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B. Fluorocarbon-Thiazole Polymer

Poly[4—(g-phenylene)thiazole 2-perfluoropropylenethiazole]
was prepared' to determine whether the fluorocarbon portion would
provide the softness needed to form an elastomer from molecules
consisting largely of the thermally stable 4-phenylenethiazole
units. The polymer melted at 130-140°C which precluded its
further consideration as a base for making elastomers.

C. Polymers from Reactions of Fluorinated Diols with
Diaminosilanes

Fluorinated diols were treated with diaminosilanes to form
polymers. The first combinations tried formed polymers that were
unstable to the moisture in laboratory air.

HO-R—OH + Me,N-R'—-NMe, ———> =0-R-0-R'~ + Me,NH

N
R = —=CH,(CF,)3CH,— or —@-—
7 F

Me Me Me

R' = —éi- or —éi—@—gi—

1:13 f‘|'18 h;e

The hydrolytic sensitivity of the C-0-Si units was not eliminated
by the presence of the fluorine atoms in aromatic or straight-
chain aliphatic components. However, trifluoromethyl groups
attached to the carbon atom of the C-0-Si unit offered a new type
of polymer that was found, later, to be much more stable to
hydrolysis.

Diols prepared from hexafluoroacetone and alkenes were
attractive because of their potentially low cost and the possi-
bility that the trifluoromethyl groups would inhibit the hydrolysis
of C-0-Si units
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Methyl triacetoxysilane, CH3;-Si (OCOCH;) 3, is also used for
curing silanol-terminated silicones in a reaction catalyzed by
metal soaps in the presence of moisture. Attempts were made to
cure the hexafluoroacetone-propylene-dimethylsiloxane polymer
with methyl triacetoxysilane at different temperatures, with
different metal soaps, and with mixtures made in solution or by
milling, but the results were no better than those with ES 40.

Isocyanates, which usually react with both alcohols and
silanols, were tried with the hexafluoroacetone-propylene-
dimethylsiloxane polymer. Preliminary trials with the hexafluoro-
acetone-propylene diol and a silanol-terminated silicone resin
(DC 805, a coating agent of Dow Corning) indicated that reactions
occurred. However, no evidence of curing was obtained when the
polymer was treated with the Upjohn Company's polymethylene
polyphenylisocyanates, PAPI and Isonate 500. Various mixtures
of dibutyltin diacetate and triethylenediamine were used as
catalysts. It was difficult to keep the mixtures homogeneous
after the solvent evaporated. Mixing by milling produced uniform
opaque films, but curing did not occur. Avoidance of moisture
or the incorporation of small amounts of glycerol was not
beneficial.

Aluminum isopropoxide reacted rapidly with the polymer
dissolved in tetrahydrofuran and caused geiling so rapidly that
mixing could not be completed. Attempts were made to retard the
reaction by the use of aluminum tertiary-butoxide or a product
made by the reaction of aluminum isopropoxide with the hexafluoro-
acetone-propylene diol. Neither agent resulted in an appreciable
amount of crosslinking. Curing was tried at a pressure of 0.1
mmHg to avoid moisture and accelerate the removal of by-product
alcohol, but the results were no better.

Tetra(2-ethylhexyl) orthotitanate was tried with the
hexafluoroacetone-propylene-dimethylsiloxane polymer and
dibutyltin diacetate. Tetra(2-ethylhexyl) orthotitanate was tried
also in mixtures with ES 40 and dibutyltin diacetate, but none of
these caused crosslinking.

Peroxide catalysts were tried, because they have been
successful in curing siloxanes that have unsaturated side chains.
Both benzoyl peroxide and 2,4-dichlorobenzoyl peroxide were used
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B. Experimental Details

1. Preparation of monomers

a. Hexafluoroacetone-propylene adduct

Hexafluoroacetone (Pierce Chemical Co.), 106 g (0.64 mole),
was mixed with 10.5 g (0.25 mole) of propylene (Matheson Chemical
Co.) in a 300-ml stainless-steel reaction vessel. Since both
reactants are gases at room temperature, they were weighed and
introduced into the reaction vessel as follows: (1) the gases
were condensed and collected in test tubes cooled in dry ice,

(2) the :est tubes were placed in insulated containers for
weighing, (3) the liquid reactants were poured into the reaction
vessel that had been cooled in dry ice, and (4) the reaction
vessel was quickly sealed.

The hexafluoroacetone and propylene were heated at 170°C
for 48 hours. The vessel was cooled to rocm temperature, and
the clear yellow reaction mixture was poured out. A gas presumecC
to be excess hexafluoroacetone bubbled out of the reaction mixture.
The cis isomer, 4.2 g, was filtered off, and the filtrate was
distIlled through a 12-in. Vigreux column to yield 89.7 g of
liquid, b.p. 178-179.5°C. There was about 5 g of brown liquid
residue, possibly a tri-adduct. Since the theoretical yield of
di-adduct was 93.5 g, the yield was essentially quantitative,
based on the propylene. The excessive weight of product is
attributed to the difficulty of weighing the original propylene
as a liquid at -47.7°C. The error in weighing was much less than
1 g, since the di-adduct is only 11% propylene, and the tri-adduct
is 8% propylene. The boiling point of the product agrees with
that reported by Urry, Niu, and Lundsted;’® but we encountered
variability in the carbon-hydrogen analyses depending on combus-
tion time. Gas chromatography indicated that the liquid product
contained mono-adduct and cis and trans isomers of the di-adduct.

For additional purification, the crude diol was redistilled
through a 300 x 15-mm coiumn packed with thin, perforated stain-
less steel rectangles (4 x 6 mm) bent in the form of C's.
Fractions boilirg from 68-69°C at 8 mmHg were found to consist of
99+% trans isomer by gas chromatography.

Anal. Calculated for CoHgF;,0,: C 28.t9, H l.62.
Found: C 28.97, H 1.69.

In recent preparations the initial heating time was reduced
to 24 hours.
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The lack of reactivity of the polymer suggested that it
might be beneficial to termina‘e the chains with a more reactive
and versatile functional group. In an attempt to make isocyanate-
terminated chains, a polymer dissolved in Freon E-2 was stirred
at 105°C for 2 hours with an excess of tolylene diisocyanate.

The solution did not become homogeneous, so the excess isocyanate
was removed mechanically, and portions of the polymer solution
were treated with the prospective curing agents dissolved in
tetrahydrofuran, which made the mixtures homogeneous. The
reagents tried in a variety of different combinations were
glycerol, triethylenediamine, dibutyltin diacetate, dibutyltin
dilaurate, and Aerotex P225. No evidence of curing was seen.

The silphenylenediamine, 1,4-bis(dimethylaminodimethylsilyl)-

Me Me

[ |
MezN"Si"@"Si-NMez

| I

Me Me

benzene was used, also, in an attempt to terminate the chains
with more reactive groups. The polymer was treated in Freon E-2
with a slight excess of the diamine and dimethyldichlorosilane.
It was assumed that any aminosilane ends would be converted to
silanols by the moisture in the air. Aluminum isopropoxide and
ES 40 with dibutyltin diacetate were tried as curing agents, and
some loss of tack was observed, but none of the films was strong
enough to be peeled.

An attempt was made to cap the chains with oxyacetic acid

groups by treating an aqueous suspension of the polymer in mild
alkali with sodium iodoacetate.

CF 4 CF,

| |
—C—ONa + ICH,~COONa ———> —C—0-CH ,C0O0Na
l I

CF, CF,

If termination by unhindered carboxyls could be achieved,
isocyanate curing agents would probably be effective. However,
the alkalinity required to form the sodium salt of the polymer,
and the heat required to promote the Williamson Reaction
destroyed the polymer.
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Non-uniform gelation occurred rapidly when the polymer was
mixed with solutions of aluminum isopropoxide, so attempts were
made to retard the reaction. Aluminum t-butoxide apparently did
not react. Aluminum isopropoxide was treated with an excess of
the fluorodiol in tetrahydrofuran in an attempt to form a reagent
with this structure:

CF, CF,
] [

Al|0=C=CH ,~CH=CH-C—0H
| |

No precipitate formed in the tetrahydrofuran, so the solution was
used to treat a polymer in tetrahydrofuran. No gelation occurred

either in solution or later in a thin cast film after the solvent
evaporated.

The olefinic bonds in the polymer are relatively inert as
shown by their failure to decolorize solutions of bromine. Even
80, an attempt was made to cure with a silyl-hydrogen compound
in a reaction catalyzed by a trace of platinic chloride.

Me Me
| |
HSi—<::>—SiH
| |
Me Me

This reaction is widely used for room-temperature curing of
silicones with vinyl side-chains. No evidence of curing was
obtained with our polymer even at temperatures up to 205°C.

Hexamethylenediamine carbamate, a compound used to cure
Viton rubbers, was tried in an effort to cure through the

fluorocarbon groups. No curing was obtained at temperatures up
to 300°cC.

"APO", tris(aziridinyl)phosphine oxide, with and without
triethanolamine and zinc trifluoborate was mixed with the polymer
in solution and by milling. No reaction was observed at room
temperature, and on heating for 24 to 48 hours at 105°C, the
films separated into solid and liquid portions.
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