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Abstract

Dihydridocarbonyltris(triphenylphosphine)ruthenium, activated with a stoichiometric amount of styrene, catalyzes the hydrosilylation
polymerization of dimethylsilyloxyaryl ketones or aldehydes as well as the copolymerization of aremadiliketones and oligox,w-

dihydridodimethylsiloxanes to yield poly(silyl ethers). The ruthenium catalyzed addition of Si—H bonds across C—O double bonds to form

CH-O-Si bonds is key to the polymerizatio®2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Symmetrical poly(silyl ethers) have been prepared by
equilibration polymerization between dialkoxysilanes and
a,w-diols [1-3]. Unfortunately, the reaction @f,w-diols
with dichlorosilanes is not efficient, because the HCI

ketones or aldehydes as well as the ruthenium-catalyzed
hydrosilylation copolymerization ofx,w-diketones with
oligo-a,w-dihydridodimethylsiloxanes (Figs. 1 and 2). A
few examples of this reaction were recently reported [12].
The Pt catalyzed hydrosilylation reaction, in which an Si—H
bond adds across a C—C double bond [13], has been used to

released catalyzes the hydrolysis of Si—O-C ether linkages.prepare poly(carbo-silanes) [14—16]. Similar reactions

Reaction of dichlorosilanes with bis-glycidyl ethers cata-
lyzed by quarternary alkyl ammonium or phosphonium
salts give symmetrical poly(silyl ethers) [4—6]. Ring open-
ing polymerization of 2-sila-1-oxacyclopentanes yield
unsymmetrical poly(silyl ethers) [7].

Reactive SFO—Chbonds in poly(silyl ethers) are known
to be hydrolytically less stable than siloxanes which contain

Si—O-Si bonds [8]. Either acid or base can catalyze the
hydrolysis of silyl ethers. They are generally more suscep-
tible to acid catalyzed hydrolysis and methanolysis than to

basic hydrolysis. The hydrolytic stability of silyl ethers

between symtetramethyldisiloxane and,o-dienes give
copoly(carbosilane/siloxanes) [17—19]. While {PRRhCI-

and (PhP)kRuCl-catalyzed hydrosilylation reactions
between ketones or aldehydes and silanes to yield silyl
ether monomers are known [20-24], such reactions have
not been applied to polymer synthesis.

2. Results

Hydrosilylation polymerization of 4-dimethylsiloxyace-

depends on the substituents bonded to both the silicon ancdophenone catalyzed by dihydridocarbonyltris(triphenyl-

carbon centers. Thus, if the carbon of the-Gi~Cbond is

phosphine)ruthenium (Ru), activated with a stoichiometric

Secondary, the Sllyl ether is ConSiderably more resistant to amount of Styrene, gives a quantitative y|e|d of h|gh mole-

hydrolysis than if it is primary [9]. The hydrolytic instability
of poly(silyl ethers) may make them attractive in a number

cular weightalt-copoly(1,4-phenylene/2,2,4-trimethyl-1,3-
dioxa-2-silabutanylene). Likewise, Ru catalyzed reaction

of applications, such as, controlled release of drugs or asof 4-dimethylsilyloxybenzaldehyde givealt-copoly(1,4-

materials whose degradation will limit their long-term
environmental impact. Related work on poly(silyl esters)
has appeared [10,11].

Here, we report our work on the ruthenium-catalyzed
hydrosilylation polymerization of dimethylsilyloxy-aryl

* Corresponding author. Tel+1-213-740-5961; fax:-1-213-740-6679.
E-mail addresswpweber@bcf.usc.edu (W.P. Weber).

phenylene/2,2-dimethyl-1,3-dioxa-2-silabutanylene) and 4-
dimethylsiloxybenzophenone yiel@dt-copoly(1,4-phenyl-
ene/2,2-dimethyl-1,3-dioxa-4-phenyl-2-silabutanylene)
(Fig. 1). The Ru catalyzed hydrosilylation copolymeriza-
tions of 1,4-diacetylbenzene (l) or 4;diacetyldipheny-
lether (II) with sym-tetramethyldisiloxane (Ill) have been
reported [12]. We should like to report analogous reactions
of I or Il with 1,1,3,3,55-hexamethyltrisiloxane (IV),
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| o | H were referenced to an external TMS standard. IR spectra of
H-Si-0—©—< — {Si-OQ—‘—O% neat films on NaCl plates were recorded using a Perkin—
I "Ru" | n Elmer Spectrum 2000 FT-IR spectrometer. UV spectra were
run in CHCl, or c-CH;, solutions on a Shimadzu UV-260
spectrometer.
GPC analysis of the molecular weight distribution of the
1,1,3,3,5,5,7,7-octamethyltetra-siloxane (V), or 1,1,3,3,5, polymers was performed on a Waters system equipped with

5,7,7,9,9-decamethylpentasiloxane (VI). These reactionsa 501 refractive index detector. Two &&00 mnt Styra-
produce the expected poly(silyl ether)s. Thus, Ru catalyzed gel columns packed witk: 5 . divinylbenzene crosslinked

Fig. 1. Polymerization of 4-dimethylsiloxyacetophenone.

copolymerization of | and IV yieldslt-copoly[1,4-phenyl- polystyrene HR4 and HR2 in series were used for the analy-
ene/1,3,3,5,5,7,7,9-octamethyl-2,4,6,8-tetraoxa-3,5,7-trisil- sis. The eluting solvent was toluene at a flow rate of 0.3 ml/
anonanylene], while reaction of Il and IV givesit- min. The retention times were calibrated against known

copoly[4,4diphenyletherylene/-1,3,3,5,5,7,7,9-octamethyl- monodisperse polystyrene standards: (929,000; 212,400;
2,4,6,8-tetraoxa-3,5,7-trisilanonanylene]. Reaction of | and 47,400; 13,700; and 794).
V givesalt-copoly[1,4-phenylene/1,3,3,5,5,7,7,9,9,11-deca-  TGA of the polymers was measured on a Shimadzu TGA-
methyl-2,4,6,8,10-pentaoxa-3,5,7,9-tetrasilaundecanylene],50 instrument at a flow rate of 40 cc of nitrogen per min.
while reaction of Il and V yieldsalt-copoly[4,4diphenyl- The temperature program waSGimin from 25 to 75€C.
etherylene/1,3,3,5,5,7,7,9,9,11-decamethyl-2,4,6,8,10-The T, of the polymers was determined on a Perkin—Elmer
pentaoxa-3,5,7,9-tetrasila-undecanylene]. Finally, Ru cata-DSC-7. The DSC was calibrated using the melting point of
lyzed reaction of | and VI giveslt-copoly[1,4-phenylene/  indium (156.6C) and the thermal transition temperature of
1,3,3,5,5,7,7,9,9,11,11,13-dodecamethyl-2,4,6,8,10,12-cyclohexane { 87.06C). The temperature for the analysis
hexaoxa-3,5,7,9,11-pentasilatridecanylene], while reactionwas initially —100°C. It was increased at a rate of°GJmin
of 1l and VI producesalt-copoly[4,4diphenyletherylene/  to 5C°C.
1,3,3,5,5,7,7,9,9,11,11,13-dodeca-methyl-2,4,6,8,10,12- 1,4-Diacetylbenzene, diphenyl ether, 4-hydroxybenz-
hexaoxa-3,5,7,9,11-pentasilatridecanylene] (Fig. 2). aldehyde,  4-hydroxyacetophenone, 4-hydroxybenzo-

Siloxanes are known to undergo equilibration under phenone and styrene was obtained from Aldrichs, D
either acid or base catalysis, nevertheless the Ru catalysdimethylchlorosilane, hexamethyldisilazane, and I[lI-V
does not cause siloxane equilibration. were purchased from Gelest.

The oligo«,w-dihydridodimethylsiloxanes (IlI-V) are All reactions were conducted in flame dried glassware
commercially available whereas VI is not. VI was prepared under argon.
in high yield by a triflic acid catalyzed reaction of 11l and Dihydridocarbonyltris(triphenylphosphine)  ruthen-
hexamethylcyclotrisiloxane (. This reaction may be ium (Ru) was prepared from ruthenium trichloride hydrate

related to the ring opening reaction of, With dimethyl- [26]. Ru was ativated as follows: Ru (6wmol, 0.06 g),
chlorosilane, water, and inorganic salts to produce oligo toluene (1.0 ml), and styrene (748, 65 wmol, 6.8 mg)
a,w-difunctional dimethylsiloxanes [25]. were placed in a 20 ml Ace pressure tube. The tube

and its contents were sealed and heated atQ3®or

3 min. The color of the activated catalyst solution is red
3. Experimental [27].

4.4 -Diacetyldiphenyl etherwas prepared from diphenyl
H, ¢, and®®Si NMR spectra were obtained on a Bruker ether, mp 100—10C [28].

AMX-500 MHz, AM-360 MHz, or AC-250 MHz spectro- 1,1,3,3,5,5,7,7,9,9-Decamethylpentasiloxarj@5] was
meter operating in the FT mod& and **C NMR spectra prepared by a triflic acid catalyzed reaction of; D
were run on 5% (w/v) chloroform-d solution§’Si NMR (150 mmol, 33.37g) and Il (375 mmol, 50.37g) in a
spectra were obtained in 25% (w/v) acetoresdlutions. 150 ml rb flask equipped with a Teflon covered magnetic
%C NMR spectra were obtained with broad band proton stirring bar. The flask was cooled t6@ After 15 min, the
decoupling. A heteronuclear gated decoupling pulse acid was neutralized by addition of hexamethyldisilazane.
sequence (NONOE) with a 60 s delay was used to acquire The contents of the flask were fractionally distilled. A frac-
2Si NMR spectra. Residual chloroform was used as an tion bp 72—73C/3 mm, 39.51 g, 79% vyield was obtained.
internal standard fotH and *C NMR. #Si NMR spectra ~ *H NMR &: —0.08 (s, 6H),—0.01 (s, 12H), 0.10 (d, 12H,

Q O | | | "Ru" Ho | |
4+ H-Si+O0—Si+O—Si-H ——> 0] 0-Si+O—Si+0—Si
| l n | H | | n | n'

Fig. 2. Copolymerization of | and,w-dihydrido-oligodimethylsiloxanes.
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J = 25H2), 4.68 (m, 2H,J = 2.5 Hz). **C NMR &: 0.77,
0.90, 1.06.2°Si NMR &: —22.16 (s, 1Si)—20.34 (s, 2Si),
—7.%9(3, 2Si). IRv: 2128 (Si—H), 1041(br) (Si—-O-C)
cm .

Dimethylsilyloxyacetophenonewas prepared by reaction
of dimethylchlorosilane (11.4 g, 121 mmol) with 4-hydro-
xyacetophenone (12.7 g, 93 mmol) and triethyl-amine
(11.5 g, 114 mmol) in THF (120 ml). After a non-aqueous
work-up, the product was purified by fractional distillation.
A fraction bp 75C/0.1 mm, 15 g, 82% yield was obtained.
M NMR 6(0.37 (d, 6HJ = 3 Hz), 2.48 (s, 3H), 5.00 (sept.
1H, J =3 Hz), 6.94 (dt, 2H,J =9 and 2.5 Hz), 7.91 (dt,
2H,J =9 and 2.5 Hz)*C NMR §: —1.63, 26.17, 119.32,
130.90, 131.67, 159.97, 195.58Si NMR §: 6.16. IR v:
2139 (Si—H), 1683 (E0) cm *. UV ¢-CgH1z A max M (€):
258 (300). Elemental Anal. Calc. for ,§H,40,Si: C,
61.81%; H, 7.26%. Found: C, 61.62%; H, 7.14%.

4-Dimethylsilyloxybenzophenonevas prepared by reaction
of dimethylchlorosilane (7 g, 74 mmol) with 4-hydroxyben-
zophenone (11.3 g, 57 mmol) and triethyl-amine (11.5g,
114 mmol). After filtration, the product was purified by
fractional distillation. A fraction, 12 g, bp 14@C/0.2 mm,
80% yield was isolatedH NMR &: 0.36 (d, 6HJ = 3 Hz),
5.02 (sept. 1HJ = 3 H2), 6.99 (dt, 2H,J = 9 and 2.5 Hz),
7.41 (tt, 2H,J = 7.5 and 1.5 Hz), 7.50 (tt, 1H] = 7.5 and
1.5Hz),7.73 (dt,2H) =7and 1.7 Hz), 7.77 (dt, 2H,= 9
and 2.5 Hz).*C NMR &: —1.63, 119.15, 128.51, 129.83,
131.29, 132.13, 132.65, 138.44, 159.67, 194%&i NMR
5:6.33. IRv: 2139 (Si—H), 1656 (EO) cm ™. UV ¢c-CgHy»
AmaxNM (€): 269 (1430). Elemental Anal. Calc. for
CisH160,Si: C, 70.27%; H, 6.29%. Found: C, 70.15%; H,
6.17%.

4-Dimethylsilyloxybenzaldehydewas prepared by reac-
tion of 4-hydroxybenzaldehyde (15g, 123 mmol) with
dimethylchlorosilane (145.7 g, 155 mmol) and triethyl-
amine (17.3g, 171 mmol). After filtration, the product
was purified by fractional distillation. A fraction, bp 81/
0.1 mm, 18.4 g, 83% yield was collecte'ti NMR &: 0.38
(d, 6H,J = 3 Hz), 5.01 (sept. 1H) = 3 H2), 7.02 (d, 2H,

J = T7H2), 7.83 (d, 2H,J = 7 H2), 9.92 (s, 1H).**C NMR
5: —1.70, 119.88, 131.30, 132.06, 161.09, 190.3%i
NMR &8: 6.51. IRv: 2141 (Si—H), 1698 (E0) cm % UV
C-CsH1x AmaxnNM (€): 263 (190). Elemental Anal. Calc. for
CoH1,0,Si: C, 59.96%; H, 6.71%. Found: C, 59.91%; H,
6.82%.
alt-Copoly(1,4-phenylene/1,3-dioxa-2,2,4-trimethyl-
2-silabutanylenewas prepared by an activated Ru cata-
lyzed reaction of 4-dimethylsilyloxyacetophenone (3.0 g,
15 mmol) following procedures described in reference [12].
M,,/M, = 119,00057,800, T4 = —1C°C. 'H NMR 6: 0.12
(s,3H),0.21 (s, 3H),1.41 (d, 3d,= 6 H2),5.07 (q, 1HJ =
6 Hz), 6.83 (d, 2H,J = 8 Hz), 7.21 (d, 2H,J = 8 H2). °C
NMR 6: —2.41,—1.94, 26.82,71.05,119.91, 127.01, 139.37,
154.12.°Si NMR &: —5.67. IR»: 1087 and 1033 (Si—-O—
C) cm L. Elemental Anal. Calc. for §H;,0,Si: C, 61.81%: H,
7.26%. Found: C, 61.94%; H, 7.32%.
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alt-Copoly(1,4-phenylene/1,3-dioxa-2,2-dimethyl-4-
phenyl-2-silabutanylene) was prepared as above by
reaction of 4-dimethylsilyloxybenzophenone (3.0g,
12 mmol). M,,/M, 94,200/66,400,T; = 25°C. 'H NMR
5: —0.14 (s, 6H), 6.02 (s(1H), 6.76 (d, 2H,= 8 H2),
7.11 (t, 1H,J=7Hz), 7.19 (d, 4H,J =7 Hz), 7.35 (d,
I2H, J=7H2. C NMR &: —2.00, —1.98, 76.63,
120.06, 126.73, 127.52, 128.17, 128.64, 138.22, 145.00,
154.13.2°Si NMR 6: —4.15. IRv: 1083, and 1064 (Si—
0-C) cm ’. Elemental Anal. Calc. for GH,60,Si: C,
70.27%; H, 6.29%. Found: C, 69.99%; H, 6.35%.
alt-Copoly(1,4-phenylene/1,3-dioxa-2,2-dimethyl-2-
silabutanylene)was prepared as above by reaction of 4-
dimethylsilyloxybenzaldehydem,,/M, = 83,000/39,200,
Ty = —26°C. 'H NMR 8: 0.24 (s, 6H), 4.79 (s, 1H), 6.89
(d, 2H,J = 8 Hz), 7.22 (d, 2H,J = 8 H2). *C NMR 6:
—2.53, 64.76, 120.14, 128.79, 134.28, 154 #3i NMR
5: —3.73.IR»: 1107 and 1083 (SO-C) cm *. Elemen-
tal Anal. Calc. for GH4,0 ,Si: C, 59.96%; H, 6.71%.
Found: C, 59.46%; H, 6.82%.
alt-Copoly[1,4-phenylene/1,3,3,5,5,7-hexamethyl-
2,4,6-trioxa-3,5-disila-1,7-heptanylene] M,/M,=
46,200119,650 Ty = —55C. For preparation, spectral
data and analysis, see Ref. [12].
alt-Copoly[4,4'diphenyletherylene/1,3,3,5,5,7-
hexamethyl-2,4,6-trioxa-3,5-disila-1,7-heptanylene]
My/M, =49,70026,97Q Ty = —18C. For preparation,
spectral data and analysis, see Ref. [12].
alt-Copoly[1,4-phenylene/1,3,3,5,5,7,7,9-octamethyl-
2,4,6,8-tetraoxa-3,5,7-trisilanonanylenelvas prepared by
an activated Ru catalyzed reaction of | (1.62g,
10.0 mmol) and IV (2.09 g, 10.0 mmol) as described in
reference [12] at 12 for 12 h. After precipitation with
methanol, 3.04 g, 82% yield,,/M,, = 89, 200’ — 40, 100,
T, = —72°C was obtained'H NMR §: —0.10 (s, 1.5H),
—0.09 (s, 3H),—0.08 (s, 1.5H), 0.07 (s, 6H), 0.02 (s, 6H),
1.36 (d, 6H, 6.5 Hz), 4.90 (q, 2H,= 6.5 Hz), 7.19 (s, 4H).
3C NMR §: —0.23, 0.95, 27.19, 70.48, 125.56, 145.48i
NMR 6: —14.03 (s, 2Si)—21.59 (s, 1Si). IRv: 1088(br),
and 1031(br) (StO—C)cm™. UV CH,Cly Amax NM (e):
254(1081), 227(1478). TGA: Polymer is stable to 275
Between 275 and 40Q, catastrophic decomposition
occurs; 90% of initial weight is lost. Elemental Anal.
Calc. for GgH30O4Sis: C, 51.85%; H, 8.16%. Found: C,
51.69%. H, 8.00%.
alt-Copoly[4,4'diphenyletherylene/1,3,3,5,5,7,7,9-
octamethyl-2,4,6,8-tetraoxa-3,5,7-trisilanonanylene]
was prepared by an activated Ru catalyzed reaction of Il
(2.54 g, 10.0 mmol) and IV (2.09 g, 10.0 mmol) as above.
After precipitation from methanol, 3.94 g, 85% yield,
M,,/M,, = 44,800/9,700,T, = —46°C was obtained.'H
NMR &: —0.10 (s, 1.5H),~0.09 (s, 3H),—0.08 (s, 7.5H),
0.00 (s, 6H), 1.34 (d, 6H} = 6 H2), 4.87 (q, 2HJ = 6 H2),
6.82 (d, 4H,J =85Hz2), 7.17 (d, 4H,J =85Hz. °C
NMR §: 1.59, 2.64, 28.88, 71.87, 120.50, 129.03, 143.61,
158.59.2%Si NMR &: —13.92 (s, 2Si)-21.52 (s, 1Si). IRv:
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Fig. 3. Proposed mechanism for synthesis of VI.
1090(br), and  1033(br) (SO-C)ecm® UV
CH,ClAmaxNM  (€): 274(3442), 235(11,590). TGA:

Polymer is stable to 278. Between 275 and 400, cata-
strophic decomposition occurs; 90% of initial weight is lost.
Elemental Analysis: &H3,0sSis: C, 57.10%; H, 7.41%.
Found: C 57.04%; H, 7.25%.
alt-Copoly[1,4-phenylene/1,3,3,5,5,7,7,9,9,11-deca-
methyl-2,4,6,8,10-pentaoxa-3,5,7,9-tetrasilandeca-
nylene] was prepared by an activated Ru catalyzed
reaction of | (1.62g, 10.0 mmol) and V (2.834¢,
10.0 mmol) as above. After precipitation with methanol,
3.57g, 80% yield, M,/M, = 168,000/75,700,Ty =
—81°C was obtained.H NMR &: —0.07 (s, 6H),
—0.05 (s, 6H),—0.04 (s, 6H),—0.02 (s, 6H), 1.36 (d,
6H, J = 6.5Hz), 4.90 (g, 2H,J = 6.5 Hz), 7.19 (s, 4H).
¥C NMR 6: —0.17, 1.11, 27.25, 70.59, 125.58, 145.57.
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295i NMR &: —14.07 (s, 2Si),—21.83 (s, 2Si). IRv:
1090(br), and 1036(br) (SIO—C)cm'. UV CH,Cl,
AmaxnM (€): 255(399), 227(832). TGA: Polymer is
stable to 300C. Between 300 and 426, catastrophic
decomposition occurs; 90% of initial weight is lost.
Elemental Anal. Calc. for GH3¢05Sis: C, 48.60%; H,
8.16%. Found: C, 48.27%; H, 7.96%.
alt-Copoly[4,4diphenyletherylene/1,3,3,5,5,7,7,9,9,
11-decamethyl-2,4,6,8,10-pentaoxa-3,5,7,9-tetrasila-
undecanylenelwas prepared by an activated Ru catalyzed
reaction of Il (2.54g, 10.0mmol) and V (2.83g,
10.0 mmol) as above. After precipitation with methanol,
4.57 9, 85% yieldM,,/M, = 14,700/4,300,T; = —60°C
was obtainedH NMR &: —0.08 (s, 6H),—0.07 (s, 6H),
—0.06 (s, 6H)—0.01 (s, 6H), 1.34 (d, 6H} = 6.5 Hz), 4.87
(g, 2H,J = 6.5 Hz), 6.83 (d, 4H,J =9 Hz), 7.18 (d, 4H,
J=9Hz. °C NMR 6: 0.10, 1.16, 27.40, 70.40, 119.03,
127.55, 142.13, 157.12°Si NMR &: —13.93 (s, 2Si),
—21.71 (s, 2Si). IRv: 1095(br), and 1033(br) (Si—-O-
C)em Y UV CH,Cl, Ammxnm (): 273(6298),
233(12,473). TGA: Polymer is stable to 3@ Between
300 and 42%C, catastrophic decomposition occurs; 90%
of initial weight is lost. Elemental Anal. Calc. for
C,4H406Sis: C, 53.69%; H, 7.51%. Found: C, 53.81%; H,
7.43%.
alt-Copoly[1,4phenylene/1,3,3,5,5,7,7,9,9,11,11,13-
dodecamethyl-2,4,6,8,10,12-hexaoxa-3,5,7,9,11-penta-
silatridecanylene]was prepared by an activated Ru cata-
lyzed reaction of | (1.46 g, 9.0 mmol) and VI (3.21 g,
9.0 mmol) as above. After precipitation, 3.78 g, 81%
yield, My/M,, = 102,300/36,800T ; = —84°C was obtained.
H NMR 8: 0.02 (s, 6H) 0.05 (s, 6H), 0.06 (s, 6H), 0.096 (s,
6H), 0.097 (s, 6H), 1.42 (d, 6H,= 6 Hz), 5.05 (q, 2HJ =
6 Hz), 7.30 (s, 4H).°C NMR &: —0.35, 1.19, 27.18, 70.75,
125.73, 145.74%Si NMR &: —14.15 (s, 2Si),—21.84 (s,
2Si), —22.02 (s, 1Si). IRv: 1094(br), and 1032(br) (Si—-O—
C) cm L UV ¢-CgH1p Amax NM (€): 248(1078), 224(3708).
TGA: Polymer is stable to 30C. Between 300 and 526,

T
3
[

\\

1 2 3

4 5 6

Number of Dimethylsiloxane Units

—&— Copolymers from | —li— Copolymers from Il

Fig. 4. Plot of Ty vs. number of dimethylsiloxane units in copolymers.
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catastrophic decomposition occurs; 90% of initial weight is
lost. Elemental Anal. Calc. for &H4,06Sis: C, 46.29%; H,
8.16%. Found: C, 45.75%; H, 7.93%.

alt-Copoly[4,4'diphenyletherylene/1,3,3,5,5,7,7,9,9,
11,11,13-dodecamethyl-2,4,6,8,10,12-hexaoxa-3,5,7,9,
11-pentasilatridecanylenelwas prepared by an activated
Ru catalyzed reaction of Il (1.78 g, 7.0 mmol) and VI
(2.509g, 7.0 mmol) as above. After precipitation with
methanol, 3.59g, 84% yield,M,/M, = 84,600 —
50,800 T, = —72°C was obtained'H NMR §: 0.05 (s,
6H), 0.070 (s, 6H), 0.073 (s, 6H), 0.11 (s, 6H), 0.12 (s,
6H), 1.43 (d, 6H,J = 6.5 Hz), 5.07 (g, 2H,J = 6.5 H2),
6.93 (d, 4H,J =85Hz), 7.35 (d, 4H,J =9 Hz). °C
NMR §: —0.21, 0.85, 1.32, 27.32, 70.51, 119.23,
127.60, 142.24, 157.27°Si NMR 6: —13.8 (s, 2Si),
—21.63 (s, 2Si),—21.80 (s, 1Si). IRv: 1094(br), and
1030(br) (Si—-O-C) cm'. UV c-CgHip Amax NM (€):
268(2946), 233(12,756). TGA: Polymer is stable to
300°C. Between 300 and 58Q, catastrophic decompo-
sition occurs; 90% of initial weight is lost. Elemental
Anal. Calc. for GgH4s0;Sis: C, 51.10%; H, 7.59%.
Found: C, 51.01%; H, 7.52%.

4. Discussion

The high yield synthesis of VI by the triflic acid catalyzed
ring-opening reaction of Pand Il is unusual. One might
expect B to undergo ring-opening polymerization under
these conditions. We believe that this reaction occurs by
protonation of one of the oxygens of;@vhich may be
more basic than the oxygens of Ill. Our expectation is

based on analogy between siloxanes and ethers, since the

basicities of siloxanes have not been determined. THF is
well known to be more basic than alicyclic ethers [29].
Nucleophilic attack by the oxygen of Ill on one of the
silyl centers adjacent to the protonated oxygen efdads

to ring opening. Intramolecular nucleophilic attack by the
terminal hydroxy group on a dimethylsilyl group followed
by proton transfer gives VI (Fig. 3). This involves an eight-
membered cyclic transition state. While this would be
unusual in organic chemistry in which six-membered cyclic
transition states are favored, in silicon chemistry, eight-
membered cyclic siloxanes, such as, octamethylcyclotetra-
siloxane are unstrained compared tg D

The Ru catalyzed hydrosilylation polymerization is
unusual in that the completion of the reaction is often indi-
cated by the return of the red color associated with the initial
activated Ru catalyst. In this way, the reaction is comparable
to a titration. The treatment of Ru with styrene activates the
catalyst by creating a site of coordinate unsaturation by
removal of hydrogen from the ruthenium center [27].

The Tgs for the copolymers decrease as the length of the
oligo-dimethylsiloxane chain between the aromatic units
increases. This is expected. The decrease in Tje
asymptotically approach values higher than Tyeof poly
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(dimethylsiloxane) 123C) [30]. The nature of the
aromatic unit in the copolymer also affectss. The plot

of the Tys for the copolymers derived from Il, while similar
to that of those derived from I, has a much steeper slope

(Fig. 4).

(A)

C

0.12 0.10 0.08 0.06 0.04 0.02 PPM

(B)

B

0.02 0.00 -0.02 -0.04 -0.06 -0.08 PPM

(©)

N

0.02 0.00 -0.02 -0.04 -0.06 PPM

(D)

=

0.12 0.10 0.08 0.06 PPM

Fig. 5."H NMR of Si—CH; groups inalt-copolymers of: Il and Il (A), | and
IV (B), | and V (C), and Il and VI (D).



4428 J.M. Mabry et al. / Polymer 41 (2000) 4423-4428

The 'H NMR spectra for thesalt copolymers is rather ~ References
interesting. The spectra are complicated by the presence of
two chiral centers associated with each polymer unit. The [1] Bailey DL, O'Connor FM. Brit. Pat., 880022, 5-22-58, CA 57: P
spectra are similar for both series of copolymers (See Fig. __ 1087G, 1962.

. . . ~ [2] Koepnick H, Delfs D, Simmler W. German Pat., 1108917, 6-15-61,
5). The Si-methyl protons of the disiloxane series of copo CA 56: P2576F, 1962,

lymers are equivalent. Each is affected by both chiral 3 gailey DL, 0'Connor FM. German Pat., 1012602, 7-25-57. CA 53:
centers. This produces four diastereotopic environments: P156471, 1959.
RR/, SS, RS and RS which are distinct. This results in  [4] Itoh H, Kameyama A, Nishikubo T. J Polym Sci A Polym Chem
four singlets of equal intensity. - Ei%:g?%ﬁ%er 1667385017
In Fhe case _O_f the trisiloxane copolymers, each ur_1|t [6] Nishikuﬁo T,yKameyarr;a A Kin.1ura Y, Nakamura T. Macromole-
contains three silicons. Two of these are adjacent to a chiral ~ * ¢ es 1996:29:5529.
center. Their diastereopic environments are only affected by [7] Mironov VF, Kozlikov VL, Fedotov NS. Zhur Obshch Chim
this adjacent chiral center which can be either R or S. This 1969;39:966.
results in two signals of equal intensity. The central silicon [8] Voronkov MG, Mileshkevich VP, Yuzhelevskii YuA. The Siloxane
of the trisiloxane copolymer is affected by both chiral gggféﬁ)onlséj;gms Bureau New York: Si-O-Si pp. 146-149: pp.
Eegteég -II:QhSiS rejug; "jl'kl:ou: digstere(;]topic enVironmen_tS: [9] Burger C, Freuzer FH. In: Kricheldorf HR, editor. Polysiloxane and
, , an . IS leads to three resonances In a polymers containing siloxane groups in silicon polymer synthesis,
1:2:1 ratio since RS and SR are meso. Berlin: Springer, 1996. pp. 139.
The tetrasiloxane polymers contain four silicons, each of [10] Weinberg JM, Wooley KL. Polym Preprint 1998;39-1:304.
which is affected only by the nearest chiral center which can Eg ggﬂ?aigém’, If,{/ei:'r'\x;_m,\g’clreocnﬁz clusizgfgéssfgz:'nos.
be either R or S. The difference between these environments13) gjima 1. In: Patai S, Rappoport Z, editors. The chemistry of organic
is larger for the Si-methyl groups which are adjacent to silicon compounds, New York: Wiley, 1989. pp. 1479-526.
chiral center than those which are further removed. This [14] Curry JW. J Am Chem Soc. 1956;78:1686.
leads to four resonances of equal intensity. [15] Boury B, Carpenter LS, Curriu RIJP. Angew Chem Int Ed Engl

The pentasiloxane copolymers have five Si-methyl [16] é?;i?{,zg:@ﬁériu RJP, Leclercq D, Mutin PH, Paneix JM, Vioux A.
groups. Those which are closest to the chiral center experi-" * organometallics 1991:10:1457.

ence the largest difference in diastereotopic environments.[17] Mathias LJ, Lewis CM. Macromolecules 1993;26:4070.

The inner pair of Si-methyl groups experiences a smaller [18] Dvornic PR, Gerov VV, Govedarica MN. Macromolecules
difference. Finally, the central Si-methyl groups are not 1994;27:7575.

. . [19] Hu Y, Son DY. Polym Preprints 1998;39-1:567.
affected by either chiral center because they are too remOte'[20] Frainnet E, Martel-Siegfried V, Borousee E, Dedier J. J Organometal

This results in five signals of equal intensity. Chem 1975:85:297.

Among the advantages of the Ru catalyst is that the reaction[21] Ojima I, Kogura T, Nihonyanagi M, Nagai Y. Bull Chem Soc Jpn
does not equilibrate the oligodimethylsiloxane units. Siloxane 1972;45:3506.
equilibration is observed in many cation and anion catalyzed [22] Corriu RIP, Moreau JJE. J Chem Soc Chem Commun 1973:38.

. . . . [23] Eaborn C, Odell K, Pidcock A. J Organometal Chem 1973;63:93.
reactions [30]. The reaction also gives high molecular [24] Semmelhack MF, Misra RN. J Org Chem 1982:47-2469.

weight copolymers in excellent chemical yield. [25] Yoshino K, Kawamata A, Uchida H, Kabe Y. Chem Lett
1990:2133.
[26] Levison JJ, Robinson SD. J Chem Soc A 1970:2947.
[27] Guo H, Wang G, Tapsak MA, Weber WP. Macromolecules
Acknowledgements 1995;28:5686.
[28] Dilthey X. J Pract Chem 2:117-359.

We thank the National Science Foundation and Air Force 2% /ggé%tt EM, Wu CY. J Am Chem Soc 1960;82:4999 also see p.

Office of Scientific Re‘_searCh for SUprrt- J.K. Paulasaari [30] Noll W. The chemistry and technology of silicones, NY: Academic
thanks Neste Foundation for a fellowship. Press, 1968 p. 326.



