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Abstract

Hexavinylcyclotrisiloxane(I) has been prepared by reaction of divinyldichlorosilane with DMSO and triethylamine. Anionic ring-opening
polymerization (AROP) of I catalyzed by dilithio diphenylsilanediolate yields high molecular weight poly(divinylsiloxane)(II) with a narrow
molecular weight distribution. Similarly, narrow molecular weight distribution poly(vinylmethylsiloxane)(III) has been prepared by AROP
of 1,3,5-trimethyl-1,3,5-trivinylcyclotrisiloxane(IV) initiated by dilithio diphenylsilanediolate. On the other hand, III which has a broad
molecular weight distribution has been synthesized by AROP of 1,3,5,7-tetramethyl-1,3,5,7-tetravinylcyclotetrasiloxane(V) catalyzed by
phosphazene P,-7-Bu superbase. Chemical modification of the C—C double bonds of II and III has been achieved by Pt-catalyzed hydro-
silylation with 3,3,3-trifluoropropyldimethylsilane(VI) or 1H,1H,2H,2H-perfluorooctyldimethylsilane(VII). While Pt-catalyzed hydrosilyla-
tion reactions usually proceed in a regioselective anti-Markovnikov manner, Markovnikov addition is competitive in these examples.

© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Poly(dialkylsiloxane)s are of interest [1,2]. Numerous
poly(disubstituted phosphazene)s have been prepared by
chemical modification of poly(dichloro-phosphazene) (see
Fig. 1) [3,4]. Analogous reactions to prepare poly(disub-
stituted siloxane)s are not possible since poly(dichloro-
siloxane) is unknown. While, chemical modification of
commercially available poly(methylsiloxane) by Pt-
catalyzed hydrosilylation reactions with functionally sub-
stituted terminal alkenes permits the synthesis of poly(sub-
stituted alkyl methylsiloxane)s (see Fig. 2) [5,6], poly[bis-
(substituted alkyl)siloxane]s can not be prepared by this
approach since poly[bis-(Si—H)siloxane] is unknown.

Alternatively, poly(substituted alkylmethylsiloxane)s
have been prepared starting from methyldichlorosilane.
For example, Pt-catalyzed hydrosilylation of methyldi-
chlorosilane with 3,3,3-trifluoropropene yields 3,3,3-
trifluoropropylmethyldichlorosilane which can be converted
to 1,3,5-tris(3’,3’,3'-trifluoropropyl)-1,3,5-trimethylcyclo-
trisiloxane. AROP of this monomer yields poly(3,3,3-
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trifluoropropylmethylsiloxane), a material whose low 7,
and lack of permeability to hydrocarbon liquids, make it
useful as a sealant, for example, in aircraft applications
[7]. Despite the unusual and wuseful properties of
poly(3,3,3-trifluoropropylmethylsiloxane) only a few other
poly-(perfluoroalkylmethylsiloxanes) are known [§—12].

While hexa(1H,1H,2H,2H-perfluoroalkyl)cyclotrisiloxane
[1] has been prepared by treatment of bis(1H,1H,2H,2H-
perfluoroalkyl)dichlorosilanes with DMSO [13], attempts
to carry out AROP of this monomer did not result in poly-
[bis(1H,1H,2H,2H-perfluoroalkyl)siloxane] but rather in
formation of octa(1H,1H,2H,2H-perfluoroalkyl)cyclotetra-
siloxane [13]. Thus poly[bis(1H,1H,2H,2H-perfluoroalkyl)-
siloxane]s are unknown.

In this paper, we report a novel approach to the prepara-
tion of these materials. AROP of hexavinylcyclotrisiloxane
has been found to yield high molecular weight poly(divinyl-
siloxane). Chemical modification of the C—C double bonds
of this materials by platinum catalyzed hydrosilylation reac-
tions with 1H,1H,2H,2H-perfluoroalkyl-dimethylsilanes is
found to yield the desired materials. This approach has
also been utilized to prepare poly(1H,1H,2H,2H-perfluoro-
alkylmethylsiloxane)s by chemical modification of poly-
(vinylmethylsiloxane). There is considerable interest in
chemical modification of polymers [14,15].

0032-3861/01/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.

PII: S0032-3861(01)00762-5



1754 G. Cai, W.P. Weber / Polymer 43 (2002) 1753-1759

cl OR
—[—N_.-—_F:>_]._ 2R0P —[—N-—i:D—]—
Cl OR

Fig. 1. Chemical modification of poly(dichlorophosphazene).
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Fig. 2. Hydrosilylation of poly(methylsiloxane).

2. Results and discussion
2.1. Monomer synthesis

Hexavinylcyclotrisiloxane(I), 1,3,5-trimethyl-1,3,5-tri-
vinylcylotrisiloxane(IV) and 1,3,5,7-tetramethyl-1,3,5,7-
tetravinylcyclotetrasiloxane(V) have been prepared by the
reaction of DMSO and triethylamine with divinyldichloro-
silane or vinylmethyldichlorosilane, respectively. The reac-
tion of dichlorosilanes with DMSO to yield predominantly
cyclotrisiloxanes has been reported [10,16—18]. In our
initial experiments with divinyldichlorosilane and DMSO
low yields (~10%) of I were obtained. Analysis of the
reaction by-products suggested that protodesilylation by
HCI might be a significant problem. For this reason, subse-
quent reactions were carried out with DMSO and triethyl-
amine. Significantly higher yields (~50%) of I were
obtained. IV and V have, likewise, been obtained by reac-
tion of vinylmethyldichlorosilane with DMSO and triethy-
lamine.

2.2. NMR of monomers

The "C and *Si NMR of I are quite simple. Two signals
in the *C NMR due to vinyl carbons and a single *’Si
resonance are detected. Three signals due to Si-methyl
groups are detected in the 'H NMR of IV. The signals at
0.25 and 0.26 ppm, that integrate approximately as 1:2, have
been assigned to the frans isomer, while the signal at
0.28 ppm is attributed to the cis isomer. Integration of
these signals is consistent with a 1:3 mixture of cis and
trans isomers [19]. This mixture was not separated. V is
obtained as a mixture of cis,cis,cis,cis; cis,cis,trans,trans;
cis,trans,cis,trans; and cis.cis,cis,trans isomers. Six >°Si
NMR resonances, six *C NMR signals due to Si-methyl
groups and twelve "°C signals due to Si-vinyl carbons are
expected if only adjacent siloxy centers affect one another.
In fact, only four signals are detected in the ’Si NMR. Two
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Fig. 3. Triad analysis of poly(vinylmethylsiloxane).

signals due to Si-methyl groups and twelve resonances due
to vinyl carbons are observed in the >C NMR. Apparently
fortuitous overlap occurs in both the *’Si and "C. These
isomers were not separated.

2.3. Preparation of poly(divinylsiloxane)(Il) and
poly(vinylmethylsiloxane )(I1I)

II has been prepared by AROP of I [20]. AROP of cyclo-
trisiloxanes often permits the preparation of high molecular
weight polysiloxanes that have quite narrow molecular
weight distributions [21]. AROP of I catalyzed by dilithio
diphenylsilanediolate [22] yields II with an M, /M, = 5.1 X
10%/4.0 x 10*. The NMR spectra of II is simple. Only one
¥Si NMR signal, and two BC NMR resonances are
observed. The T, of II (—134°C) is nine degrees lower
than that of polydimethylsiloxane T, (—125 °C) [23]. The
T, of IIT (—137°C) is even lower. These are among the
lowest T,s reported for any polymer.

Similarly, AROP of IV by dilithio diphenylsilanediolate
gave III with M,/M, = 3.8 10*/2.9x 10*. The NMR
spectra of III are complex. Three resonances are detected
in the ’Si NMR. These can be explained by a triad analysis
(see Fig. 3). In the °C NMR, four signals due to the vinyl
carbons and a single resonance due to methyl groups are
detected. Apparently, the vinyl carbons attached to Si are
sensitive to polymer microstructure, while the remote vinyl
carbons are not. The reason why the Si—CHj carbons are not
sensitive to polymer microstructure is not obvious.

Acid-catalyzed ring-opening polymerization of cyclo-
tetrasiloxanes is often utilized rather than AROP. This is
not a viable method to prepare V due the possible loss of
Si-vinyl groups by protodesilylation [24]. This would lead
to crosslinking. Recently, P4-#-Bu superbase has been shown
to be effective for the polymerization of D, [25-27]. We
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Fig. 4. Preparation of hexavinyltricyclosiloxane(I). AROP of I and Pt catalyzed modification by hydrosilylation of poly(divinylsiloxane)(Il) with 3,3,3-

trifluoropropyldimethylsilane.

have found that V undergoes AROP with P,-#-Bu superbase
to yield III with a broad molecular weight distribution,
My /M, = 11.3%10*/3.3x 10*. Broad molecular weight
distributions have been previously obtained in AROP of
cyclotetrasiloxanes with P4-#-Bu superbase [27].

2.4. Chemical modification of Il and II1

Poly[bis(perfluoroalkyl)siloxane]s have been prepared by
chemical modification of II by Pt-catalyzed hydrosilylation
(Fig. 4) with 3,3,3-trifluoropropyldimethylsilane(VI) and
1H,1H,2H,2H-perfluorooctyldimethylsilane(VII). To mini-
mize loss of Si-vinyl groups by protodesilylation, the
Karstedt catalyst [a 1,3-divinyltetramethyldisiloxane
complex of platinum(0)] was used rather than acidic
H,PtClg [24]. While hydrosilylation reactions usually
show a strong regioselectivity for anti-Markovnikov -
addition of the Si—H bond across a C—C double bond, in
these examples, Markovnikov «-addition is competitive.
Consistent with this analysis, a doublet due to the methyl
group CH3;—-CHSIi(CH;),-CH,CH;R; is observed in the 'H
NMR. It has previously reported that the amount of «-
addition increases with the number of electronegative
groups on silicon [28].

Unfortunately, even under forcing conditions, we have
been unable to achieve complete hydrosilylation of II.
Based on 'H NMR integration, approximately, fifteen
percent of the Si-vinyl groups were found to remain
unreacted with either VI or VIIL

2.5. Solubility, T,, and GPC of
poly(perfluoroalkylsiloxane)s: VIII, IX, X and XI

These modified poly(perfluoroalkylsiloxanes) materials
are quite remarkable. The molar mass of the pendant side
chains CF;CH,CH,Si(CH3), (155 g/side chain) or
CF;(CF,)sCH,CH,Si(CH;),— (405 g/side chain) is greater
than a divinylsiloxy (98 g/unit) or a methylvinylsiloxy
unit (88 g/unit). The properties of these materials are deter-
mined by both the nature of the pendant side chains as well

as the flexible siloxane backbone. Low Tgs are expected for
flexible siloxanes. On the other hand, these perfluorinated
materials have significantly different solubility properties.
Unlike most polysiloxanes, they are not soluble in THF. For
this reason, it was necessary to use 1,1,2-trifluoro-1,2,2-
trichloroethane (CFC-113) as a solvent for GPC analysis.
Unfortunately, monodispersed polystyrene standards are not
soluble in CFC-113. GPC calibration for these modified
polymers is a challenge. Based on M,/M, = 5.1 X 10%/4.0 x
10* of II, we expect poly[bis(3,3,3-trifluoropropyldimethyl-
silylethyl)siloxane](VIII) to have an M,/M, = 18.2X
10*/14.2 X 10*. In fact, the M,/M, observed by GPC is
12.6 X 10%/8.0 X 10*. The T, of VIII is —34 °C. For poly-
[bis(1H,1H,2H,2H-perfluorooctyldimethylsilylethyl)-silox-
ane](IX), we expect M, /M, =40.2X 10%/31.5 x 10,
whereas M,,/M, = 14.5 X 10*/11.7 x 10* was observed by
GPC. The T, of this material is —23 °C.

Based on M,/M, =3.8%10*2.9x10* of II, the
expected molecular weight distributions of poly[(3,3,3-
trifluoropropyldimethylsilylethyl)methylsiloxane](X) and
poly[(1H,1H,2H,2H-perfluorooctyldimethylsilylethyl)-
methylsiloxane](XI) should be 10.5 X 10%8.0 X 10* and
21.5 %X 10%16.2 X 104, respectively. In fact, molecular
weight distributions of 9.9 X 10%/6.6 x 10* and 12.0 X 10/
10.0 X 10* were observed by GPC. The Tys of X and XI are
—62 and —48 °C respectively.

These differences in M,/M, may result from the fact that
branched materials are known to have lower hydrodynamic
volumes and thus give lower apparent molecular weights by
GPC. In addition, problems inherent when comparisons are
made between GPC results obtained with different solvent
systems and standards may be significant. The T,s of the
unsymmetrically substituted siloxane polymers X and XI
are lower than the symmetrically substituted polysiloxanes
VIII and IX. This is expected if interchain attractions limits
chain motion. The polymers that have the larger perfluoro-
alkyl group (IX and XI) have higher 7s. This may be due to
increase in the mutual attraction—{fluorophilicity—of the
larger perfluoroalkyl groups.
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Fig. 5. TGA analysis of poly[(1H,1H,2H,2H-perfluorooctyldimethylsilyl-
ethyl)methylsiloxane](XI) and Poly(3,3,3-trifluoropropyldimethylsilyl-
ethyl)methylsiloxane(X).

2.6. TGA of polymers

The thermal stability of these polymers has been deter-
mined in both nitrogen and air by TGA. Both II and III are
quite thermally stable and yield significant non-volatile char
in both nitrogen and air. Similar results have been observed
in the TGA of poly(1,1-divinyl-1-silabutane) [29,30]. Thus
IIT is stable in nitrogen to more than 440 °C. Above this
temperature, it slowly decomposes. Only a sixteen percent
weight loss has occurred, by 800 °C. In air, III is less stable.
It begins to decompose by 310 °C. A thirty-one percent
weight loss has occurred by 800 °C.

II is less thermally stable. In nitrogen, it begins to decom-
pose at 190 °C. Between 190 and 300 °C, twenty-three
percent weight loss is observed. Above 475 °C, a second
weight loss process begins. By 800 °C, an additional eight
percent weight loss is detected. In air, II is only stable to
145 °C. Between 145 and 300 °C a weight gain of approxi-
mately five percent is detected. Above 300 °C, weight loss
begins. By 650 °C, a weight loss of forty-four percent of the
sample is detected.

On the other hand, poly(perfluoroalkylsiloxane)s undergo
catastrophic decomposition and leave only small non-
volatile residues when heated to 800 °C. X is thermally
stable in nitrogen to 340 °C. Above this temperature, cata-
strophic decomposition occurs in nitrogen. By 550 °C,
almost ninety percent of the initial sample weight has
been lost. In air, the polymer is stable to 255 °C. It losses
seventy-four percent of its initial weight by 500 °C. XI is
stable in nitrogen to 360 °C and in air to 265 °C. The decom-
position of X is similar to that of XI (see Fig. 5).

VIII is less thermally stable. It begins to decompose in
nitrogen at 250 °C and at 240 °C in air. IX is stable in both
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Fig. 6. TGA analysis of poly[bis-(1H,1H,2H,2H-perfluorooctyldimethyl-
silylethyl)siloxane](IX) and poly[bis-(3,3,3-trifluoropropyldimethylsilyl-
ethyl)siloxane](VIII).

nitrogen and air to 250 °C. By 500 °C in nitrogen, a sixty
percent weight loss is detected, while in air a similar weight
loss is observed by 450 °C (see Fig. 6).

3. Experimental
3.1. Spectroscopy

IH, 13C, F and ¥Si NMR spectra were obtained on a
Bruker AMX-500 MHz spectrometer. Five percent w/v
chloroform-d or benzene-dy solutions were used to acquire
'H and C NMR. ?Si NMR spectra were procured of 25%
w/v chloroform-d or benzene-ds solutions. CFC-113
solutions were used to acquire lH, 13C, F and ¥Si NMR
data of poly(perfluoroalkylsiloxanes). *C NMR spectra
were obtained with broadband proton decoupling. A hetero-
nuclear gated decoupling pulse program with a 60 s delay
was used to acquire *’Si NMR spectra. All spectra were
referenced to internal TMS. IR spectra of neat liquid films
on NaCl plates were recorded on a Perkin—Elmer Spectrum
2000 FT-IR spectrometer.

Low resolution mass spectra were obtained by GC/MS on
a Hewlett—Packard 5890 series II GC equipped with a
Hewlett—Packard 5971 series mass selective detector and
a 30 m DB-5 capillary column.

3.2. Molecular weight distribution

GPC analysis of the molecular weight distribution of the
polymers was performed on a Waters system equipped with
a 501 refractive index detector. Two 7.8 X 300 mm” Styra-
gel HT 6E and HMW 6E columns in series with toluene
solvent at a flow rate of 0.5 ml/min were used for analysis of



G. Cai, W.P. Weber / Polymer 43 (2002) 1753-1759 1757

IT and III. The retention times were calibrated against known
monodisperse PS standards: 929 000, 114 200, 13 700,
794 g/mol. Two 7.8 X300 mm Styragel HR3 and HR4
columns in series with CFC-113 solvent at a flow rate of
0.7 ml/min was used for the analysis of poly(perfluoro-
alkylsiloxanes). The retention times were calibrated against
a PDMS standard M, /M, = 5.2 x 10*/3.3 x 10*.

3.3. Thermal analysis

TGA of the polymers was carried out on a Shimadzu
TGA-50 instrument with a flow rate of 40 cm® of nitrogen
or air per min. The temperature was increased at the rate of
4 °C per min from 25 to 800 °C. The T, of the polymers was
determined on a Perkin—Elmer DSC-7. The DSC was cali-
brated against the heat of transition (—87.06 °C) and the
melting point of cyclohexane (6.54 °C) [31], as well as the
T, of PDMS (—125 °C) [23]. The temperature program for
the analysis was begun at —150 °C and was increased at the
rate of 10 °C/min to 50 °C.

3.4. Materials

Methylvinyldichlorosilane, divinyldichlorosilane, tri-
methylchlorosilane, sym-tetramethyldisiloxane, 3,3,3-
trifluoropropyldimethylchlorosilane, 1H,1H,2H,2H-per-
fluorooctyldimethylchlorosilane, diphenylsilanediol, and
Karstedt catalyst were obtained from Gelest. DMSO,
HMPA, CFC-113 and triethylamine were purchased from
Aldrich. Phosphazene Base P,--Bu (1.0 M in hexane) was
obtained from Fluka. All reactions were run in flame dried
glassware under argon. Dilithium diphenylsilanediolate was
prepared by titration of diphenylsilanediol with butyllithium
in THF with styrene as an indicator [22]. All reactions were
run in flame-dried glassware under argon.

3.5. Preparation of 1

A solution of divinyldichlorosilane (10 g, 65 mmol) and
triethylamine (13 g, 0.13 mol) in 50 ml of CHCl; was placed
in a 250 ml three neck round bottom flask equipped with a
pressure equalizing addition funnel, a reflux condenser and
a Teflon covered magnetic stir bar. A solution of DMSO
(5.4 g, 69 mmol) in 25 ml of CHCl; was placed in the addi-
tion funnel and was added dropwise over 0.5 h at room
temperature. The solution was stirred for 3h. CHCI,
30 ml was added and the solution was then washed with
water, dried over anhydrous magnesium sulfate, filtered
and the volatile solvents removed by evaporation under
reduced pressure. The residue was fractionally distilled
through a 10 cm vacuum jacketed Vigreux column. A frac-
tion bp 68 °C/0.2 mm, 2.7 g, 46.9% yield was obtained [16].
'H NMR: 5.97 (dd, 2H, J = 16.5 and 7 Hz), 6.10 (d, 2H,
J = 16.5Hz), 6.11 (d, 2H, J = 7 Hz). *C NMR &: 133 .4,
136.0. *Si NMR &: —37.17. IR »: 1597 (C=C) cm"~". GC-
MS m/z (rel. intensity): 294 (2%) (M "), 267 (50%) (M-
vinyl) ", 253 (100%).

3.6. Preparation of IV and V

A solution of vinylmethyldichlorosilane (20 g, 0.14 mol)
and triethylamine (28 g, 0.28 mol) in 80 ml of CHCl; was
placed in a 250 ml two neck round bottom flask equipped
with a pressure equalizing addition funnel, a reflux conden-
ser and a Teflon covered magnetic stir bar. A solution of
DMSO (12 g, 0.15 mmol) in 50 ml of CHCl; was placed in
the addition funnel and was added dropwise over a period of
1.5 h at room temperature. After this the solution was stirred
for 3 h. The CHCI; solution was then washed with water. It
was dried over anhydrous magnesium sulfate, filtered and
the volatile solvents removed by evaporation under reduced
pressure. The residue was fractionally distilled through a
20 cm vacuum jacketed Vigreux column. A 3:1 mixture of
trans: cis, IV, bp 72 °C/11 mm Hg, 3.74 g, 31% yield was
obtained. A second fraction, V, bp 90 °C/5 mm, 2.77 g, 23%
yield was obtained.

IV: '"H NMR &: 0.25 (s, trans, 1.0H), 0.26 (s, trans,
1.74H), 0.28 (s, cis, 0.97H), 5.85-5.93 (m, 1.21H), 6.00—
6.11 (m, 2.41H). *C NMR &: —0.86, —0.83 (trans), —0.76,
134.2, 134.3 (trans), 134.4, 135.5, 135.6 (trans), 135.8. *°Si
NMR &: —22.42, —22.38 (trans), —22.36. IR v: 1597
(C=C)cm~'. GC-MS m/z (rel. intensity): 258 (5%) (M ™),
243 (100%) (M-CH3) ", 231 (22%) (M-vinyl) ™.

V:'HNMR 8:0.17 (s, 0.5H), 0.18 (s, 1.1H), 0.20 (s, 1.0H),
0.21 (s, 0.4H), 5.79-5.87 (m, 1H), 5.94-6.07 (m, 2H). C
NMR &: —0.84, —0.81, 133.30, 133.35, 133.40, 133.43,
133.48, 133.50, 136.17, 136.21, 136.26, 136.33, 136.39,
136.45. ¥Si NMR 6: —32.52, —32.44, —32.41, —32.40. IR
v: 1598 (C=C) cm . GC-MS m/z (rel. intensity): 344 (2%)
(M™), 329 (100%) (M-CH3) ", 317 (30%) (M-vinyl) ™.

3.7. Preparation of VI

LiAlH, (0.8 g, 26 mmol) was placed in a three-necked
round bottom flask equipped with a pressure equalizing
addition funnel and a reflux condenser. Anhydrous diethyl
ether (50 ml) was added to the flask by syringe. A solution of
3.,3,3-trifluoropropyldimethylchlorosilane (9 g, 47 mmol) in
diethyl ether (20 ml) was added dropwise at room tempera-
ture. After stirring for an additional hour, the mixture was
filtered. The solution was fractionally distilled through a
10 cm vacuum jacketed Vigreux column. In this way,
3,3,3-trifluoropropyldimethylsilane (4.7 g), bp 78 °C, was
obtained in 64% yield [32]. 'H NMR &: 0.06 (d, 6H,
J =3.5Hz), 0.76 (dt, 2H, J = 3.5 and 8.5 Hz), 2.01 (m,
2H), 3.84 (septet, 1H, J = 3.5Hz). °C NMR &: —4.92,
5.98, 29.25 (q, Jc_r = 30 Hz), 127.64 (q, Jc_r = 276 Hz).
“F NMR 8 —69.19 (t, Jr—4= 104 Hz). Si NMR §:
—11.62. IR v: 2122 (Si—-H) cm .

3.8. Preparation of VII

1H,1H,2H,2H-Perfluorooctyldimethylchlorosilane and
LiAlH, were reacted as above. 1H,1H,2H,2H-Perfluoro-
octyldimethylsilane(VII) was obtained in 91% yield, bp
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77 °C/28 mm [33]. '"H NMR &: 0.13 (d, 6H, J = 4.0 Hz),
0.84 (dt, 2H, J = 4.0 and 8.5 Hz), 2.07 (m, 2H), 3.93
(septet, 1H, J = 4.0 Hz). ®C NMR &: —4.82, 3.90, 26.62
(t, Jog=24.1Hz), 108.98(m), 109.29(m), 111.17(m),
111.44(m), 117.56 (qt, Jo_r = 288 and 33.3 Hz), 118.61
(tt, Jor =286 Hz and 31.5 Hz). ’F NMR &: —126.84,
—123.99, —123.52, —122.57, —116.74 (1, 2F,
Jry = 16 Hz), —81.58 (t, 3F, Jrr = 3 Hz). ¥’Si NMR &:
—11.31. IR »: 2126 (Si—H) cm .

3.9. AROP of IV

IV (2 g, 7.74 mmol) was placed in a test tube equipped
with a Teflon-covered magnetic stir bar and sealed with a
rubber septum. The system was purged with argon three
times. THF (500 wl), HMPA (10 wl) and 50 pl of a THF
solution of dilithio diphenylsilanediolate (0.316 mol/l,
15.8 pmol) initiator were added. The reaction was stirred
for 3 h at room temperature. Trimethylchlorosilane (10 l)
and triethylamine (10 pl) were sequentially added to quench
the reaction. The polymer was taken up in a minimum
amount of diethyl ether and was precipitated into methanol.
This procedure was repeated three times. III was dried under
vacuum. In this way, 1.9 g, 95% yield of IlI, M /M, = 3.8 X
10*/2.9 % 10%, and T, = —130°C was obtained. 'H NMR 8:
0.37 (s, 3H), 5.96-6.24 (m, 3H). "C NMR §: —0.16,
133.55, 137.12, 137.14, 137.18. *Si NMR &: —34.15,
—34.16, —34.18. IR »: 1598 (C=C) cm ..

3.10. AROP of V

V (0.5 g, 1.4 mmol) was placed in a 5 ml test tube that
was equipped with a Teflon-covered magnetic stir bar and
sealed with a rubber septum. The system was purged with
argon three times. The tube and the content were heated to
80 °C and P4-#-Bu (1 pl, 1 pmol) was added. After 3 h at
80 °C, trimethylchlorosilane (5 nl) and triethylamine (5 1)
were sequentially added to quench the reaction. III was
taken up in a minimum amount of diethyl ether and was
precipitated into methanol. This procedure was repeated
three times. III was dried under vacuum. In this way,
0.4¢g, 80% yield of I, My/M, = 11.3%10*/3.3x 10,
T, = —130°C was obtained. 'H NMR &: 0.37 (s, 3H),
598 (d, 2H, J=17Hz), 621 (d, 1HJ = 17Hz). “C
NMR §: —0.17, 133.57, 137.11, 137.14, 137.17. *Si
NMR 6: —34.11, —34.13, —34.16.

3.11. AROP of I

I1(1.5 g, 5.1 mmol) was placed in a 10 ml round bottom
flask, equipped with a Teflon-covered magnetic stir bar and
sealed with a rubber septum. THF (3.0 ml), HMPA (5 wl)
and 40 pl of a THF solution of dilithio diphenylsilanedio-
late (0.33 mol/l, 13.2 pmol) initiator were added. After stir-
ring for 2h at room temperature, trimethylchlorosilane
(10 ) and triethylamine (10 wl) were sequentially added
to quench the reaction. II was taken up in a minimum

amount of diethyl ether and was precipitated into methanol.
This procedure was repeated three times. I was dried under
vacuum. In this way, 1.32 g, 88% yield of II, M, /M, =
5.1%10%/4.0X 10*, T, = —134°C was obtained. '"H NMR
0: 6.04 (dd, 2H, J = 14.5 and 3.5 Hz), 6.09 (dd, 2H, J =
20.5 and 3.5 Hz), 6.24 (dd, 2H, J = 20.5 and 14.5 Hz). '*C
NMR §: 135.09, 135.33. Si NMR §: —49.9. IR v: 1598
(C=C)cm ..

3.12. Preparation of XI by chemical modification of 111

11 (0.15 g, 1.7 mmol, M,/M, = 3.8 x 10%/2.9 x 10%), VII
(0.75 g, 1.7 mmol), CFC-113 (2 ml), and Karstedt catalyst
(5 pl) were placed in a Ace-pressure tube equipped with a
Teflon-covered magnetic stir bar. The tube was sealed with
a Teflon-threaded stopper. The reaction was allowed to
proceed at 85 °C overnight. VIII was precipitated from a
mixture of CFC-113/Et,0O/MeOH (1:1:5). It was dried
under vacuum. In this way, 0.73 g, 81% yield of material,
T,=—48°C and M, /M, =12.0X10%10.0X 10" was
obtained. '"H NMR 8: 0.06 (s, 3.76H), 0.15 (m, 5.95H),
0.49-0.56 (m, 2.97H), 0.80 (m, 2.08H), 1.02-1.13 (m,
0.77H), 2.04 (m, 2H). F NMR &: —126.89, —123.86,
—123.49, —122.50, —116.86, —81.75. *Si NMR &:
—22.75 (br, s), 4.91 (s), 5.44 (s).

3.13. Preparation of X by chemical modification of Il

11 (0.2 g, 2.3 mmol), M,/M, = 3.8 % 10*/2.9 x 10* and
VI (0.36 g, 2.3 mmol) were reacted as above. In this way,
05g 96% yield, M,/M,=9.9x10"6.6x10%, T, =
—62°C was obtained. '"H NMR §: 0.12 (s, 3H), 0.19 (m,
6H), 0.51 (m, 1.56H), 0.58 (m, 1.56H). 0.84 (m, 2H), 1.05
(m, 0.22H), 1.16 (d, 0.56H), 2.10 (m, 2H). *C NMR §&:
—4.49 (br. s), —3.60 (br. s), —3.22 (br. s), —1.12 (br. s),
—0.92 (br. s), 6.28 (br. s), 6.87 (br. s), 7.68 (br. s), 8.63
(br. s), 9.41 (br. s), 28.8 (q, Jor = 30Hz), 289 (q,
Jor=230Hz), 12775 (g, Joy=276Hz), 1279 (q,
Jog=276Hz). YF NMR &: —69.34. ®Si NMR &:
—22.5, —21.8, 4.65, 5.19.

3.14. Preparation of IX by chemical modification of 11

I (0.1 g, 1.0 mmol, My/M, = 5.1 % 10*/4.0 x 10%), VII
(0.9 g, 2.2 mmol), CFC-113 (1.5 ml) and Karstedt catalyst
(5 pl) were place in a 20 ml Ace-pressure tube equipped
with a Teflon-covered magnetic stir bar. The tube was
sealed with a Teflon-threaded stopped. After 12 h at 80 °C
and 72 h at 145 °C, X was precipitated from a mixture of
CFC-113/Et,0/MeOH (1:1:4). X was dried under vacuum.
In this way, 0.53 g, 57% yield of X with T, = —23°C,
M,/M, = 14.5x10*/11.7x 10* was obtained. '"H NMR
6: 0.03 (s, 3.36H), 0.12 (s, 2.86H), 0.56 (br. s, 2.27H),
0.75 (br. s, 2.14H), 1.02-1.15 (m, 1.33H), 1.99 (br. s,
2H), 5.93-6.06 (m, 0.5H, due to Si-vinyl groups). '’F
NMR §&: —126.83 (br. s), —123.73 (br. s), —123.37 (br.
s), —122.30 (br. s), —116.72 (br. s), —81.76 (br. s). *Si
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NMR §8: —37.63 (br. s), —23.74 (br. s), 4.86 (s), 5.74 (s). IR
v: 1597 (C=C) cm ..

3.15. Preparation of VIII by chemical modification of Il

II (0.1 g, 1.0 mmol, My/M, = 5.1 x 10*/4.0x 10*) and
VI (0.34 g, 2.2 mmol) were reacted as above. In this way,
0.26 g, 65% yield of XI, M, /M, = 12.6 X 10*/8.0 x 10",
T, = —34°C was obtained. 'H NMR §&: 0.12 (s, 3.61H),
0.20 (s, 2.28H), 0.59 (br. s, 2.15H), 0.83 (br. s, 2.19H),
1.02-1.09 (m, 1.27H), 2.10 (br. s, 2H), 5.98-6.12 (m,
0.46H). ""F NMR &: —69.34. ’Si NMR &: —38.01 (br. s),
—23.77 (br. s), 4.18 (s), 5.01 (s).

4. Conclusions

Novel poly[bis(1H,1H,2H,2H-perfluoroalkyl)siloxane]s
have been prepared by chemical modification of poly(di-
vinylsiloxane) by Pt-catalyzed hydrosilylation with
1H,1H,2H,2H-perfluorodimethylsilanes.  Poly(1H,1H,2H,
2H-perfluoroalkylmethylsiloxane)s have been prepared in
a similar manner by hydrosilylation of poly(vinylmethyl-
siloxane). These materials have unusual solubility proper-
ties and have been characterized by spectroscopy, DSC, and
TGA.
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