This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Synthesis of a,w-Bifunctional Fluorine-Containing Polysiloxanes by
Hydrosilation Reaction

Yoshiki Chujo? James E. McGrath®

 Division of Polymer Chemistry, Graduate School of Engineering Kyoto University Yoshida, Sakyo-
ku, Kyoto, Japan ® Department of Chemistry, NSF Science and Technology Center for High
Performance Polymeric Adhesives and Composites Virginia Polytechnic Institute and State University,
Blacksburg, Virginia, USA

To cite this Article Chujo, Yoshiki and McGrath, James E.(1995) ‘Synthesis of a,w-Bifunctional Fluorine-Containing
Polysiloxanes by Hydrosilation Reaction', Journal of Macromolecular Science, Part A, 32: 1, 29 — 40

To link to this Article: DOI: 10.1080/10601329508011062
URL: http://dx.doi.org/10.1080/10601329508011062

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/10601329508011062
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 06 24 January 2011

Downl oaded At:

J.M.S.—PURE APPL. CHEM., A32(1), pp. 29-40 (1995)

SYNTHESIS OF o,«-BIFUNCTIONAL
FLUORINE-CONTAINING POLYSILOXANES BY
HYDROSILATION REACTION

YOSHIKI CHUJO*

Division of Polymer Chemistry

Graduate School of Engineering

Kyoto University

Yoshida, Sakyo-ku, Kyoto 606-01, Japan

JAMES E. McGRATH

Department of Chemistry;

NSF Science and Technology Center for High Performance
Polymeric Adhesives and Composites

Virginia Polytechnic Institute and State University

Blacksburg, Virginia 24061-0212, USA

ABSTRACT

a,w-Bis(trifluoroacetamide )-terminated polysiloxanes containing
Si—H bonds were prepared by cationic equilibration reaction of the
cyclic tetramers, octamethylcyclotetrasiloxane and 1,3,5,7-tetramethyl-
cyclotetrasiloxane, and bis(3-aminopropyl)tetramethyldisiloxane, cata-
lyzed by trifluoroacetic acid. The pendant Si—H silane bonds were then
added quantitatively to 3,3,4,4,5,5,5-heptafluoro-1-pentene by using
chloroplatinic acid catalysis. The end groups of these fluorine-containing
polysiloxanes were then hydrolyzed to unprotected primary amino
groups. Carboxyl- or hydroxyl-terminated polysiloxanes were also pre-
pared by similar methods. Fluorine-containing siloxane-urea segmented
copolymers were synthesized by using «,w-diamino-terminated polysilox-
anes.
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INTRODUCTION

Polysiloxane-containing copolymers are of interest for a number of reasons.
These include the wide temperature range over which they retain elasticity, their
thermal, UV, and oxidative stabilities, low surface energies [1], and high oxygen
permeabilities [2].

Previously, we have investigated acid- or base-catalyzed equilibration reac-
tions of cyclosiloxanes as one of the effective methods for the preparation of polysi-
loxanes [3, 4]. Polysiloxanes with various end groups can be easily obtained by this
method (Scheme 1). The number-average molecular weight (M,) was also con-
trolled by varying the ratio of the cyclosiloxane to the functional disiloxane. A
variety of interesting segmented copolymers containing siloxane and other segments
such as ureas, amides, imides, esters, and epoxides have been prepared [4-12].
Sigwalt et al. studied related chemistry such as the superacid initiated equilibration
polymerization of octamethylcyclotetrasiloxane [13].

In this paper we report the synthesis of «,w-end-reactive polysiloxanes which
contain pendant Si—H bonds. We have used similar procedures as discussed earlier
[3, 4]. For example, in a typical procedure, a homogeneous mixture of octamethyl-
cyclotetrasiloxane (1) and 1,3,5,7-tetramethylcyclotetrasiloxane (2) was first pre-
pared. In this reaction, acid-catalysis is preferred since the Si—H bonds are known
to be readily unstable to bases. Thus, end-reactive polysiloxanes with pendant Si—H
bonds can be prepared quite easily.

Postreaction of the silane functionality allows for the preparation of several
new materials. For example, polymeric liquid crystals can be prepared with these
polysiloxanes by using hydrosilation catalysis with olefins containing mesogenic
groups [14]. We report here that the hydrosilation reaction of these polysiloxanes
with perfluoroalkyl olefins can also be used to produce higher concentration of
fluorine-containing polysiloxanes than are usually studied. It may be interesting to
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introduce fluorine into siloxane segments since surface properties or water or oxy-
gen permeabilities can be improved. By using these fluorine-containing polysilox-
anes, siloxane-urea segmented copolymers were easily prepared by solution poly-
merization, and the results are described in this paper.

EXPERIMENTAL
Materials

Octamethylcyclotetrasiloxane (1) and 1,3,5,7-tetramethylcyclotetrasiloxane
(2) were products of Petrarch Systems Inc. Bis(3-aminopropyl)tetramethyldisilox-
ane (3), bis(3-carboxypropyl)tetramethyldisiloxane (Silar Laboratories Inc.), and
3,3,4,4,5,5,5-heptafluoro-1-pentene (PCR Research Chemicals Inc.) were also com-
mercially available. 4,4-Dicyclohexylmethane diisocyanate (H-MDI) was kindly
supplied by Miles Chemical Co. Solvents such as tetrahydrofuran (THF) and N,N-
dimethylformamide (DMF) were distilled under argon atmosphere prior to use.

Preparation of Polysiloxanes with Si—H Bonds

As a typical example, an a,w-bis(trifluoroacetamide )-terminated polysiloxane
with Si—H bonds (4) was prepared as follows. The acid-catalyzed equilibration
reaction of 1 and the second silane containing monomer (2) was carried out in the
presence of bis(3-aminopropyl)-tetramethyldisiloxane (3) by using trifluoroacetic
acid as a catalyst. Sufficient catalyst was employed in concentrations adequate to
first cap the amine terminals (equimolar to amino groups) and to subsequently
open the rings (5 mol% of Si—O bonds). The reaction mixture was stirred under
argon atmosphere at 80°C for 30 hours. The resulting viscous liquid was washed
with distilled water repeatedly to remove the excess acid catalyst. Volatile cyclic
siloxane oligomers were stripped by distillation under reduced pressure to produce a
viscous colorless liquid having structure 4. Polysiloxanes with carboxyl- (7) or
trifluoroacetoxy- (9) end groups were also prepared by methods similar to those
described above.

Hydrosilation and Hydrolysis Reactions

These reactions were conducted as follows. Under an argon atmosphere,
3,3,4,4,5,5,5-heptafluoro-1-pentene and chloroplatinic acid catalyst in THF were
stirred at 7°C for 30 minutes in a closed system. Next, a THF solution of polysilox-
ane (4) was added slowly from a dropping funnel at room temperature (23°C) over
a period of 2 hours. When half of the calculated amount of 4 was added, further
fluoroolefin and Pt catalyst were added. After complete addition, the reaction
mixture was stirred for 2 hours at room temperature and then for an additional 4
hours at 35°C. The insoluble fraction was filtrated, and a brown viscous liquid was
obtained after evaporation of THF. After treatment with activated carbon three
times, a light yellow liquid of «,w-bis(trifluoroacetamide)-terminated fluorine-
containing polysiloxane (5) was obtained.
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The end groups of the oligomer 5 were hydrolyzed by Na,CO, in the THF-
water system at 70°C for 48 hours to produce «,w-diamino-terminated fluorine-
containing polysiloxane copolymer (6).

Hydrosilation reactions of 7 and 9 with heptafluoropentene and hydrolysis of
end trifluoroacetoxy group in 10 were successfully conducted under similar condi-
tions.

Segmented Copolymerization

H-MDI was stirred in dry DMF at room temperature under an argon atmo-
sphere. Aminopropyl-terminated polysiloxane (6) in DMF was added from a drop-
ping funnel. After complete addition, the mixture was stirred at 50°C for 4 hours.
The resulting copolymer was isolated by coagulation into a mixture of methanol
and water (80:20, v/v) and washing with methanol several times and then drying in
vacuo at 60°C overnight.

Characterization

All polymers obtained here were characterized by FT-IR and 'H-NMR spec-
tra. FT-IR spectra were obtained with a Nicolet MX-1. The '"H-NMR spectra were
obtained using a Varian EM-390 (90 MHz) with an approximately 10% solution
of the polysiloxanes in chloroform-d. Dichloromethane was an internal reference.
Thermal characterizations were performed on a Perkin Elmer System 2. DSC scans
were recorded under helium atmosphere with a heating rate of 10°C/min. Potentio-
metric titration of 6 was carried out in isopropanol by using HCI as titrant and
bromophenol blue as an indicator.

RESULTS AND DISCUSSION

An a,w-bis(trifluoroacetamide )-terminated polysiloxane oligomer (4) was
prepared according to Scheme 2. The results of the preparation of 4 are summarized
in Table 1. Oligomer 4 is a colorless viscous liquid which is soluble in common
organic solvents such as THF, dichloromethane, and chloroform.

As a typical example, Fig. 1 shows the '"H-NMR spectrum of 4 in the case of
Run 4 in Table 1. The number-average molecular weight was estimated from this
spectrum. That is, by determining the integral ratio of the methylene terminal group
(ain Fig. 1) to the silicon methyl (b) in-chain groups, the molecular weight of 4 was
calculated as 480. This value was close to that target molecular weight (500), which
was calculated from the molar feed ratio. This result shows that the molecular
weight can be easily controlled by changing the ratio of 1 and 2 to the bis(3-
aminopropyl )tetramethyldisiloxane (3).

Hydrosilation reactions of 4 were conducted in THF with 3,3,4,4,5,5,5-
heptafluoro-1-pentene as shown in Scheme 3. Although a small fraction of gel was
formed, a soluble viscous liquid of 5 was produced effectively. The reaction was
monitored by FT-IR spectra, which are illustrated in Fig. 2. The top spectrum in
Fig. 2 shows the starting polysiloxane (4), which contains Si—H absorption at 2160
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cm ~'. This band disappeared after the reaction, and several new bands near 1200-
1400 cm ~' due to the C,F, group appeared in 5.

Hydrolysis of the trifluoroacetamide end group of 5 was achieved via reaction
with aqueous Na,CQ, in THF at room temperature. As shown in Fig. 2, the C=0
absorption of the amide group at 1678 cm ~' also decreased and the N—H stretching
band for the primary amine appeared around 3300 cm ~'.

The structure of 6 was supported not only by FT-IR but also by the '"H-NMR
spectrum. As a typical sample, the 'H-NMR spectrum of 6, which was prepared

TABLE 1. Preparation of o,w-Bis(trifluoroacetamide)
Siloxane Copolymers

Target”
molecular  Yield, ¢
Run [11/12]° 1+ 21/[371° weight %
1 3 9.77 3000 47
2 3 6.18 2000 34
3 3 2.03 1000 30
4 3 0.25 500 26
5 5 8.98 3000 58
6 5 6.08 2000 62
7 0.33 10.12 3000 69

*Molar ratio.
Calculated from the feed ratio.
‘Isolated yield.
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FIG. 1. 'H-NMR spectrum of 4.
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FIG. 2. FT-IR spectra of 4, 5, and 6.

from 4 (Run 7 in Table 1), is shown in Fig. 3. The methylene peaks from the groups
adjacent to C,F; group are shown at 6 3.5 and 1.7. From the integral ratio of these
methylene groups (for example, a in Fig. 3) to the methyl protons (b), the ratio of
dimethylsilyl to monomethylsilyl groups in 6 can be calculated. This value (0.355)
is very close to that (0.333) calculated from the feed ratio of 1 and 2. This result
suggests that the introduction of the perfluoroalkyl group to polysiloxane by hydro-
silation reaction succeeded almost quantitatively.

The results of preparation of 6 are summarized in Table 2. For example, the
titration of the amino end group of 6 (Run 3 in Table 2) by alcoholic HCI showed
its molecular weight was 2750. This sample was prepared starting from 4 (Run 6 in
Table 1) and its calculated molecular weight by using target molecular weight (2000)
of 4 was 2520. The proximity of these two values supports the view that the hydroly-
sis of 5 to 6 proceeded effectively.

Similarly to 4, carboxyl (7) or trifluoroacetoxy-terminated polysiloxanes (9)
with Si—H bonds were easily prepared by using bis(3-carboxypropyl)tetramethyldi-
siloxane or bis(4-hydroxybutyl ))tetramethyldisiloxane, respectively. These polysilox-
anes were also hydrosilated with heptafluoropentene to produce end-reactive fluo-
rine-containing polysiloxanes (8 and 10). The end trifluoroacetoxy groups were
hydrolyzed to unprotected hydroxy groups (11). These reactions are summarized in
Schemes 4 and 5. As shown in Fig. 4, FT-IR spectra support the structures of 8
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FIG. 3. 'H-NMR spectrum of 6.

and 11. Thus, various end-reactive fluorine-containing polysiloxanes were easily

prepared by this method.

Glass transition temperature values (7,) of fluorine-containing polysiloxanes
(5, 6, 8, and 11) are given in Table 3. Compared with the 7, of —123°C for
the poly(dimethylsiloxane) homopolymer, T, of these polysiloxane copolymers is
increased by the incorporation of the perfluoroalkyl group into polysiloxanes. How-

TABLE 2. Preparation of 5 and 6

4 5 6
Target Calculated® Calculated®  Titrated
molecular Yield,® molecular Yield,* molecular molecular
Run weight m:n % weight ) weight weight
1 3000 1:3 18 8930 15 8740 9210
2 3000 3:1 40 4780 32 4590 5160
3 2000 5:1 26 2710 28 2520 2750
4 3000 5:1 31 4170 28 3980 4100
“Based on 4.

®Calculated from the target molecular weight of 4.
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ever, as can be seen in Table 3, the glass transition temperatures of all these polysi-
loxanes are still very low.

a,w-Diamino-terminated fluorine-containing polysiloxanes (6) can be used for
the preparation of segmented copolymers. For example, 6 (M, = 2750) was reacted
with an equimolar H-MDI to produce a siloxane-urea copolymer (12) as shown in
Scheme 6. During the reaction, the solutions appeared to be homogeneous and 12
was isolated as a white solid. Yield of 12 was 82%. The intrinsic viscosity of 12 in
DMTF at 25°C was 0.24 (dL./g). The FT-IR spectrum of 12 is shown in Fig. 5. The
strong absorptions at 3350 cm ™' (yN—H) and 1633 cm ™' (»C=0) confirm the
formation of urea linkages. The disappearance of the peak at 2273 cm ~' (yNCO)

I\I'le I\I/le
(m4) 1 + (v4) 2+ HO(CH,);§i—0— $i—(CH,)OH
Me Me
CF;CO0H Me Ne Me Me
—_— CF,COO(CH,);~ $u—o+§i—c $i~0——$i—(CH,),0COCF,
Me Me mL H N Me
9
CH=CHC,F7 Me ]\I/le ]Yle Me
—_— CF,COO(CH,);~ %n 0——%i~0 °i—o——$i—(c1{,),ococ1r3
Catalyst Me Me Im 1 n Me
19 CH.CHCF,
Na;CO;
E—— HO(CH,) §- .—o i—(CHz),,OH
THF-H,0
HZCH2C3F7

SCHEME 5.
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FIG. 4. FT-IR spectra of 8 and 11.
TABLE 3. Glass Transition Temperatures of Fluorine—Containing Polysiloxanes
X(CH2)3—§ §I_OHI_O §|—(Cl{2)3
HZCH2C3F7
Me
l
—Si—~0—
. |
Molecular weight CH,CH,C,F, T, b
Run End-group X  Calculated Titrated m:n wt%? °C
1 CF,CONH— 4780 3:1 54 —84
2 H,N— 8740 9210 1:3 91 —65
3 HN— 4590 5160 3:1 54 -79
4 HOCH,— 4570 3:1 54 -84
5 HOOC— 4870 3:1 54 —88

*Without end groups.
*By DSC, 10°C/min.
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FIG. 5. FT-IR spectrum of 12.

supports the complete reaction of isocyanate group. Also, the peaks around 1000-
1400 cm "' demonstrate the incorporation of the siloxane and fluoroalkyl groups
into the copolymer.

In conclusion, «,w-bifunctional fluorine-containing polysiloxanes were easily
prepared and used for the segmented copolymerization. Studies of the physical
properties of these fluorine-containing polysiloxanes and their copolymers are now
under investigation.
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