane polymers are
used in high-pressure liquid chromatography.'? Poly(3'-
aminopropyl)methylsilozane, poly[3’-(acryloxy)propyl]-
methylsiloxane, poly(3’-mercaptopropyl)methylisiloxane,
poly(3’-cyanopropyl)methylsiloxane, poly{3’-(glycidyl-
oxy)propyl]methyisiloxane are among the silicone poly-
mers with pendant functionally substituted alkyl groupe
which are commercially available.!!

Closely related to these are siloxane graft copolymers.
These polymeric systems have a silozane backbone in
which some or all of the silyl centers carry functional
substituted oligomeric side chains. Important examples
of this type of polymer are polysilozanes substituted with
hydrophilic nonionic oligo(oxyethylene) pendant groups.
Theses find commercial application as surfactantal® and
are of scientific intarest due to their ability to complex
lithium cations to form solvent-free polymer slectrolytes
which have reasonable ionic conductivities.'’”® These
hava haen nesnared hy the nlatinum-catalvzed hvdrosi-
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SYNTHESIS, CHARACTERIZATION and PLATINUM
CATALYZED CROSSLINKING of COPOLY()-SILA-CYCLOBUT
.1-YLIDENE-1.4 -PHENYLENE). PROPERTIES of AROMATIC

CARBOSILANE THEAMOSET

Charles X. Liao, Min Wel Chen and William P. Weber*
D. P. and K. 8. Loker Hydrocarbon Research instiute, Dept. of
Chem., U. ot Southern California, Los Angeles. CA 9008%-1661

ABSTRACT:

Low motecular weight copolyi-s.iacyciobut-! yigcene-1 d-phenylensg:
has been prepared by the reaction 31 1 1-aCmorG: 1-5413¢,Cicbulane |l win
the di-Grignard reagent preparec from p-aiprigmoecenzene | 1ias Seen cnarac:
terized by "M, 13C ana 29Si NMR as wei as FT-iR ang UV spectoscopy s
motecular weight distribution has ceen determined oy GPC. ang 15 hermat
stability by TGA in both nitrogen and & Thermal degradation ot 1 Mtrogen
gives high (60-62%) char yield Tg o! 1 nas been measured Oy DSC Platinum
catalyzed nng operng of the strained sdacyciobutane nngs crosshinks | The
bending moduius log €' tan & and Tg of tis tnermoset matenai has teen
determined by OMTA. Electncal properties; g.electne lonstant and &issipation

facior are reported

Introduction: ,

1.1-Oisubstituted-1-silacyctobutanes undergo pratinum catalyzeg ' 2
thermal 3.4 as well as anioniC nng opening polymer.zatan 3 8 Aing opening ¢!
siacyclobulane and 1 3-gisiacyciobulane umis nas teen ukihzed (0 Crossink
polysilacyciooutasiazanes 3-12 Crossunking 15 a essenual requirement far the
high yield conversion of organometallic polymers 10 ceramic matenals 1314
Silacyclobutanes have not been previousty used 10 Crossunk polycarnasilanes
Condensation polymerization of aramanc di-Grgnara r2agent prepared from
p-dibromobenzene with [l ieads 10 low mojecuiar wegnt | This visCUOUS
liquid has a low Tg Platinum catalyzea crosshinking ot | yrelds a thermeset
matenal whichnas a Tg above 1700C. mgh genoing MoSuius, iOw dielecine

constant and gissipanon tactor

o w
T A

Experimental:
1H ang 13C NMR specira were run on a Bruxer AM-250 spectrometer

operating in the FT mode. 2251 NMR spectra was recorged on a Bruser 270-ST
spectremeter 130 NMR spectia mere run with 0r0ag 041G PrOICN GeLouping
295i NMR spectra were obtained by use ol a heteronuclear gated decoupling
pulse sequence INVGATE) with a puise deiay of 15-20 s 15 13C ang 295i
NMR spectra were obtained in 15% soiulion ot chlorotorm-a T NMR spectra
were obtained n 5% solution of chiorolorm-d 1R spectra was recorded on an
1IBM FT-IR/30S. DTGS/CSI spectrometer of neat tims on sodwm chionde
plates UV spectra of ethyl ether solulions were recor‘ced on a Shimadzu
UV-260 spectrometer

The molecutar weight distibution of this polymer was determined by GPC
on a Waters system comprnised ot a UEK injector a 510 HPLC soivent delivery
system, a R401 differential refraclometer and a Maxima 820 control system A
Waters 78 mm x 30 cm Ultrastyragel inear column packed with < 10 um
particles of mixed pore size crosshinked stryene-civinyibenzene copolymer was
utilized for the analysis. The column was maintained at . The eluting solvent
was HPLC grade THF al a flow rate 0 7 mLmin The retention times were
caiibrated against known monodisperse golystyrene siandards 47500,
18,700. 5.120 ang 2.200 whose My Mpn values are < 1 03
i TGA was carried out on a Perkn-Elmer TGS-2 instrument with a nitrogen
flow rate of 40 co/min. The temperatyre program for the analysis was 50 9C tor 2
min. The temperature was then increased at a rate of 50C/min to 750 or 8000C.
Tg of | was determined by OSC on a Perun-Elmer DSC-7 instrument The
metting point of indium (156 9C) and spectral grade nhexane { -35 0C) were
utiized 1o calibrate the DSC. The temperature scans were begun al -100 ©C tor
§ min. The temperature was then increased at a rate of 20 0Cimin 10 150 oC,
DMTA of cured matenals was performed on a Polymer Laboratones DMTA Mk il
A standard single cantilever bending head {-150-3009C) was used The
analys's was carmed out at trequency of G 1. 1 ang S Hz at a stran tevel ot 2. The
temperarure was increased at 40C/min Dielecinic censtant and dissipation
factor were determined on a DuPont DEA-2970 Dielectnc Analyzer

THF was distilled from a deep blue solution of sodwmbenzophenone
ketyl prior 10 use. All reactions were conducteg in dnied glassware undger argon
Magnesium powder, 1 4-dibromobenzene ang 1 3-divinyl-tetrametnyidis;-
loxang platinum complax (2-3% P} n xylene (Pt compiex) (Huls) were used
1,1-Ofchloro-1-silacyclobutane (11} was prepared by Grignard cycl:zanon
of 3-chioropropyitrichicrosiiane with magnesm powder 1n ethyl ether 16-18

rhermosct
maceral

230

Copoly(1-sHacyclobut-1-ylidene-1,4-phenytens) (1)

ina SO0 mL three necked /B ask. equ.oped #ih 3 rubber seplum A0 el g .ent
reflux CONCENSAI. 3 PrESSUre gquan2ng adtiSn 'urnes ang a Tenon Corereg
magnehc stirmng bar was Dlaced magreswit 2Cwader 35 5 124 oy ang
1.4-¢i- bromobenzens (134 g 56 8 mmoi 1 Trf mi Tre reation
mixture wasg stirreg at 1 untd Ine magnres.um nag o< aed U 353 467
mmol) in THF (20 mL; was siowiy aaced o e - romoytute  Aller
completon of the agdit.en the mixiure ~as 1. 7eg ‘or figler 20
mi) was added The organic ‘ayer »as Ie833'g
washeg with 2 x 30 mi ether
anhydrous magnesiymm sullate. viered 1ng e .
By evaporation ynger recuced pressure s N3 T5STieeg
minumum amount of THF ang ne poiy Ter was C1ed L aen o

Process was repeated twice The DOiymer was Ired
75 g, 90 % yielg of the polymer PLEORY]
obtained. THNMR § 143- 1 54 (m. 4m 200228
13C NMR 8. 13.76, 1393, 1827, '822 ‘836

dyef &3
- . B
The comp rEC ATE iR e

B
5.

13119, 13128 13254, 13379, 13386 12445 38
§ 672,696, 720 IR v 3363, 3049, 2963 2326 2
1422, 1403, 1285. 1260, 1232, 1172, 1129 'C& ‘2
784, 719, 690, 630 cm*? UV imgy NM 1y 2452
Crossiinking of |
Ina 100 mi s flask { (6.0 g) and Prcompiex 1150 Gi; were Cissgived 1o 7
mL}). The scivent was removes under reguce Lressaure a1 a temperalure <7264
The sample was dned at 400C for 12 nunder +acuum™ .7 3 MoK ! was cured 3t
1500C in vacuum drying oven for 1 N, and then at 2(39C lor anciner T n A
Other sampies of § were cured al 150 9C lor 30 and then at 2049C t1cr 5 1B )
Resuits and Discussion

I has been prepared by the reacton of the ai-Grnarg reagent prepared
from 1.4-dibromobenzena with il in THF E£ng groups phenyl pbromo-
phenyl, or sianol are imporntant duc il 118 ww MOlEuu.ar weghts of 1My Mn a
2.600/1,400). These ieads 10 extra signars «n the 13C NMR spectra of 1. Banas
at3363, 1120 and 1128 ¢rmr? assigned 1o S.CH Qroups Mave teen cetecled :n
the FT-IR spectra of ).

The thermatly stability of | was determinea by TGA  ~ :23en | .5 statle
10 600C. Between 60 and 2500C, a 9% weight 10SS was cDserved Litie tunher
weight lass occurs between 250 and 4800C Above 4600C tapid weignt 10ss
occurs. By 6200C, 31% percent of the onginal weignt o Ihe sampie wnas
been 10st. No turther weight l0ss was detected on heaung 10 800OC A §0%
char yield was obtained {Figure 1). This high char yreid probably resutts trom
thermal crosstinking due 10 opening of the siacyciobutane nogs ot t 3.4

=F 21

™ RERG RTR LE Gwew

LT
A
%

@il 1000 INS X0M0  MOM AN i JWN AW TRl

ToeRa UM 10}

Figure 1. TGA of polymnar | in ntrogen.

The thermal stability of Pt cured | was also determined by TGA in
nitrogen. The major difference between the Pt cured and non-cured sampie ot |
is that the initial weight loss is eliminaled. This initial weight ioss is probably due
1o low molecular weight oligomars. Weight 10ss at high temperature (>2000C) s
simiiar for both cured and Pt cured sampies. This suggests that the degree of
crosslinking of achieved by thermal and Pt crosslinking may be similar.

The thermal stabilty of a Pt cured | was aiso measured in the air. it was
thermally stabie 1o 2500C. Between 250 and 3650C, a 35% wexht loss is
observed. Between 385 and 5000C, an aaoditional 15% weght loss s
detected. Apove 5009C. a second rapid wanght loss eccurs. No funther weight
loss is detected above 6200C (Figure 2).
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ANIONIC POLYMERIZATIONS OF TRIMETHYLVINYL-
SILANE AND PHENYLDIMETHYLVINYLSILANE TOWARDS
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Yaodong Gan, William P Weber, Surya Prakash,
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Department of Chemistry
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Over the last decade, polytnmethyivinylsilane (PTMVS) and
polyphenyldimethylvinyisilane (PPDMVS) and their
copolymers and polymer blends have been widely applied and
studied as materials for gas-separation membranes (1-3), optical
fibers (4), contact lenses (5,6), waterproofing fabrics (7), optical
disks (8), semiconductor devices (9}, etc. However, reactions of
PTMVS and PPDMVS to give other potennally useful polymers
have not been explored. Thus, narrow molecular weight
distribution (MWD) PTMVS and PPDMVS might be useful as
intermediates in the synthesis of monodisperse polyethylene,
polyvinylalcohol, polyacetylene, polyvinylhalide, polynitro-
ethylene and polyvinvlamine (Scheme 1). Such polymers can
not readily be synthesized.
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Scheme 1

Anionic Polymerization of Trimethylvinylsilane (TMVS} and
Phenyidimethylvinylsilane (PDMVS)

Silicon stabilizes a-carbanions due to its' vacant d orbitals
(10). Vinvlsilanes such as TMVS and PDMVS are therefore good
candidates for “living” anionic polymerizations. Anionic
polymerization of TMVS and PDMVS was first reported by N.
S. Nametkin et al. in 1965 (11). They synthesized oligomers (12),
homopolymers (11), block- (13) and graft- copolymers (14} under
various conditions (11,13,15,16). They also reported the
occurrence of termination reactions resulting from hydride
elimination (17,18). Later studies by Rickle confirmed such side
reactions and their effects on MWD and yield (19,20). He also
found that such side reactions were enhanced by the addition of
ethers (20). We now wish to report the synthesis of
monodisperse polyvinylsilanes by anionic polymerization and
their attempted transformation into other polymers.

Synthesis of monodisperse polyfluorodimethylvinylsilane
(PFDMVS) and polyvinylalcohol (PVA)

Protodesilviation and oxidation of various of organosilicon
compounds had been recently demonstrated by Tamao
(21,22,23), Fleming (24,25} and Nishiyama (26), but none of these
involved polymers. We now wish to report on such
transformaticns for PPDMVS employing similar reaction
conditions (Scheme 2)

Materials: TMVS was purchased from Huls America Inc
PDMVS was synthesized by adding vinvidimethyichlorosilane
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(Huls America Inc) to a phenylmagnesium bromide/THF
solution at -200C followed by reflux for 2 hours. Owver 70%
isolated vield of product was obtained. Both TMVS and
PDMVS were distilled from CaH2 twice under vacuum prior o
use. Toluene was purified by stirnng over fresh K-Na allov
under vacuum overnight. Tetrafluoroboric acid-diethyl ether
complex (85%) was purchased from Aldnch Chemical Co

PPDMVS was purified by repreapitation in THF using MeCH as
the non-solvent.

Polymerizations: Anionic polymerization was carried out by
initiation of purified TMVS and PDMVS with n-, sec-, or tert-
butyllithium in toluene at various temperatures (in the -70 ©C
to 20 ©C range especially at the lower temperatures). The
reaction usually took 12 hours to several days. The colorless
solution was finaily reacted with methanol and predipitated in
cold MeOH. Polystyrene-b-TMVS block copolymers were
synthesized via the same procedure.

Protodesilylation Reactions: The reaction of PPDMVS with
HBF4-Et20 was carried out in a polypropylene vessel. Low MW
of PPDMVS (DP=46) were first tried in order to obtain more
comnplete substitution. The purified PPDMVS was dissolved in
chloroform, and HBF4-Et20 was then introduced under argon.

The reaction mixture was stirred at 60 9C for 3 hours. During
this protodesilylation process, the reaction temperature was
carefully monitored in order to prevent boiling of the soivent
and swelling of the plastic vessel. After evaporation of the
volatile materials. the resulting fluorosilane polymer was
characterized by 'H and 19F NMR and by SEC.

Oxidation Reactions: The PFDMVS obtained was dissolved in
THF and transferred to a glass flask. A 15% KOH solution in
MeOH was introduced into the reaction vessel followed by the
dropwise addition of 30% H202 aqueous solution. The reaction
mixture was refluxed (50 ©C) for 4~19 hours. The resulting
polymer was not water-soluble indicating that conversion was
incomplete. We then tried to use dioxane instead of
THF/McOH solvents following the same reaction procedure.
We also tried replacing H202 by three equivalents of m-
chloroperbenzoic acid (MCPBA) with an excess of triethylamine
in THF/MeOH and refluxing for 19 hours.

In the synthesis of PTMVS and polystyrene-b-TMVS, best
results were obtained at -20 OC in toluene for four days. In the
case of PDMVS, we carried out polymerization reaction in
toluene at 0 ©C for 2 days and then raised temperature to 20 °C
for another 3 days, which always gave the best results. The MW
of the poiymers we cbtained ranged from 3,000 to 23,000 with
MWD's around 1.1 and yields of 90-95%. The long reaction
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Bulk anionic ring opening polymerization of silacyclopent-3-enes

Steven J. Sargeant, Mark A. Tapsak, and Wiillam P. Weber®

Donald P. and Katherine 8. L.oker Hydrocarbon Research Institute Chermistry Deparntment
University of Southern California, Los Angeles. CA 30089-1661 USA

Summary

Poly{1.1-diphenyl-1-sila-cis-pent-3-enel(l).poly{1. 1 -dimethyl-1-siia-cis-pent-
3-enel(il). poly{1-methyl-1-phenyl-1-sila-cis-pent-3-ene](lil).
poly{1-methyl-sila-cis-pent-3-enel(IV), and poly[1-phenyi-1-sia-cis-pent-3-enej(V)
were prepared by bulk anionic ring opening polymerization of the corresponding
1-silacyclopent-3-enes, at room temperature by use n-butyllithium or -butyliithium
and HMPA as co-cataiysts. No solvent (THF or diethyl ether) was utiized

Introduction

Stereoregular poly{1-sila-crs-pent-3-enes} have previously been prepared by the
anionic ring opening polymerization of the corresponding 1-silacyclopent-3-enes 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 praceed readily
in high vie!d, experimentally they are difficuit to carry out on preparative scals.
Specifically, the ether solvents must be rigorously purified by distillation frem sodiumn
benzophenone 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 stereoregutar high yield
polymerization of 1-silacyclopent-3-anes to the corresponding
poly[1-sila-cis-pent-3-enes).

Experimental

Monomers and reagents

Monomers were prepared by published pracedures (1-S).

HMPA was redistilled and stoced aver activated molecular sieves (4A) in a Mininert

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).

“Carrespanding author




