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DERIVATIVES OF DIPHENYLHEXAFLUOROPROPANE

BACKGROUND OF THE INVENTION

l. Field of the Invention

The present invention relates generally to
diphenylhexafluoropropane derivatives and, more partic-
ularly, to derivatives wherein various groups are
attached to the para-position on the phenyl rings of
the diphenylhexafluoropropane by way of a carbon or
silicon attachment.

2. Description of the Background Art

Diphenylhexafluoropropane is a very versatile
compound which basically consists of two phenyl rings
which are attached on opposite sides of the number two
carbon of hexafluoropropane. In the past, a number of
different derivatives of diphenylhexafluoropropane have
been produced by attaching various different functional
groups at either the para- or the meta- positions on
the phenyl rings. These derivatives have proven to be
useful intermediates in the synthesis of thermally
stable resins for use in high temperature structural
composites.

Diphenylhexafluoropropane compounds have been
produced where various different functional groups, such

as ethynyl groups, amino groups, cr halogens, are attached

to the phenyl rings at the meta- position by way of
carbon or nitrogen linkages. As is well known, the

PCT/US85/01312
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specific isomeric form of chemical precursors and inter-
mediates is an important factor in determining the

final characteristics and performance of the desired
chemical product. Accordingly, it has been desirable

to also prepare diphenylhexafluoropropane derivatives

in which the functional groups are attached to the phenyl
rings at the para- position instead of the meta- position.

Diphenylhexafluoropropane compounds having an
ethynyl group attached at the para- or meta- position have
been developed and are disclosed in U.S. Patent No.
4,374,291, which is assigned to the present assignee.
However, other para-substituted diphenylhexafluoropropane
derivatives which have been developed in the past and
which are presently available all include an oxygen or
sulfur linkage between the functional group and the
phenyl ring. The attachment of the functional groups
to the para-position on the phenyl rings via sulfur or
oxygen results in a relatively flexible linkage which,
in turn, tends to produce relatively flexible polymer
products. Although flexible high temperature polymers
are well suited for a variety of applications, it is
many times desirable to proVide thermally stable resins
which have increased rigidity. Further, sulfur and
oxygen linkages in polymer resins are more susceptible
to oxidative degradation or breakdown resulting in
premature deterioration of the polymer in which the
sulfur or oxygen linked diphenylhexafluoropropane
derivative is incorporated.

Therefore, there is a present need to provide
para-substituted diphenylhexafluoropropane derivatives
which can be used as alternate polymer precursors to
meta-substituted derivatives and which do not include a
sulfur or oxygen linkage between the para-substituted
group and the phenyl rings. »

L
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SUMMARY OF THE INVENTION
In accordance with the present invention, a new
group of para-substituted diphenylhexafluoropropane
compounds are disclosed which provide an alternative
polymer precursor to the meta-substituted diphenylhexa-
fluoropropane derivatives while not requiring an oxygen
or sulfur linkage.

The new diphenylhexafluoropropane derivatives
have the following formula:

X TF3 X
OO
Y CF3 Y

where R is an alkyl, alkylene, carbonyl, carboxy, acyl,
aryl, epoxy, silyl or siloxy group; and where X and Y
are hydrogen or halogen.

The diphenylhexafluoropropane derivatives in
accordance with the present invention have a direct
carbon or silicon linkage between the functional groups
R and the phenyl rings of the diphenylhexafluoropropane.- -
Carbon or silicon linkages are more rigid than sulfur
or oxygen. As a result, more rigid polymers can now be
produced from para-substituted diphenylhexafluoropropane
than was previously possible with prior sulfur and

oxygen linked derivatives. The new diphenylhexafluoropro-

pane derivatives are not only useful in preparing rigid
polymers, but the resulting polymers are also thermally
stable and resistant to oxidative attack due to the
absence ¢f sulifur or oxygen linkages. 7

The above-discussed and many other features and
attendant advantages of the present invention will
become better understood by reference to the following
detailed description of the invention.

PCT/US85/01312
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DETAILED DESCRIPTION OF THE INVENTION
The compounds in accordance with the present
invention have the following general formula

-

X CFj X

=
R <::i> ‘ (:::) -—R

where R is an alkyl, alkylene, carbonyl, carboxy, acyl,
aryl, epoxy, silyl or siloxy group; and where X and Y
are hydrogen or halogen.

Preferred alkyl groups are those having from 1l to
4 carbon atoms with methyl being particularly preferred.
Preferred alkylene groups also include from 1 to 4
carbon atoms. Vinyl and vinyl derivative groups are
particularly preferred. These groups include vinyl,
vinyl chloride, propylene, vinyl acetate, styrene,
isobutylene, vinylidene chloride or methylmethacrylate
and modified acrylics.

Preferred carbonyl groups include aldehydes and
ketones having from 1 to 4 carbon atoms with formyl
being particularly preferred. Preferred carboxy and

~acyl groups will have from 1 to 4 carbon atoms with 1

to 2 carbon atoms being particularly preferred. Aryl
groups having 1 or 2 phenyl rings are preferred. Silyl
and siloxy group having from 1 to 4 carbon atoms are
preferred with trimethylsilyl being particularly
preferred. In addition, any of the above-mentioned
alkyl, alkylene, carbonyl, carbdﬁél, silyl, siloxy or
acyl groups may include one or two phenyl rings.

In addition to the R groups attached at the para-
position, the new compounds may include a halogen
substituted at the meta-position. Any of the halogens
may be used with iodine and bromine being preferred.



WO 86/01511 5 PCT/US85/01312

10

15

20

25

30

35

Both X and Y may be a halogen if desired; however, it
is preferred that when X is a halogen, Y is hydrogen.
Also preferred are compounds where both X and Y are
hydrogen.

The preparation of compounds in accordance with
the present invention preferably begins with 2,2-bis(4-
bromophenyl)hexafluoropropane (BPHP). BPHP is a reactive
moncmer which is the subject of U.S. Patent No. 4,503,254,
which has been assigned to the same assignee of the
present invention. Although the preferred starting
material is bromine substituted, other para-halogenated
substituted compounds, such as 2,2-bis(4-iodophenyl)hexa-
fluoropropane and 2,2-bis(4-chlorophenyl)hexafluoropro-
pane, may be used.

The 2,2-bis(4-bromophenyl)hexafluoropropane which
is the starting compound in most of the following
examples is prepared by reacting triphenylphosphine
dibromide with Bisphenol AF [2,2-bis(4-hydroxyphenyl)-
hexafluoropropane] at temperatures above 280°C.
Bisphenol AF is a common compound which is widely
available commercially. An exemplary synthesis is as
follows: '

To a slurry of triphenylphosphine dibromide (0.2
mole) in dichloromethane (250 ml) under argon was added
2,2-bis(4-hydroxyphenyl)hexafluoropropane (0.1 mole).
The solvent was removed by distillation to leave a
solid reaction mixture, and the flask which contained
the reaction mixture was placed in a molten metal bath
at 350°C for two hours. The reaction mixture was cooled
to 100°C and poured into another flask. Further cooling
of the reaction mixture resulted in a solid within
the flask which was washed three times with 300 ml

portions of hexane, and the hexane solution was filtered
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to remove unwanted reaction by-products. The resulting
hexane solution of the product was washed with 20%

~sodium hydroxide and deionized water. The solution

was then dried over anhydrous magnesium sulfate and
passed down a short alumina column. The hexane was
removed from the solution and the resulting semi-solid
was distilled to produce a 76% yield of the product
2,2-bis(4-bromophenyl)hexafluoropropane, which is a
high yield for reactions of this nature.
Examples of preparation of preferred diphenylhexa-

£luoropropane derivatives are as follows:

Example 1:
2,2-bis{4~-trimethylsilylphenyl )hexafluoropropane

The synthesis is shown schematically as follows:

Br fi”e 3

CF3—C—CF3 l1.nBuli CF3—C—CF3
2.CiSiMe 3'_'>

A,

A

\

e

r : SiMe3

To a solution of 4.62g (0.1 mole) 2,2-bis(4-
bromophenyl)hexafluoropropane in 75 ml of anhydrous
tetrahydrofuran was added dropwise 28 ml (0.4 moles) of
a 1.4 molar solution of n-butyllithium in hexane while
the reaction mixture was cooled in a dry ice-acetone
slush. The reaction mixture was stirred for one half
hour at -78°C. A dropwise addition .of chlorotrimethyl-
silane (5 ml, 0.04 moles) was then made to the reaction
mixture at -78°C. The stirring slurry was allowed to come
to ambient temperature over 16 hours. To the reaction
mixture was added 100 ml hexane. The organic layer was
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washed with 2 x 150 ml saturated sodium chloride solution
and 2 x 150 ml water. The organic layer was dried,
€iltered, and concentrated to yield the white crystalline
product 2,2-bis(4-trimethylsilylphenyl)hexafluoropropane.
The following physical data were recorded:
NMR (CDCl3): & 7.4 (m, 4H, aromatic) and
0.5 ppm (s, 94, silylmethyl).
IR (film): 2970, 1325, 1255, 1210, 1180, 970,
840, 815 cm~l

Example 2: 2,2-bis(4-carboxyphenyl)hexafluoropropane
The synthesis is shown schematically as follows:

Br
CF3—C—CF3 ‘1.nBuli S
2 . C02
@
Br 03H

To a solution of 23.1 g (0.05 mole) 2,2~bis(4--
bromophenyl)hexafluoropropane in anhydrous tetrahydrofuran
chilled to =-78°C was added dropwise 0.11 moles (78 ml
of a 1.4 molar hexane solution) n-butyllithium under an
inert gas blanket. The reaction mixture was stirred
for 30 minutes at -78°C after the n-butyllithium
addition was complete. An excess of carbon dioxide was
bubbled through the reaction mixture as the mixture was
warmed to 25°C over 16 hours. The thick white slurry
was suspended in hexane, filtered, and dried to give
16.53g (0.42 moles, 84% yield). &an analytical sample
was prepared by recrystallizing 5g of the product from
50 ml glacial acetic acid to give 3.4g of purified

2,2-bis(4-carboxyphenyl)hexafluoropropane. M. P. 268~
271°C.
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The following data weré recorded:

IR (KBr): 2900-3300 (broad), 1705, 1260, 1218,
1180 cm-1 ,

NMR (CDCl3): & 8.8 (bs, 1lH, acid proton) 8.2,
8.1, 7.65, 7.5 ppm (distorted AA' BB' quartet, 4H,
aromatic). '

Elemental Analysis: C H F
Cy17H1oFe04 (392.251)  Calc. 52.06 2.57 29.06
Found 51.85 - 2.64 29.37

Example 3: 2.2-bis(4-formy1phenyl)hexafluoropropane
The synthesis is shown schematically as follows:

) of H
\ ) (\‘
, ) |
CF3—C—CF l.nBuli CF3—C—CF3
3 3 2.DMF E
Br (0 Lt H

To a solution of 17.58g (0.38 moles) of 2,2-bis(4-
bromophenyl)hexafluoropropane in 100 ml anhydrous
tetrahydrofuran (THF) at -70°C was added dropwise 83 ml
of a 1.1 molar solution in hexane of n-butyllithium.
The addition took thirty minutes. ‘After 15 minutes at
-60 to -65°C, a dropwise addition of 10.0g (0.137 mole)
of dimethylformamide in 50 ml anhydrous tetrahydrofuran
was made to the reaction mixture. The reaction mixture
was warmed to 25°C over one hour and maintained at 25°C
for eighteen hours. At the end of this period, the
reaction mixture was poured into 1 liter of stirred
water. The product was extracted with ethyl ether,
washed with 2 x 200 ml water and the ethereal layer
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dried. Concentration of the ethereal fraction afforded
8.46g (23.5 moles, 61.8% yield) of the white solid
product 2,2-bis(4-formylphenyl)hexafluoropropane.
M. P. 130-132°C.

The following physical data were recorded:

NMR (CDCl3): & 10.1 (s, 1H, aldehydic proton),
and 7.7 ppm (m, 4H, aromatic). :

IR (KBr): 1700, 1385, 1315, 1280, 1250, 1230,
1210, 1190, 1170, 1115, 810 cm~l

Elemental Analysis: C H F Br
Found 56.82 2.90 31.47 0.23

Example 4: 2,2-bis(4=-vinylphenyl)hexafluoropropane
The synthesis is shown schematically as follows:

H
CH3P+PH3I' ~
CF3—{—CF3 nBuli -
H

Methyl triphenylphosphonium iodide (8.08g) was
suspended in 50 ml anhydrous tetrahydrofuran under
argon. After cooling to -78°C the slurry was treated
with 20 ml (2¢ mMole3) of 1.2M n-butyllithium. After
stirring for 15 minutes, a solution of the dialdehyde
product from Example 3 in 40 ml tetrahydrofuran was
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added to the slurry still at -78°C. After completion
of the addition, the reaction mixture was warmed to 25°C

. over two hours and maintained at this temperature for

20 hours. The reaction mixture was poured into 500 ml
of 10% hydrochloric acid. The product was extracted
by four 100 ml ether washes. The combined ethereal
extracts were washed with 200 ml of saturated sodium
chloride solution and dried over magnesium sulfate.
Concentration of the dried ether solution yielded a
yellow oil. Column chromatography of this o0il using
silica gel and 10% methylene chloride in hexane yielded
1.370g (38.5% yield) of a clear yellow viscous oil
which was determined to be 2,2-bis(4-vinylphenyl)-
hexafluoropropane.

The following physical data were recorded:

GC-MS: one peak, m/e 356

NMR (CDCl3): & 7.3 (bs, 4H, aromatic H's), 6.9,
6.7, 6.6, 6.5 (& x 4, 1H, Jpp = 17.5Hz, Jpc = 11 Hz,
vinyl Hp), 5.8, 5.6, (& x &, 1H, Jag = 17.5Hz, Jpc =
1.5 Hz, vinyl Hg), and 5.3, 5.1 ppm (d x d, 1H, Jac =
11 Hz, Jpc = 1.5Hz, vinyl Hc). The three vinyl protons
give a classical ABX three-nuclei splitting pattern.

Example 5: 2,2-bis(4-epoxyphenyl)hexafluoropropane

The synthesis is shown schematically as follows:

~H | R 0
(CH3) S04
—C— CFa—C—CF
CFy—C—CF3 s 3 3
O CH3ONa Q |
0= H . ~H

PCT/US85/01312
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In a flask with an argon atmosphere was placed
3.78g (0.03 mole) dimethyl sulfate, 1.05g (0.033 mole)
dimethyl sulfide, and 20 ml acetonitrile. The mixture
was stirred 24 hours at 25°C. Sodium methoxide (1.87g,
0.033 mole) was added in one portion and the reaction
mixture stirred another hour at 25°C. To the reaction
mixture was then added 3.60g (0.0l mole) 2,2-bis(4=-

formylphenyl)hexafluoropropane, formed as in Example 3,

over 15 minutes. After the addition was complete, the
stirring was maintained for 18 hours. The reaction
flask was then equipped for distillation and the majority
of the dimethyl sulfide and dimethyl sulfate removed.
To the cooled reaction product was added 20 ml acetoni-
trile. The organic liyer was washed with 4 x 100 ml
deionized water, dried over magnesium sulfate, concen-
trated, and purified using a Kugelrohr apparatus to
obtain 2.21g, 0.0057 moles, 57% yield of the product
2,2-bis(4-epoxyphenyl )hexafluoropropane.

The following physical data were recorded:

IR (£ilm): 1270, 1250, 1215, 1185, 975, 885,
835 cm-1l '

NMR (CDCl3): & 7.3 (s), 5.6 (s), 3.8 (m), 3.1
(m), 2.7 (m) ppm

Example 6: 2,2-bis(4-methylphenyl)hexafluoropropane

The synthesis is shown schematically as follows:

CH3
O
1.nBuli ~ CF3—C—CF3
20CH3I -
Hj

PCT/US85/01312
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A solution was prepared containing 58.78g (0.127
mole) 2,2-bis(4-bromophenyl)hexafluoropropane'in 250 ml
anhydrous tetrahydrofuran under an argon atmosphere.
The solution was cooled to -78°C in a dry ice-acetone
slush bath. To the cooled solution was added dropwise
0.28 mole n-butyllithium (112 ml of a 2.5 molar solution
in hexane) over a 15 minute period. The solution was
stirred for 30 minutes at approximately -78°C after the
addition was complete. Cooling of the reaction mixture
was continued while adding dropwise 39.7g (0.28 mocles)
methyl iodide over a 30 minute period. Stirring and
cooling was maintained for one hour after the completion
of the addition. Then the slush bath was removed and
the reaction mixture gradually warmed to ambient
temperature. The reaction mixture was washed with
2 x 250 ml of each of the following: saturated sodium
chloride solution, dilute sodium bisulfite solution,
and deionized water. The organic layer was concentrated
to an oil. Recrystallizing the oil from hexane cooled
to -78°C yielded 28.25g (0.085 moles, 67% of theory)
of the product 2,2-bis(4-methylphenyl)hexafluoropropane.
M. P. 76=-77°C. ,

The following physical data were recorded:

IR (KBr): 2990, 2970, 1525, 1265, 1215, 1180 cm-1l

NMR (CDCl3): 6 7.2 (s), 2.3. (s) ppm

Elemental Analysis: C H F
C17H14F¢ (332.287) 61.45 4,25 34.30
6.64 4.40 34.51

v

¥
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Example 7:
2,2-bis(3-iodo-4-methylphenyl)hexafluoropropane

The synthesis is shown schematically as follows:

CH3 CHj
I
g H,10, I |
CFy— C—CF 36, 2 CFy—(=—CF,
HOAc, H2S04
N1
CHj H3

In a reaction flask equipped with a condenser,
2,2-bis(4-methylphenyl)hexafluoropropane (9.960g),
prepared as in Example 6, iodine (12.304g), periodic
acid (5.785g), 150 ml glacial acetic acid, 10 ml water,
and 3 ml of sulfuric acid were stirred vigorously and
heated at 85-90°C for 72 hours. The reaction mixture
was cooled and poured into 500 ml of water. The agueous
reaction mixture was extracted with 300 ml of ether.

The ethereal phase was washed with sodium bisulfite
solution to remove iodine, then 200 ml of water, 200 ml
saturated sodium bicarbonate solution, 200 ml of water,
and finally dried over anhydrous magnesium sulfate.
Concentration of the ethereal phases and recrystallization
from pentane yielded the product 2,2-bis(3-iodo-4-
methylphenyl)-hexafluoropropane, a white powdery solid.

M. P. 101-102°C. in 45% yield.

The following physical data were recorded:

NMR (CDCl3): &, 7.8 (s), 7.2 (s), 2.4. (s) ppm

MS (70eV) m/e 584

PCT/US85/01312
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Elemental Analysis: C B F
Cy7H12F6I2 (584) Calc. 34.96 2.07 43.45
Found 35.27 2.08 43,23

The diphenylhexafluoropropane derivatives of this
invention are useful in a large number of applications.
The vinyl and epoxy derivatives may be used alone to pro-
duce resin systems or they may be blekded with known
commercial resins such as any of the vinyl, styrehe,
butadiene or similar common resins. The ease of vinyl
and epoxy polymerization and the speciai structural
characteristics of the vinyl (Example 4) and epoxide
(Example 5) derivatives of the present invention jointly
provide a facile éntry to vinyl and epoxy resins which
have the desirable low dielectric constant and low dissi-
pation loss properties for electronic applications.
The aldehyde and acid derivatives may be readily incorpo-
rated into acetals, polyesters, polyimides, polyimines,
polybenzimidazoles, polybenzisoxazoles,'polybenzothiazoles,
and other polymer classes. In addition, the derivatives
may be useful as reactive intermediates in the production
of fluorocarbon based pharmaceuticals as well as other
organic products.

Exemplary polymers which can be made utilizing
the diphenylhexafluorcpropane derivatives and the methods

for preparing them are as follows:

Example 8: Preparation of polybenzisoxazole containing

the hexafluoropropane group

A low molecular weight polymer was prepared by
r2acting 2,2-bis(4-formylphenyl)hexafluoropropane (see
Example 3) and 2,2-bis-(3~-anino-4-hydroxyphenyl)-
hexafluoropropane in polyphosphoric acid at 200°C for
4 hours. The latter compound was prepared as described

N
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in the publication by K. S. Y. Lau, et al., entitled
"gynthesis of Polymer Intermediates Containing the
Hexafluoroisopropylidene Group via Functionalization of
2,2-Diphenylhexafluoropropane,* in the Journal of Polymer
Science: Polymer Chemistry Edition, Vol. 20, 1982, pages
2381-2393.

The mixture was poured into 1 liter of water to
precipitate the polymer. After drying at 100°C for 24
hours, the polymer could be purified further by dissolving
in N-isopropylpyrrolidinone (NIP) (available from GAF
Corporation) and reprecipitating from a hexane-dichloro-
methane mixture. Inherent viscosity (measured in NIP)
was 0.17.

Example 9: Copolymer of Epoxidized Polybutadiene and
2,2-bis(4-epoxyphenyl)hexafluoropropane

Commercially available epoxidized polybutadiene
(from Nisso Company, 8% epoxidation of the 90% vinyl
pendent groups) was blended with 20% of 2,2-bis(4~-

epoxyphenyl)hexafluoropropane prepared as in Example 5
and then cured inside a mold with 4% 1,2,3,6-tetrahydro-
phthalic anhydride and 1% dicumyl peroxide according
to a standard multi-stage curing process to form a
cured disc copolymer material.

Having thus described exemplary embodiments of
the present invention, it should be noted by those
skilled in the art that the within disclosures are
exemplary only and that various other alternatives,
adaptations and modifications may be made within the
scope of the present invention. Accordingly, the
present invention is not limited to the specific
embodiments as illustrated herein and is only limited
by the tolloﬁing claims.

MEL:tp
[207-5]

PCT/US85/01312
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CLAIMS

What is Claimed is:

1. A diphenylhexafluoropropane compound having
the formula:

X TF3 X
RQTQR
Y CF3 4

where R is an alkyl, alkyiene. carbonyl, carboxy, acyl,
aryl, epoxy, silyl or siloxy group; and where X and Y
are hydrogen or a halogen.

2. A diphenylhexafluoropropane compound according
to Claim 1 where R is a methyl group.

3. A diphenylhexafluoropropane compound according -
to Claim 1 where X is a halogen and Y is hydrogen.

4. A diphenylhexafluoropropane compound according
to Claim 2 where X is a halogen and Y is hydrogen.

5. A diphenylhexafluoropropane compound according
to Claim 4 where X is iodine.

6. A diphenylhexafluoropropane compound according
to Claim 1 where R is ethylene, vinyl chloride, propylene,
vinyl acetate, styrene, isobutylene, vinylidene chloride,
or methylmethacrylate.

7. A diphenylhexafluoropropane compound according
to Claim 1 where R is an alkyl, alkylene, or alkylene
group having from 1 to 4 carbon atoms.
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8. A diphenylhexafluoropropane compound according
to Claim 1 where R is trimethylsilyl.

9. A diphenylhexafluoropropane compound according
to Claim 1 where R is a carboxyl group having from 1 to
4 carbon atoms.

10. A diphenylhexafluoropropane compound according
to Claim 1 where R is an aldehyde.

11. A diphenylhexafluoropropane compound according
to Claim 1 where R is a ketone having from 1 to 4 carbon
atoms.

12. A diphenylhexafluoropropane compound according
to Claim 1 where R is an epoxy group having from 1 to 4
carbon atoms.

13. A resin material consisting essentially of a
polymer selected from the group consisting of vinyl,
styrene and butadiene having incorporated therein a
compound according to Claim 6.

14. A resin material consisting essentially of a
polymer selected from the group consisting of vinyl,
styrene and butadiene having incorporated therein a
compound according to Claim 12.

15. A resin material according to Claim 14 wherein
said polymer is epoxidized polybutadiene and said
compound is 2,2-bis(4-epoxyphenyl)hexafluoropropane.

16. A polymer having incorporated therein a
compound acording to Claim 1.
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17. A polymer selected from the group consisting
of acetal, polyester, polyimide, polyimine, polybenzimi~-
dazole, polybenzisoxazole and polybenzothiazole having
incorporated therein a compound according to Claim 10.

18. A polymer selected from the group consisting
of acetal, polyester, polyimide, polyimine, polybenzimi-
dazole, polybenzisoxazole and polybenzothiazole having
incorporated therein a compound according to Claim 9.

19. A polymer consisting essentially of a poly-
benzisoxazole having incorporated therein a compound
according to Claim 10.
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