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ABSTRACT

Preparations and synthetic studies have been carried out on difluoro-
pyromellitic dianhydride, 2,2',5,5',6 ,6'~hexafluoro-3,3'~dihydroxybenzidine,
2,4,5-trifluororesorcinol, perf1uoro—4—hydroxypheny1d1methylcarb1nol
and tetrafluorobenzene-l,3—d1th101. These and other compounds were employed
in'the synthesis of fluorinated aromatic model compounds and polymers. The
hydrogenic analogues of the latter were prepared for comparison of thermo-—
oxidative stability by thermo-gravimetry in air. A low molecular weight
perfluoro polycarbonate had slightly higher thermo-oxidative stability than
its hydrogenic analogue, poly(m-phenylene carbonate). A low molecular weight
co-polycarbonate from tetrafluoro-m-phenylene bischloroformate had slightly
higher thermo-oxidative stability than the analogous copolymer from m-phenylene
bischloroformate and Bisphenol A. A complex of pyromellitic dianhydride and
tetrafluoro-m-phenylene diamine yielded polyimide of higher thermo-oxidative
stability than poly(m-phenylene-pyromellitimide). Other fluorinated polymers:
polycarbonates, polyimides, and a poly(l 3,4-oxadiazole) had lower thermo-
oxidative stabilities than their hydrogenlc analogues. A perfluoro poly- _
(bibenzoxazole) could not be prepared. The reaction between pentafluorobenzene
sulphonyl chloride and perfluoro-aromatics suggests new routes to perfluor-
inated polyphenylenes, related polymers and fluids., Synthetic routes to
- perfluoro aralkyl compounds, with potential as thermo-oxidatively stable fluids
are being investigated. These compounds are: perfluoro-1,6-diphenylhexane,
perfluoro-3,3'-di(n-butyl)biphenyl, 1,2-di(pentafluorophenylthio)tetrafluoro-
ethane, and compounds derived from the reaction of perfluoro o~ and p-xylene
and decafluorocyclohexene with aryl lithium compounds., Further fluorination
with cobaltic fluoride has yielded perfluoro alicyclic compounds of moderately
high thermal stability. Similar types of structure are also under synthetic
study. Perfluorinated heterocyclics synthesised or still under study include:
2,5-di(tetrafluoro-4-pyridyl)-1,3,4-oxadiazole, 2,5-di(tetrafluoro-k-pyridyl)-
1,3, 4—th1ad1azole N—(tetrafluoro—h-pyrldyl) pentafluorobenzamlde, di(tetra-
fluoro—&— yridyl) amlne, perfluoro(4-pyridylisopropyl)ketone, perfluoro(phenyl
isopropylgketone, perfluoro(4—1sopropy1pheny1 1sopropy1)ketone hydrazides,
esters and ethers based on perfluoropyridine, perfluoroquinoline and perfluoro-
isoquinoline, The thermal decomposition points of two heterocyclic ethers and
an ester are reported.
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PART I

PERFLUOROAROMATIC INTERMEDIATES

M.%¥. Buxton, R.I, lobbs, J.F. Tilney-Bassett

and D,F.¥. Yotton
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INTRODUCTION

This part of the Report is concerned with the synthesis of
perfluoroaromatic intermediates reguired by Monsanto Chemicals Limited
for the preparation of model condensates and polymers which are used .
for thermal stability tests.

The work described was carried out in the period
1st December, 1965, to 30th November, 1966, and is a continuation of
that reported in Technical Report AFML-TR-65-13, Part II.

SUMMARY

Bromination of difluorodurene to 1,2,L,5-tetra(bromomethyl )-
3,6-dif1uorobenzenevand oxidation of this tetrabromo- compound is a
more satisfactory route for preparing laboratory quantities of difluoro-
pyromellitic acid than the oxidation of difluorodurene, reported
previously. Difluoropyromellitic dianhydride is produced by heating
the acid in boiling thionyl chloride.

Satisfactory procedures were established for preparing hexa-
fluoro-3,3'~dihydroxybenzidine, 2,4 ,5-trifluororesorcinol, tetrafluoro- .
A—hydroxyphenylbis(trifluoromethyl)carbindl,and tetrafluorobenzene~
1,3=-dithiol. Other intermediates were prepared by methods already
available,

The following compounds wefe supplied to lonsanto Chemicals
Limited, Ruabon, for synthesis of model condensates and polymers:-

Pentafluofobenzene fOO
Decafluorobiphenyl | 450
Octafluoronaphthaléne 200
Pentafluorobenzenesulphonyl chloride 200
Pentafluoroiodobenzene 100
Pentafluorobenzoic zcid ' 250
Tetrafluoroterephthalonitrile , 25
Tetrafluoroterephthalic acid 100
Tetrafluororesorcinol 150
Tetrafluoro-g~phenylenediamine . : 25




Tetrafluoro-m=phenylenediamine
(Chlprpdifluoromethyl)behzene
Pentafluorobenzonitrile

~ Octafluoro-L,4'~dihydroxybiphenyl
2,4,5-Trifluororesorcinol o
Héx&fluorb-},}'-dihydroxybenzidine
Nonafluoro-i~hydroxybiphenyl
Perfluoro-p-xylene
Tetrafluoroisophthalic acid
Difluoropyromellitic acid
Difluoropyromellitic dianhydride

1,3-Dibromdtetrafluorobeﬁzene

" Tetrafluoro-h=hydroxyphenylbis(trifluoro-~ |

méthyl)carbinol

200

100
10
20
50




DISCUSSION

DIFLUOROPYROMELLTTIC DIANHYDRIDE (I)

This intermediate is required by Monsento Chemicals Ltd. for
reaction with tetrafluoro-m-phenylenediamine to give a perfluoro-
(polyimide) for comparison of its thermal stebility with that of
the hydrogenic polymer. A satisfactory preparative route to the
dianhydride I has now been worked out. It involves the following
sequence of reactions:-

P 1. HNO,
CHy  Br /c01 BrH,C CH,Br 2. KinO, ,KOH .
2k 2 S
v. BrITZC CH,Br
F
F cO F €O
HO,C 0,H 80C1, AN \
2 0 0
HOZC CO.H => ’
2 ¥ T2 c Co

The preparatlon of difluorodurene from durene, reported previously
(ref. 1),has been repeated to provide a large quantity of this
starting material. No changes were made in the procedures for the
first three stages and similar yields were obteined:- 3, 6-dinitro-
durene (79%), 2-nitro-6-aminodurene (93%) and 3-f1uoro-6-n1tro-
durene (78%). The fourth stage, the reduction of 3-fluoro-~-nitro-
durene to 3-amino-6-f1uorodurene,has previously been found difficult
to control but an improved procedure has now been used giving an
88% yield. A more reliable process enables aminofluorodurene to

be converted to 3-f]uorodurene-é-dlazonlum borofluoride in 90%
yield. It is now found that the decomposition of the diazonium
borofluoride can be performed satisfactorily on a larger scale than
hitherto used to give difluorodurene in 897 yield.

Difluorodurene reacts with bromine in boiling carbon tetrachloride,
under irradiation with ultra violet light, to give 1,2,4, 5-tetra—
(bromomethyl)-3,6~difluorodurene in 8L% yleld

A satisfactory method of oxidising the tetra(bromomethyl)-compound '

. to difluoropyromellitic acid was worked out. This involives a care-

ful oxidation with concentrated nitric acid and treatment of the
product with an alkaline solution of potassium permanganate. The
resulting solution of potassium difluoropyromellitate was converted
to the free acid (86.5% yleld) by ion exchange.




2.

3.

Conversion of difluoropyromellitic acla to the dianhydride was .
achieved by heating the acid with boiling thionyl chloride. The
dienhydride, m.p. 279.5 = 280.5° (decomp.), was identified by
elemental ana2lysis and infrared spectroscopy. It was handled in
e dry box to avoid the possibility of hydration.

TETRAFLUOROISOPHTHALIC ACID (IT)

Compound II has again been prepared from 1,2,3, 5-tetraf1uorobenzene4
using the procedure supplied to us (ref. 23

HEXAFLUOROBIPHEINYL~3,3",4 & ' ~TETRACARBOXYLIC ACID (IIT)

Another tetracarboxylic ecid of interest for use in the synthesis
of fluorinated polyimides is compound III which is being prepared
by the published method (ref. 3).

— sy AR e, — s f DB
o H H
Br2/ oleum @ : . 12 . izuL:. o C_{/}}_Q_COZH .
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Following the published method we obtained a 587 yield of '
2,2',3,3',6,6'-hexafluorobiphenyl from octafluoro-h,h'-dihydrézino—
biphenyl, but by mixing the reactants in the inverse order, i.e.
adding sodium ethoxide to octafluoro-k,h'-dlhydraz1nob1nheqy1 the
hexafluorobiphenyl was obtained in 845 yield. Bromination of the
hexafluorobiphenyl gave 3,3',L, #'-tetrabromohexafluorobinheqyl.

In two experiments, the yields were 16 and 35%. Metalation of
this tetrabromo-compound (2 moles of butyl lithium/mole of the
tetrabromo-compound) and carbonation of the dilithio derivative
gave 3 3'-dlbromohexafluoroblnhenyl-h,4'-dlcarboxyllc acid in 60%
yield. Metalation and cagbonatlon of the dibromo~scid gave impure
compound III, m.p. 216-218", in 9% yield. The product éould not .
be purified by thin layer chromatography and further work is

- required to obtain compound III in a pure state.




TRTRAFLUORO-0-PHENYLENEDIAMINE (IV)

Compound IV was prepared in 10% yield from 2,3,4,5-tetrafluoro-
aniline as described previously. (ref. L).

 TETRAFLUORO-m-PHENYLENEDIAMINE (V)

Further amounts of this diamine have been prepared by two
procedures. The diamine V was obtained from pentafluoroaniline
in 3% yield by the following published reactions (ref. 5a, b): -

s NH,NH, P
—s 2 L + (,06F5rm2)2.04h802

dioxan

2
l CcH COCHB/dioxan/acetic acid

5
QHQ -
/C6F5 2
WHN=C Zn, acetic acidg’
A S
CH3 n’Hz

) .
The by-product obtained from the reaction of pentafluorocaniline
with hydrazine in dioxan appears to be a complex of pentafluoro-

“aniline with dioxan of formula (C6F NH2)2C HSOZ’ On heating above
its melting point the complex decom%oses i%to Pentafluoroaniline

and dioxan and the infrared spectrum is consistent with t he
compound being a complex of pentafluoroaniline and dioxan. It has
the same melting point as a compound obtained by Holland et al.,
(ref. 5a) which they report as pentafluoroanilinoethanol.

In the second method, the diamine V was obtained in 24% yield by
the reaction of pentafluoroaniline with ammonia and purification
of the crude tetrafluoro-m-phenylenediamine so produced, via the
bis(phthalimido)- derivative (ref. 4).

HEXAFLUORO-3,3'~DIIIYDROXYBENZIDINE (VI)

We first prepared compound VI by treatment of octafluoro-4,L'-
dinitrobiphenyl with sodium hydroxide or potassium hydroxide in
tertiery butanol, followed by reduction of the resultant hexafluoro-
3,3'-dihydroxy~4,,4 '-dinitrobiphenyl. Subsequently, the benzidine
was examined by thin layer chromatography which revealed the
presence of an impurity. The only way of removing the impurity
seemed to be by preparative layer chromatography. To avoid this
rather tedious process, an alternative preparation of compound VI
was investigated and found to give the product in pure form.




This process, outlined below, was used to prepare the benzidiné‘
required by lonsanto for the synthesis of fluorinated benzoxazoles.

. LS
(cH, ) ,COK -
°2N"'N°2 °2N‘@_@‘mz
) . oc(cH
. (0H3)300 , ( 3)3
- - SnCl1,./HC1/ether .
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Treatment of octafluoro-k,L'~dinitrobiphenyl with potassiur tertiary:
butoxide in boiling tertiary butanol gave hexafluoro-3,3'-di(tertiary
butoxy )-4,4 ' ~dinitrobiphenyl which was obtained pure by recrystall-
isation. Debutylation of this compound with hydrogen chloride in
benzene gave pure hexafluoro-3,3'=-dihydroxy-l,L*-~dinitrobiphenyl
which was reduced to compound VI in 637 yield by the method described
before (ref. 4). ‘ :

7. TETRAFLUORORESORCTINOL (VII)

Previous preparations of compound VII by heating pentafluorophenol
with aqueous potassium hydroxide have given ca. 257 yield and about
50¢% conversion of pentafluorophenol., Longer reaction:rtimes did not
appear to improve the yield while higher reaction temperatures
caused loss of material by charring, the reaction temperature being
quite critical. In an improved preparation, the molar ratio of
potassium hydroxide to pentafluoroshenol was increased from 3:1 to
6:1, and other cuantities and conditions remained the same. A 987
conversion of pentafluorophenol was achieved and compound VII
obteined in 587 yield.

8. 25535-TRIFLUORORESORCIﬁOL (vIiI)

A trifluorodihydrexybenzene was required by Monsanto for mass
spectrometric examination. Initially it was planned to prepare
2,3,5-trifluorohydroquinone by treating 4H-heptafluorocyclohexa-
1,4~diene with oleum and reducing the benzoquinone so formed
(ref. 6). Tt was found impossible to prepare sufficiently pure
1H-heptafluorocyclohexa-1 ,4~diene for this route to be followed.

. The preparation of 2,4,5-trifluororesorcinol by treatment of
2,3,5,6-tetrafluorophenol with potassium hydroxide solution (cf. the -
preparation of tetrafluororesorcinol) has the disadvantage that
2,3,5,6-tetrafluorophenol, prepared by reaction of pentafluoroshenol
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with potassium hydroxide in tertiary butanol, may not be isomeric-
ally pure. Furthermore, conditions have not yet been found to
effect a chromatographic separation of the most likely impurity,
2,3,4,5-tetrafluorophenol, from 2,3,5,6—tetraf1uorophenol, so its
Presence or absence in the latter cannot be established. The
infrared spectrum of 2,3,4,5-tetrafluorophenol has an absorption
at 955 cm. which is not present in the spectrun of 2,3,5,6-tetra-
fluorovhenol, However, because of neighbouring absorptions, the
limit of detection of the former in the latter is probably ca. 5%.
A proton magnetic resonance speéctrum of a sample of 2,3,5,6-tetra~-
fluorophenol showed that very little of the o-isomer was present.
Thus it seemed likely that the amount of 2,3,k,5-tetrafluorophenol
present in 2,3,5,6-tetrafluorophenocl prepared by the action of
potassium hydroxide in tertiary butanol was at most 5. Therefore
reactions of 2,3,5,6-tetrafluorophenol with potassium hydroxide
solution were carried out in the hope that the small amount of
isomeric impurities which could arise would be removed in the
purification procedure,

At 1500, 297 of the tetrafluorophenol was converted giving crude V
in 97 yield. At 1807, the conversion was L7 and the yield of V
was 127%,  Purification of V by sublimation and recrystallisation
gave material with a poor elemental analysis. Part of the crude
trifluororesorcinol was converted to the diacetate in high yield.
The diacetate was purified by recrystallisation and then hydrolysed
giving the trifluororesorcinol in 60% yield.

Subsequently an improved yield (20%) of the trifluororesorcinol was
obtained when 2,3,5,6—tetrafluorophenol wes reacted with a 10077
excess of potassium hydroxide solution, ' '

FLUOROHYDROXYBIPHENYLS

Konafluoro-L~hydroxybiphenyl IX is required by lionsanto Chemicals
Limited for work on the mode of decomposition of fluorinated poly-
cérbonstes.

- It was prepared hy the reaction of potassium hydroxide with deca-

fluorobiphenyl in tertiary butanol at room temperature according to
a described method (ref, 7). A mixture of compound IX and
h,h'-dihydroxyoctafluorobiphenyl was obtained from which the former
(257 yield) was isolated, in fair purity, by recrystallisation. -
Further purification by ether extraction of the soluble sodiunm salt
of compound IX from the insoluble disodium salt of the dihydroxy-
compound (ref, 7)was not successful in our hands. However, 997

- pure material was obtained fairly easily by preparative layer

chromatography.

The preparztion of octafluoro-h,u‘-dihydroxybiphenyl X has been
carried out by an improved procedure (vased on'a literature method
ref. 7). The yield was 67%, which is a considerable improveient
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on eerlier preparations.

TEI’RAF.JUORO-L.-HYDROXYP}DE-NLBIS(TRIFLUORO!.ETHYL)C.'-RB]J‘EOL (x1)

Several reports (refs 8,9) describe the preparation of L'-hydroxy-
phenylbis(trifluoromethyl)carbinol by reaction of phenol with hexa-
fluoroacetone. ' :

o : 'CF3
: ' 100-200 |
HO-@ + (CF5)200 ———  HO- C —OH
‘ i EZIS‘.3

4n attempt to carry out a similar reaction using 2,3,5,6-§etra—
fluorophenol failed and the tetrafluorophenol was recovered in
good yield. :

The carbinol XI is prepared successfully by the following procedure.
Treatment of 2,3,5,6-tetrafluorophenol with two eguivalents of

butyl lithium and then with hexafluoroacetone gave compound XI
contaninatéd with an impurity, believed to be a hydrate of hexa-
fluoroacetone, which proved imnossible to remove by distillation,
The impurity was removed by distilling the c rude product from
phosphoric oxide snd the pure carbinol was then obtained.

A larger-scale exneriment gave compound XI in 587 yield.

TETRAFLUOROBENIZENE-1 , 3-DITHIOL (XIT)

Compound XIT, required by Monsanto Chemicals Limited for the
syntheses of perfluoropolyphenylene sulphide structures s Was
prepared by the following route:- '

1. n-C, H Li SH 1. n-C, H Li SH
¢, 45 ¢, L §
H .

Treatment of 1,2,3,5-tetrafluorocbenzene in tetrahydrofuran with
one equivalent of n-butyl lithium in hexane followed by addition

of elemental sulphur gave 2,3,4,6-tetrafluorothiophenol in 67%
yield. '

SH

Treatment of 2,3,4,6-tetraf1u6rothiophenol in tetrahydrofuran with

- 2 equivalents of n-butyl lithium in hexane, followed by addition

of sulphur to the dilithio-compound, gave compound XIT in 5L
yield. 4n attempt to prepare the dithiol in a single-stage
reaction by treating 1,2,3,5-tetrafluorobenzene witk two moles of
butyl lithium and subsequent addition of sulphur gave only
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2,3,k,6-tetrafluorothiophenol in 20% yield and higher-boiling iiquid
and s0lid materials which contained no dithiol and were not identi-
fied. : '

2 44, 5~TRIFLUORO-3,6-B S ( TRIFLUOROMETHYL )THIOPHEROL (XTIIT)

A synthesis of compound XIIT by the action of sodium hydrogen
sulphide on perfluoro-p-xylene in dimethylformamide solution is
described in the literature (ref. 10). Ve have repeated this
reaction, using predominantly ethanediol as solvent in place of
dimzth 1formamide and obtained the thiol XIII in an improved yield
of /0 :

2,5=DIFLUORO~-3,6-BIS(TRIFLUOROHETHYL ) RENZEIE~1 , L -DITHIOL ( XIV)

Compound XIV has been previously produced as a by-product in a
reaction used to prepare compound XIII (ref. 10). An attempt to
improve the yield of compound XIV by using a larger excess of
sodium hydrogen sulphide and carrying out the reaction at a higher
temperature was unsuccessful and only a poor yield (9%) of the
dithiol was obtained.




EXPERIMENTAL

Difluorqpyromellitic dianh&dride

1.

2.

3.

k.

3,6-Dinitrodurene

Nitration of durene (500 g., 3.73 moles) using 95% nitric acid
(2,500 ml.) gave 3,6-dinitrodurene (660 g., 79% yield), m.p. 210~
211" (from acetones. : o : -
Recrystallisation of lower melting solids (126 g.) obtained from
the mother liquors of 3,6-dinjtrodurene crystallisations gave an
impure compound, m.p. 126-127 (from methylated spirits), which
may be a,3,6-trinitrodurene (I.R. No. 42684). -

Anal. Calc. for C1OH11N306f c?‘44f7; H, 4.%
Found: C, 45.9; H, L.5

5-Amino-6-nitrodurene

Reduction of 3,6-dinitrodurene (660 g., 2.95 moles) in ethanol
(7.375 1.) using a solution of sulphur (288 g., 9 g. atoms),
sodium sulphide nonahydrate (2,235 g., 9.3 moles) in water
(2,750 ml.) gave 3-amino-6-nitrodurene (535 g., 93% yield),
m.P. 162"1 62{- . ‘

3-Fluoro-5-nitrodurene

Diazotisation of 3-amino-6-nitrodurene (535 g., 2.76 moles) in
anhydrous hydrofluoric acid (1,900 ml.) with solid sodium nitrite
(192 g., 2.76 moles) gave 3-fluoro-6-nitrodurene (422 g., 787
yield), 97.8% purity, and less pure material (74 g., 56-73% purity).

Alternative procedurés for the reduction of 3-fluoro-~6-nitrodurene

(a) With iron powder and agueous ammonium chloride

. 3-Fluoro-6-nitrodurene (19,7 g., 0.1 mole), iron powder (18 g.),
ammonium chloride (10.7 g.), and water (25 ml.) were heated at
reflux and stirred for 1% hr. Steam distillation of the ‘
mixture yielded organic material (18 g.), m.p. 71-73", shom
by infrared analysis to contain both the starting material and
the desired amine. ‘ ' :

~* (b) With iron filings and alcoholic hydrochloric acid

3-Fluoro-6-nitrodurene (19.7 g., 0.1 mole),'fine iron filings
(17 &.), and methylated spirits (50 ml.) were heated to reflux.

10 .




Concentrated hydrochloric acid (1 ml.) was added and the .
mixture boiled under reflux for 2 hr. On working up,.only
starting material (19 g.) was recovered. :

(¢) 3-Amino-6-fluorodurene (improved preparation)

3-Fluoro-6-nitrodurene (421 g., 2.14 moles) was stirred with
glacial acetic acid (2,535 ml.) and granulated tin (8L4 g.,
7ol ge atoms) in a 20 1. flask fitted with an internal cooling
coil. The mixture was heated to 50 and a portion of 12X
hydrofluoric acid (250 ml.) was added. A viggrous reaction
occurred, the internal temperature rose to 110 and was
controlled by the internal cooling coil. The rest of the
hydrochloric acid to be reacted (total 3,535 ml.) was added
during 10 min. to the mixture at 95-105 . The mixture was
boiled rapidly for 1 hour, then cooled, and neutralised with
50% NaOH (3,170 g. NaOH) to pH 11, The product was isolated
by steam distillation, dissolved in ether (3 1.) and the ether
solution dried (molecular sieve). Removal of the ether gave
3-amino-6-fluorodurene (315 g., 88% yield).

erluorodurene-6-diazohium borofluoride

Powdered 3-amino-6-fluorodurene (473 g., 2.83 moles) was added to
stirred 12N hydrochloric acid (591 ml., 7.1 moles) in a 5 1. flask
fitted with internal cooling coil. ' The amine hydrochloride was
formed. TWater (300 ml.) was added and the amine was diazotised

at 0 by adding a solution of 99% sodium nitrite (207 g., 2.83
moles) in water (287 ml.). The mixture was filtered and to_the
filtrate, kept at O, was added with stirring during 20 minutes a
filtered solution of sodium borofluoride (468 g., 4.25 moles) in
water (709 ml.). The mixture was stirred for 2 hr. at O and then
filtered. The solid collected was washed with 10% sodium boro-
fluoride at 0~ (4 x 60 mlé), and with ice cold water (50 and 170 ml.).
The solid was dried at 35 /1 mm. Yield 674 g. A second crop
(11.5 g.) was obtained by salting out from the filtrate. Total

yield 682.5 g., 90.5% yield, m.p. 87-88 -(decomp.).

3 .6-Difluorodurene

Dry 3-fluorodurene-6-diazonium borofluoride (680 g., 2.56 moles)
was added in small portions during 3 hr. to a 5 1. flask containing
a stirred suspension of sodium fluoride (1Q9 g., 2.52 moles) in
water (1 1.), heated in an oil bath at 110°. Each portion of
diazonium borofluoride was allowed to decompose completely before

- the next portion was added. VWhen cool, the solid product was

collected and distilled, The distillate was redistilled through
a 6 in. packed column to give 3,6-diflyorodurene (386 g., 897),
b.P. 116"11905 /11-2 m., mop‘ 60.5 - 62 . .

11




7.

1,2,k ,5-Tetra(bromomethyl)~3,6-difluordbenzens

A solution of 3,6-difluorodurene (380 g., 2.23 moles) in carbon
tetrachloride (6 1.) was dried by azeotroping the water in a Dean-
Stark apparatus. The solution was then heated to gentle reflux
in a 20 1, flask fitted with an internal cooling coil. 4 solution
of bromine (1,428 g., 8.95 moles) in carbon tetrachloride (500 ml.)
was added over % hr. and the stirred reaction mixture was
irradiated with ultra violet light and boiled for 14 hr. until the
bromine had been consumed. During this period tge evolved
hydrogen bromide was passed through a trap at -50" to trap out
bromine which was then returned periodicelly to the reaction
vessel,

The bulk of the carbon tetrachloride (6.2 1.) was distilled off
and after cooling the residual solution the solid which erystall-
ised out was filtered off and washed wgth carbon tetrachloride.
Yield: 909.7 g. (84%), m.p. 177-179.5 . Evaporation of the
filtrate yielded a further 149.8 g. with a wide melting range.

Difluoropyromellitic acid

1,2,4,5-Tetra(bromonethyl)-3,6~-difluorobenzene (800 g., 1.65 moles)
was added with stirring during 1 hr. to 95% nitric acid (3 1itrgs
s.g. 1.5) maintained at 25-35 . The mixture was stirred at 35
for 20 minutes and was then slowly distilled until the internal
pot temperature rose to 110°. A mixture (1504 g.) of dinitrogen
tetroxide, bromine, and nitric acid distilled off. The cooled
mixture was diluted with water (1 litre) and concentrated to

2.25 litres. - More water (2 litres) was added and the mixture

was concentrated to dryness., - o '

The solid residue was stirred with water (2 1.) and a solution of .
potassium permenganate (350 g., 2.2 moles) and potassium hydroxide
(230 g., 4.25 moles) in water (2 lgtres) at 65°, was added over

1 hr. The temperature rose to 95 . Hore potassium hydroxide
(55 g.) was added during the reaction to ensure alkalinity. The

- mixture was boiled for 20 minutes, then potassium permanganate

(50 ge, in total %OO ey 2453 moles) was added and the mixture
was stirred at 90~ for 1 hr., Excess permanganate was destroyed
by the addition of ethanol (15 ml.) and manganese dioxide was
filtered off and water washed, the washings being added to the
filtrate. The resultant solution was concentrated to 4 litre
and run onto a 3' x 4" column containing amberlite I.R., 120
(3,400 g.) which had been previously eluted during 3% hr. with

_ 3N hydrochloric acid (16 litres) followed by water (8 litres)..

The alkaline potassium difluoropyromellitate solution was eluted
with water (6 litres) and the eluant evaporated to yield impure
difluoropyromellitic acid (410 g., 86.5% yield). Recrystall-
isation from hot water gave material with m.p. 258 (decomp.).
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9, Difluoropyromellitic Dianhydride

Difluoropyromellitic acid (2 g., 0.069 mole) was heated in boiling
thionyl chloride (5.5 ml.) for 4 hr. The thionyl chloride was
distilled off, finally at 100 /0.2 mm. An infrared spectrum

(Mo, 4975) of the solid showed anhydride carbonyl absorptions at -
1700, 1790 and 1830 cm.~! but no acidic -CH or carbonyl bands,
evidence that the anhydride had been formed. ‘ )

Anal. Calc. for C,(F,0.: C, 47.3; H, 0.0; F, 15.07
: Found: G, 46.7; H, O F, 14.7

In a second, larger scale, preparation difluvoropyromellitic acid
(24 g., 0.083 mole) was heated in boiling thionyl chloride (60 ml.)
for 4 hr. The thionyl chloride was removed at reduced pressure
to yield difluoropgromellitic dianhydride (20 g., 947 yield),

m.p. 279.5 - 280.5 (decomp.).

Tetrafluoroisophthalic abid

Using the method described by Holland (ref. 2), tetrafluoro-
isophthalic acid (233 g.) was prepared in 4L 9% overall yield from ,
1,2,5,5-tetraf1uorobenzene (300 go) in a two-stage reaction., This is
?n impr;vement on the 20% yield obtained in an earlier preparation

ref. 4).

Hexafluorobiphenyl-3,3' 4, L' -tetracarboxylic acid

1. Octafluoro~4,L'-dihydrazinobinhenyl

Decafluorobiphenyl (300 g., 0.90 moles) was stirred with hydrazine
hydrate (200 g., 4.0 mole) in boiling dioxen for 4% hr. The
solution was concentrated to 1 litre and the residue was poured
into water(1.5 1.). The s0lid thrown down was collected, water
washed and thoroughly dried. Yield: 312.2 g. (97.3%),

m.p. 206 - 208.5° . This solid was stirred for 1% hr. with a
boiling 1:1 v mixture of ethanol and benzene (2.4 1.). After
cooling to 07, the solid was collected, washed with ethanol/benzene
nixture (2 x 50 ml,) and dried, yielding pure octaflugro=i,l'-
dihydrazinobiphenyl (289 g., 907 yield), m.p. 210-212°,  Tnfrarec
spectrum Mo, L687B.

2. 2,2'.,3,3',6,6'- Hexafluorobivhenyl

(a) Litersture preparation

S9dium metal (37.3 g., 1.62 g. atom) was reacted during 2 hr,
with absolute ethanol (2.5 litres) under nitrogen. To the
cooled solution was added octafluoro-h,l'~dihydrazinobiohenyl




3.

5.

' Hexafluorobiphenyl-3,3',L L'~tetracarboxylic acid

(290 g., 0.84 mole). The mixture was stirred at reflux for
5 hr. in which time 90% of the theoretical nitrogen evolution
had occurred. The bulk of the solvent was removed and the

" presidue was poured into water (5 1.). The so0lid was collected
end the solution was ether extracted (2 x 500 ml.). The solid
was dissolved in the ether extract which was dried and evaporated
to give crude product (187 g.). This was recrystallised from
85% v/v aqueous ethanol to give 121.5 g. (57.5% yield), m.p.
5455, 95% pure by gas chromatogrephy.

(b) Improved preparation

Sodium ethoxide solution [ prepared by dissolving sodium (57.5 gep
2.5 moles) in ethanol (4.5 1.) ] was added dropwise under
nitrogen to a suspension of octefluoro-l,L'~dihydrazinobipheny
(448 g., 1.25 moles) in boiling ethanol (1 1.) over 4 hours.
Nitrogen was evolved. The mixture was boiled for a further
4 hours, during which time the evolution of nitrogen ceased.
Ethanol (3 1.) was distillcd out, end water (100 ml.) was
added, followed by aqueous hydrochloric acid (GE, 100 ml.).
The acidic mixture was evaporated to low bulk at reduced

pressure, chloroform (1 1.) was added, and the insoluble
sodium fluoride was filtered off, The filtrate was distilled
et reduced pressure, giving 275.5 g. (84% yield) of the title
compound (containing up to 10% of the heptafluorobiphenyl) and
29 g. of residual tar.

The crude distillate (236 g.) was fractionally distilled ¥p &
2 ft. packed column to give two fractions:- (i) b.p. 125/
20 wn., 100 g., 96.0% C, ,F.H, and 4.07 C, B H.; (ii) b.p. 113°%/
11 mm., 46 g., 994% 012%6HL 4nd 0.59 012%33%.3

3,3" k4" “Tetrabronchexafluorobiphenyl

The title compound was prepered twice in 34.5% and 16.L% yields
from 2,?',33,',6,6'-hexafluorobiphenyl by a literature method
ref. 3).

3,3'~Dibromohexafluorobiphenyl-L, k' ~dicarboxylic acid

The title compound (58.2 g.) was prepared in 607 yield from
3,3',4,4 ' ~tetrabromohexafluorobiphenyl (110.7 gb) as previously
described (ref. 3), The product, m.p. 297-299 , appeared to
contain ca. 8% of an impurity when analysed by thin layer chromato--
graphy. ‘

The title compound (45.5 g.), m.p. 216-218°, was prepared in N
yield from 3,3'-dibromohexafluorobiphenyl-k,L'~dicarboxylic acid



(58.2 g.) as previously described (refi 3). = An attempt to purify
the compound by preparative layer chromatography gave a very poor
recovery, probably because of decomposition on the plate.

Tetrafluoro<L -phenylenediamine

This compound was prepared from 2,3,k,5-tetrafluoroaniline
(250 g., 1.51 mole) by the acetylation, nitration, hydrolysis and
reduction sequence previously described (ref. L). There was obtained
tetrafluoro-@-phenylenediamine (26.5 g. s 10%) s> MeDy 1314327, 994% pure
by gas chromatogravhy (polypropylene glycol at 175 Y. It gave only a
single spot on thin layer chromatography, and had the expected infrared
spectrum. '

Tetrafluoro-m~phenvlenediamine

(a) From pentafluoroaniline via 2,4,5,6-tetrafluoro-3-hydrazinoaniline

1. 2,4,5,6-Tetrafiuoro-3-hydrazinoaniline

Pentafluoroaniline (183 g., 1.0 moles) was heated with
anhydrous. hydrazine (67.5 g., 2.1 moles) in boiling dry dioxan
(100 ml.) under nitrogen for 26 hr. The mixture was then
poured into water (750 ml.). _ The solid was c¢ollected, washed
with water and dried at 40-60 /0.5 mm. A sublimate of '
bis(pentafluorganilino)dioxan (25.k g., 11.2% yield),

m.p. 51 - 52.5°, was obtained. Recxysta%lisation of this
material from pegroleum ether (b.r. 40-60 ) gave material
melting at 54-55 . An infrared spectrum (No. 4563) shows all
the bands present in the spectra of pentefluorocaniline and
dioxan,

' . . - . T 7
Anal. Cale. for G H ,F (N,0,0 C, 42.3; H, 2.7; F, 14.8%

Found: C, 43.5; H, 2.9; F, LC.?

The 2,4,5,6-tetrafluoro-3-hydrazinoaniline (110 ge), m.p. 101.5-
1087, did not sublime and was pgrified by recrystallisation from
petroleum ether, b.r. 100 - 1207, (2 1.). Yield: 68.0 g.,

- (35%), m.p. 107-108.5°.

4dnal. Cale. for C6H5FAN3: C, 36.9; H, 2.6; F, 39.Q%A

Found: C, 37.4; H, 2.4; F, 38.8

Exhaustive methylene chloride extraction of the aqueous
solution (6 hr.) gave 31.0 g. of organic material. Distillation
of this materjal yielded a first fraction (7.2 g.), b.r. 47/
103 mm. - 110°/25 mm., and higher-boiling material (7.2 g.).
Two recrystallisations of the latter from water gave tetra-
fluoro-m-phenylenediamine (2.02 g.), m.p. 127.5 - 128.5°.
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2. Acetophenone 3-amino-2,4,5,6-tetrafluorophenylhydrazone

2,4,5,6-Tetrafluoro-3-hydrazinoaniline (62.1 g., 0.318 moles),
acetophenone (47.9 g., 46.5 ml., 0.39 moles), 95% ethanol ~
(800 ml.) and acetic acid (20 ml.) were stirred at reflux for
L0 minutes. The solution was cooled to 0 and filtered. The
solid product was washed with a little ethanol and dried giving
67.5 g., m.p. 123 - 124.5 . The filtrate was diluted with
water (3 13 giving more solid (25.0 g.), m.p. 120-123". This
meteriel was recrystallised from 50% ethanol (200 ml.) giving
24.5 g., m.p. 122-123", and ggain from 807 ethanol (120 ml.)
giving 21.0 g,, m.p. 123-124 ., The total yield of acetophenone
3-amino-2,4,5,6-tetrafluorophenylhydrazone was 88.5 g., 93.5%
yield, m.p. 123 - 124.5°, - S

3. Tetrafluoro-m-phenylenedianmine

Acetophenone 3-amino-2,l4,5,6-tetrafluorophenylhydrazone

(81.7 g., 0.278 mole), zinc powder (179 g., 2.74 g. atom) and
glacial acetic acid (1454 ml.) were stirred at reflux for

4% hr. The mixture was then cooled to room temperature and
filtered. The filtrate was diluted to 6 litres with water.
Ether extraction (3 x 500 ml.) of this solution gave crude
materiel (49.3 g.) which was heated for 1% hr. with 0.29N
sodium hydroxide solution (4 1.). After cooling and filtering,
the filtrate was extracted with ether and the extracts were ‘
evaporated giving tetrafluoro-m-phenylenediamine, 46.8 g. (95%).

(b) By the resction of pentafluoroaniline with ammonis and
rification of the impure tetrafluoro-m-phenylenedidmine .
via the bisiphthalimido,-derivative

1. . Pentafluoroaniline and ammonia

Pentafluoroaniline (1,510 g., 8.25 moles) and concentrated
ammonie solution (4,460 ml., s.g. 0.880, 2L g2 moles) were shaken
and hoated together for 53 hours at 190-200" in a stainless
steei aulszlave, The product was steam distilled to yield
material €1,311 g-.) containing isomeric tetrafluorcphenylene~
diamines (918 g., 62% yield) and pentafluoroaniline (300 g.).
Most of the pentaflucroaniline was removed by distillation at-
reduced presgure end the residue was slurried in petrol-ether
éb.rb 80-400") to give pentafluoroaniline-free material

853 g.) containirg approximately 75% of tetrafluoro-m~phenylene-
diamine, 207 of the para isomer and 1-2% of the ortho isomer.

2. Tetrafluoro-1,3-bis(phthalimido)benzene

Part of the tetrafluorophenylenediamine mixture 5329 ges
1.75 moles) was stirred with phthalic erhydride (541 g.,
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3.

v

3.66 moles) in refluxing glacial abetic acid (4.5 1.) for
31 hr. and allowed to gtand overnight. The crude product
(470 g.), m.p. 309-312", was filtered off and stirred in

- refluxing glacial acetic acid (8 1.) for 1% hr. The residue,

(305 g.), m.p. 315-316 , was filtered off from the hot

solution. This material was slurried in boiling 2-ethoxy-.
ethanol (7 1.) for 3 hr. and the cooled solution was filtered
to yield white, crystalline 2,#,5,6-tetragluoro-1,B—bis(phthal-
imido)benzene (255 g., 33%), m.p. 316-317 . A true recrystall-
isation of a small sample, using an excess of solvent, did not
appreciably raise this melting point and the bulk meterial
showed only a single spot when analysed by thin layer chromato-

graphy.

In similar preparations the pure product was obtained in yields

of 30-40%.

Tetrafluoro-i ,3-phenylenediamine

To 2,4,5,6-tetrafluoro-i,3-bis(phthalimido)benzene (230 g.,
0.52 mole) in boiling ethanol (5.2 1.) was added hydrazine
hydrate (64 ml., 1.27 moles) during 10 minutes. The mixture
was stirred at reflux for 50 minutes. After cooling, the
solution was filtered, and the solids were washed with cold
ethanol. The filtrate was evaporated to dryness and the solid
residue was stirred with 7.5% aqueous sodium hydroxide solution
(2.8 1.). The creamy suspension was then ether extracted

(4 x 500 ml.) and the extracts water washed until neutral.
Ether was remcved from the dried, combined extracts leaving a
residue (90.3 g.) which was sublimed at 78°/0:1 mm, yielding
tetrafluoro-1,3-phenylenediamine (89 g., 95% yield),

. m.p. 130.5 - 131.50, 994% pure by gas chromatography and

containing noo - and p- isomers.

In similar preparations the pure diamine was obtained in yields

of 93-95%. - o

Hexafluoro-3,3'-dihvdroxybenzidine

1. 3,3'-Di(tertiary butoxy)hexafluoro-k,.L'-dinitrobiphenyl

(a) Small-scale reaction

A solution of octafluoro-k,k'~dinitrobiphenyl (3.88 g.,

0.01 mole) in tertiary butanol (25 ml.) at 50° was added

rapidly to a nitrogen protected solution of potassium tertiary
butoxide, prepared by reacting potassium (0.80 g., 0.02 g. atom).
with boiling tertiary butanol (25 ml.), then cooling the mixture
to 20°.  The red solution was stirred for % hr., then water

(20 ml.) was added and the mixture was steam distilled to
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remove tertiary butanol. Vhen cool, the solid was filtered . .
off, the solution was ether extracted and the extracts

- evaporated to give more solid. The combined solids (3.15 g.),

(b)

i.e. 63.5% yigld, were recrystallised once from petrol ether

(b.p. 60 - 80") and twice from methanol giving 3,3'-di(tertiary
butoxy )hexafluoro-k,4'~dinitrobiphenyl (0.74 g., 1.49% yield), -
m.p. 142 - 142.5°, I.R. No. 4283A. : . |

Anal. Cele. for Cootly gFN,0p¢ C» LB.ks H, 3.6; P, 23,07

Found: C, 49.0, 49.1; H, 3.8, 3.7;
F, 23.5, 23.2 |

The aqueous steam distillation residue was acidified with
concentrated hydrochloric acid (2 ml.) and the precipitated
organic material ether extracted. Evaporation of the extracts
gave aresidue (0.97 g.), whicg was recrystallised three times
from petrol ether (b.p. 80-100"), yielding yellow crystals of o
hexafluoro-3,3'~dihydroxy-l.,4'-dinitrobiphenyl, m.p. 147-147.3,
pure by thin layer chromatographic analysis.

Anal, Caj.c. for C, 2H2'F6NZO6: C, 37.5; H, 0.5; F, 29.79

Found: C, 38.0, 38.2; H, 0,3, 0.3;
F, 29.9, 30.1. |

Iniproved large-scale procedure

Octafluoro-h,k ' -dinitrgbiphenyl (156 g., 0.412 mole) in
tertiary butanol at 50 was added rapidly to e stirred »
suspension of potassium tertiary butoxide prepared by reacting .
potassium (32.0 g., 0.82 g. atom) with boiling tertiary butanol -
(1 1.) and then cooling the mixture to ambient temperature. -
The mixture was stirred at 60, then kept at ambient temperature
for 65 hr. The tertiary butenol was removed in a rotary )
evaporator leaving a solid residue which was extracted in &,
Soxhlet epparatus for 12} hr. with petrol ether (b.p. 60-80 ).
Crude product (87.7 g.) crystallised from the extract on

cooling. This was filtered off and more material was obtained
on concentrating the filtrate, giving a total yield of 141.7 g.
Recrystellisation of the less pure frections from methanol and
the oure fraction from petrol ether gave 3,3'-di(tertiery butoxy)- -
hexafluoro-k . '-dinitrobiphenyl (99.9 g+, 49.67 yield), :
m.0. 144-145", with an infrared spectrum comparable to that of
an authentic sample. B

Exhaustive extraction of the Soxhlet thimble residue with ether

(1 1,) for 40 hr, gave, on eveporation of the extracts, a red
solid (32 g.). This was dissolved in water, vhe solution was
acidified end the precivitated product recrystallised yielding
crude hexaflyoro-3,3'-dihydroxy=l,k'-dinitrobisheryl (18.03 g.),
m.p. 400-105", . ' o
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2. Hydrolysis of 5,3'-diﬁt-butoxy)hexafluqro—h,u'-dinitrobinhggyl'»

~ Dry hydrogen chloride was passed during 4 hr. through a solution

of 3, 3'—di(t-butoxy)hexafluoro-l.;.,h.'-dinitrgbiphenyl (83.0 g.,

0,167 mole) in_dry benzene (850 ml.) at 20 . . The solvent was

removed at 100" /20 mm. to yield a residue of hexafluoro-3,3'-
dihydroxy-k,4 '-dinitrobiphenyl (65.5 g., 100%), m.p. 145-146".
Thin layer chromatographic analysis showed the presence of two
impurities in this material. Recrystallisation from netrol ether
(2.5 1., b.ry 100120 ) gave the pure compound (55.8 g., 87%7),
m.p. 146-147 . This material gave only a single spot when
analysed by thin lsyer chromatography.

' 3. Hexafluoro-3,3'-dihydroxybenzidine

Reduction of hexafluoro-3,3'-dihydroxy=l,4'~dinitrobiphenyl as
described previously . (ref. L) gave hexafluoro-3,3'-dihydroxybenzidine
in 635 yield. _

Tetrafluororesorcinol

: Pentafluorophenol (185 g., 1 mole) was shaken and heated with
& solution of 859 potassium hydroxide (402 g., 6.06 moles) in water
(500 ml.) at 150° for 5 hr. in an 800 ml. capacity stainless steel
autoclave. The cold contents were poured into ¢N hydrochloric acid -
(1.33 10) and the solutionwas extracted with methylene chloride
(6 x 200 ml.). Evaporztion of the dried extracts gave pentafluoro-
phenol (5.5 g.), 877% pure by gas chromatography. The agqueous acidic

- solution remaining after the methylene chloride extraction was ether
extracted (3 x 500, 3 x 300 ml.) and the dried extracts were distilled
yielding crude tetrafluororesorcinol (146.3 g.).. _Fractional distill-
ation of thig material gave tetrafluororesorcinol (109.7 g., 587 yield),
b.o. 110124 /15 mm., 95% pure by gas chromatography. This material
was added to the products from similar resctions and the bulked material
was purified to 99#? by recrystallisation from benzene.

2,k ,5-Trifluororesorcinol

(1) The reaction between aqueous notassium hydroxide and
2,3,5,6-tetrafluoronhenol

(2) at 1§Oo

2,3,5,6-Tetrafluorophencl (166 g., 1.0 mole) and. a solution of
potassium hydroxide (200 g., 857 vurity, 3.0 mole) in water '
(500 ml.) were shaken and hested at 150° for 5% hr. in an

800 ml. capacity stainless steel autoclave. Hydrochloric acid
(621, 1 litre) was added and the mixture extiacted with methylene
chloride (5 x 200 ml.). Aspiration of the solvent and
distillation of the residue yielded 2,3,5,6-tetrafluorophenol
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(2)

(117.7 g+, 0.71 mole). The aqueous solution remaining after
the methylene chloride extraction was ether extracted

(5 x 200 m1.). The ether was distilled from the extract and
‘the residue of crude trifluororesorcingl (448 g, 97 yield),
n.p. 80.5 = 84", was sublimed at 50-60 /0.1 mm., then the
sublimate was recrygtalliSed twice from dry benzene to give
1.96 g., m.p. 79-81 . Thin layer chromatographic analysis
showed that this product was pure. - . .

Anal. Cale. for CgH,F;0,: C, 43.9; H, 1.8; F, 3477

Found: C, 41.4; H, 1.8; F, 35.9.

An infrared spectrum (Wo. 4199) was consistent with the
proposed structure but the aromatic C-H was not detected due
to the overlap of tonded -OH in the so0lid spectra. It was
impossible to find a suitable solvent to give a strong enough
liquid phase spectrum to detect aromatic -CH.

(b) at 180°

2,3,5,6-Tetrafluorophenol (119 g., 0.72 mole) and 2 solution of
potessium hydroxide (144 g., 215 moles) in water (360 ml.)
were heated and shaken at 180 for 5 hr. then worked up as in
(a) above. 2,3,5,6=Tetrafluorophenol (56.6 g., 0.3L mole) was
recovered and crude 2,4,5-trifluororesorcinol (7.24 g., 127
yield), m.p. 75-80, obtained.

2,4,5=-Trifluororesorcinyl diacetate

Crude 2,4,5-trifluororesorcinol (4.1 g.,-0.025 mole) from
experiment (1) (b) ebove was heated and stirred on a steam bath
for 5 hr. with acetic anhydride (31 g.) containing freshly fused
sodium acetate (1.65 g.). The reaction product was poured into
water (100 ml.) and the buff precipitate filtered off, washed with
21 sodium bicarbonate solution (20 ml.) and dried in vacuo over
phosphoric oxide. Yiéld: 5.4 g., 877, m.p. 65.5 = 67.5°. Two

_recrystallisations from 505 v/v aqueous ethanol gave the diacetate

(3.5 g.), m.p. 67 - 67.5 , showing a single spot by thin layer
chromatography. The infrared spectrum (Fo. 4255) was consistent
with the proposed structure. ‘ , :
Anal., Calec. for C10H7F30h: C, 48.3; H, 2.8; F, 23.04

Found: C, 48.3; H, 2.8; F, 23.0.:

(3) . Hydrolysis of 2,4,5-trifluororesorcinyl discetate

The purified diacetate (3.17 g., 0.013 mole) was heated at reflux
with 5N sulphuric acid (60 ml.) for 3 hr. The clear solution was
ether extracted (6 x 50 ml,) and the extracts water washed '

(2 x 10 ml.). . ‘




Removal of the ether yielded crude 2,4,5-trifluororesorcinol

(2.20 g., 100%). Recrystallisation of this materia] from benzene
gave 2,L,5-trifluororesorcinol (1.32 g.), m.p. 83-86 . The
infrared spectrum (No. 4398A) showed that it was purer than the
sample prepared in (1) (a) above. :

Anal. Celc. for CgH;F0,:  C, 43.9; Hy, 1.8; F, 3L.7%

Found: C, L3.2; H, 2.2y ¥, 35.2.
Thin layer chromatographic analysis showed only a single spot.

(h) Improved complete preparation of 2,4,5-trifluororesorcinol

2,3,5,6-Tetrafluorophenol (166 g., 1.0 mole) was shaken and heated
with a solution of 85%%potassium hydroxide (402 g., 6.06 moles) in
water (500 ml.) at 150" for 5 hr. in an 800 ml. capacity stainless
steel autoclave. After the usual working up, there was obtained
crude 2,4,5-trifluororesorcinol (36 g., 22% yield) and 2,3,5,6-
tetrafluorophenol (81 g., 0.49 mole).

Sublimation of the crude 2,L,5-triflugroresorcinol at 60-80°/b.04 mm,
yielded product (31.8 g.), m.p. 80-832 (sealed tube), which was
acetylated as described previously above, to give 2,4,55trifluoro-
resorcinyl diacetate (33.1 g., 69% yield), m.p. 69 = 69.5 .
Hydrolysis of this material (30 g.).as described previously, o
yielded 2,4,5-trifluororesorcinol (13.0 g., 66% yield), m.p. 82-84 ",
pure by thin layer chromatographic analysis and having the correct
infrared spectrum.. The orientation of ‘the substituents was
confirmed by nuclear magnetic resonance spectroscopy.

Nonafluoro=4=hydroxybiphenyl

To a stirred solution of decgfluorobiphenyl (75 g., 0.225 mole)
in tertiary butanol (360 ml.) at 40-50 was added powdered 85% potassium
hydroxide (33.5 g., 0.5 mole) in portions over 2 hr. The solution was
stirred at room temperature for 5 hr. during which time a white solid
precipitated. Water (500 ml.) was added and the mixture allowed to
stand overnight. Tertiary butanol was distilled off at reduced
pressure and the residue was acidified with 12N hydrochloric acid (90 mi1.)
and ether extracted. The dried extracts were evaporated to leave a
solid residue (75 g.) which was shown by thin lsyer chromatographic
analysis to contain roughly equal amounts of nonafluoro-4-hydroxybiphenyl
and octafluoro=k,t'-dihydroxybiphenyl. :

A range of solvents was tried in attempts to purify the
product by recrystallisations. Only petrol ether (b.r. 60-30°) gave 4
crystals enriched in the monohydroxy-compound. Three recrystallisations
of the crude mixture (70.5 g.) from this solvent gave L-hydroxynona-
fluorobiphenyl (19.8 g., 257 yield), m.p. 120.5 - 123°, containing a




" chromatography.

1ittle of the dlnydroxy-compound as indlcated by thin 1ayer chromato-
graphic analysis.

- A second preparation gave oruae nonafluoro-h—hydroxyb1pheqy1
(75.4 g) containing approx. 70% of the monohjdroxy-compound and 30% o
the dihydroxy-compound (by T.L.C. analysis). This mixture (73 g. ) was
separated by preparative layer chromatography in 15 runs, (5 go per .-
20 x 100 cm, plate,.coated with e 1 mm. layer of GF 254 silica gel, and
eluted with a 9:14 v/y nixture of chloroform and glacial acetic acid) to
yield 39.6 g. of buff solid. Recrystallisatlon of this material from .
petrol-cther (b.r. 60-80°) gave pure nonafluoro—h-hydroxyb%phemyl
(31.4 g., 407 yield from decafluorobiphenyl), m.p. 119-120, sho"':.ng

. only a single spot when analysed by thin layer chromatography

Octafluoro-h,h'-dlhydrogyblphenyl f"_ﬁ":‘,(' . " B :fj‘“iigiff;i )

Decafluorobiphenyl (150 &ey 0 L5 mole) was stirred in o
reflux1ng ‘tertiary butanol (720 ml.) while powdered 85% pota551um -
hydroxide (135 gi, 2 moles) was added over 4 hr. 'The stirred" suspen-
sion was held at reflux for a further hour then water (1 litre) was
added and the mixture sllowed to stand overnight. . Tertiary butanol . .
was dlstilled off under reduced pressure and concentrated hydrochlorlc .
scid (350 iil.) was added to the residue. The resulting solution was o
ether extracted ahd the ‘extracts were dried and evaporated to yield .
crude product (152 g.), m.D, '202.5 - 1205, 5° Two reorystalllsatlons o
from toluene gave gctafluoro-h,h'-dlhydroxybinhenyl (98h 8oy 677), . < .

m.p. 210.5 - ,212.5", with the correct infrared spectrum. .Only e 31ngle‘
spot was observed when thls materlal was analysed by thln layer

Tetrafluoro-h-hydroxynhenylbis(trlfluoromethyl)carb1nol Cmelt heene b

.(a) By reaction of hexafluoroacetone with 2,3l546-tetraf1uorophenol

Dry redlstllled > 3,),6-tetraf1uorophenol (17.7 By 0. 106 mole) and {;v;z

hexafluoroacetone (20.5 g., 0.123 mole) were sealed in wvacuo in a
75 ml. éapacity "Ryrex“ .ampoule whlch was shaken and heated at 100
for 48 hr. The gaseous products were vented into a vacuum system
yielding hexafluoroacetone (13.5 g.) and leaving o white residue.

This slowly degassed on standing to leave only 2 3,5 6-tetrafluoro?
phenol "(18.2 8es 1007 recovery). .. :

v(b) From the ai1ithio-derivative of 2 3 5, 6-tetraf1uorophenol and

hexafluoroacetone

To a stirred solution of 2 23,5 6-te3raf1uorophenol (33.2 g., 0.2 mole)
in tetrahydrofuran (250 ml.) at =75 under nitrogen was added a
solutlon of 2.24 N butyl lithium in hexane (180 ml., 0.4 mole) over

1 hr. The mixture was then stirred at =65  for a further 3% hr.
Dny hexafluoroacetone (34.9 g., 0.21 mole) was condensed into the
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nixture via a dip-tube over %ihr. at -655, causing a vigorously
exothermic' reaction.  The resultant greenish sugpension was stirred
-at =75 for % hr,, allowed to warm slowly to -10 and then acidified
with 6N hydrochloric acid (150 ml.). The aqueous phase was
separa?éd off, ether extracted (4 x 100 ml.), and the combined
extracts added to the organic phase. Evaporation of the solvent -
from this mixture gave a liquid residue which was fractionally
distilled twicg at reduced pressure to give fractions as fol%ows,
(i) b.r. 50-52 /0.1 mm., 13.67 g., 86% pure, (%i) b.r. 52-53/

0.15 mm., 9.79 8., 92% pure, and (iii) b.p. 53 /0.15 mm., 18.71 g.,
96 .5% pure. :

Material (13 g.) from fraction (%) was heated with phosphoric oxide
(1.7 g.) at gentle reflux (70-80 /0.1 mm.) for 12 hr., then
distilled to give white, crystalline tetrafluogo—h-hydroxyphenylbis-
(trifiuvoromethyl)carbvinol (7.3 g.), b.p. 58-62 /0.1 mm., 9947 pure
by gas chromatographic analysis.

Anal., Calec. for C9H2F1002; C, 32.5; H, 0.6; F, 57.2%

Found: 0, 32.4; H, 0.9; F, 57.0.

The infrared spectrum (No. 4982) of this material was consistent
with the proposed structure and confirmed that the material was of
higher purity than the carbinol before treatment with phosphoric -
oxide .

1A second preparation from 2,3,5,6-tetrafluorophenol (56.k ge, Ouh
mole) and hexafluoroacetone (76.4 g., 0.46 mole), exactly as above,
gave 103.7 g. of N pure material. This product was heated at
reflux for 1 hr. at 0.1 mm. with phosphoric oxide (10 g,g,_then
distilled fo give the title compound (76.9 g., 58% yield),

b.p. 56-57 /0.05 mn., of greater than 98% purity (by gas chromato-
graphic analysis). _ .

2,3%,k,6-Tetrafluorothiophenol

A solution of n~butyl lithium in hexane (2.18§, 140 ml.,
0.30 mole) was added in 1 hr. to a solution of 1,2,3,5«-tetrafluoro-
benzene (L5.1 g., 0.30 mole) in dry tetrahydrofuran (250 ml.) under
nitrogen at -60 to =70°. The mixture was stirred for a further % hr.
Dried sulphur (10 g., 0.31 g. atom) was added in portions over % hr,
to give a deep orange brown solution which was stirred at -60 to =70
. for a further 2 hr. and then allowed to warm to ca. 10" in % hr.
- 6N Hydrochloric acid (450 ml.) was added, causing a pale brown organic
layer to form. The organic layer was separated, water washed
(2 x100 ml.) and dried. After distillation of the solvent there
remained a residue (63.5 g.) which was fractionally distilled yielding
2,3,k,6~tetrafluorothiophenol (36.5 g., 679%), b.p. 148-150°/756 mm.
This material was 98.3% pure by gas chromatography. A& part (5 g.)
was redistilled to yield an analytical sample, 93.9% pure by gas

[}
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- chromatography.

Anal, Celc. for CGHJF S:  C, 39.6; H, 1.43; F, ¥1.7%
' _Found: C, 39.5; H, 0.9; F, ¥1.3.

An infrared spectrum (No. 4389) showed the presence of aromatic C-H,
-SH and a highly fluorinated aromatic ring.

Tetrafluorobenzene=l ,3-dithiol

(2) From 2.3.k,6~tetrafluorothionhenol

To a stirred solution of 2,3,k4,6-tetrafluorothigphenol (28.1 g.,
0.154 mole) in tetrahydrofuran (175 ml.) at =70 was edded over

2 hr. a 2.24 N solution of n-butyl lithium in hexane (140 ml., ‘
0.31 mole). The greenish-white suspension obtained was stirred a
further 2 hr., The Gilman Colour Test IIA was then negative. Dry
sulphur (5.52 g., 0.172 g.oatOm) was added over % hr. and the
rixture was stirred at -65 for 1% hr., and at -50° for § hr, 6N
hydrochloric acid (450 ml.) was added to the solution at <10 . The
organic layer was separated and the agueous layer was ether
extracted (3 x 200 ml.). The dried combined organic layers were .
distilled to yield, after removal of the solvent, tetrafluorobenzene-
1,3-dithiol (17.66 g., 547 yield), b.p. 97-98 /15 mn., 9947 pure by
gas chromatographic analysis. The infrared spectrum (Fo. 4813) was
consistent with the proposed structure.

Anal. Cale. for °6H234 X C, 33.6; H; 0.94; F, 35.5%

Founld: C, 33.8; H, 1.0; F, 35.3.

Treatment of the ditkiol (2 g.) in ether solution at 0° with an
excess of diazomethane gave 1,3-dimethylthiotetrafluorobenzene
(2.29 g., 100%) which grystallised from aqueous ethanol as white

plates, m.p. 69.5 = 74°, with an infrared spectrum consistent with
the proposed structure. '

Ansl. Calc. for CBH6F482: C, 39.7; H, 2.5; F, 32,33
Found: C, 39.2; H, 2.4; P, 31.7.

(b) Attempted preparation from 4,2,3,5-tetrafluorobenzene

To a stirred solution of 2,24 I butyl lithium ig hexane (134 ml.,
0.30 mole) ond tetrakydrofuran (450 ml.) at -70°, was added over

1 hr. e solution of 1,2,3,5-tetrafluorobenzene (22.5 g., 0.15 mole)
in tetrahydrofursn (50 ml.). The resultant solution was stirred
a further 1 hr. at =75 end then geve a negative Gilmen Colour Test
II%, Dry sulphur (9.62 g., 0.30 g. aton) was added over % hr. gnd
the resultant solution was stirred at -75 for 1% hr. and at =50




for 1% hr. becoming a deep orenge colour. Acidification with 6}
hydrochloric acid (500 rl.) gave a two phase system which was
worked up as in (a) sbove to give 2,3,4,6-tetrafluorothigphenol
(5.5 g., 20% yield), high-boiling material, b.r. 110-114 /0.4 mm,
conteining no 1,3-dithiol, and a tarry residue (13.2 g.).

2,&,5-Trifluoro-3,6—bisﬁtrifluoromethyl)thigphenol

A solution of perfluoro-p-rylene (28.6 g., 0.1 mole) in
dimethylformamide (50 ml.) was added, over 1 hr., to a stirred sclution
of sogium hydrogen sulphide (44.8 g., 0.8 mole) in ethanediol (100 ml.,)
at 25°. The mixture was stirred for a further %+ hr. at this temverature
. and was then acidified with a solution of anhydrous calcium chloride
(15.5 g., 0.14 mole) in concentrated hydrochloric acid (100 ml.)., The
solution was steam distilled and the distillate was ether extracted
(- x 100 ml.). The dried extracts were distilled to yield 2,L,5-tri-
fluoro-3,6=bis(trifluoromethyl)thiophenol (20. é g., 697 yield),

b.p. 65-66 /15 mm., 9947 pure by gas chromatographic analysis.

2,5-Dif1uoro-316—bis(trifluorometgyl)benzene-1,A-dithiol

Perfluoro-p-xyléne (28.6 g., 0.1 mole) -in dimethylformamide
(40 ml.) was added over $ hr. to a stirred suspension of sodiug hydrogen
sulphide (56 g., 1 mole) in dimethylformemide (175 ml.) at 100°. The
red-brown solution was stirred as it cooled and was then poured repidly
into a solution of anhydrous calcium chloride (20 g.) in 12N hydrochloric
acid (125 ml.). The solution was steam distilled and the distillate was
ether extracted. The dried extracts were eveporated under nitrogen to
~give a residue (9 g.) which was distilled to yield the monothiol (0.77 g.),
bep. 68-70 /16 mm., and crude 2,5=difluoro~3,6-bis(trifiuoromethyl )benzene~
1,4-dithiol (2.85 g., 9% yield), b.p. 115-116°/16 mn. After two
recrystallisations of this material from petrol ether (b.r. AO-60°) the
‘pure product (0.94 £.) was obtained, m.p. 66 - 66.5 . L
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INTRODUCTION

The aim of this part of the programme is to determine if fully
fluorinated (or almost fully fluorinated) aromatic polymers offer any
improvement in thermo-oxidative stability over their hydrogenic analogues,
Preliminary work has provided fully and partly fluorinated aromatic
model compounds and their hydrogenic analogues, for comparison of thermal
decomposition temperatures in nitrogen. Where the thermal stability of
model compounds justifies it the fluorinated structures are being incorp-
orated into polymers for comparison of thermo-oxidative stability with
the analogous hydrogenic polymers.

. The preparation of polymers and their evaluation for thermo-oxidative

stability has absorbed the greatest effort in the work covered by this
report, with only a limited effort directed towards model compounds and
new reactions,

SUMMARY

1. Further synthetic work has been directed towards fully fluorinated
or partly fluorinated model compounds: benzoxazoles, benzimidazoles,
and an imide,  There was limited success in the synthesis of
perfluoro-~2,2'-diphenyl-6,6'-bibenzoxazole; a corresponding
bibenzimidazole or its isomers could not be obtained. Compounds of
unknown structure were obtained in attempts to prepare perfluoro-
2-phenylbenzimidazole. The tetramethyl ester of difluoropyromellitic
acid did not condense with pentafluorocaniline.

2, The thermal stability = of a perfluoro cycloaliphatic compound was
found to be reasonably high, but the thermal decomposition point
could not be obtained because the boiling point was too low for the
apparatus, This compound, from the University of Birmingham, was
derived by saturating with fluorine an aralkyl compound derlved from
decafluoro-o-xylene,.

3. Complexes have been made from pyromellitie dianhydride and perfluoro
aromatic diamines, which yield polyimides on heating.

i, A polyimide made by heating a complex containing pyromellitic
dianhydride and teirafluoro-m-phenylene diamine has higher thermo-
oxidative stability than the hydrogenic polyimide obtained via a
polyamic acid. Other methods of preparation and other fluorinated
diamines gave lower thermo-oxidative stability.

5. Attempts have been made to prepare laminates from glass cloth impreg—
- nated with a resin containing pyromellitic dlanhydrlde and tetra-
fluoro-m-phenylene diamine.




9.

10,

Difluoropyromellitic acid and its tetramethyl ester did not giﬁé
stable polyimides when heated with tetrafluoro-m-phenylene diamine,

A number of polycarbonates have been prepared and examined for
thermo-oxidative stability: hydrogenic against perfluorinated, or
partly fluorinated structures, It was found that perfluoro poly
(m-phenylene carbonate) has increased thermo-oxidative stability
over its hydrogenic analogue only when these polymers are made by

a chloroformate melt condensation, This is the most satisfactory
of the four methods examined for preparing perfluoropolycarbonates.
Even so, the p-isomeric structure has a slightly lower thermo-
oxidative stability than the hydrogenic p-isomer structure. A
co-polymer containing the 2,2'-diphenylpropylidene and the tetra-
fluoro-m-phenylene moieties, had greater thermo-oxidative stability
than a similar co-polymer from Bisphenol A and m-phenylene bischloro-
formate.

A model reaction for a new route to perfluoro polyarylenes has been
investigated, from pentafluorobenzene sulphonyl chloride and deca-
fluorobiphenyl. Probably there are three olefinic products of this
reaction, one of which is probably 6-chloro-1,5-di(pentafluorophenyl)

~2,3,4,5,6-pentafluorocyclohexa-1,3-diene. -The latter was dehalo-

genated to yield perfluoro-m-terphenyl., The reaction scheme
represents a new route to a mixture of the perfluoro terphenyl isomers.
A similar reaction was carried out but with the decafluorobiphenyl
replaced by octafluoronaphthalene.

Perfluoro poly (1,3,4-oxadiazole) from tetrafluoroterephthalic acid
and hydrazine in oleum gave low molecular weight polymer of low
thermo-oxidative stability.

Perfluoro polybenzoxazole was not obtained by the condensation of
tetrafluoro-isophthaloyl chloride with 3, 3'—d1hydroxy-2 2',5, 5 ’
6, 6'—hexaf1uorobenz1d1ne.-




DISCUSSION

SYNTHESES OF MODEL COMPOUNDS

Benzoxazoles

(a) It has been reported (Ref. 1) that hexafluoro 3,3'-dihydroxybenzidine

(11) and pentafluorobenzoyl chloride yield perfluoro bibenzoxazole (1)
via intermediates (V) and (VII): Reaction (i). The numbering of these
formulae are, as far as possible, consistent with the numbers in Ref. 1
(Annual Report for 1965, this Contract). Thus compounds (V) and (VII)
have the same numbers in Ref. 1.

HO OH
BN NH, + CgFsC0C]
1I
(11) 0
—_——— V + VII CF‘C " \m-cgs
+ —
65 \w 4
(1) ceees.Reaction (i)

In order to obtain more information about the formation of the
intermediate compounds (V) and (VII), useful for subsequent investigation
of polymer formation, pentafluorobenzoyl chloride was condensed with (II)
dissolved in aqueous sodium hydroxide. A solution of 3,3'-dihydroxy-
hexafluorobenzidine in sodium hydroxide solution was treated with 2 molar
proportions of pentafluorobenzoyl chloride. After 1} hours the neutralised
mixture gave a precipitate which proved to be identical with the pentafluoro-
benzoyl derivative, compound (V), m.p. 274-275.5°. A reaction time of
17'20urs gave a product which was identical with compound (VII), m.p. 329 -
330", :

These results are not inconsistent with those reported (Ref. 1) for
the conversion of (V) to (VII) by alkali. :

(b) The partly fluorinated bibenzoxazole (III) can be obtained from

3,3'-dihydroxybenzidine (IV) and pentafluorobenzoyl chloride via a
pentafluorobenzoyl derivative (Ref. 1). It was hoped for a better yield
by condensing (IV) with perfluoro phenyl benzoate (VI): Reaction (ii)
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HO . OH

. P | 0
nzn@—@- NH, + CEFSCOCFs —> € C - CgFs
VAN y/
| ' CeFs \NN/ o
(IV) (VI) ‘ (III)

ceessReaction (ii)

This type of reaction would then be more suitable for formation of
a poly (bibenzoxazole). Such a reaction is well known for the hydro-.
genic analogue of (I) and (III) and for the hydrogenic poly (bibenzo-
xazole). However, reaction (ii) did not yield any of the desired
compound (III).

. i v o
¢ P CONHC, ¥ -_— \C-CF
65 65 T 49 65
: N

(1v) (V1)

ceeeesss Reaction (iii)

. In a continuation of efforts (ref. 1) to cyclise decafluorobenz-
anilide (IV) to perfluorobenzoxazole (VI), Reaction (iii), the anilide
was boiled under reflux in 2N sodium hydroxide for 65 hours, and treated
with sodium hydroxide at 300-350°, Acidification yielded products of

m.p. above 400° in each case, and there was no evidence for the formation -

of sodium fluoride.

The potassium salt of decafluorobenzanilide in refluxing nitro-
benzene gave a product with an indefinite melting point. In refluxing
" toluene, the products were unreacted potassium salt and decafluoro-
benzanilide. After heating the potassium salt at 350°, there was no
apparent elimination of KF and the product had a m.p.= 400°.

Earlier attempted syntheses of (VIII) have been reported (ref. 4).
The latest attempt was the condensation of 3,3',4,4'-tetra-amino-

2,2',5,5',6,6'-hexafluoro-biphenyl with perfluoro (phenyl benzoate) at
300-340° under nitrogen. This gave a material, m.p. 235-255°, which
could not be purified bymcrystallisation. Similarly, a material,
m.p. 225-235%, was obtained from 3,3'-bis{pentafluorobenzamido)hexa-
fluorobenzidine at 300-350° under nitrogen.




As difficulty has been experienced in the preparation of the
bibenzimidazole (VIII), later work has been concentrated on the prep-
aration of 2—(pentaf1uoropheny1)-tetrafluorobenzimidazole (IX) as a
simpler compound to synthesise.

Tetrafluoro-o-phenylene diamine was allowed to react with penta-
fluorobenzonitrile, and thedihydrochloride of the diamine with perfluoro-
benzoic acid. Different products, m.p. 180-2° (with sublimation), -and
m.p. 94° respectively, were obtained and these have yet to be identified.
A third product, m.p. 182-182.5°, was obtained in low yield by the reaction
of o-phenylene diamine and perfluoro (phenyl benzoate) in refluxing toluene
solution: Reaction (iv). The infra-red spectrum and elemental analysis
suggest that this is the amide (X) ‘ R :

NH2 ‘NH
| \

(x)

eeveese.Reaction (iv)

Imides

Tetramethyl difluoropyromellitate did not react with pentafluoro-
aniline as required: Reaction (v)

X F
CH302C CO2CH3 /p0 
‘CH392C C02CH3 | Cco
F ‘ +»CH30H

_eveseReaction (v)
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The conditions under which this was attempted were (a) in reflﬁxing
ethanolic solution, (b) in an excess of refluxing pentafluoroaniline at
160-165°. In both cases the starting ester was recovered.

THERMAL STABILITY OF MODEL COMPOUNDS

An attempt was made to determine the Tp of the compound (A) but the
boiling point. was too low for the apparatus available (ref. 10 )

The isoteniscope was pressurised in the case of (A) so that a rate
of pressure increase was obtained at 308° of ca., 7 mn Hg. in 60 minutes.
This compares with a rate of increase of 0.84 mm Hg per minute which

- defines the Ty, Therefore this compound appears to have reasonably high.
thermal stability.

(a)

- F C6F11

’ See Table 7; Appendix ITIA for the thermallstability of heterocyclics.,
POLYMERS .

l.  Polyimides

(a) Investigation of Preparative Methods and Thermo-Oxidative Stability

It has been stated in the literature (Ref. 9) that when comparing
solvents for polyimide preparation, the polymer with the highest inherent
viscosity was obtained with dimethyl sulphoxide. However, reaction of
tetra-fluoro-m-phenylene diamine with pyromellitic dianhydride in dimethyl
sulphoxide gave a polyamic acid with an inherent viscosity of 0.055 d1/g.
This compared with a maximum figure of 0.2 dl/g. for the product of the
gsame reaction in dimethyl acetamide. :

High thermo-oxidative stability has been demonstrated for a polyimide
PI1(2) derived from PMDA (pyromellitic dianhydride) and m-F(tetrafluoro-m-
phenylene diamine (ref. 1, page 53). It has been shown by TGA in air that
this stability is of the same order as that of the corresponding hydrogenic
polyimide PI(1) derived from PMDA and m-H (m-phenylene diamine). These
polyimides were prepared by identical methods, i.e. from PMDA and the diamine
in dry DMAC (dimethylacetamide) via a polyamic acid intermediate. However,
‘the inherent viscosity of PI(1) was considerably higher at 1.k dl/g than
that of PI(2) at 0.1 d1/g and this must reflect a wide difference in average
molecular weight,. A higher molecular weight in PI(2) would -
have provided polymers for a fairer comparison of thermo-oxidative stability
with PI(1), and would have enabled films to be cast. However, variations
in the conditions of preparing the fluorinated polyamic acid did not give a
higher inherent viscosity than 0.2 dl/g. Similarly, polyamic acids of low
inherent viscosity (below 0.1 d1/g) were obtained from PMDA with p-F
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(tetrafluoro~p-phenylene diamine) or OFB (odtafluorobenzidine). In’
the case of these two polyamic acids the inherent viscosities are given
correctly on page 53 of ref. 1; page 85 of ref. 1 contains misprints.

Complexes Cl, C2 and C3 have now been obtained from m-F, p-F and
OFB in THF. The solvent was not anhydrous (and contained 0.1%
hydroquinone as stabiliser) so that the complexes, obtained by evapor-
ation of the THF, contained carboxylic groups as .indicated by the I.R.
spectra (Spectrum No.2003 for Cl), TGA in air, with the temperature
rising at 1°/min.'showed that these complexes lost weight up to ca. .
300°, and above this.the TGA curve suggested that stable polyimide had
been formed. By interrupting the programmed TGA at 300° in the case
of C1 it was shown by I.R. (Spectrum No.200%) that a-polyimide had been
formed. The TGA curves are given in Figures 1 and 2. Figure 1 also
includes a TGA curve at a higher rate of heating (6°/minute) for Cl.

As stable polyimide appeared to be formed at both rates of heating,
the 6°/minute rate was employed to heat the complexes Cl and C2 to 400 .
Polyimides PI(11) and PI(12) made in this way were maintained at 400°
for 48 hours, The weight loss of PI(11) was 8% and that of PI(12) was
22.5%. These losses compare with a 15% loss for PI(1) treated similarly:
see Table 1, and Figure 3. : '

Included in Figure 1 is a TGA curve for a substance believed to be
_half-ester salt (S1) showing its conversion presumably to polyimide.
The substance S1 was obtained by dissolving PMDA in methanol, followed
by the addition of tetrafluoro-m-phenylene diamine, and evaporation to
dryness. It would appear from Figure 1 that S1 gives rise to material
~ of reasonably high thermo-oxidative stability. The substance S1 was
heated to 400° at 6°/minute, to yield PI(13) which was kept at 400° for
24 hours. The result of this test is shown in Figure 3 and in Table 1:
P1(13) suffered a weight loss of 25%. 1In case this result was due to
the initial rate of heating being too high, a similar material PI(l&)

‘, was made by heating S1 to 400° at lo/minute, and PI(1%) was maintained

at 400°: the weight loss at 400° over 48 hours was 49%, Figure 4. The
use of methanol is therefore deleterious to thermo-oxidative stability
when preparing such fluorinated polyimides in the above manner,

Polyimide also appears to be obtained by heating C4 which was
obtained by the evaporation of a solution of PMDA and m-F in NMP
(N-methyl pyrrolidone), as shown by the shape of the TGA curve in Figure 1.
When Ck was heated to 400° to form PI(15) and this was kept at 400° for
24 hours the weight loss was 19%: see Table 1 and Figures 1 and 3. This
~ complex has no sharp melting point. It softens at 1400,‘partiallg‘melts

~at 150°, shows signs of gas evolution with resolidification at 170", and
is a dark brown solid at 200°, becoming black at 250°. However, C4 does
not seem to be a complex in the sense of Cl as shown by the spectra
(Nos.2137 and 2003) and C4 has similarities to the polyimide made by
heating C1 to 300° (cf. spectra Nos. 2137 and 2004). The PMDA used in
the formation of Ci was unpurified, ex Ruhroel Chemiewerk, Bottrop,
West Germany, and the NMP was not anhydrous. In the other preparations
of complexes etc., highly purified PMDA was employed. It is proposed to
repeat the preparation of Ck using pure PMDA and pure NMP, '
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The dianhydride of difluoropyromelliti¢ acid has hitherto not been
available. 1In its absence the acid and the tetramethyl ester have been
employed in the preparation of a salt, and complexes, with m-F.,  The
salt S2 was obtained by evaporating an ethanolic solution of the acid
and m-F, and this heated to 300° on the thermobalance gave material which
had greatly reduced I.R. absorption due to carboxyl, and now had I.R. -
absorption attributed to an imide., When S2 was heated in vacuo in order
to dry it more completely there was sublimation of m-F. The TGA curves
for S2 before and after this extra drying are given in Figure 5. The
thermo-oxidative stability is not as high as that of S1, the half ester
salt obtained from PMDA and m-F in methanol, The salt S3, obtained by
evaporation of a solution of difluoropyromellitic acid and m-F in NMP
. was similarly heated under programmed TGA at lo/hinute, and had similar
thermo-oxidative stability to S2 (Figure 5). For comparison the TGA
curve of difluoropyromellitic acid is given in Figure 5. Even the acid
shows somewhat greater thermo-oxidative stability than does C5, obtained
by the evaporation of a THF solution of m-F and the tetramethyl ester of
difluoropyromellitic acid. Although designated C5 for convenience, it
is doubtful if this material should be regarded as a complex, from the
evidence of the TGA analysis,’

(b) Polyimide Laminates from PMDA and tetrafluoro-m-phenylene diamine

- It is possible that molecular weights of the above fluorinated _
polyimides may be sufficiently high for the preparation of laminates,
even though the formation of films is impracticable,

. As a combination of PMDA and tetrafluoro-m-phenylene diamine appears

" to yield the most thermo-oxidatively stable system, and as the diamine is
readily available, this system was chosen for attempts to prepare laminates.
The PMDA was that referred to above from Ruhroel Chemiewerk.

A methanolic solution of PMDA and m-F was not stable above ca. 20%
concentration (% based on g. of solid to ml. methanol). Even at this
concentration there was some deposition of solid on standing, and this
gsolution had far too low a viscosity for application to glass cloth. The
solution (at 17%) was, however, applied to an asbestos (chrysotile) felt,
which was dried to yield a "prepregs" From this a six ply laminate
(3" x 2") was obtained by curing at 315°/500 p.s.i. for 25 minutes. There
was no flash, i.e. extrusion of resin from the edges of the laminate. When

cut into strips (3" x 4") the flexural strength was found to be of the order
Of 3000 p.s.i. '

A 20% (g per ml. solvent) solution of PMDA/m-F in a 1:1 mixture of
" methanol: NMP was not sufficiently viscous, but was applied by brushing
to 181E glass cloth (A1100 finishg and the prepreg was dried in warm air.
~ No lamination was achieved at 321 /500 pes.i. for 30 minutes, and material
which was extruded from the edges of the glass cloth was powdery. For the
preparation of laminates from glass cloth it appeared to be necessary to
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use a more powerful solvent than methanol, in order to obtaln a concen—
trated, viscous solution.

A 33% solution (% weight of solid per weight of solution) in NMP
was applied by brushing to heat cleaned Marglass 116T glass cloth, to
yield a prepreg containing approximately 50% resin (the resin here is
defined as solids plus residual NMP). A twelve ply 2" x 2" laminate
was obtained at 321°/500 p.s.i. over 30 minutes, which contained 13% of
cured polymer, but which was easily delaminated by pulling apart with
the fingers. Polymer which had been extruded from the prepreg in the.
hot press was partly fused. '

The above results suggested that a partial curing prior to hot
pressing would be desirable. Therefore prepreg (approx. 39% resin on
Marglass 116T) prepared from a 34% w/w solution of PMDA/m-F in NMP, was
treated under various conditions of temperature and pressure prior to
final curing of 6 ply at 315°/250 p.s.i. for 30 minutes. In no ‘case
was a true laminate obtained. When there was some degree of adhesion
of the layers of glass cloth they could be easily separated. Only in
one case was there some degree of fusion of the polymer in the glass cloth,
as shown by microscopic examination.

In further work a 51% w/w solution of PMDA/m-F in NMP yielded
prepregs (50-52% resin on Marglass 116T) and these were "B-staged" at
120° for 30 minutes to yield prepregs containing 42-47% resin: see
Table 2. Six ply laminates were obtained from each prepreg by heating
in a press at 1700/10 p.s.i. for 2 minutes, followed by increase of
pressure to 250 p.s.i. for 30 minutes and then an increase of temperature
to 3159 over 45 minutes. The laminates were allowed to cool in the press.
There was a small degree of adhesion between the layers of glass cloth,
but again the layers could be easily separated. Although there was no
flash, there was fusion of the resin as shown by microscopic examination
of the separated layers. When a laminate was similarly prepared, but .
without the above B-stage at 1200 there was no fusion but there was some
flash, :

2, Polycarbonates — Prepafative Methods

Barlier work (Ref. 4) showed that perfluoro-m-phenylene bis-carbonate
had a higher TD than its hydrogenic analogue. It was not possible to
obtain other comparisons of the thermal stability of perfluoro and hydro-
genic carbonate stuctures by means of model compounds, so that it was
decided to obtain comparisons of thermo-oxidative stab111ty from poly—
‘carbonates, This has now been done. : :

Polycarbonates have been prepared by four main methods :
(a) B1schloroformate Melt Polymerisation (a melt of bischloroformate and
a dihydric phenol, e.g. Reaction vi ); (b) Interfacial Polycondensation
(a b1schloroformate and a dihydric phenol in a solvent/aqueous alka11 system);
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(¢) Transesterification (again a melt method employing phenyl carbonate
and a dihydric phenol: Reaction vii); (d) Solution Polymerisation (a
bischloroformate and a dihydric phenol). The results of (a), (b) and
(c) are summarised in Tables 3, 4 and 5, where inherent viscosities were
determined in dimethyl acetamide solution(0.5% at 30°. .The elemental
analyses were generally unsatisfactory. : o

' 00 4 I
. ofc1  HO OH 0’

- -1

g + HC1
0-C

n

ssess e ReaCtiOIl (Vi)

o+ (C6H50)20 = 0- 8 + CgH,OH
. 0-C

-t —+n

S

HO OH

eev.ceReaction (vii)

(a) In the chloroformate melt method preliminary results showed that a
' more thermo-oxidatively stable polycarbonate could be obtained by
operating first at 200° and then at 300° rather than continuously at 2000,
"during the condensation of resorcinol with m-phenylene bischloroformate.
It was also found that tetrafluororesorcinol and tetrafluoro-m-phenylene
bis—chloroformate reacted more completely at 300° (after 6 hr. at 200°
there was still bischloroformate present). A series of polycarbonates
has therefore been prepared at 200°-300°. All of the polycarbonates
obtained by the chloroformate melt method are given in Table 3. The
inherent viscosities were obtained in dimethylacetamide solution. Where
the polymers were soluble the inherent viscosities were low, particularly
in the case of the perfluoro polycarbonates. 1In an attempt to increase
the chain length of PC 5 by reaction with magnesium oxide, a fraction, PC 6
was obtained, of higher inherent viscosity (0.11 dl/g). '

Nonafluorobiphenyl-4-chloroformate was required in order to determine
its mode of decomposition at elevated temperature. This would throw light
on the structure of polycarbonates made by melt condensation of a bis-

- ‘chloroformate and a dihydric phenol. Phosgene and 4-hydroxynonafluoro-
" biphenyl in ethereal C@HsNEto yielded a material which was distilled to
yield a solid, probably perfluoro di(biphenylyl) carbonate,




+

(b) 1In the interfacial polycondensation method a solution of the -

dihydroxy compound in a suspension of aqueous sodium bicarbonate
was vigorously stirred with a solution of the bischloroformate in tetra-
chloroethane. The mixture was poured into acetone and the polymer
collected by filtration. The polymers are listed in Table 4.

The inherent viscosities of the perfluoropolymers are lower than
those of the hydrogenic polymers. PC 8 was obtained as a fraction from
the reaction of PC 7 with magnesium oxide in an attempt to increase the
molecular weight. :

(c) The polycarbonates were prepared by transesterification with diphenyl
carbonate at 300° as described in the literature (Ref. 2). By this
method the end groups would be -0H or -0-C0-0C 6 Elemental analyses
for the perfluoro polycarbonates were not cons1s2ent with the required
structures, perhaps because some charring may have occurred during the
preparations. When some 'of the preparations were carried out at 250°
lower polymers were obtained, for which elemental analyses are not
available. The use of dlSOdlum tetrafluororesorcinate as catalyst

(cf. Ref. 3) gave no solid product. The preparations are listed in Table 5.

The inherent viscosities were measured in dimethyl'acetamide solution.

(d) A single poly (tetrafluoro—m—phenylene carbonate) with an inherent
viscosity 0.06 dl./g. has been prepared by treating the disodium salt
of tetrafluororesorcinol with tetrafluorophenylene-1 3—b1schloroformate in

dimethylacetamide solution. This solvent was chosen because of the limited

solubility of the disodium salt in other solvents. It was known from
earlier work that the bischloroformate reacts with dimethylacetamide, but

it was hoped that the primary reaction would be between the blschloroformate

and the disodium salt.

An attempt to prepare poly(tetrafluoro-m—phenylene'carbonate) from the
perfluoro dihydric phenol and its bischloroformate in refluxing nitrobenzene
gave only a trace of sticky black solid when the nitrobenzene was removed by
steam distillation.

Polycarbonates -~ Thermo-oxidative Stability

The polycarbonates listed in Tables 3-5 have been examined by TGA in
air on the Stanton HTD Thermobalance. The curve of the rate
of heating is given in Appendix IIB Figure 1k, and Figures 7-12 give the
TGA curves for the polymers. It would seem that the method for the prep-
aration of polycarbonates of the highest thermo-oxidative stability is the

‘chloroformate melt method. This applies both te hydrogenic and perfluoro

'.polycarbonates, with the exception of PC 12,

The polymers (200 mg.) were heated in a platinum crucible, jn a furnace

open to the air, at ca. 0.6°C min.”! up to 190° and at 1°C min.~) above 190°C.
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(a) Chloroformate Melt Preparations

The polymers prepared by the chloroformate melt method are given in
Figures 7 and 8. Poly (m-phenylene carbonate) had a lower thermo-
oxidative stability when prepared at 200° (PC1l1) than when prepared at
200°, -rising to 3000 (PC10). ,

It has been found that perfluoro poly(m-phenylene carbonate) (PC5)
has a higher thermo-oxidative stability than the hydrogenic analogue
(PC11), even though the inherent viscosity of the perfluoro polymer was
only 0.07 d1./g. It is probable that the molecular weight of PCll is
much higher than that of PC5. The treatment of PC5 with magnesium oxide
. in o-dichlorobenzene gave a polycarbonate (PC6) of higher inherent viscosity
but which had lower thermo-oxidative stability. However, PC6 was con-
taminated with inorganics. The infra red spectrum of PC5 is given as
No. 2317.

Perfluoro poly (p-phenylene carbonate) (PC1l4) did not have as high a
thermo-oxidative stability as its hydrogenic analogue (PC17) or PC5.
PC17 had the highest thermo-oxidative stability of any polycarbonate
mentioned in this report, but it was not greatly above that of PC5.

(b) Interfacial Condensation Preparations

The polycarbonates prepared by the interfacial condensation of a
bischloroformate with a dihydric phénol are generally not as thermo-oxid-
atively stable as the polycarbonates of similar structure prepared by the
chloroformate melt method (a), the order of thermo-oxidative stability is
different: see Figure 9 (PC1ll and PC12 are éxceptions to the general
observation on relative thermo-oxidative stability when methods (a) and
(b) are compared).

Figure 10 shows the TGA curves of polymers derived by the interfacial
condensation of Bisphenol A with m-phenylene bischloroformate and tetra-
fluoro-m-phenylene bischloroformate. The co-polymer containing fluorine
has the greater thermo-oxidative stability, but does not approach PC5 or
PC17 in thermo-oxidative stability. ’

(¢) Melt Transesterification Preparations

The TGA curves for the polycarbonates prepared by melt transesterif-
ication are shown in Figure 11, It will be seen that these polymers had
a different order of thermo-oxidative stability from those as prepared
" under (a) and (b). The perfluorinated polycarbonates had relatively poor
" thermo-oxidative stability, less than the thermo-oxidative stability of
their hydrogenic analogues.
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3. Perfluoroarylenes

It has been reported (Ref. 5) that hexafluorobenzene is arylated by
means of aroyl peroxides. The reaction leads to pentafluorobiphenyl
derivatives: for example benzoyl peroxide and hexafluorobenzene yield
2,3,4,5,6-pentafluorobiphenyl. It is also known (Ref. 6) that biphenyl
and other high boiling materials can be arylated by means of aryl
sulphonyl chlorides, e.g. pentafluorobenzene sulphonyl] chloride and
1,3,5-trichlorobenzene yield 2',4',6'~trichloro-2,3,4,5,6~pentafluoro-
biphenyl with the concomitant formation of sulphur dioxide and hydrogen
chloride. All of these reactions are bélieved to be homolytic sub-
stitutions. In the case of the substitution of hexafluorobenzene by the
_ phenyl radical, the fate of the displaced fluorine atom is unknown.

These reactions suggest that decafluorobiphenyl could be substituted
by the pentafluorophenyl radical generated by the homolysis of penta-
fluorobenzene sulphonyl chloride. If successful, analogous reagents for
the reaction will be investigated to produce perfluorinated materials
suitable for the preparation of polymers and fluids.

In a typical experiment the acid chloride and a trace of cuprous
chloride were refluxed with decafluorobiphenyl, this substrate being present
in a ninefold exeess., Gases evolved were continuously swept by nitrogen
into dilute aqueous sodium hydroxide. No fluoride was detected in such
traps but chloride was usually detected but at lower than 10% of that
theoretically possible. Sulphur dioxide was detected in much larger
quantities, but the evolution of this gas proceeds at a reasonable rate only
when there is cuprous chloride present, together with some unknown impurity
in the original decaflucrobiphenyl. When the excess of decafluorobiphenyl
has been recovered it is not so reactive in a subsequent reaction even though
cuprous chloride is added. See Table 6 for a summary of these reactions.

- If decafluorobiphenyl is replaced by octafluoronaphthalene there is a
similar reaction, but this has not been investigated in as much detail.
However, gas chromatography in both cases indicates that higher molecular
materials have been produced. In the case of octafluoronaphthalene there
were two products of higher retention time, present in approximately a 3:1
ratio. There were three products in the case of decafluorobiphenyl, two
of which appeared to be perfluoro m- and p-terphenyl, but the peaks were
very broad compared with the peaks in an authentic mixture of the pure
compounds (samples of these were provided by J. Thrower of the Royal Air-
craft Establishment).

: The excess of decafluorobiphenyl was d1st111ed off to give a residue
“which was fractionally recrystallised to give a compound (x1) ¢y ClF15,
m.p. 158-9°, one of several possible isomers, e.g. (XIa). .
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The infra-red spectrum of (XI) is not intonsistent with the structure
(XIa), and thé molecular weight of (XI) is correct for (XIa) as determined
by mass spectrometry (by Dr. R.I. Redd of Glasgow University). . Therefore
substitution into the substrate does not seem to occur, and the main reaction
may be formulated as in Reaction .... (viii) '

C6F580201 + Cl2F10 ———-——)ClBClF15 + SO2

(x1)

sesessssssReaction (Viii)o

The indication of perfluoro-m and -p-terphenyl in the reaction mixture
by gas chromatography could have been due to dehalogenation in the chromat-
ography column, but we have no prof of this. :

Attempts to dehalogenate a sample of (XI),m.p. ca. 1549 at 200° or 250°

by means of a mixture of nickel and iron, failed. However, impure perfluoro-
m-terphenyl was obtained when this sample was treated with zinc dust in
refluxing ethanol. The m.p. 122-4° was low (lit. m.p. 125-6°), and the
infra-red spectrum suggests that the product of dehalogenation is perfluoro-
m-terphenyl containing about 15% of the p-isomer.. Mass spectrometry con-
firms the molecular weight, but suggests that there is a small amount of
hydrogenic impurity. '

4, Polyoxadiazoles

As reported previously (Ref. 1), perfluoro polyoxadiazoles are not

- formed by heating perfluoropolyhydrazides at 256°, This is probably the
highest temperature at which perfluoro polyhydrazides may be heated without
an undue amount of decomposition. ‘ '

Alternative approaches to the preparation of perfluoro polyoxadiazoles
are (i) the condensation of hydrazine with dibasic acids in oleum, (ii) the
cyclisation of polyhydrazides at relatively low temperatures by means of an
acid anhydride or acid chloride, (iii) the condensation of a diacid chloride
with a bistetrazole. ' :

Method (i) has now been attempted. Whilst this method works satis-
factorily for hydrogenic polyoxadiazoles (e.gg,an inherent viscosity
0.7 d1/g. was obtained from terephthalic acid and hydrazine in 27% oleum),
tetrafluoroterephthalic acid has yielded polymer of inherent viscosity 0.05
dl/t., in low yield, with low thermo-oxidative stability: See Figure 13.

" 5. " Polybenzoxazoles

A perfluoro polybenzoxazole could not be obtained using a method
reported for the hydrogenic analogue (ref. 8) by condensing tetrafluoro-
isophthalyl chloride with 3,3'-dihydroxy-2,2',5,5',6,6'-hexafluorobenzidine
in a mixture of dimethylacetamide, pyridine and cyclohexanone. There was




obtained a polymer with inherent viscosity 0.04 dl/g. This should be a
polyamide, or the isomeric polyester, but the elemental analysis did not
indicate such a formulation. Heating this product at 300°/20 mm in an

attempt to obtain the polybenzoxazole yielded a black powder which gave

an elemental analysis inconsistent with any reasonable structure. This,
heated on the thermobalance at 1°/minute and at 6°/minute showed rapid de-.
composition at ca. 300° and at ca. 350°, respectively:' see Figure 6.




EXPERIMENTAL

1. BENZOXAZOLES

2,2'-Diphenyl-6,6'-bibenzoxazole (cf. ref. 12)

0
' : \
Y 5 - s
H2N2 + 2 OgligC00-Cgily —— X 428
H¢ CeH.~C :
, 675 ™\
(216) (198) 0 4 2 CHOH + 2

(388)

3,3'-Dihydroxybenzidine (2.16 g. : 0.01 mole) and phenyl benzoate
(4.5 g. : 0.0227 mole) were stirred together at 300° under nitrogen
for 2 hours. The cold residue was ground up and washed with water
and a little cold benzene to give a green powder (3.3g.), m.p.
258-310°. This was recrystallised from chlorobenzene, some insoluble
material (0.9g.), m.p. 330°, being filtered off to give yellowish
crystals of 2,2'-diphenyl-6,6'-bibenzoxazole (1.62g.) m.p. and mixed (ref.1)
. m.p. 255-257° The benzene insoluble material appears to be a poly-
bengayl derivative of dihydroxy benzidine and this was not isolated
when the reaction was repeated at 350°, At the higher temperature,
the 2,2'-diphenyl-6,6'-bibenzoxazole was obtained in higher yield
(4.3g.), m.p. 255-257°. -

0
OH \
: £~CFs
H2NNH2 + 2 CFS000CGF; —s N Q Q N
” CgF5-C-0
(216) (378) (568)
+ 2 CR0H + 2 H,0

Pentafluorobenzoyl chloride (3.lg

: 0.013% mole), pentafluorophenol

(2.46 g.: 0,0134 mole)

and N,N-diethylaniline (3.2 ml.) in dry

benzene (20 ml.) were refluxed for 2 hours. Filtration and then
distillation of the benzene from the filtrate, gave a white residue, .
m.p. 27-30°. Recrystallisation from petrol ether (b.p. 40-60°)

gave perfluoro (phenyl benzoate) as white needles (2.9 g.), m.p.

36 -5-37-50 .




3,3'-Dihydroxy benzidine (0.5% g.: 0.025 hole) and perfluoro-

(phenyl benzoate) (2.0 g.: 0.053 mole) were stirred together under

nitrogen at 3000 for 1 hour and then 3500 for 1 hour. The residue

was ground up and bo11ed with benzene (200 ml.), the insoluble material

§1 5 g.), m. .:>.400 being separated by filtration, and petrol ether
b.p. 60—80°§ added to the filtrate. A small amount (0.02 g.) of

crude 2,2'-di(pentafluorophenyl)- 6,6'-bibenzoxazole, m.p. 210-235°,

was precipitated. .

Precursors of 2,2'-di(pentafluorophenyl)-hexafluoro-6,6'-bibenzoxazole

Pentafluorobenzoyl chloride (3.25 go: 0.01% mole) was added to a
stirred solution of 3,3'-dihydroxyhexafluorobenzidine (2.26 g.: 0.007 .
mole) in 2N sodium hydroxide solution (25 ml.: 0.05 mole). After

1 hour, when the o0ily chloride had disappeared and a brown precipitate -
had formed the mixture was just acidified with 2N HCl. A white solid
(3.5 g.) m.p. ca. 267°, was collected by filtration and part of this was
recrystallised three times from aqueous ethanol to give a poly (penta—
fluorobenzoyl) derivative of 3, 3'-dihydroxyhexafluorobenzidine, m.p.
271-2740 (mlxed m.p. with compound V, Ref, 1, 272-275°).

The above reaction was repeated on a 5% scale and allowed to continue
for 17 hours. A black solid (0.02 g.), m.p. 291-325°, was collected
by filtration of the acidified regction mixture. Recrystalllsatlon
from ethanol gave an off—wh1te solid, mp. 320-325° (mlxed m.p. w1th
compound VII, Ref.l, 320-327 %).

Attempted Cyclisation of Decafluorobenzanilide

H .

. ~
IR O
Y | e
(377) - (357)

(a) Decafluorobenzanilide (1 g.) in 2N sodium hydroxide (50 ml.) was
heated on the steam bath for 65 hours. On cooling the dark red
solution, an off-white precipitate (0.1 g.), m.p. > %00°, was formed
and was collected by filtration. Acidification of the filtrate with
dilute HC1 gave another precipitate (1.3 g.), m.p. > %00°. Both
solids were almost insoluble in water, Their infra-red spectra are .
similar but resemble those of inorganic compounds,




(b) Decafluorobenzanilide (0.5 g.) and sodium hydroxide (0.2 g.)
were heated at 300° (bath) for 30 minutes and then at 350° for 1 hour.
- The excess of sodium hydroxide was removed by washing with water to
leave a black solid, m.p. 400° (sinters 165°). The water wash gave
a negative test for fluoride. '

Attempted cyclisation of the potassium salt of Decafluorobenzanilide

- .
\, \
C --CGF5 —_— C - C6F5
/ /
0 ‘ | 0
(415) ) (357)

The potassium salt was prepared'By distilling to dryness a
solution of equimolecular quantities of decafluorobenzanilide and
potassium hydroxide in ethanol. '

(a) A solution of the'potassium salt (0.5 g.) in redistilled nitro-
benzene (10 ml.) was refluxed for 4 hours. An off-white solid

(0.0% g.), m.p.> 4000, soluble in warm dilute HC1l, was collected by
filtration of the cold reaction mixture. The nitrobenzene was

. steam distilled from the filtrate to leave a brown resinous material
(0.3 g.) from which the water was decanted. Recrystallisation from
benzene gave an off-white solid (0.0% g.), m.p. 270-280° (to a gel),
which was insoluble in warm dilute HCI1. ST

b) A suspension of the potassium salt (0.5 g.) in dry toluene

25 ml.) was heated on the steam bath for 18 hours. A white solid

0.27 g.) m.p. > 400°, was collected by filtration, and the filtrate
was distilled to dryness. - The residue consisted of white crystals
(o.g§ g.), m.p. 173-180° (mixed m.p. with decafluorobenzalilide 173-
183 .

- (¢) The potassium salt (0.5 g.) was heated at 300° (bath) for one
hour when it became a semi-solid. The temperature was raised to .
350° for a further hour, and the solid product was cooled and washed
with water. The water wash gave a negative test for fluoride. The
residue was a black solid (0.4 g.), m.p. = 400° (sinters 165°).




2.  BENZIMIDAZOLES

2,2'-Di(pentafluorophenyl)hexafluoro-6,6'-bibenzimidazole ~ Attempted
Preparations

(a) from 3,3',4,4"-tetra~aminohexaf luorobiphenyl
| H

H -
2 -~ N
BN 2 + 2 CgFZC00CCF, —>CcF,s _ c

Ny (378) | NLENE -

(674) o

+ 2 C6F5OH + 2 H20

-C6F5

3,3',4,4'-Tetra—aminohexafluorobiphenyl (0.28 g. : 0.0087 mole) and
perfluoro (phenyl benzoate) (0.8 g. : 0.025 mole) were stirred together
at 300° (bath) for 1 hour and then at 340° for 1 hour. The cold
residue was washed with benzene and then recrystalllsed from chloro-
benzene to give a white powder (0.07 g.), m.p. 235—255

(b) from 3,3'-bis(pentafluorobenzamido)hexafluorobenzidine (ex I.S.C.)

H
C6F5 - CONH N
‘ -2Ho0
HQNNHZ — C¢Fs5 _ (P,
NHCO —‘C6F5 _C6F5
. H
(638) o (67%)

3,3'-Bis(pentafluorobenzamido )hexafluorobenzidine (1 g.) was heated
under nitrogen at 300° for 1 hour and then at 350° for 1 hour. The
cold solid was washed with benzene and then recrystallised from chloro-
benzene to give off-white crystals (0.4 g.), m.p. 225-245°, A second
recrystallisation gave crystals, m.p. 225-235°.

2—(Pentafluoropheny1)—tetrafluorobenzimidazole — Attempted Preparations

(a) From tetrafluoro-o-phenylene diamine dihydrochloride and penta-
fluorobenzoic acid. : '
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NH_,.HC1

2
. NH -
N N\ o
NH,.HC1 -0 e
(253) _ (212) (235)
-+ 2H,0 + 2HC1

'
!

Dry HCl gas was passed into a solution of tetrafluoro-o-phenylene diamine
(5 g.) in ether (50 ml.) until precipitation was complete. The dihydro-

chloride (5.7 g.) was collected by filtration, washed with ether and
dried.

The dihydrochloride (5.06 g.: 0.02 mole) was added to a solution
of pentafluorobenzoic acid (6.4 g.: 0.03 mole) in toluene (50 ml.).
The suspension was stirred and refluxed for 5 hours. Solution was then
.complete and a trace of water had collected in a Dean and Stark trap.
The toluene was distilled off and the residue was recrystallised twice
from water and then sublimed to give white needles (1.5 g.), 93.5-94°.

Cale. for C,HF(N, : C, 43.8; H, 0.3; F, 48.0; N, 7.9; M.W., 356

Found (1) - : C, 39.4, H, 1.7; N, 8.8; M.W., 198
(2) - :c, 40.1; H, 1.7; F, 40.3; N, 9.8

(b) From tetrafluoro-o-phenylene diamine and pentafluorobenzonitrile-

: ' NH\\ .
L C—CJF. +
65 *+ N3
+ CFON —-—+' @N/

(180) (193) - (356)

The temperature of a mixture of tetrafluoro-o-phenylene diamine

(1.8 g.: 0.01 mole) and pentafluorobenzonitrile (1.93 g.: 0.01 mole)
was raised slowly, testing for ammonia evolution. At 296°, no
ammonia had been detected and the pressure was reduced to 0.4 mm.
when a white sublimate collected in the condenser. The residué in
the flask was a charred black solid insoluble in organic solvents.




The sublimate was recrystallised from aqueous ethanol to give a
white solid (0.2 g.), m.p. 180-182°C. (Mixed m.p. with product
of (c) was depressed) ‘ v

Calc. for C,.HF N, : C, 43.8; H, 0.3; F, 48.0; N, 7.9

13792
Found (1) : ¢, 28.3; H, 2.0; F, 48.05; N,10.8

(c) From tetrafluoro—o-phenylene diamine and perfluoro (phenyl

benzoate)
2 : ' :
C.F-.COOC_F Q% C.F C.F.OH + H,0
Yres e T ;65 e s T o
2 , H

(180) (378) (356)

A solution of tetrafluoro-o-phenylene diamine (1.57 g. : 0.0087
mole) and perfluoro (phenyl benzoate) (3.5 g.: 0.0093 mole) in
toluene (50 ml.) was refluxed with stirring for 6 hrs. A Dean and
Stark trap was used but no water was collected. The toluene was
distilled off and the residue was recrystallised from aqueous ethanol

. (twice) and then from benzene to give white needles (0.% g.) m.p.

182-182.5°. (Mixed m.p. with product of (b) was depresged). Infra-

‘red analysis suggests that this is the uncyclised. am1de X, not the

benzimidazole.

Calc. for C\-HF N, : C, 43.8; H, 0.3; F, 48.0; N, 7.9; M.W. 356

Calc., for C._H.F N O : C, 41.7; H, 0.8; F, 45.8; N, 7.5; M.W. 374

13737972
Found §1 : C, 41.3, H, 0.8; F, 44.2; N, 7.3; M.W. 353
2 : C, 40.,9; H, 1.0; N, 7.3;
3.  IMIDES

The attempted preparation of 3 ,6-Difluoro-N N'—dl(pentafluorophenyl)
pyromellitimide. .

(a) Pentafluorocaniline (0.3 g.; 1.63 millimole) in ethanol (5 ml. )

was added to a warm solution of tetramethyl difluoropyromell-
itate (0.25 g.; 0. 72 m1111m01e) in ethanol (5 ml. ), and the mlxture '
was refluxed for 7% hr. The ester (0.21 g. ), m.p. 121.5- 122°, was
recovered on cooling the solution.




(b) Tetramethyl difluoropyromellitate (0.5 g.; l.44 millimole) was
heated with pentafluoroaniline (3.0 g.; 16.3 millimole) at 160-
- 165° (bath) for 16 hr., The reaction mixture yielded crystals of the
ester (0.39 g.), m.p. 120-121°, from ethanol.

4, POLYIMIDES AND INTERMEDIATES

The preparation of Complexes between PMDA and Diamines

Cl. PMDA/m-F

PMDA (1.09 g: 0.005 mole; pure, recryst. Acy0, and sublimed) was
.dissolved in warm THF (16 ml; ex B.D.H. not anhydrous, and containing 0.1%
hydroquinone). A solution of m-F (0.9g: 0.005 mole; 99+ % pure ex 1.S.C.)
in THF (5 ml.) was added to the PMDA solution, a further quantity (4 ml) of
THF being used to transfer the diamine solution. The colour of the PMDA
solution was pale orange, which changed to intense ruby red during the
mixing. This colour remained for several hours, but next day the colour
of the solution was pale yellow.

The THF was removéd by evaporation from a bath at 18°, at water pump
pressure, to yield an orange solid (2.9 g). The above product (lg) was
kept at 50-55°/0.1 mm. for 4 hrs. to remove residual THF. The I.R. -
spectrum of this complex Cl is given as No.2003, from which it appears to
be mainly a mixture of pyromellitic acid and tetrafluoro-m-phenylene -
diamine. :

The spectrum and TGA curve are very similar to those of a material
‘obtained by removing residual THF at 0.1 mm. from a bath rising from 50°
to 90° over 4 hours. Therefore, a moderately elevated temperature in
drying the complex does not seem to affect the complex. The TGA curve of
€l is given in Figure 1.

C2. PMDA/p-F

This was prepared as for Cl, but employing tetrafluoro-p-phenylene '
diamine in place of the m- isomer, and similar colour c¢hanges were observed.

The I.R. spectrum is No.2240 and the TGA curve is No.2 in Figure 2.

C3. PMDA/OFB

The preparation was carried out as for Cl but octafluorobenzidine
(1.64g; 0.005 mol) was employed in place of tetrafluoro-m-pheriylene diamine.
There was no colour change on mixing the PMDA and diamine solutions. The
I.R. spectrum of C3 is given as No,.2241 and the TGA curve is No.3 in Figure 2.
PI(16) obtained by heating C3 to 400°: Table 1 and TGA curve 6 of Fig. 3.

Ci. PMDA/m-F : o ‘

The PMDA was as received from Ruhroel Chemiewerk, Bottrop, West Germany.
The diamine was as used for Cl. The NMP was not anhydrous. _ :




The PMDA (2.18g: 0.01 mol) was dissolvéd in warm NMP (42 ml), and to
this deep red solution there was added the solid diamine (1.8g: 0.01 mol),
with NMP (8 ml) employed to transfer the diamine. The deep red colour
remained after the diamine had been added. After 1 hr., at room temper-
-ature the NMP was distilled off, first at 0.4 mm from a bath at 35-45° for
20 hrs. to yield a viscous brown oil, and then at 0.3 mm from a bath at
90° to yield a yellow solid (5.3 g.). This was finally dried at 1000/

1 mm for 4 hrs. The product, C4, was soluble in NMP and in acetone. It
had no definite m.p. (see Discussion). The I.R. spectrum is No.2137 and
the TGA curve is No.5 of Figure 1. :

C5. Tetramethyldifluoropyromellitate/tetrafluoro-m—phenylene diamine
complex.

Solutions of tetramethyl difluoropyromellitate (1.153 g : 0.0033 mole)
in tetrahydrofuran (20 ml) and tetrafluoro-m-phenylene diamine (twice sub-
limed, 0.6 g : 0.0033 mole) in tetrahydrofuran (20 ml) were mixed, and
after standing for 30 mins., the solvent was distilled off at reduced pressure
on the steam bath. The residual complex (1.56 g) was dried at 560/15 mm.

see TGA curve No.2 in Figure 5.
S1. Half-ester salt PMDA/CH~OH/m—F f— ' : i
NH, HOOC COOCH NH,
_to co_ 30
0 20+ 2 CH/0H + m -
Neo co NH CH.,00C COOH
2 3 , 2
(218) - (2x32) (180) 462 _

A-solution of sublimed tetrafluoro-m-phenylenediamine (1.8 g : 0.01
mole) in dry methanol (10 ml) was added to a solution of pyromellitic
dianhydride (2.18 g : 0.01 mole) in methanol (5 ml). The solution was
distilled to dryness at reduced pressure on the steam bath., The residual
brown solid was dried at 700/24 mm. to give the complex (4.24 g).

The TGA curve is No.6 of Figure 1.

S2. A solution of tetrafluoro-m-phenylene diamine (1.80 g : 0.01 mole)

in ethanol (25 ml) was added during 10 mins. to a solution of
difluoropyromellitic acid (2.90 g : 0.01 mole) in ethanol (25 ml). The
ethanol was then distilled off at reduced pressure to leave brown crystals
(3.% g), mp=>300°.) After drying for 10 mins. at 100°/15 mm. a sample was
removed for thermogravimetric analysis (Curve_No.é of Figure 5). The bulk
of the product was heated at 100°/15 mm. for a further 3 hours, when tetra-
fluoro-m-phenylene diamine (0.5 g) m.p. and mixed m.p. 129-134°, sublimed
in the cool part of the drier. Part of the residue after the longer drying
time was heated to 300° on the Stanton Thermobalance and the infra-red spectrum
of the materials before and after heating on the Thermobalance compared. In
the heat-treated material, the absorption due to the carboxyl group was
greatly reduced and absorption due to the imide group had appeared.
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S3. This was carried out as in S2 but replacing ethanol with N-methyl-

pyrrolidone. The last traces of solvent wer¢ removed at 90°/0.4 mm
pressure during 2 days. The thermogravimetric analysis curve is No.3 in
figure 5. '

Poly (tetrafluoro-m-phenylene)pyromellitimide  (Ref. 9)

Pure pyromellitic dianhydride (2.180 g. : 0:01 mole) in dimethyl
sulphoxide (25 ml.) was added quickly to tetrafluoro-m-phenylene diamine
il.SOIO g. : 0.01 mole, sublimed 99.2% pure) in dimethyl sulphoxide

25 ml.). After 10 minutes stirring, the deep red colour of the solution
had faded to pale yellow. At intervals, 1 ml. of the solution was removed,
- diluted to 10 ml. with dimethyl sulphoxide and the inherent viscosity :
measured at 30°, The maximum value of 0.055 d1/g. compared with 0.2 d1/g.
for the same reaction in dimethyl acetamide. : '

Time (hours) Inherent Viscosity
23 0.05
30 0.055 -
96 0.054

- Because of the low inherent viscosity, no attempt was made to cyclise
the polyamic acid to the polyimide.

5., POLYCARBONATES

Tetrafluorophenylene-1,3-bis chloroformate

- | 0coC1
. ether[O—io >
+ 2 C0C1, Diethylaniline
OH 0C0C1
(182) (2 x 99) (307)

Tetrafluororesorcinol, m.p. 96—980, was azeotropically dried in
benzene and then recrystallised from the cooled solution. Phosgene ‘was
passed into anhydrous ether (150 ml.) at 0-5° until 61 g. had been absorbed.
' The dry recrystallised tetrafluororesorcinol (33.6 g.) was added quickly,
followed by addition over 30 minutes of N,N-diethylaniline (52.3 ml.) in
anhydrous ether (120 ml.). After stirring for 3 hours and then standing
for 18 hours, the diethylaniline hydrochloride was separated by filtration,
and the ether was distilled from the filtrate. The residue gave tetra-
fluorophenylene-1,3-bis-chloroformate, b.p. 73-74°/3.5 mn. (cf. ref.l, P.74).



Calc. for CgF,C1,0, : C,31.3 ; H,0.0 ; Cl, 23.1 ; 'F,24.8
Found : C€,31.6 ; H,0.0 ; Cl, 22.5 ; F,25.2

Tetrafluorqphenylene -1,4-bischloroformate

This was prepareq as for the 1,3-bischloroformate but on half the
scale. After distilling off the ether, the white residue was twice

recrystal?ised from petrol (b.p. 40—600), some insoluble being filtere
off, to give white needles (9 g), m.p. 78.5 - 79°. ‘

Calc. for 08F4C1204 : C, 31.3; H, 0.0; F, 24.8; Cl, 23.1
Found : C, 31.5; H, 0.2; F, 24.6; Cl, 23.0

Poly(tetrafluoro-m-phenylene carbonate)

PC;. Erqm the disodiumlsait of tetrafluororesorcinol in DMAC,

Ethanolic sodium hydroxide (0.8 g NaOH in 30 ml ethanol) containing
tetrafluororesorcinol (2.2 g) was refluxed for 1 hr. The ethanol wes
distilled off under nitrogen and the residue extracted with hot benzene
to remove the excess tetrafluororesorcinol (0.14 g.). The disodium salt
(2.67 g.3 98% yield) was dried in a vacuum cesiccator. It was insoluble
in most orgenic solvents with the exception of DMF and DMAC.

Calc. for CcF, 0Na, : ¢, 31.9; H, 0.0; F, 33.6
Found . ©, 34.1; H, 1.6; F, 30.1

The disodium salt (1.63 g.; 0.005 mole) was added during 30 min.
to a stirred solution of tetrafluorophenylene—l,3—bisch10roformate.
(1.5% g.: 0.005 mole) in DMAC (50 ml.). After 16 hours the solution
was poured into water and the brown precipitate collected by filtration,
washed with water and dried. The inherent viscosity from a 0.5%
solution in DMAC at 30° was 0.06 dl./g. and no softening point below
320°.

Cale. for C7F403 . C, k0.%; H, 0.0; F, 36.5
Found . C, %0.0; H, 0.6; F, 31.7
PC2. Transesterification at 250o

A mixture of diphenyl carbonate (3.96 g.) and tetrafluoro-
resorcinol (3.37 g.) was heated at 250° first at atmospheric pressure
for 3 hours and then at 20 mm. for 2 hours. A white sublimate of
diphenyl carbonate and tetrafluororesorcinol collected in the receiver
and condenser. The residue was extracted with 50% aqueous acetone
and dried at 100°/0.% mm., when it melted. The cold polymer was a
dark solid (2 g.) with an inherent viscosity of 0.025 dl./g. from a




0.5% solution in DMAC at 300, and a softening range of 58-750.
PC3. Transesterification at 250° with sodium salt catalyst.

A mixture of diphenyl carbonate (4.28 g.), tetrafluororesorcinol
(3.63 g.) and its disodium salt (0.01 g.) was heated at 250° at
atmospheric pressure for 3 hours and then at 20 mm. pressure for two
hours. The molten residue solidified on cooling but was completely
soluble in 50% aqueous acetone. Addition of more water to the
solution caused the separation of a small amount of oil.

PChL, Transesterificafion at 300o

A mixture of tetrafluororesorcinol (5.1 g.: 0,028 mole) and
diphenyl carbonate (5.99 g.: 0.028 mole) was held at 300°/25 mm.
pressure for 3 hours, some of the reactants distilling out. The
residue was extracted with acetone and dried to give a black brittle
solid (3.7 g.) insoluble in DMAC and concentrated sulphuric acid, with no
softening point below = 320°.

Cale. for CF,0. : C, 40.4; H, 0.0; C1, 0.0; F, 36.5
Found : C, 55.4; H, 1.4; Cl1, 0.03; F, 23.3
PC5 and PC6, Chloroformate melt polymerisation

Tetrafluororesorcinol (7.28 g. : 0.04 mole) and tetrafluoro-
phenylene-1,3-bis chloroformate (12.3 g. : 0.04 mole) were heated
together at 200° for 6 hours to give a semi-solid, smelling of chloro-
formate. This gave a dark brittle glass, after 15 minutes at 3000,
which was ground and the volatiles removed at 100°/1 mm. to leave a
light brown powder (9 g.). The inherent viscosity from a 0.5%
solution in DMAC at 30° was 0.07 d1/g. and the softening point
127 - 1330 (PC5). -

Calc. for C7F403 : C, 40,4; F, 36.5; H, 0.0; C1, 0.0

Found : C, 40.7; F, 32.3; H, 0.05; C1, 0.5

An attempt was made to fractionate, by stirring the polycarbonate
(3 g.) with methylene chloride (30 ml.) at 250 for 5 hours and then
filtering the mixture. The filtrate was evaporated to leave a brown
solid (0.03 g.). The methylene chloride-insoluble material was dried
. at 100°/0.4 mm. to yield the polycarbonate (2.7 g.). The inhérent
viscosity from a 0.5% solution in DMAC at 30° was 0.04 d1/g.

Calc. for C7F403 : C, 40.4; F, 36.5; H, 0.0; Cl1, 0.0

Found ¢+ C, 40.,4; F, 31.9; H, 0.1; Cl, 0.4
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In a second attempt to fractionate, thé polycarbonate (2.7 g.)
was treated with magnesium oxide in o-dichlorobenzene at 190° as in
(a) to give a methylene chloride-soluble brown gum (1.31 g.)’and an
insoluble fraction. The latter after freeing from magnesium oxide
was a brown powder (0.79 g.) with an inherent viscosity from a 0.5%
solution in DMAC at 30° of 0.11 dl /g, and with a partial softening
point of 163 - 170° (PC 6).

Calc., for C7F403 ot C, 40.4; F, 36.5; H, 0.0; C1, 0.0
Found : C, 37.2; F, 31.9; H, 0.5; Cl, 0.0
0.291 mg. residue from combustion of 4.346 mg.

PC 7 and PC8 Interfacial polycondensation |

This was prepared as PC2 but on four times the scale. The
polycarbonate was obtained from the interfacial reaction as a light
brown product (6.2 g.). The inherent viscosity from a 0.5% solution
in DMAC at 30° was 0.04 dl/g, and the partial softening point 207 -
2500 (PC7).

Calc. for C7F4O3 : C, 40.4; F, 36.5; H, 0.0; Cl1, 0.0
Found .: C, 39.1; F, 31.7; H, 0.%; Cl, 0.5
0,089 mg. residue from combustion of %.208 mg.

In an attempted fractionation, the polycarbonate (3 g.) was
stirred with methylene chloride (30 ml.) at 25° for 5 hours before
filtering the mixture. The filtrate was distilled to dryness to
leave a brown gum (0.26 g.). The methylene-chloride-insoluble
material was dried at 100°/0.% mm. to give the polycarbonate (2.43 g.)
which had an inherent viscosity in a 0.5% solution in DMAC at 30° of
0.05 d1/g, and a partial softening point of 200-300°.

Calc. for C7F403 : C, 40.4; F, 36.5; H, 0.0; C1, 0.0

Found : C, 39.1; F, 31.6; H, 0.3; Cl, 0.35
0.120 mg. residue from combustion of 4.218 mg.

Treatment of the polycarbonate (3 g.) with magnesium oxide and
o-dichlorobenzene at 190° followed by methylene chloride at 25° gave _
a methylene chloride-soluble fraction (1.6 g.) and a methylene chloride-
insoluble fraction (0.27 g.). The inherent viscosity of the latter
from a 0.5% solution in DMAC at 30° was 0.165 d1/g. (PC 8).

Calc._for C7F403 : C, 40.%; F, 36.5; H, 0.0
Found : C, 42.3; F, 24.95; H, 1.7

0.105 mg residue from combustion of 4,169 mg.
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Poly (m-phenylene carbonate)

PC 10 and PC il Chloroformate melt polymerisation.

Phenylene -1,3-bischloroformate (0.979 g.: 0.0042 mole) and
resorcinol (0.379 g.: 0.0042 mole) were heated together at 200° for
6 hours and then at 300° for 15 minutes, The cold residue was ground
up and volatiles removed at 100°/0.4 mm. The product, PC 10, (0.6 g.)
was a brown powder insoluble in DMAC.

Calc. for C7H403 : €, 61.8; H, 2.9; 0, 35.3
Found : C, 64.4%; H, 3.25; 0, 32.15
This is a repeat of a polymerisation at 200°, described in Ref.l
(page 75,a). That polycarbonate is now referred to as PC 11 and has
inherent viscosity 0.18 d1/g., and a softening point of 190-220°,
PC 12 Interfacial Polymerisation

This is described in Ref. 1 p.76 (c). The softening point is
202-210°, : .

PC 13 Transesterification (Ref .2)

Resorcinol (5.5 g: 0.05 mole) and diphenyl carbonate (10.7 g.:

0.05 mole) were heated together at 300° for 1 hour. The pressure was
reduced to 20 mm and phenol, unreacted resorcinol, and diphenyl carbonate
were distilled off : . during 3 hours. The residue was '
extracted with boiling acetone to leave a brown powder (3.75 g.) which
recrystallised from diethyl oxalate to give a white powder (3.2k g.),
m.p. 212.5°, The inherent viscosity from a 0.5% solution in DMAC at

30° was 0.18 dl./g.- : '

Cale. for C.H, 0 : c, 61.8; H, 2.9; 0, 35.3
Found : C, 63.0; H, 3.2; 0, 32.1

Poly (tetrafluoro-p-phenylene carbonate)

PC 14 Chloroformate melt polymerisation’

A mixture of tetrafluorophenylene-1,4-bischloroformate (3.07 g.:
0.01 mole) and tetrafluorohydroquinone (1.82 g.: 0.01 mole) was heated
* at 200° for 6 hours and then at 300° for 15 min. The polymer was
ground up and the volatiles removed at 1000/0.4 mn, to give a buff-

coloured powder (2.79 g.) insoluble in organic solvents, and with a
softening point above 3209. ‘

Calc. for C7F403 : C, 40.,4; H, 0.0; F, 36.5; C1, 0.0
Found : C, 39.3; H, 0.0; F, 35.0; Cl1, 0.1
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PC 15 Interfacial polymerisation

A solution of tetrafluorophenylene-1,4-bischloroformate (3.07 g.:
0.01 mole) in sym-tetrachloroethane (60 ml.) was added to a solution
of tetrafluorohydroquinone (1.82 g.: 0.01 mole) in water (60 ml.)
containing sodium hydrogen carbonate (10 g.). After stirring for
6 hours and standing overnight, the suspension was poured into acetone
(300 ml.). There was no precipitate even on dilution with water.

The solution was distilled to dryness and the residue partly dissolved
in ether. The insoluble sodium hydrogen carbonate was dissolved in .
dilute hydrochloric acid, and the ether solution washed with water and
then dried before distilling off the ether.. The dark brown residue
(2.79 g.) was dried at 100°/0.3 mm. The inherent viscosity of this
low molecular weight polymer in DMAC at 30° was 0.03 dl./g, and the
softening point 132 - 136°, o

Cale. for CFy 05 : C, k0.4; H, 0.0; F, 36.5
Found : C, 44.6; H, 1.3

PC 16 Transesterification at 300°

Tetrafluorohydroquinone (2.8 g.: 0.0154% mole) and diphenyl
carbonate (3.2 g.: 0.015 mole) were heated together at 200° for % hour.
The temperature was then raised to 300° and the pressure reduced to
30 mm. During 2§ hours an orange liquid distilled. The residue was
extracted with boiling agueous acetone, and then dried at 1000/0.4 .,
The polymer (0.5 g.) was a black brittle solid insoluble in DMAC and '

" concentrated sulphuric acid and with no softening point below 320°,

Calc. for C.F,0; : C, 40.4; H, 0.0; F, 36.5
Found : C, 50.4; H, 1.1; F, 39.8

Poly (p-phenylene carbonate)

PC 17 Chloroformate melt pbiymerisation

Hydroquinone (1.1 g.: 0.01 mole) and phenylene-1,4k-bischloroformate
(2.35 g.: 0.01 mole) were heated together at 200° for 6 hours and then
at 200° for 15 mins. The cold residue was ground up and heated at
100°/0.4 mm. to remove volatiles. The polymer was a white powder
(2.33 g.) insoluble in DMAC,not softening below 320°.

- Cale, for C7H403 : C, 61.8; H, 2.9; 0, 35.3

Found : C, 60.8; H, 3.1; 0, 31.5




PC 18 Interfacial polymerisation

The preparation of this’polymer is described in Ref. 1, P.77. A
softening point was not observed up to 320°. o ‘

PC 19 Transesterification

——

This preparafion was as for PC 13 with hydroquinone in place of
resorcinol. The product was a brown powder (5.7% g.), m.p.> 400°,
insoluble in diethyl oxalate, DMAC and concgntrated sulphuric acid,

Calc. for C.H,0; : c, 61.8; H, 2.9; 0, 35.3

Found : C, 63.0; H, 3.2; 0, 32.1

Poly (octafluoro-4,4'-biphenylylene carbonate)

PC 20 Transesterification

A mixture of 4,4'-dihydroxyoctafluorobiphényl (%.95 g.: 0.015 mole)
and diphenyl carbonate (3.2 g.: 0.015 mole) was heéated at 200° at atmos-
pheric pressure for 4 hour, and then at 3000/20 mm. when all of the
mixture distilled at a vapour temperature of 198°, The experiment was
repeated, but the mixture was kept at 300° for 6 hours before applying
vacuum, Part distilled at 2080/30 mm. during 2 hours. The cold residue
was extracted with hot 50% aqueous acetone and dried at 100°/0.4 mm. The
polycarbonate (0.6 g.) had an inherent viscosity in DMAC at 30° of 0.0% dl./
g. and softened at 75-82°.

e

Cale. for C,,F 05 : C, 47.0; H, 0.0; F, 38.5

Found : C, 53.7; H, 1.7; F, 29.0

Poly (4.4'-biphenylylene carbonate)
PC 21 Transesterification

A mixture of diphenyl carbonate (3.2 g.: 0.015 mole) and 4,4'-
dihydroxybiphenyl (2.79 g.: 0.015 mole) was heated at 300° for 5 hours.
Reduction of pressure to 20 mm. for 2 hours gave a small amount of
distillate. The residue was extracted with hot 50% aqueous acetone and
dried at 1000/0.4rmm. to give a pale brown powder (2.9 g.) insoluble in
. DMAC and concentrated sulphuric acid, not softening below 320°.

Calc, for CI3H8 05 : C, 73.6; H, 3.8

Found : C, 74.3; H, 4.2
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jTetrafluoro-m/p—phenylene carbonate) copo Lymer

PC 22 Chloroformate melt polymerisation

A mixture of tetrafluorohydroquinone (1.82 g.:'0.01~m01e;'and
tetrafluorophenylene-l,3-b1schloroformate 3.07 go: 0.01 mole) was
heated at 200° for 5 hours and then at 300" for 15 minutes.  The
residue was ground up, and heated at 100°/0.3 mm. for 2 hours to give
a brown powder (2.57 g.). The inherent viscosity from a 0.5% solution
in DMAC at 30° was 0.04 dl. /g, and the softenlng point 200-240o

Cale. for C.F, 05 : €, 40.%; H, 0.0; F, 36.5; C1, 0.0

Found : C, 39.0; H, 0.0; F, 34 0; Cl, 1.5

(Octafluoro-4, 4'—b;phenylylene/tetrafluoro-mfpgenylene carbonate)
copolymer . ;

PC 23 Chloroformate melt polymerisation

This was prepared by melt polymerisation of a mixture of 4,4'-
dihydroxyoctafluorobiphenyl (3.3 g.: 0.0l mole) and tetrafluorophenylene—
1, 3—b1schloroformate (3.07 g.: 0.01 mole) for 5 hours at 200° and then
15 minutes at 300°. The polycarbonate (4.37 g.) had an inherent viscosity
from a 0. g% solution in DMAC at 30° of 0.05 dl./g. and a soften1ng po1nt of
136 - 144°,

Calc. for C ¢, 42.7; H, 0.0; Cl, 0.0; F, 40.4

20712%
Found (1) : €, 42.0; H, 0.4; Cl, 0.%; F, 39. 7

- Copolymer from B1sphenol A/tetrafluorOph ylene—l 3—b1schloroformate

PC 24 and PC 25 Interfacial polymerlsatlon

A solution of tetrafluorphenylene 1,3-bischloroformate (6. 14 g
0.02 mole) in tetracloroethane (40 ml.) was added to a mixture of
Bisphenol A (4.56 g.: 0.02 mole), sodium hydrogen carbonate (5 g. ) and water
(40 m1.). After stirring for 6 hours and then standing for 3 days, the
m1xture ‘was poured into acetone (350 ml ) and filtered. : '

The acetone insoluble fraction was washed with dilute HC1, water, petrol
(b.p. 40-60°), and dried at 100°/0.3 mm.

_ The polymer, PC 24 (1.46 g), softening range 165-185°, had inherent
viscosity 0,046 dl/g in DMAC (0.5% at 30°). The solvent was distilled from
the filtrate and the residue was reprecipitated from ethereal solution by the
addition of petrol, to yield PC 25 as brown powder (0.6 g), inherent viscosity
0.1 dl/g, softening range 149-169°,

57




Calc. for Cp M) F,0¢ : C, 59.7; H, 3.1; P, 16.5

‘Found (PC2%): C, 54.2; H, 3.5; F, 18.6
Found (PC25): C, 62.1; H, 3.8

Copolymer from BiSphenolIA/phenylene-l,3—bischloroformate

PC 26 Interfacial polycondensation .

A solution of phenylene-1,3-bischloroformate (8 g.: 0.035 mole) .
in tetrachloroethane (70 ml.) was added to a stirred mixture of
Bisphenol A (6.8% g.: 0.03 mole) sodium hydrogen carbonate (10 g.) and
water (70 ml.). After stirring for 6 hours and standing overnight,
the suspension was poured into acetone (700_m1.). Only sodium
hydrogen carbonate remained insoluble. The acetone solution was dis-
tilled to dryness and the residue washed with dilute HC1l, water and
petrol, and then dried at reduced pressure. The polymer (7.18 g.)
melted below 50°. ‘ - .

The inherent viscosity from a 0.5% solution in DMAC at 30° was

0.06 d1./g.

Calc. for C2jH1906 : C, 70.7; H, 4.65; 0, 24.6

Found - : C, 68.3; H, 5.4; 0, 21.2

PC 27 4,4'-Biphenylylene /m—phenylene carbonate copolymer

. . ‘OCOC]. . ' ‘ ,
w3 Ow QL | DOl |
: 0-C0-
(186) (235) - [, -

4,4'-Dihydroxybipheny] (2.79 g : 0.015 mole) and phenylene - 1,3-bis
chloroformate (3.525 g : 0.015 mole). were heated together at 200° for 5
hours and then at 300° for 15 mins. The polymer was cooled, ground and
the volatiles removed at 1000/0.4 mm. to give a pale brown powder (4.14 g).
The inherent viscosity from a 0.5% solution in N,N-dimethylacetamide at
30° was 0.155 d1/g and the softening temperature 224-230°, '

: ‘Calc. for C, H, 00 : C,.68.9 ; H, 3.5 : Cl, 0.0

Found : €,67.5; H, 3.5 : Cl, 1.4
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POLYARYLENES

(a) Reaction of CEF5500C]l with decafluorobiphenyl

+ CGFS50,01 —s - - (via XI)
' CePs

The following is a typical experiment. See Table 6
(Appendix IIA) for other experiments.

A mixture of decafluorobiphenyl (ex 1.8.C., 200 g : 0.6 mole),
pentafluorobenzene sulphonyl chloride (16 g : 0.06 mole) and cuprous
chloride (0 16 g) was refluxed under nitrogen, off gases being passed
through a trap contajning 2N sodium hydroxide solution. At intervals
the trap solution was changed and analysed for SOo and chloride. '
After 5 hours, 99.7% of the theoretical S0, and g% of the theoretical
chloride had been measured. '

Decafluoroblphenyl (177.5 g) was distilled off at 100°/25 mm and
the residue was dissolved in ether (500 ml). The ether solution was
boiled with charcoal and the charcoal and cuprous chloride removed by
filtration. The filtrate was washed twice with 2N sodium hydroxide,
four times with water, and dried. The ether was distilled off to leave
a reddish solid, which recrystallised from petrol (b.p. 60-80° ) to give
white needles, m.p. 151-153°,

The experimental details of this and other preparations are
summarised in Table 6, Appendix, IIA, where substrates of various
purities were used with and without cuprous chloride catalyst. In
one preparation (3) which was identical with the one described above,
but using a different .sample of decafluorobiphenyl from I.S.C., the
rates of S0, and chloride evolution were not quite so fast, and the
product was further purified by sublimation to give white needles,

m.p. 158-159°,  The I.R. spectrum of this compound is No.1974
(Appendix IIC) ' -

Calc. for 018F14 : C, 44.8 ; H, 0.0 ; F, 55.2 ; C1, 0.0; M.W.i82
Calc. for 018F1501 Cc, 40.3 ; H, 0.0 ; F, 53.1; Cl, 6.6; M.W.536.5
Found : C, 40.0 ; H, 1.0 ; F, 52.9 ; Cl, 6.3; M.W. 511

* and 540

‘The total yields of products were not determined. Table 6 gives
the m,p. of the product obtained by fractionation of the reaction '
mixture. The results of gas chromatography are referred to in the
Discussion. Mass spectrometry (Dr. R.I. Reed) showed that the the
product had a molecular weight in agreement with C C1 (found 536
and 538) 187157 ¢ |
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Attempted dehalogenations of C.,F. Cl (Compound XI)
K T r)

For these experiments the purest sample of (XI), as prepared
under 3 Table 6 was not used.

With nickel and iron at 250°

Part of the product of (6) (0.5 g), m.p. 153-154°, nickel powder
(0.1 g) and iron powder (0.1 g) were heated together at 250° for
30 min. No halogen was detected in a water trap through which the

. off-gases were passed. White crystals (0.38 g), m.p. 149 - 153°
sublimed out. .

With nickel and iron at 200°

The sublimate (0.38 g) from the previous experiment was made up
to 0.5 g with more of the starting material, m.p. 153—1540, and
heated with nickel (0.1 g) and iron powder (0.1 g) at 200° for 7 hours.
White crystals sublimed out but were remelted and allowed to rum back
into the flask. The cmtents of the flask were boiled with petrol and
the metals were removed by filtration. The filtrate was cooled and
white crystals (0.2 g) of the starting material, m.p. 155-156° were
precipitated. '

With zinc and ethanol (cf. Ref. 6)

A suspension of part of the product of (7) (0.5 g, m.p. 147-151°)
in ethanol (10 ml) was added during 1 hour to a refluxing suspension
of zinc powder (0.234 g) in ethanol (10 ml). After refluxing for
24 hours, dilute HC1 was added and the suspension filtered hot. . The
filtrate, on cooling, deposited white crystals (0.3 g), m.p. 122-124°,
completely soluble in ether., Evaporation of the mother liquor gave
only an oil (0.2 g).

Calc, for C18F15CI : C,40.3; F, 53.1; Cl1, 6.6 ; H, 0.0
Calc, for 018F14 : C, 44.8 ; F, 55.2
Found : C, 44,6 ; F, 52.35; Cl1l, 0.0 ; H, 1.8

; €1, 0.0 ; H, 0.0

The infra-red spectrum of this material was not inconsistent
with it being perfluoro- m-terphenyl containing about 15% of the
p-isomer. There was no alkyl absorbtion as might have been expected
from the H content, It is therefore likely that the latter was an
artefact of the procedure used for analysis,  The dehalogenation of
‘a pure sample of (XI) will be carried out in order to obtain a more
conclusive result, (Note added in proof: Mass spectrometry confirms
the product as perfluoro terphenyl by determination of the M.W. as 482,
There is evidence for hydrogenic impurity, but not more than 1%).




(b) Perfluoro (phenyl naphthalenes) - Attempted Preparation

C6F5

(272) ~(266.5)

(1) Octafluoronaphthalene (ex I.8.C. : 81.6 g : 0.3 mole) penta-

- fluorobenzene sulphonyl chloride (8 g : 0.03 mole) and cuprous
chloride (0.08 g.) were refluxed together (210°), with a nitrogen
stream to carry off-gases through a small trap in a solid CO /acetone
bath and then through a trap containing 10 ml of 2N NaOH. t
intervals the latter was changed and the caustic solution analysed
for S0y, C1™ and F~. No fluoride ion was detected, but after 131
hours, 64% of the theoretical S0, and 7% of the theoretical chloride
had been evolved. ¥

Octafluoronaphthalene (67.8 g) was distilled off at 97-102°/17 mm,
and the residue (15.1 g) was dissolved in ether, The ethereal
solution was boiled with charcoal, the charcoal and cuprous chloride
were filtered off, and the filtrate was washed with sodium hydroxide
solution and with water, and dried. The semi-solid (13.1 g),
obtained by distilling off the ether, was fractionally distilled at
reduced pressure. The first fraction (7.2 g), boiling range 95 -
122°/18 mm was mainly octafluoronaphthalene. The second fraction
(5.3 g), boiling range 155-162918 mm was a yellow liquid. -This was
shown by vapour phase chromatography to contain a small amount of
octafluoronaphthalene but to consist mainly of a 3/1 ratio of low and
higher retention time components. Attempts to separate these two
components by distillation and chromatography have so far failed.

(2) A repeat experiment was carried out using octafluoronaphthalene
(44 g : 0.162 mole) recovered from (1), pentafluorobenzene

sulphonyl chloride (4.31 g : 0.0162 mole) and cuprous chloride (0.04 g).
After 101 hours at reflux, 75% of the theoretical S0 and 18% of the
theoretical chloride had been evolved. The excess octafluoronaphthalene
was distilled off at 120°/68 mm and the residue was dissolved in ether.
The ethereal solution was washed with dilute sodium hydroxide solution,
water, and dried. The orange solid obtained by distilling off the ether
was distilled at reduced pressure. The fore fraction (6.9 g) boiling
at 94-1300/17 mm consisted mainly of octafluoronaphthalene. The
second fraction (1.5 g), boiling at 146-160°/17 mm was a mixture . of

- liquid and solid. :

The products of experiments (b), (1) and (2) are probably analogues
of compound (XI) '
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POLYOXADIAZOLES (Ref. 7)

Terephthalic acid and hydrazine sulphate in equivalent
proportions in 27% oleum yielded a poly (1,3,4-oxadiazole) having an
inherent viscosity 0.7 d1/g. in 0.5% solution in 98% sulphuric acid
at 30°. Possibly some degradation of the polymer occurred, when
the mixture of polymer and sulphuric acid was warmed during the prep-
aration of the polymer solution for viscosity determination.

An analogous preparation but using tetrafluoroterephthalic acid
yielded perfluoro polymer of inherent viscosity 0.05 dl/g. determined

at 0.25% concentration in 98% sulphuric acid. See Fig.13 for TGA.

POLYBENZO0XAZOLES

Poly 2,2'-di(tetrafluoro-m-phenylene )-hexafluoro-6,6'-bibenzoxazole
Attempted preparation cf. Ref, 8

Iﬁfq;iE!>—4€!i:§Hé'*‘ Iii 0&;"""%’ H2N2Ei§"4i!PT'NH2

(324) - (275)

&
&

n

A solution of 3,3'-dihydroxyhexafluorobenzidine (3.2% g : 0.01
mole) in DMAC (20 mls and pyridine (3 ml) was cooled to 0° and a
solution of tetrafluoro-isophthaloyl chloride (2.75 g : 0.01 mole)

in redistilled cyclohexanone (12 ml) was added during 25 mins. The
deep red solution was stirred at 0° for 3 hours and then allowed to

warm to room temperature overnight. The suspension was poured into
water (500 ml) and the water was decanted to leave a reddish gum.

After 3 hours at 60-700/15 mm, the gum gave a brittle solid which

was ground up. This polyester (or polyamide) had an inherent viscosity
of 0,04 d1/g measured from a 0.5% solution in DMAC at 30° '

Cale. for CoHF N0, : C,45.6 ; H, 0.8 ; F, 36.1 N, 5.3

Found : €, 52,7 ; H 3.5; F, 21,k ; N,5.6




This intermediate was heated on an aluminium tray at 300°/20 tim for
36 hr. to give a dark brown powder, which did not give an analysis corres-
ponding to the required polybenzoxazole.

Cale. for C, F, N0, : C, 49.0 ; H, 0.0 ; €1, 0.0 ; F, 38.75 ; 'N,_5‘.7
Found  : C, 57.7 ; H, 1.8 ; Cl, 0.0 ; F, 21.5 : N, 6.8

9, THE PREPARATION OF POLYIMIDE ILAMINATES.

1. Resin

In a typical procedure the m-F (35463 g) in NMP (80 ml) was added to a
solution of PMDA (43.1 g) in NMP (300 ml). The excess of NMP was distilled
off at 500/0.25 mn over two days (two eight hour periods) to give a viscous
solution of 42% concentration. This solution is referred to as "resin" for
the purpose of impregnating glass cloth.

2. Prepreg -

The glass cloth employed was Marglass 116T, a closely woven cloth of
weight 0.187 g per square inch, heat cleaned by the manufacturers. A known.
weight of resin was brushed onto a known weight of glass cloth and this pre-
preg was allowed to dry ‘in air over three to four days at room temperature.
Further treatment, "B-Staging", is exemplified in Table 2. »

3. Lamination

This was carried out in a hydraulic press with electrically heated plattens.
The greatest degree of fusion of the resin was obtained when the conditions of
temperature and pressure were as described in Table 2, for 3 inch by 4 inch,
6 ply laminates. Even with these conditions the layers could be readily
separated. Variations in the pressing conditions will be necessary to determine
the optimum degree of lamination.
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INTRODUCT ION

Fully fluorinated aromatic structures containing one or more
perfluoroalkyl substituents of suitable chain length may possess good
high temperature stability and may therefore be suitable for use as
fluids operating over a wide temperature range. Similar properties
may be expected of perfluoro-g,w-bis(phenyl)alkanes and in s1m11ar
structures incorporating sulphide linkages.
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PART IIT SECTION 4

SUMMARY

Treatment. of perfluoro-1,4~dibenzoylbutane and perfluoro-
3,3'-di(n-butyryl)biphenyl with an excess of sulphur tetrafluoride
under vigorous conditions has given perfluoro-1,6-diphenylhexane and
perfluoro-3,3'~di(n-butyl)biphenyl, respectively. '

In order to prepare less gymmetrical structures the inter-
mediates 3-hydro-3'-(1-hydroxyhexafluoroisopropyl)octafluorobiphenyl
and 3,4'-dihydro-octafluorodiphenyl sulphidg were prepared.

2,3,4,5,6-Pentafluorobenzal fluoride was prepared by the
reaction of pentafiuorobenzaldehyde with sulphur tetrafluoride. .
Preliminary attempts to halogenate the hydrogen atom in this compound
are reported. ‘ ' : _
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DISGUSSION

PERFLUORO-1 ,6-DIPHENYLHEXANE (I)

One type of compound required for evaluatlon as a stable
fluld is a perfluoro-u,w-diphenylelkane, Compound T was selected
for synthesis because the intermediates required are readily
accessible. The reaction sequence used is:-

/COCl , S
ether
206F5MgBr + (CF )4 —— C6FSQO(CF2)I‘_CO(36F5
X COC1

SF

L C6F5(CF2)606F5

The reaction of pentafluorophenylmagnesium bromide with
octafluoroadipoyl chloride gave variable results., The first
reaction gave perfluoro-i,h-dibenzoylbutane in 70% yield (ref. 1)
but a larger scale preparation gave only a hﬁﬂ'yleld of the
dibenzoylbutane and a higher-boiling product, believed to be
mainly perfluoro-1,1',6 6'-tetranhenj1hexan—1 6-diol,. in 217 yield.
Attempts to improve the yield of perfluoro-i A-dlbenzqylbutane by
adding the Grignard reagent to the acid chloride were not success-
ful; in several experiments the yield was 40-50%. In one of
these reactions two’ acidic products were isolated in small yield.
The higher melting. one proved to be octafluoroadipic acid. The
second compound, m.p. 40-4) ", was a deliquescent solid which gave _
an anilinium salt, m.p. 207-210". The 1dent1ty of this compound
was not established.

When perfluoro-1 ,k~dibenzoylbutane was heated with a .
large excess of sulphur tgtrafluorlde in the presence of anhydrous
aluminium fluoride et 175 for 70 hourg, white cnystalllne
perfluoro-1 ,6-diphenylhéxane, m.p. 59-60 b.p. 284-286 /755 mm,,
was obtained in 49% yield, The 1dent1ty of this material was

 confirmed by elemental analysis, infrared and N.M.R. spectroscopy.

A sample was sent to Monsanto Chemicals Ltd. for measurement of
its thermal decomposition temperature. In a second reaction,
using larger quantities of reactants, it was found necessary to
heat the reaction mixture for a much longer period to effect full
fluorination. The product was dispatched to Dr. C. Tamborski,
Wright-Patterson Air Force Base, for oxidative stability measure-
ments, but it appears to be too low boiling for test by the

" procedure in use.
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2,

3.

’

Because of the low boiling point of the compound, the
thermal decomposition temperature could not be determined. At the
maximum temperature (343°C) at which pressure readings were taken
there was only a small amount of decomposition (ref. 2). ‘

PERFLUdRO75-BENZOYLPENTANOIC ACID (IT)

- above), It coul

This acid may be the unidentified product isolated from

the reaction of C,F.MgBr with octafluoroadipoyl chloride (see
é Be a useful intermediate for the synthesis of .

candidate fluids., For example, it could be converted, by means
of the Hunsdiecker reaction, to C FBCO(CFZ) I and this iodide could
be used to prepare perfluoro-1-ioéo-5-pheny&pentane, a useful
intermediate for telomerisation with tetrafluoroethylene, and
perfluoro-1,10-diphenyldecane., The reactions leading to these
compounds are illustrated below

, SF
o b
c6F5co(c_ 2)8°°°6F5 —_—t> C6F5(CF2) 4 OC6F5

Cu
I SF :
2 |
CgF5CO(CE,), €0, —23 C.FCO(CE,), T Ly CF5(CF,), T

Therefore the preparation of compound IT by the reaction of
CéFSMgBr with an equimolar quantity of octafluoroadipoyl chloride
was”investigated. Surprisingly, in ether solution the reaction
appeared to be very slow since after 9% hours under reflux and
32 hours at ambient temperature Grignard reagent remained. Trace
amounts of perfluoro-1,4-dibenzoylbutane were formed and penta-
fluorobenzene was recovered in an amount which showed that at
least 55% of the Grignard reagent had not reacted. Octafluoro-
adipic acid was isolated to an extent which showed that at least
667 of the acid chloride had not reacted. A second acid was
isolated which was purified by recnystallisationoand sublimation
until it had a constant melting point of 155-157 . This acid
was hygroscopic and the elemental analysis obtained was in poor
agreement with the figures calculated for compound II. The

S~ benzylisothiouronium derivative had a satisfactory carbon and
hydrogen analysis but a high fluorine figure. On balance it
appeared likely that the acid isolated was compound II but since
a second preparation did not improve the low yield (11%) it
seemed that it would not be a readily accessible intermediate and
no further work was done on this topic.

HEPTAFLUORO-m-TOLYLMAGNESTUN CHLORIDE (TII)

As perfluoro-1,6-diphenylhexane had proved to be a solid
at’ room temperature, it was thought that a less symmetrical




compound such as perfluoro-1 ,6-di(m-tolyl)hexane might have a
lower melting point and hence be of more value as a fluid. This
compound might be prepared from octafluoroadipoyl chloride and ,
heptafluoro-m-tolylmagnesium chloride. It was known, from other
work in this laboratory, that the Grignard reagent III was unstable
in tetrahydrofuran, giving rise to polymeric material., Wall has
reported similar results with L-chloroheptafluorotoluene (ref. 3). .
This compound will form a stable Grignard reagent in ether ‘
solution however. Grignard formation from 3-chloroheptafluoro-

toluene in ether solution has proved to be very slow since after .

5% hours at reflux, only 61% of the 3-chloro-compound had reacted
giving, after hydrolysis, 3H~heptafluorotoluene in 35% yield. 3
ince the reaction between pentafluorophenylmagnesium bromide and
octafluoroadipoyl chloride usually gives only about a L0-50%
yield of the required diketone, the reaction of compound IIT,
in its present state of preparation, with octafluorocadipoyl .
chloride did not seem very profitable and no further work was
carried out.

2,3,k ,5,6~PENTAFLUOROBENZAL FLUORIDE (IV)

Telomerisation reactions between pentafluoroiodobenzene
and tetrafluoroethylene were envisaged in the "Téchnical Proposal"
for this Contract to provide intermediate iodides for coupling '
reactions and for reactions with the cuprous salts of fluorinated
thiols. However, work by lionsanto Chemicals Ltd. shows that
C,F.I does not undergo telomerisation reactions with tetrafluoro-
ééh lene. It is expected that C6F Cle will be a better radical
source than C.F.I and hence more regctlve with tetrafluoroethylene.
The preparation”of CéFSCFzI was therefore investigated. R

This iodide might be prepared by iodination of compound
IV, which it was found could be prepared (51% yield) by reaction
of pentafluorocbenzaldehyde with sulphur tetrafluoride at elevated
temperature. ' ‘

SF

L
CGF5CHO — 06F5CHF2 —_— C6F50F21
(51%)

Later a somewhat more convenient synthesis of compound IV became
available (ref. 4) in which pentafluorobenzal chloride is

fluorinated with potassium fluoride in sulpholane, Pentafluoro-
benzal chloride can be prepared from pentafluorobenzaldehyde and

. phosphorus pentachloride (ref. 5). Compound IV was obtained from

the aldehyde in 65-66% overall yield..

The bromination of compound IV was attempted in preference
to iodination since methods for brominating similar structures -
have been reported (ref. 6), and the product, perfluorobenzyl
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bromide, should, like the iodo-compound, be a good radical source
in telomerisation reactions. Three methodsof bromination were
tried: - / .

(2) N-bromosuccinimide and ultra-violet irradistion, (b) bromine
in carbon tetrachloride with ultra-violet irradiation, and o
(¢) bromine and aluminium, but they all failed to yield perfluoro
benzyl bromide. Ve now propose to lithiate compound IV with
methyl lithium (ref. 4) and to treat the product with iodine or

. bromine to make the corresponding perfluorobenzyl halide,

PERFLUORO-3 , 3 ' -DI(n-BUTYL ) BIPHENYL (V)

Compound V is en example of another type of structure,
a perfluoro(dialkylbiphenyl), which is of interest for evaluation

~as a stable fluid.

The synthesis of perfluoro-3,3'-di(n-butyl)biphenyl, an
intermediate in the preparation of V, has been described (ref.t ).
Treatment of this diketone with sulphur tgtrafluoride in the
presence of aluminium fluoride at 175-180  for 124 hours gave V
in 27% yield.. The product is solid at embient temperature,
melting at 48.5 - 49.5 . Purification was hampered by a marked -
tendency of the product to supercool and recrystallisation proved
difficult for this reason.

‘ Although the material was a solid at room temperature,

it was of interest to measure its thermsl decomposition temperature
in order to provide a guide to the behaviour of further models of
this type which will be designed to have a lower melting point -
then compound V. Again, because of the low boiling point of the
compound, the Tp could not be measured, but at the maximum
temperature (305 C) et which pressure readings were made there was
only a smell amount of decomposition (ref. 2). : '

3-HYDRO~-3 ' ~ (1 ~HYDROXYHEXAFLUOROISOPROPYT. ) OCT AFLUOROBIFPEENYL (VI)

The symmetrical perfluoro-3,3'-gi(n-butyl)bipheqyl (see
ebove) had a melting point of 48.5 - 49.5 . A perfluoro- :
(dialkylbiphenyl) with a lower melting point might result if the
molecule is made less symmetrical by having different alkyl
substituents at the 3- and 3'- positions.

4As a first step in the synthesis of such a compound the
mono-lithio derivative of 3,3'-dihydro-octafluorobiphenyl has

- been treated with hexafluoroacetone at low temperature in tetra-

hydrofuran-hexane solution. The reaction product was found to be

a mixture of three components, The first of these was 3,3'-dihydro-
octafluorobiphenyl (24% yield) and the second (isolated in pure

form in 17% yield by preparative gas chromatography) was '

-compound VI. The third component could not be isolated in pure’




7.

form, but from infrared spectroscopic and gas chromatographic

evidence it appeared most probably to be 3,3'-bis(1-hydroxyhéxa—

- fluoroisopropyl)octafluorobiphenyl. - This experiment illustrates-

the difficulty of obtaining a high yield of the mqno-lithio-
compound by treatment of 3,3'-dihydro-octafluorobiphenyl with one
equivalent of n-butyl lithium. : :

3,1, ' =DTHYDRO-OCTAFLUOROBIFHENYL SULPHIDE (VIT)

One approach to the problem of introducing asymmetry

into fluorinated biphenyl structures has been described above.

A second method would be to attach the same perfluoro-
alkyl groups to different positions in each ring. The preparation
of the required unsymmetrical octafluorobiphenyl starting materials
presents difficulties but similar unsymmetrically substituted octa-
fluorodiphenyl sulphides could be readily prepared by known
reactions (ref. 7), e.gz.

CuS DMF I\
ﬁ!!»—Br + .u <::3yH —p ;;:j>-s-<g§;>ﬁ .

By using other combinations of bromotetrafluorobenzene and cuprous
tetrafluorothiophendtes a number of isomeric unsymmetrical dihydro-
compounds could be .prepared. o '

: The dihydro-sulphide VII has now been prepared in 67%
yield by reaction of cuprous 2,3,5,6-tetrafluorothiophenate with
2,3,k ,6-tetrafluorobromobenzene in boiling dimethylformamide.
Conversion of this compound into its dilithio- derivative and.
reaction with perfluorobutyraldehyde followed by oxidation and
treatment of the product diketone with sulphur tetrafluoride
should then give a disubstituted compound of the type sought.
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EXPERTVENTAL

Perfluoro-1 ,L-dibenzoylbutane

(a)

(b)

Reaction between octafluoroadipoyl chloride and

pentafluorophenylmagnesium bromide

Octafluoroadipoyl chloride (20.5 g., 0.065'molgg in ether (40 ml.)
was added in & hr. to a stirred, cooled (0 - 5°) solution ofgpenta-
fluorophenylmagnesium bromide prepared from bromopentafluorobenzene
(31.4 g.y 0,127 mole) and magnesium (3.34 g., 0.137 g. atom) in
ether (80 ml.). After the addition, the mixture was stirred end
allowed to reach room temperature in + hr. It wes left unstirred
overnight (15 hr.), stirred a further 5% hr., then poured into

2.5 N sulphuric acid (40 ml.). The ether layer was separated and
the aqueous layer ether extracted (3 x 50 ml.). The combined :
ether solutions were water washed (3 x 100 ml,) and dried (Hi-Drite).’
After distillation of the ether, the residue (37.2 g.) which remained
was fractionally distilled at reduged pressure to give perfluoro-
1,4-dibenzoylbutane, b.p. 9% = 110 /0.15 mn., (17.0k g., 46%), and

a fraction (12.04 g., 217), b.p. 110 - 162°/0.15 mm., believed to

be impure perfluoro-1,1';6,6'~tetraphenylhexan-1,6-diol. The

latter compound proved to be too involgtile for analysis by gas
chromitography (no peak emerged at 200 on a silicone grease

4column). An infrared spectrum (No. L422) showed the presence of

some (=0, -OH, -(QRZ)-n and highly fluorinated aromatic rings.

On keeping, the liquid perfluoro-1,4-dibenzoylbutane solidified to
an off-white solid, m.p. 30 - 32.5°, o o
Reaction between octafluoroadipoyl chloride and

pentafluorophenylmagnesium bromide in refluxing
ether using inwrse addition

To a stirred solution of octafluoroadipoyl chloride (39 g.,

0.12 mole) in ether (75 nl.) under nitrogen was added, during 12 hr.,
a filtered Grignard solution prepared from bromopentafluorobenzene
(60 g., 0.24 mole) and magnesium (6.4 g., 0.27 g. atom) in ether
(150 ml.). A white solid commenced to precipitate during the
addition and increased in amount during the subsequent period of
stirring at reflux (1 hr.). The mixture was stirred for 6 hr. at
ambient temperature, then hydrolysed with ice-cold water (75 ml.).
The ether lgyer was separated, extracted with 2.5% sodium hydroxide
solution (2 x 50 ml.) and water washed, the washings being added to
the alkali extracts. . Removal of the ether left a residue (52 g.)
which was fractionally distilled to give gerfluoro-1,h-dibenzqy1-
butane (29.8 g., 43% yield), b.p. 410-115 /0.3 mm., and an impure
compound believed to be perfluoro-1,1&-6,6'—tetraphenylhexan—1,6-
diol (6.5 g., 6% yield), b.p. 155-168"/0.3 mm. :
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The aqueous alkali extracts were acidified with concentrated
hydrochloric acid (10 ml,) and ether extracted (4 x 50 ml.). The

- dried extracts were evaporated to_give a solid residue (12.6 g.).

Sublimation of this residue at 70 /0.03 mm., gave a del%qpescent
white solid (5.0 g.), and on further sublimation at 150 /0.05 mm,
a second compound (7.3 g.) was isolated. . :

The white solid (5,0 g.) was resublimed at 650/0,03 mm. yielding
3.9 g., Mo 4O-4L (sealed tube). This solid was a strong acid,

- liberating carbon dioxide from sodium bicarbonate solution.

Peaks present in the infrared spectrum (No. L4586A and L4586B) were ~

" consistent with the presence of a highly fluorinated aromatic ring

(c)

and a (CF2) chain., Treatment of the acid (3.02 g.) in ether
(15 ml.) #ith aniline (0.76 g.) in ether (5 ml.) gave a crystalline
product (3.61 g.) which was recrystallised twice from acetone/
petrol ether (b.r. 40-60") to yield a white solid (0.3 g.),

0 .
m.P. 207-210 .

Anal. Found: C, 4h.5; H, 3.5; F, 32.4; N, 5.0%, equiv. 254.

The buff sublimate (7.3 g.) obtained at the higher temperature
was recrystallised twice from tolugne/%enzene‘to give octafluoro-
adipic acid (2.4 g.), m.p. 132-133 (sealed tube). Its identity
was confirmed by an infrared spectrum and mixed melting point.

Purification df crude perfluoro-i,L-dibenzoylbutane

The perfluoro~1,4-dibenzoylbutane from (b) above was combined with
similar material from other reactions to give 62.3 g. of 9% - -
purity. This was distilled through a 6" Vigreux column giving
perfluoro-1,4-dibenzoylbutane (53.3 g.), b.p. 105-110 /0.20 mm.,

98% pure by gas cgromatograpny. Theoanalytical ‘sample was a
mid-cut, b.p. 110 /0.2 mm., m.p. 34.5 , 994% pure by gas chroma-

tography.

Anal. Calc. for C,gF,40,: C, 36.6; H, 0.0; P, 57.9%
Found: C, 36.2; H, 0.0; F, 58,0

Perfluoro-1 ,6-diphenylhexane

(a) Perfluoro-i,4-dibenzoylbutane (24.8 g., 0.042 mole) and dry

aluminium fluoride (2 g.) were sealed in an 800 ml, capacity
stainless steel autoclave. Sulphur tetrafluoride (56 -

0.52 mole) was added by Jacuun transfer, then the vessel was
heated and shaken at 175 for 70 hr. The cold autoclave was

‘vented through 3N sodium hydroxide solution and.the brown solid

product remaining in the autoclave was dissolved in ether (150 ml.).
The ether solution was washed with 2.5% sodium bicarbonate solution
(1 x 100 ml., 2 x 50 ml.), then with water (2 x 50 ml.), and dried.
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Distillation of the ether yielded a brotm, crystalline solid

(19.2 g.), m.p. 45 - 56, which was recrystallised twice from
" absolute ethanol yielding white cnygtals of perf1u8r0-1,6-dipheqy1-
hexane (13, g., 49%), m.p. 59 = 60, b.p. 284-286"/755 mm.

Anal, Cale. for C,oF,.: C, 3%4.2; F, 65.7%
Found: C, 34.1; F, 65.9

An infrared spectrum (No. 4285) was consistent with the proposed
structure which was confirmed absolutely by N.M.R. analysis.

(b) Perfluoro-1,4-dibenzoylbutane (50 g., 0.085 mole), enhydrous
aluminium fluoride (4 g.) and sulphur tetgafluoride (85 g.,
0.78 mole) were heated for 124 hr. at 175 . The crude product
(36.3 g.) was recrystallised twice from ethanol to give pure
perfluoro-1 ,6-diphenylhexane (28 g., 527 yield), m.p. 59.5 - 60 .

Perfluoro-5-benzoylpentanoic acid

(a) Reaction between equimolar quaentities of pentafluorovhenyl-
magnesium bromide and octafluoroadipoyl chloride

To a vigorously stirred solution of octafluorocadipoyl chloride
(32.6 g., 0.1 mole) in ether (50 ml.) at reflux under nitrogen was

. added during 134 hr. a Grignard solution prepared from bromopenta- -
fluorobenzene (24.6L4 g., 0.1 mole) and magnesium (2.69 g., 0.11 g.
atom) in ether (40 ml.). The solution was stirred at reflux a
further hour. No precipitate was observed then but a thick ,
precipitate had formed after the mixture had been kept overnight. '
The mixture was stirred at reflux a further 7 hr. then left over-
night. A positive Gilman Colour test was still obtained showing
the presence of unreacted Grignard resgent. The mixture was
hydrolysed by the addition of ice-cold water (60 ml.). The ether
layer was separated, the aqueous layer was exhsustively ether
extracted and the extracts and ether layer were combined, washed
with 24 sodium hydroxide solution (2 x 175 ml.) and with water.
Distillation of the dried ether solution through a 12" co%umn filled
with glass helices gave a fraction (11.2 g.), b.p. 50-100 , contain-
ing 82% pentafluorobenzene, and a residue (1.08 g.) whick was not
examined further. Thus at least 557 of the Grignard reagent had
not reacted with the acid chloride.

The aqueous alkali wash ligquors were escidified with 12l hydrochloric
acid (30 ml.) and the solution was exhaustively ether extracted.
The dried extracts were distilled to leave 2 s0lid browm residue
(32.5 g.) which was slurried ig boiling benzene (150 ml.). The
solid (18.95 g.), m.p. 134=137 (sealed tube), which did not dissolve
was filtered off. It was almost pure octafluorocadipic acid,
identified by its infrared spectrum. A second batch (2.67 g.),
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m.p. 133-137° (sealed tube), crystallikéd out from the filtrate. -
The mother‘l%quors were evaporated down to yield an acid (5.01. g.),
‘m.p. 155-159" (sealed tube). The infrared spectrum of this
material (No. 4720) showed the highly fluorinated aromatic ring -
absorption. Recrystallisation of this acid from carbog tetra-
chloride (35 ml.) and sublimation of the crystals at 120°/0.05 mm..
gave a hygroscopic white solid (1.06 g.), m.p. 155-157 (sealed =
tube). Elemental analysis figures were in poor agreement with
those for the suspected perfluoro-5-benzoylpentanoic acid.

Ansl. Cale. for C,,HF, ;051 C, 32.7; H, 0.23; F, 56.1%,
. _ equiv. 440.2

Found: C, 35.1; H, 0.5; F, 53.5%,
equiv. 445 _

Part of the acid (0.5 g.) was dissolved in water (10 ml.) and
neutralised with 5% sodium hydroxide solution. The solution was
added to a solution of S-benzylisothiouronium chloride in water
(10 ml.) yielding a precipitate, m.p. 212° (after two erystallis-
ations from aqueous ethanol).

. ® . 0.7,
H11F1305I‘I28. C, 39.6, H, 108, F’ 1‘40'7/

Found: C, 39.8; H, 1.7; F, 43.3.

Anal. Calc. for C20

" A second prepafation of the acid on the same scale gave the product
in very similar low yield.

‘Heptafluoro-m~tolylmagnesium chloride

(a) Preparstion with short period of reflux followed by
carbonation

To a stirred suspension of magnesium turnings (0.66 g., 0.027 &.
aton) in ether (15 ml.), activated with a few drops of 41,2-dibromo-
ethane, was added at ambient temperature 3-chloroheptafluorotoluene
(6.30 g., 0.025 mole) in ether (5 ml.), The brisk initial
reaction subsided when about one quarter of the toluene solution
had been added so the solution was reactivated and brought to
reflux. The remaining toluene solution was added during 45 min.
and the solution was heated and stirred at reflux for a further

2% hr. becoming almost black. Carbon dioxide gas was bubbled
through at ambient temperature for 2 hr. The product was poured
onto a mixture of ice (50 g.) and concentrated hydrochloric acid
(20 m1.). The ether layer was separated and the agueous layer
was ether extracted (3 x 50 ml.). Distillation of the dried
combined ether solutions gave fractions containing 3H-heptafluoro- .
toluene (1.12 g., 20% yield) and 3-chloroheptafluorotoluene (3.57 g.,
57% recovery). Further work-up of the distillation residue
yielded heptafluoro-m-toluic acid (0.17 g., 3% yield), m.p. 57-60°,
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undepressed in admixture with authentic material and having an
identical infrared spectrum (ref. 1). Thus the amount of
* 3-chloroheptafluorotoluene consumed was 43% which is in agreement
with the amount of magnesium consumed (0.29 g., 44# conversion).

(v) Preparation using longer reflux period without carbonation

Reagent quantities were exactly as in (2). The reaction again
subsided after about one half of the 3-chloroheptafluorotoluene
golution had been added, but was reactivated by the addition of

a small amount of a reacting mixture of magnesium and 1,2-dibromo-
ethane in ether. Total time of addition of the toluene solution
was 15 min. The solution was heated at reflux for 5% hr., when
only a little magnesium remained, then cooled and acidified with
6N hydrochloric acid (40 ml.). Carbonation was not carried out
but the mixture was otherwise worked up as in (a).  3~Chlorohepta-
fluorotoluene (2.46 g., 39% recovery) and 3H-heptafluorotoluene
(2.03 g., 357 yield) were obtained. ‘

2,3,4,5,6-Pentafluorobenzal fluoride

"(a) By reaction between pentafluorobenzaldehyde and
sulphur tetrafluoride

Pentafluorobenzaldehyde (80 g., 0.41 mole) and sulphur tetrafluoride
" (93 g., 0.88 mole) were shgken in an 800 ml. capacity steinless
steel autoclave at 140-150 for 8 hr., and at 160-470 for 3 hr.
The liquid product was poured into a stirred suspension of sodium
fluoride (5 g.) in dry pentane (100 ml.). A solid was filtered
off and the pentane evaporated, leaving a liquid residue (7445 go)e
Distillation of this residue through a 6" column packed wigh glass
helices gave a fraction (45.5 g., 51% yield), b.p. 124-127", 98.6%
pure by gas chromatography. A mid-cut, b.p. 124125, was 994% -
pure 2,3,4,5,6-pentafluorobenzal fluoride. : '

Anel. Cale, for c7rm7:f- C, 38,6; H, 0.5; F, 61.07
Found: C, 38.6; H, 0.6; F, 60.9.

The ‘infrared spectrum (No. 4708) was consistent with the proposed ‘
structure., The high-boiling residue (21.5 g.) from the distillation
was distilled at reduced pressure and gave solid materials of wide

boiling ranges which liberated hydrogen fluoride on standing. These
were not further investigated. , : ‘

‘(b) By reaction of pentafluorobenzal fluoride with

potasgsium fluoride

(i) Pentafluorobenzal chloride

Pentafluorobenzaldehyde (98.1 g., 0.5 mole) and phosphorus
pentachloride (150 g., 0.72 moles were heated and stirred at
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100° for 1 hr. and the product pourdd onto ice (500 g.). . Bther
(250 ml.) was added and the mixture was stirred vigorously.

The ether layer was separated, washed with 10%4sodium metabi-
sulphite solution (100 m;g),‘wiﬁh‘iq%AQQQium‘carbonate solution
(100 ml.), and finally with water (200 ml,). = The dried ether .
solution was distilled to give pegtafluorobenzal chloride o
(102.7 g., 81% yield), b.p. 82-84 /30 mm., 98.7% pure by g.l.c.
analysis. ' REE : T L

(ii) Pentafluorobenzal fluoride

To the pentafluorobenzal chloride (101.6 g., 0.405 mole) from
(b) above, in pure sulpholane (450 ml.), was added anhydrous
potassiym fluoride (198 g.). The mixture was stirred at
150-160 for 7 hr, The dark brown product was poured into
water (11 litres) and steam distilled to yield pentafluoro-
benzal fluoride (70 g., 79% yield), b.p. 124=125 , 994% pure
by g.l.c. analysis. B _ R ‘
N :

A second preparation from pentafluorobenzaldehyde (196.1 g.,
1.0 mole), exactly as above, gave pentafluorobenzal fluoride
(144.7 g., 667 yield), b.p. 122-12L°, 994% pure by g.l.c.
analysis. . o o

Perfluorobenzyl bromide (sttempted preparations)v

(2) With N-bromosuccinimide and u.v. light

Freshly prepared N-bromosuccinimide (19.58 g., 0.11 mole) and
pentafluorobenzal fluoride (21.8 g., 0.1 mole) ir

heated in refluxing carbon tetrachloride (250 ml.) under ultra
violet irradiation., After L4 hr,-nd conversion of starting

material had occurréd (by g.l.c. analysis). Benzoyl peroxide
(1 g.) was added and the mixture was further heated and irradiated

for 5 hr., Again, analysis of a sample showed that no reasction had
occurred.  rentafluorobenzal fluoridé and N-bromosuccinimide were |

recovered.

()

Wiﬁh bromine in carbon tetrachlofide and u,v. light

~ Pentafluorobenzal fluoride (21.8 g., 0.1 mole) and bromine,(16.8 Loy

0.11 mole) were heated in refluxing carbon tetrachloride (25 ml.)
and irradiated with u.v. light for 10 hr. . No corversion of ,
starting material occurred and only pentafluorobenzal fluoride was .

‘recovered. :

With bromine and aluminium

Bromine (16 g.) and aluminium clippings (0.1 g.) were stirred

together until reaction ceased. Pentafluorobenzal fluoride (10.9 g)
was added over 5 mins. to the mixture at room temperature, some heat
being evolved. The mixture was refluxed for 3% hr. and poured onto

V{4

were stirred and .
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crushed ice.(50 g.). The heavy orgenic layer was washed with 10%

sodium metabisulphite solution (150 ml.), with 10% sodium carbonate
" solution (50 ml.) and with water (50 ml.). The dried product

(6.5 g.) contained 97% starting material and traces of several

other products. '

Perfluoro=3,3'-di(n-butyl )bivhenyl

Perfluoro-3,3'=di(n-butyryl)biphenyl (13.85 g., 0.022 mole since 94%
purity) and anhydrous sluminium fluoride (0.82 g.) were heated and
shaken with sulphur tetrafluoride (35.5 g., 0.33 mole) at 175 for
53 hr. in an 800 ml. capacity stainless steel autoclave. The cold
autoclave was vented through 3N sodium hydroxide solution (2 1.) and
the viscous liquid contents dissolved in ether (100 ml.). The ether
solution was washed with 2.5% sodium bicarbonate solution (2x50 ml.),
with water (2 x 25 ml.), and dried (magnesium sulphate), Distillation
of the ether yielded a residue (13.30 g.) which was shown by infrared
analysis to contain ca 507 of starting material. This residue
(12.92 g.) was again treated with sulphur tetrafluoride (31 g., 0.29
mole) in the presenge of anhydrous aluminium fluoride (4.77 g.$ for
71.5 hr. at 175-180"., _ Working up as before gave a solid residue
(12.40 g.), m.p. 39-500,'which contained only a trace of starting
material., Two recrystallisations of 11.8 g. of the product from
methylated spirit gave buff crystals (5.75 g.), m.p. 47.5 5 49 . The
product was distilled at ca 0.1 mm, from a bath at 130-140" to give a
colourless, viscous liquid which slowly solidified to white ecrystals of
perfluoro-3,3'-di(n-butyl)biphenyl (L.73 g., 27% yield), m.p. 48.5 -
49.5". X ‘ ‘

~4nal. Cale. for CypF,c:  C, 32.7; F, 67.3%
Found: C, 32.6; P, 67.3. .
The infrared spectrum (No. 4403A) of this material showed the complete -

absence of carbonyl ebsorption and was consistent with the proposed
structure which was confirmed by N.M.R. analysis.

3-Hydro-3'-(4 -hydroxyhexafluoroisoosropyl )octafluorobiphenyl

To a stirred solution of 3,3'-dihydro-octafluorobiphenyl (33.6 Eeoy

0.12 mole) in dry tetrahydrofuran (250 ml.) at =78 was added a 2.22N
solution of n-butyl lithium in hexane (50 ml., 0.14 mole) during 30 min.
The mixture was stirred at -76° for 2% hr., then hexafluoroacetons

~ (23.5 g., 0.14 mole) was added over 4 hr. No temperature rise wes

- observed.  After jhe addition, the mixture was stirred at -70° for

30 gin. and at =50 for 20 min. The mixture was allowed to warm to
-10" and was acidified with 6N hydrochloric acid (150 ml.). The pale -
yellow hexane layer was separated and the aqueous layer was ether
extracted (4 x 100 ml.)., The combined organic phases were dried and
distilled to yield a viscous residue (51.3 g., 102 yield). ~
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Distillation of this product through a 6ﬁﬂV%greux column at reduced
pressure gave ‘a white sublimate (7.96 g.), bhown by g.l.c. analysis and
infrared spectroscopy to be 3,3'-dihydro-octaflgdrdbiphenyl, and the
following liquid fgactions; fn. (1) b.r. 85-877,/0.1 mm, (1649 g4)5

fn. (2) b.r. 87-90 /04 mm., (7.1% g.), fn. (3) b.r. 106108 /0,04 mn.
(8.83' g.) and a residue (1.2 g.). Fractions (1) to (3) consisted mainly
of two components 'A' and 'B' in the following proportions - fn. (1) 837,
16%; fn. (2) 63%, 36%; fn. (3) 143, 19, o : o '
Fraction (1) was sevarated by preparative ggs chromatography (20' x &"
silicone gum rubber on celite column at 2707, 35 p.s.i. He carrier gas
to yield 3-hydro-3'- 1-hydroxyhexafluoroisopropyl)octafluorobiphenyl
(9.5 g.), b.p. 95-97 /0.08 mm., 994% pure by g.l.c. analysis and having
an infrared spectrum (No. 49293 consistent with the proposed structure.

. . iR I ':'z
fnal. Cale. for CpH,F, 0: G, 38.8; H, 0.43; F, 57.%

Pound: C, 38.5; H, 0.6; F, 57;7

The infrared spectrum of fraction (3) (No. 4827) suggested that it
consisted largely of the disubstituted product, but an attempted
purification by preparagive gas chromatography (20' x £" silicone gum
rubber on celite at 350 , 35 p.s.i. He carrier gas) was unsuccessful,
trouble being experienced with sample vaporisation at the column inlet

and condeénsation at the detector outlet.

3,4 '=Dihydro-octafluorodiphenyl sulphide

2,3,k4,6-Tetrafluorobromobenzene (75.7 g., 0.33 mole) and cuprous
2,3,5,6-tetrafluorothiophenate (9% g., 0.38 mole) were stirred in ~
refluxing dimethylformamide (500 ml.) for 6 hours. The dark brown
solution was filtered hot and the filtrate was poured into water (2.5 1.).
The cream suspension produced was ether extracted (5 x 500 ml.) and the
combined dried extracts were distilled through a 6" glass helices packed
column to give 3,4'-dihydro—octafluorodiphenyl sulphide (73.2 g., 67%
yield), b.p. 69 /0.06 mm., of 9945 purity, by gas chromatography.

Angl., Calc. for C,,H,FgS: C, L3.6; H, 0.6 F, 46.0%
Found: C, 43.8; H, 0.5; F, 45.2.

An infrared spectrum (No. 5021) was consistent withthe proposed
structure.
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PART III, SECTION 2

SUMMARY

Iodopentafluorobenzene under U,V, irradiation in benzene yields
2,3,4,5,6-pentafluorobiphenyl, but does not telomerise with tetrafluoro-
ethylene under U,V. irradiation or in the presence of azodi-isobutyro-
nitrile, - Neither iodobenzene nor benzyl iodide undergoes the above telo-
merisation under the same conditions, but the telomerisation of heptafluoro-

iodopropane has been confirmed, as reported in the literature, Penta-
fluorothiophenol under U.V, irradiation does not react with benzene,

1,2-Di~-iodotetrafluoroethane, obtained from iodine and tetrafluoro-
ethylene as described in the literature, reacted with cuprous pentafluoro-
thiophenate in dimethylformamide to yield an impure sulphur compound, which
may be the required 1,2—di(pentafluorophenylthio)tetrafluoroethane.

DISCUSSION
General -

Perfluoroalkyl iodides of the types (I) and (II) are potential inter-
mediates in syntheses of perfluoroalkyl sulphides, The iodides could
conceivably be obtained in telomerisations : Reactions (i) and (ii).

CeFsI + CoF), —s C6F5(CF20F2)n I ceeseesReaction (i)

CgF5CFoI + CoF, — C6F50F2(CF2CF2)H I veoes. Reaction (ii)

It is known that iodobenzene when photolysed in benzene gives biphenyl
(ref. 1), and that perfluoroalkyl iodides telomerise with tetrafluoro-
ethylene, ethylene and chlorotrifluoroethylene (refs. 2 & 3). Telo-
merisations with the last two olefins could ultimately lead to syntheses
of carboxylic acids of type (III), cf. Ref. 2, of interest in such
syntheses as described in Section 1,

ArF(CFQ)n €O H (111)

Similarly useful intermediates would arise if pentafluorothiophenol
telomerised with tetrafluoroethylene: Reaction (iii). The precedents
for this reaction are the known reactions between trifluoromethyl
mercaptan and halogeno-olefins and the addition of phenyl and ethyl
 mercaptan to tetrafluoroethylene (refs. 4,5 and 6)
CeFsSH + CoF), —s C6F5S(CF2CF2)H «ee... Reaction (iii)

(1v)
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Jodides

It was first established that the reaction of iodopentafluorobenzene
(V) in benzene, initiated by light does yield pentafluorobiphenyl:
Reaction (iv)., The yield was ca. 6%. :

, h ..
CeFsI + CoHg -25—;’_9 CgFse Cells  vee..Reaction (iv)
or o
3660A (v)

However, (V) was not isolated when iodopentafluorobenzene was refluxed
in benzene with benzoyl peroxide,

Todopentafluorobenzene, in a quartz container, was shaken in an
atmosphere of tetrafluoroethylene slightly above atmospheric pressure,
while exposed to light of wavelength 2540A. No reduction in the
volume of the tetrafluoroethylene was detected, and the iodo compound
was recovered unchanged. No reaction took place between iodopenta-
fluorobenzene and tetrafluoroethylene, in a sealed tube, using light
of the same wavelength, '

It is not very likely that the failure of the above reaction is due

to the purity of the tetrafluoroethylene (about 20% only present in
the gas used) since the known telomerisation of heptafluoroiodopropane
(Ref. 3) was successfully repeated using the same tetrafluoroethylene.
It seems that aromatic iodides do not telomerise readily with tetra-
fluoroethylene. This view is supported by the failure of iodobenzene
to telomerise in a sealed tube under the influence of light.

Perfluorobenzyl iodide (for Reaction (ii)) is not readily available.

An examination of the chances of success of this reaction could be
obtained from a study of the reaction of (iododifluoromethyl)benzéne
2VI) or benzyl iodide with tetrafluoroethylene, as shown in Reactions
v) and (vi). o

hv .
CEHsCFI + CyF, ———> CH CF,CFyCF,I eeee...Reaction (v)

hv : . .
CEHSCH,I  + CoF, —— CGH CH,CF,CF,I +-++. Reaction (vi)

A possible starting material for (VI) is the available (chlorodifluoromethyl)
benzene, The preparation from the latter compound by means of sodium -
iodide in acetone was examined without success. The method used was

gimilar to that applied to the conversion of benzyl chloride to benzyl

iodide (Ref. 7). The telomerisation of benzyl iodide with tetra-
fluoroethylene under the influence of light of wavelengths 3660 and

2540 A failed. It thus appears that the chances of success with

reaction (ii) are not high,
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In view of the lack of success in the above telomerisations
1,2-di-iodotetrafluoroethane was prepared from tetrafluoroethylene
and iodine in sealed tubes at 165° as described in the literature
(ref. 8). This compound was obtained but three further attempts
to repeat the reaction resulted in shattered tubes.

Thiols

Pentafluorothiophenol in benzene irradiated by light as for the
iodides, yielded only perfluoro diphenyl disulphide. Reaction (vii)~
did not occur, and it is possible that the disulphide may have
originated from an oxidation reaction, arising from air in the mixture

CoFSH + C6H6_hL_, CgFsCls  -..o..Reaction (vii)

Sulphides

CeF5SM + ICFCFyT —— C(F SCF,CFySCeF, .. .Reaction (viii)

(where M is Na or Cu) (vi1)

Sodium pentafluorothiophenate and 1,2-di-iodotetrafluoroethane in
refluxing acetone yielded largely insoluble material. A soluble
fraction, m.p. 198-216°, containing sulphur and the C6F group
(I.R. spectrum) was not obtained in a pure state. 5

Cuprous pentafluorothiophenate in N,N-dimethylformamide at 70-90°
yielded a mixture, one fraction of which was possibly (VII).V This, -
b.p. 78—80°/b.1 mm analysed for C;,F13S), 6. Thé infra-red spectrum
showed the presence of the CgFs group., When this reaction was

‘repeated at 140° the product, b.p, 140-148°, contained hydrogen.




EXPERIMENTAL

Materials used :

1, The fluoro compounds were supplied by I.S.C, except heptafluoroiodo-
propane which was purchased from X. and K. Laboratories and CoF) which was.
supplied by I.C,I. The liquids were freshly redistilled before use, The
unsuccessful telomerisation reaction was examined twice. 1In the second
experiment, the iodofluoro compound was also dried over molecular sieve °
type 3A (B.D.H.) prior to use.

2, Benzene was dried by heating over the molecular sieve and distilled
through a 9" Fehske column,

3. Light was supplied from a Desaga Mini Uvis lamp (Chemlab, Cambridge).
The distance between the lamp and the tubes was 2} to 3 inches,

4, The dimensions of the tubes (ampoules) were about 2.2 x 22 em,

Reactions of iodopentafluorobenzene in benzene

1. Photolysis in a Pyrex tube

A solution of iodopentafluorobenzene (1.5 g. : 0.005 mole) in anhydrous
benzene (100 cc.) was placed in a Pyrex tube and frozen in a COz/hcetbne
mixture, The tube was sealed at 0.2 mm, pressure and the liquid was exposed
to light of wavelength 3660A for 22 hours. Iodine released in the reaction
was ca. 1% the theoretical (estimated spectroscopically). The reaction

‘mixture was washed with'a 5% solution of sodium bisulphite, water, and dried °
(MgSOQ). Unchanged reactants were recovered using a 6" Vigreux column at -
atmospheric pressure. The residue was dried at 0,1 mm. pressure. It gave
crude 2,3,4,5,6-pentafluorobiphenyl, 0.05 g. (%.1%), m.p. 80-90°
(Lit. m,p. 111-112°, Ref, 9). ‘

2. Photolysis in a quartz tube

In a quartz tube; sealed at atmospheric pressure (air trapped) a
solution of iodopentafluorobenzene (2.9 g. : 0.1 mole) and anhydrous benzene
(70 cc.) was exposed to light of wavelength 2540A for 22 hours. Iodine
released was 12.6% of the theoretical, The reaction product was separated
as described abbve, The yield of 2,3,4,5,6-pentafluorobiphenyl was 6.6%.
It melted, after repeated recrystallisations from petroleum ether (b.p.
40-60°) at 113° and the m.p. was not depressed when mixed with the product

of the previous experiment. :

Cale : C 58.2; F, 38.1 ; I, 0,0
Found : C, 59.1; F, 38.6 ; I, 0.0 ‘
Molecular weight, Found 250, Calculated for C; oHi5F5 244

The I.R. spectrum was not inconsistent with that of pentafluorobiphenyl.
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3. With benzoyl peroxide

A mixture of iodopentafluorobenzene (5 9g.; 0.02 mole), anhydrous
benzene (100 ml.) and freshly recrystallised and dried benzoyl peroxide
(0 1g.) was heated under reflux in a dry nitrogen atmosphere. After
72 hours the reaction mixture was cooled to room temperature, washed
three times with 5% sodium sulphite solution (200 ml, ) and with water,
and dried over Mg 50y, . The liquid, b.p. 93°/80 .mm, isolated by
distillation using a 2" Fenske column, proved to be iodopentafluoro-
benzene (I.R. spectrum).

A small amount of a waxy solid (0.02g.) was noticed in the top of
the fractionating column. It melted alone at 85-90° and when mixed
with 2,3,4,5,6-pentafluorobiphenyl at 90-95° (the latter melts alomne at
113° Ref. 3). When an attempt was made to purify this selid by sublim-
ation, a few drops of o0il were obtained. This behaviour is different
from that of 2,3,4,5,6-pentafluorobiphenyl which sublimes (Ref. 9).

Attempted reaction of iodopentafluorobenzene with tetrafluoroethylene

(a) Under slight pressure

The apparatus used is shown in Fig. 1.

Iodopentafluorobenzene (29.4 g., 0.1 mole) was placed in the reaction
tube 9 which was immersed in an acetone/CO bath. When the liquid solidi-
fied, the apparatus was evacuated to a pressure of 20 mm (via 3) and was

filled with dry nitrogen (via %). The process was repeated 3 times,

The apparatus was finally evacuated and tetrafluoroethylene (1 litre) was
allowed into the burette 2. The gas was then allowed into the apparatus
at a slow rate and the cooling mixture surrounding the reaction tube 9
was removed., Finally the water level in 11 was raised to about 5 inches
higher than in 2, light of wavelength 2540A was switched on, and the
reaction tube 9 was shaken ‘mechanically.

After 24 hours there was no change in the level of the water in 2.
All the liquid in 9 distilled at 166° through a small Fenske column.

A similar result was obtained when a small amount of azodi-isobutyro-—
nitrile was used as a radical reaction initiator for 45 hours, there belng

anhydrous calcium chloride in the drying tubes 6.

It was later found that only about 20% of tetrafluoroethylene was
present in the gas used.

‘(b). Under pressure

The apparatus used in the previous experiment was modified as shown
in Fig. 1B.
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Iodopentafluorobenzene (29.4 g., 0.1 mole) was placed in flask 13
and the latter and flask 12 were cooled in liquid nitrogen. The
apparatus up to flask 13 was evacuated to & pressure of 20 mm,, via 3.
Flask 12 was isolated from 13 (while keeping the latter under reduced
pressure) using tap 14. Tetrafluoroethylene was transferred from 2
into 12 by increasing the level of water in the former slowly. The
tetrafluoroethylene %now golid) in 12 was transferred to 13 by
connecting the two flasks with one another while -isolating them from
the rest of the apparatus and by allowing 12 to warm to room temperature.
(No residue was detected in 12 after the distillation of tetrafluoro- .
ethylene) The increase in weight of 13 was recorded., The process
was repeated until the required weight (2.0 g., 0.02 mole) was obtained.
The contents of 13 were cooled once more for 15-20 minutes before it
was connected to the pump via 15. - When the pressure reached about 0.01
mm., 13 was sealed off. The weight of the ampoule with its contents
was checked in order to test any possible loss of welght in the last
gtng. A maximum decrease in weight of about 0.2 g. was detected.

, The ampoule, in an upright position, was attached to a shaker and
the 11qu1d was exposed to light of wavelength 254%0A for about 20 hours
(the gas in the ampoule was protected from light with tin foil),  The
ampbule was then opened at room temperature, and the we1ght of the residue
corresponded to that of the original iodo compound. ' The liquid was
dlstllled u81ng a 3" Vigreux column. It b011ed completely at 166°'

A slmllar observation was made when the reaction was carried out
u51ng a catalytlc amount of azodi-isobutyronitrile.

Attempted reactlon of 1odobenzene with tetrafluoroethylene

:ﬁf The conditions were essentially as described 1n the previodus experl—
‘nehts, and the 1odobenzene was recovered unchanged.

Telomer1sat1on of heptafluoro1odopropane with tetrafluoroethylene (Ref.2)

.The reaction was carried out essentially as in the previous two
xperlments, using heptafluorciodopropane (29.6 g., 0.1 mole) and tetra-
fluoroethylene (2.5 g., 0.025 moleg
>. After the reaction, the liquid in the ampoule showed an increase in
weight of about 2.5 g. Excess heptafluoroiodopropane was recovered and

the residue was distilled through a short Fenske column, The following
fractions were collected :

1. b.p. 82-96° (2.2 g.), mainly C5H;;I (by gas chromatography)
2, b.p. 140-150° (1.9 g.), about 20% CsHy T (by gas chromatography)

3. Waxy residue. (1.0 g.)
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Gas chromatography showed the presence of at least 6 components
spread over the three fractions.

FIG, 1A

l. 3 way tap 7. Glass coil

2. Graduated burette (2 litres) 8. Shaker arm :
3. Connection to vacuum pump 9. Quartz reaction tube, the
4, Connection to dry nitrogen upper part covered with
source ' aquadag and tin foil,
5. Connection to C source ~ exposing most of the liquid
6. Drying tubes (about 180 cc each, 10, Light source
containing granulated anhydrous 11, Water reservoir

calcium chloride)

F1G. 1B

12. Pear shaped flask 14.: Connection to o0il and
13. Quartz reaction tube mercury diffusion pump




Photolysis of benzyl iodide with tetrafluoroethylene

Freshly prepared benzyl iodide (20g., 0.09 mole, Ref. 1) and tetra-
fluoroethylene (2.0g., 0,02 mole) were placed in a quartz ampoule which
was sealed at 0,05 mm, An electric heater was placed under the ampoule
in order to keep the benzyl iodide in the molten state. The air temper-
ature around the lower half of the ampoule was 35-40°, The liquid part
of the mixture was then exposed simultaneously to light of wavelengths
2540 and 3660 A for 174 hrs. The vapour in the ampoule was protected
from the light with tin foil. ' .

The reaction mikiure, distilled through a short column, boiled at
134—1360/58—61 mm, and had an I,R. spectrum identical with that of benzyl
iodide.

1,2-Di-iodotetrafluoroethane

A mixture of iodine (12,7g., 0.1 mole) and tetrafluoroethylene (4g.,
0.04 mole) was sealed in a Pyrex tube at a pressure of 0,025 mm, and heated
at 165° for 7 hours. The product was washed with a 10% solution of sedium
sulphite and with water, The aqueous solution was extracted with ether
(200 cc) twice, and the combined extracts and oil .were dried over Mg S0,.

The product (7.5g.), b.p. 47-48°/80 mm was isolated using a 2" Fenske column,
The yield was 7.5g. (Lit. b.p. 65°/150 mm,, Ref. 8).

Photolysis of pentafluorothiophenol with tetrafluoroethylene

Pentafluorothiophenol (34.0g.; 0.17 mole) and tetrafluoroethylene
(1.3g.; 0.013 mole) were sealed in a quartz ampoule at 0,01 mm,  The liquid -
part of the mixture was exposed simultaneously to light of wavelengths 2540
and 3660 A during 17 hrs. with the vapour in the ampoule protected with tin
foil, The crude product had an I.R, spectrum similar to that of pehta-
fluorothiophenol, ' The reaction product when distilled gave pentafluoro-
thiophenol (identified by b.p. and I,R. spectrum). There was a simall amount
of regidue which had an I.,R, spectrum very similar to that of decafluorodi-
phenyl disulphide. No ~CFg~CFoH group could be identified in the I.R.
spectrum, ’

Photolysis of pentafluorothiophenol in benzene

A solution of pentafluorothiophenol (2.0 g. : 0,01 mole) in anhydrous
benzene (70 cc.) was placed in a quartz tube which was sealed at atmospheric
pressure (air trapped). The liquid was exposed to light of wavelength
2540A for 22 hours. The bulk of the unchanged reactants were recovered by
~ distillation at atmospheric pressure and the last few cubic centimetres by
warming on a steam bath at 21 mm, The residue, 0.15 g., solidified on
cooling, m,p. 51° (recryst. alcohol). It had the same m,p. when mixed with
decafluorobiphenyl disulphide (m,p. 51°) prepared essentially as described
in Ref.10. The identity of the product was further confirmed by comparing
the spectrum of the two compounds. '




Reactions with 1,2-di-iodotetrafluorethane

(a). With sodium pentafluorothiophenate
Sodium pentafluorothiophenate was prepared as follows :

A mixture of pentafluorothiophenol (5.3g., 0.026 mole), sodium
hydroxide (1lg., 0.025 mole) and water (35 ml.) was heated under reflux
in a nitrogen atmosphere for 60 minutes, The mixture was cooled to room
temperature and filtered (about 0.05g. of solid was obtained). = The
filtrate was extracted with ether. Water was removed from the filtrate
by heating at 100° first at 17 mm. and finally at 0,1 mm. to yield the
sodium salt (5.5g.). ' ' :

A mixture of 1,2-di-iodotetrafluoroethane (2.5g.; 0.07 mole), sodium
pentafluorothiophenate (3.14g.; 0.1%4 mole) and acetone (25 ml.) was heated
under reflux for 53 hours. The mixture was then poured into water
(ca. 250 ml.) and the solid (0.5 g.), m.p. 130-195° was filtered off,
washed with water and dried. The product was incompletely soluble in
most organic solvents. Part of this was extracted with hot xylene, petrol
(600—800) was added, and the solution was cooled in solid.carbon:dioxide/
acetone, The crystals obtained, m.p. 198° - 216° and the crude products
had the same elemental content. : E o ' :

Calc., for € F1uSo ¢ Cs 33.7; H, 0.0; F, 53.4; S, 12.9%

Found (crude) : €, 39.0; H, 0.0; F, 49.81; S, 11.6

Found (recrystallised: C, 39.2; H, 0.0; F, 49.4; S, 11.9-

The I.R. spectrum indicated the presence of the pentafluorophenyl
_group in these substances. ‘

(b) Reaction of cuprous pentafluorothiophenate with 1,2—di—iodotetra—
fluoroethane B

Cuprous pentafluorothiophenate was prepared as follows :

A mixture of cuprous oxide (29g.; 0.05 mole), pentafluorothiophenol
(10g., 0,05 mole) and ethanol (63ml.) was refluxed in a nitrogen atmosphere
for 21 hours, The solid (8.5g.) was collected by filtration, washed with
ethanol and dried. ' '

: A stirred mixture of cuprous pentafluorothiophenate (3.7g., 0.14 mole)
1,2-di-iodotetrafluoroethane (2.5g., 0.07 mole) and dimethylformamide (50m1.)
was heated at 70-90° for 5 hours, and poured into an excess of water. The
greenish brown solid was collected by filtration and the filtrate was

extracted with chloroform. The solvent was distilled from the dried extracts
to give a brown oil (4.3g.). This was distilled to yield fractions as follows:




1. (2g.) b.p. 90-92°/100 mm., colourless oil, n§5 1.4350
2. (1g) b.p. 92°/100 mm., colourless oil, no> 1.4375
3. (0.5g.) b.p. 76-78/0.1 mm,, brown-red semi solid

Fraction (2§ had an I.R, spectrum inconsistent with that of bisipenté-
fluorophenylthio)tetrafluoroethane. The I.R. spectrum of fraction (3)
suggested the presence of the pentafluorophenyl group, This solid was
different from the solids of the previous experiment, The three fractions
had the following elemental analyses. '

Calc. for ClkFlth: ¢, 33.7; H, 0.0: F, 53.4; S, 12.86%.

Found (Fraction 1) : C, 4.3; H, 8.7; F, 2,95; S, 0.0.

Found (Fraction 2) : C, 40.5; H, 8,7; F, 3.57; S, 1,76

Found (Fraction 3) : C, 36.25; H, 0.0; F, 53.1; S, 11,16
(c) The experiment as in (b) was repeated but the reaction mixture was
stirred at 140° for 21 hours. It was then stirred into excess water, The
solid was filtered off and the filtrate was extracted with chloroform, The
dried extracts (Mg S04) were distilled to yield dimethylformamide.

The so0lid obtained after the reaction mixture was diluted with water,
was extracted with boiling chloroform, carbon tetrachloride and benzene.
The dried extracts (Mg SO4) were distilled. After removing the solvents,
a fraction b,p. 140-148°/0.1 mm. of a yellow semi-solid (0.5g.) was obtained.
The I.R. spectrum showed the presence of the pentafluorophenyl group.

Calc. for C P18y - ¢ . Cy 33.?; H, 0.0; F, 53.4; S, 12.86%

Found : : . Cy 40.4; H, 2,2; F, 46,2,
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INTRODUCTION

This work has been directed towards the preparation of poly-
fluoro-polyalicyclic compounds, with various perfluoroalkyl
substituents, in several orientations. These compounds are
useful model compounds as well as having potential use as fluids
in their own right. Thermal and oxidative stability tests on
these compounds should give an insight into the types of struc-
ture which may be useful in bullding larger molecules.

SUMMARY

Compounds derived from the reactioﬁ of o- and p-perfluoro-
xylene and decafluorocyclohexene with aryl lithium reagents(l)
have been fluorinated with cobaltic fluoride to give the corre-
sponding alicyclic compounds. The two samples so far submitted

to Monsanto Chemicals Ltd. arefﬁigh boiling liquids, but do not
have sufficiently high boiiing points.’ Present work is aimed at
higher molecular weight compounds with the hope of 1ncreasing
boiling points but still maintaining low melting points. Attempts
have been made to prepare penta- and heptafluorobenzyl lithium
derivatives from penta- and heptafluorotoluenes, and to use these

reagents to prepare compounds with CH,= and CF, groups between

rings.

DISCUSSION

Fluorination of hydrocarbons by cobaltic fluoride is well
known, but only recently has fluorination of fluoroolefins and
fluoroaromatic compounds been studied(2).
not only was the difficulty of fluorination of the available

multi-cyclic aromatic compounds (see previous report) an unknown

In the current work

factor, there was a technical problem of introduction of high
melting point, high boiling point compounds into a cobalt tri-
fluoride reactor. The solution to the first problem was indicated

by previous work(g) and it was found by using a sufficiently high
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temperature, complete fluorination without great decomposition
could be achieved. Several methods of addition to the reactors
were investigated and it was found that addition of the sample as

a fine powder gave the best results.

Using the conditions mentioned above, fluorination of 1,2-
bis(pentafluorophenyl)-octafluorocyclohexane (I) and of 1,2-
bis(phenyl)-octafluorocyclohexene (II) gave two components, one
comprising >95% of the mixture; the latter was indicated by
physical methods and analysis to be 1,2-bis(undecafluorocyclo-
hexyl)-octafluorocyclohexene (III). This compound, a viscous
high boiling liquid, was shown to be resistant to attack by a
variety of oxidising agents and to sulphuric and fuming sulphuric

acids.

Fluorination of 3,4-bis(trifluoromethyl)-dodecafluoro-o-
terphenyl (IV) and of 3,4-bis(trifluoromethyl)-difluoro-o-
terphenyl (V) gave essentially one component. Purification by
chromatography on alumina gave a compound which appeared as a
éingle component both on GLC and TLC analysis, and which was shown
by mass spectrometry and analysis to be 1,2-bis(perfluorocyclo-
hexyl)-4,5-bis(trifluoromethyl)-octafluorocyclohexane (VI), a
viscous high boiling liquid, shown by isoteniscope measurements

(3)

sponding derivatives of perfluoro-p-xylene (VII and VIII) gave

to be stable at 1ts boiling point Fluorination of the corre-
the corresponding 1l,4-bis(perfluorocyclohexyl)-3,6-bis(trifluoro-
methyl)-octafluorocyclohexane (IX) as a semisolid at room temper-

ature which did not decompose at its boiling point.

Since the compounds mentioned above have boiling points of
ca 290° which are too low for isoteniscopic decomposition rates
to be measured, work has commenced on the\éynthesis of aromatic
precursors which should lead to higher boiling materials. Thus,
perfluoro-p-xylene was treated with U4-lithio-nonafluorobiphenyl
to give 2,5-bis(2',2",3',3",4',5',5",6',6"-nonafluorobiphenylyl)-
1,4-bis(trifluoromethyl)-difluorobenzene (or eicosafluoro-2",5"-

bis(trifluoromethyl)-p-quinqguephenyl) (X). Hydrolysis of the
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trifluoromethyl groups in this compound gave the corresponding
dicarboxylic acid (XI). Similarly (i) was reacted further with
phenyl lithium to give two products which were shown to be l-penta-
fluorophenyl-2-(2',3',5',6"'-tetrafluorobiphenylyl)-octafluorocyclo-
hexene (XII) and 1,2-bis(2',3',5',6'-tetrafluorobiphenylyl)-octa-
fluorocyclohexene (XIII). These latter compounds are being
prepared in large quantities for fluorination studies.

It is of interest to‘find the effect of interposition of
methylene and difluoromethylene groups between the alicyclic rings
in the serles of compounds described above. An obvious way to
introduce these groups seemed to be via penta- and heptafluoro-
benzyl lithium reagents, and work has been carried out to prepare
these reagents.

‘ Attempts have been made to metallate 2,3,4,5,6-pentafluoro-
toluene alone and in the presence of triethylene diamine, a known
éatalyst for metallation of toluene(u), using n-butyl lithium as
the metallating agent. In eaéh case the product obtained was
l-methy1-H-n—butyltetraflubrObenzene (XIV). When bromomethyl-
pentafluorobenzene'was treated with n-butyl lithium only deca-

. fluorobibenzyl (XV) could be isolated. No reactions have so far

been attempted with fluorinated substrates since it seems that
nucleophilic attack by the butyl anion will'always be the predom-
inating reaction. There seemed to be two possible methods of
preparation of heptafluorotoluene, a precursor of heptafluoro-
benzyl 1ithium, (a) reaction of pentafluorobenzaldehyde with
sulphur tetrafluoride, and (b) chlorination and subsequent fluo-
rination of 2,3,4,5,6-pentafluorotoluene. Since the latter
method afforded the benzyl and benzylidene compounds, and is more
Suitable to larger scale work, this was used. By standard chlo-
rination techniques the known 2,3,4,5,6—pentafluorobénzyl chloride
and 2,3,4,5,6-pentafluorobenzylidene dichloride were prepared and
were surprisingly easily fluorinated by a potassium fluoride
exchange method to 2,3,4,5,6-pentafluorobenzyl fluoride (XVI) and |
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2,3,4,5,6-pentafluorobenzylidene difluoride (XVII) respectively.
Preliminary attempts have been made to metallate these compounds
with methyl lithium and it seems that methane is evolved. With
n-butyl lithium nucleophilic attack at the para position‘of the

ring occurred.

EXPERIMENTAL

General Fluorination Procedure

The compound, ground to a fine powder, was passed, in small
portions, in a stream of nitrogen (2 2./hr.), into a small stirred
reactor containing cobaltic fluoride and maintained at 250-350°,.
When addition was complete, the reactor was purged with nitrogen
(2 2./h:.) for 2 hr. The product was collected in glass traps

cooled in 1liquid air, and was worked up as described below.

Two reactors were used: 1initially an older reactor (&) of
the general type described before (see Advances in Fluorine
Chemistry, Volume 1, p. 166) constructed from a nickel tube
(46 em. x 4.4 em. i/d.). It was heated electrically along its
length and contained 180 g. of cobalt difluoride which was
agitated by a rotating stirrer (& revs./min.). Subsequently a
newer reactor (B) was used. It was of similar design but had
more refined controls and better stirring. It contained 150 g.
of cobalt difluoride.

Fluorination of Aromatic Fluorocarbons

(a) 1,2-Bis(pentafluorophenyl)-octafluorocyclohexene (2 g.)
(I) gave a compound (1.8 g.) b.p. >260°.

Cale. for 018F30: C, 27.5; H, O%
Found: C, 27.3; H, 0.07%

The infrared spectrum showed a small double bond stretching fre-
quency. The results are consistent with the product being 1,2-bis-

(undecafluorocyclohexyl)-octafluorocyclohexene (III).
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Fluorination of 1,2-bis(phenyl)-octafluorocyclohexene (2 g.)
(II) gave an identical product (1.9 g.).

(b) 2',5'—Bis(trifluoromethyl)-dodecafluoro-p-terpheny1
(2 g.) (VII) and 2',5'-bis(trifluoromethyl)-3*,6'-difluoro-p-
terphenyl (VIII) (2 g.) gave a compound (1.9 and 2.7 g. respec-
tively) b.p. >>270° with an infrared spectrum consistent with a
saturated fluorocarbon structure (IX). |

Calc. for C,qF3¢: C, 26.0; H, 0%
Found: C, 26.4; H, 0.3%

Calec. for C,oF3¢ 924
M.W. (Mass spectrometry) 9214,

- This compound, on purification, gave a solid m.p. ca..10° which
may be a mixture of conformational isomers (IX).

(¢) 3',4'-Bis(trifluoromethyl)-dodecafluoro-o-terphenyl
(2.0 g.) and 3',M'—bis(trifluoromethyl)—2',5'—dif1uoro—o—terpheny1
(1.4 g.) (V) gave a saturated fluorocarbon (VI) (2.1 and 1.2 g.
respectively) b.p. ca. 300° which does not solidify.

Calc. for CyoFsg: C, 26.0; H, 0%
Found: C, 26.0; H, 0%

Reaction of Decafluoro-p-xylene and 4-Lithiononafluorobiphenyl

A solution of n-butyl lithium in n-hexane (6.3 c.c., 0.16 g.,
BuLi/ml.) was rapidly added at -76° to a stirred solution of LUH-
nonafluorobiphenyl (5.3 g.) in dry ether (100 c.c.). After 30
min., decafluoro-p-xylene (2.3 g.) in dry ether (50 c.c.) was
added. The solution was warmed to -40° and stored at this temper-
ature for 10 days. Water was then added and the solution allowed
- to attain room temperature, when dilute sulphuric acid (150 c.c.)
was added. The ether layer and the combined extracts of the
aqueous layer were dried (MgSO,) and the ether distilled off to
leave a white solid (1.0 g.) (X) m.p. 196° from EtOH. |
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Calc. for C3,F,g: C, U43.7; H, 0%
Found: €, 43.7; H, 0.0%

Reaction of Eicosafluoro—Z",5"-bis(trifluoromethyl)—
p-quinguephenyl with Oleum

Eicosafluoro-2",5"-bis(trifluoromethyl)-p-quinquephenyl (X)
(0.5 g.) and fuming sulphuric acid (3.0 ml., 65% SO3) were heated
together in a sealed glass tube at 200° for 24 hr. The dark
brown liquid produced was poured onto ice to give a buff precipi-
tate (0.3 g.) which gave, on crystallisation from ethanol, white
plates of eicosafluoro—2",5"—dicarboxy—p-quinqu@phenyl (X1)
(0.1 g.), m.p. 219-220°,

Calc. for C3oHoF,004,: C, 46.2; H, 0.29%
Found: C, 46.1; H, 0.2%

The infrared spectrum of the compound was consistent with

its proposed structure.

Reaction of Phenyl Lithium with 1,2-Bis(penta-
fluorophenyl)-octafluorocyclohexene

Phenyl 1lithium (1.6 g., 0.019 mole) in dry ether (50 ml.)
was added to 1,2—bis(pentafluorophenyl)—ootafluorocyclohexehe (I)
(5.0 g., 0.009 mole) in dry ether (80 ml.), stirred under nitrogen
at 15°. The solution was stirred under reflux for U4 hr., then the
reaction flask was stoppered and kept at 15° for 7 days. The
reaction mixture was then washed with 4N sulphuric acid (100 ml.),
the washings were extracted with ether (2 x 100 ml.) and the ether
distilled as before to leave a brown oll (5.6 g.). Chromatography
of a portion of the oil (2.4 g.) on silica gel and elution with
petroleum ether (b.p. 60-80°) gave (i) 1,2-bis(pentafluorophenyl)-
octafluorocyclohexene (0.06 g.); (ii) a white solid crystallisation
from ethanol gave colourless prisms of l-pentafluorophenyl-2-
(2',3',5',6'-tetrafluorobiphenyiyl)—octafluorocyclohexene (XII)
(0.08 g.), m.p. 80.5-81°,
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Cale. for 024H5F17: C, 46.7; H, 0.9%
Found: C, 46.7; H, 0.6%

The infrared, ultraviolet and 1H‘and 19p magnetic resonance
spectra of the compound were consistent with the prcposed struc-
ture.

(iii) A solid, which gave on crystallisation from ethanol -
‘colourless crystals of 1,2-bis(2',3',5', 6'-tetrafluorobiphenylyl)-
octafluorocyclohexene (X1II) (0.17 g.), m.p. 104-105°,

Cale. for C3oHyoF14: C, 53.4;5 H, 1.5%
‘ Found: C, 53.4; H, 1.5%

The spectral characteristics of the compound supported its
structure

Reaction of 2,3,4,5,6-Pentafluorotoluene with n—ButylrLithium

(2) In tetrahydrofuran. A solution of n-butyl 1lithium in
n-heptane (20 ml., 0.16 g., BuLi/ml.) was added as rapidly as
possible to 2,3,4,5, 6—pentaf1uorotoluene (9 g.) in dry tetra-
hydrofuran (THF) (100 ml.) at -78°, The deep orange solution was
stirred at -78° for 5 min. and then carbon dioxlde was bubbled‘
through for 4 hr. Water (200 ml.) and dilute sulphuric acid
(100 ml.) were added, followed by addition of ether (200 ml.).

The organic 1ayer was separated and washed with sodium bicarbon-
ate solution (100 ml.). The latter was reacidified (sulphuric
acid) and extracted with ether (2 x 100 ml.), the ether dried”
(MgS0,) and distilled to leave an unidentified brown oil (0.4 g.).
The‘original ether layer was dried (MgS04) and the solvents
~distilled off to yleld a brown oil, fractional distillation of
which gave l-methyl-4-n- butyltetrafluorobenzene (XIV) (7.7 g. ),
b.p. 203°. '

Calc. fOP CllHIZFH' C, 60.0; H, 5.4%
Found: C, 60.4; H, 5.3%
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(b) In a similar experiment, but using ether as solvent,

the same compound (7.5 g.) was obtained.

(¢) In similar experiments, but using triethylene diamine
(TED) to activate the toluene, the same product was obtained in

similar ylelds.

Reaction of Bromomethylpentafluorobenzene with n-Butyl Lithium

A solution of n-butyl lithium in n-heptane (4.9 ml.,‘0.16 gy
BuLi/ml.) was added to bromomethylpentafluorobenzene (3.2 g.) in
THF (50 ml.) at -78°. A transitory yellow colour was observed
followed by a white precipitate; after 1 hr. water (50 ml.) was
added and the solution warmed to 15°. Ether (100 ml.) was added
and the organic layer separated'and dried (MgSO,). Distillation
of the solvent afforded a white crystalline solid (0.7 g.)
believed from infrared and 'H n.m.r. spectroscopy to be 1,2-
bis(pentafluorophenyl)ethane (XV), m.p. 79-80°.

Preparation of Fluoromethylpentafluorobenzene (XVI)

Chloromethy1pentafluorobenzene<2) (12 g.) was added with
stirring to a suspension of dried potassium fluoride (10 g.) in
dry dimethylformamide (DMF) (25 ml.). The mixture was stirred at
140° for 6 hr., cooled and the whole distilled in steam to yield
a light green organic layer (8.0 g.) shown by g.l.c. to contain
two components in the ratio 95:5.v Further treatment of this .
layer with fresh potassium fluoride and DMF gave fluoromethyl-
pentafluorobenzene (XVI) (4.5 g.), b.p. 134°,

Calc. for C;H,Fg: C, L42.0; H, 1.0%
Found: C, 42.3; H, 1.2%

Preparation of Difluoromethylpentafluorobenzene (XVII)

Dichloromethylpentafluorobenzene(2) (10.5 g.) was added to
dried potassium fluoride (15 g.) in dimethylformamide (45 ml.).
The mixture was stirred at 145° for 6.5 hr., then steam distilled
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to yield a dense liquid, distillation of which, from phosphorus
- pentoxide, afforded difluoromethylpentafluorobenzene (XVII) .
(7.8 g.), b.p. 125°,

Cale. for C,F,H: C, 38.5; H, 0.4%
Found: C, 38.5; H, 0.2%

The lH, 19F n.m.r. spectra were consistent with the proposed
structure. | |

Reaction of n-Butyl Lithium with Fluoromethylpentafluofobenzene

Addition of a solution of n-butyl lithium (0.8 g., 0.012

mole) in n-hexane (5 ml.) to fluoromethylpehtafluordbenzene

(2.0 g., 0.01 mole) in dry THF (80 ml.) under nitrogen at -78°
produced a deep orange solution. Acetaldehyde (2.0 g., 0.08'
' mole) was added after 3/4 hr., and the solution was warmed to 15°.
" Water (50 ml.) and ether (150 ml.) were added to the solution,
which was now colourless, arnd the ether layer was washed with 4N
sulphuric acidy(2 x 100 ml) and the'washings extracted with ether
(2 x 100 ml.). The ether layer and extracts were cdmbined, dried
(MgSOu) and the ether distilled through a 6" column packed with
glass helices to leave a brown liquid (4.7 g:). Separation by
 preparative g.l.c. (silicone gum, 150°, 15 %&. N,/hr.) gave

(1) ether; (i1) fluoromethylpentafluorobenzene; and (iii) 1l-n-
butyl-u—fluoromethy1tetrafluorobenzene (0.3 g.). |

Calc. for C;1Hy;,Fs: C, 55.5; H, 4.6%
Found: C, 55.7; H, 4.6%

The compound had infrared, !H and !9F magnetic resonance
spectra which were consistent with its structure. |

Reaction of n-Butyl Lithium with Difluoromethylpentafluorobenzene

(a) A solution of n-butyl lithium (1.6 g., O.dSS mole) in
n-hexane (10 ml.) was added to difluoromethylpentafluorobenzene
(2.0 g., 0.0009 mole) in dry THF (80 ml.), stirred under nitrogen
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at -78°, producing a deep orange solution. The solution was warmed
to 15° after 1/2 hr., and 4N sulphuric acid (50 ml.) was addéd
after 2.5 hr._ Ether (150 ml.) was added and the ether layer was
then treated as\above to give an orange liquid (6,0 g.). Analyt-
ical g.l.c. of the liquid (silicone gum, 150°) showed the presence
of (1) n-hexane (30%), and (ii) an unknown with lohger retention
time (70%). This was separated by distillation and identified as
l—n—butyl-M—difluoromethyltetrafluorobenzene, b.p. 198-200°. '

Calc. for CllHloFG:v C, 51.6; H, 3.9%
Found: C, 51.6; H, 3.6% .

The !'H and !°F magnetic resonance spectra of the compound were

consistent with its structure.

' (b) Addition of a solution of n-butyl lithium (0.64 g.,
0.01 mole) in n-hexane (4 ml.) to difluoromethylpentafluorobenzene
(2.0 g., 0.009 mole) in dry THF (60 ml.) at -78° produced a deep
orange solution as before. After 1/2 hr. a Gilman IIA colour
test(l) on the solution for the presence of butyl lithium was
negative and a stream of dry carbon dioxide was then passed into
the solution for 1.5 hr. The solution was then warmed to 15° and
water (50 ml.) and ether (150 ml.) were added. The ether layer
was washed with 4N sulphuric acid (2 x 100 ml.) and sodium bicar-
bonate solution (2 x 100 ml.). The ether layer was dried (MgSO,)
and the ether distilled as before to give a brown ligquid (2.0 g.)
which was shown by analytical g.l.c. (silicone gum, 140°) to
contain (i) n-hexane (31%); (ii) difluoromethylpentafluorobenzene
(42%); and (iii) l-n-butyl-i-difluoromethyltetrafluorobenzene (27%).

The alkaline extract was reacidified, extracted with ether
(2 x 100 ml.) and the ether extract dried and the ether distilled
to leave no residue. :

Chromatography of the liquid on silica gel, eluted with
petroleum ether (b.p. 60-80°) followed by dichloromethane gave

no new material.
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Reaction of Methyl Lithium with Difluoronéthylpentafluorobenzene

Difluoromethylpentafluorobenzene (1.2 g., 0 0055 mole) in
dry ether (100 ml. ), freshly distilled from lithium aluminum
hydride, was stirred under nitrogen in a three-necked flask at .
-78°, The flask was fitted with a nitrogen inlet tube, a dropping
funnel and an outlet connected, through a silica gel’drying tube,
to a water-filled inverted burette to measure the volume of gas
‘evolved in the flask. An ethereal solution of methyl 1lithium
(4 ml., 1.5N) was added until evolution of gas suddenly ceased
(120 m1., 0.0053 mole). A light blue colour developed in the
solution and decafluoro-p-xylene (2.0 g., 0.0069 mole) was added
after 2 hr. The flask was then stoppered and kept at -U40° for
4o hr., then warmed to 15° and water (20 ml.) was added. The
ether layer was then worked up in the usual way to give an orange
1iquid (2 7T 8.).

Analytical g. 1 c. (silicone gum, 80°) of the liquid showed
the presence of (1) ether; (i1) decafluoro-p-xylene; (iii) diflu-
oromethy1pentafluorobenzene; and (iv) a small amount of an
unknown component. Chromatography of the liquid on silica gel -
eluted with petroleum ether (b.p. 60-80°) gave no new material.

In a similar experiment iodine was added instead of deca- .
fluoro-p-xylene and the product found contained only ether,
difluoromethylpentafluorobenzene and a small amount of the same
unknown component.
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Introductions.

The object of this work is to make model compounds based on perfluoro-
pyridine and in particular on acids and ethers derived from this source to
see whether they, and consequently any pblymers derived from them, are

thermally and oxadatively stable.

Summary.

'.l'etrat"luoroisonicotinic scid (I) has 'Seen dehydrated with ‘trifluoroacetic
anhydride to give tetrafluoroisonicotinic anhydride (II)_. The mhydride is
unstable in air, being fapidly and exothermically hydrblyséd. ‘

Tetrafldorbisoniéotinyl chloride (III) has now been prepared in much
improved yield ()»60%) than previously.1 It reactéa with anhydrous methanol
to give methyl tetrafluoroisonicotinate (IV). |

N ,N'-bis(tetrafluoroisonicotinyl)hydrazine (V) has been prepared by the
A reaction between tetrafluoro:Lsonicotinyl chloride and hydraz:.ne bydrate in .
» d:l.lute sodium hydroxide solution. It has 'been converted mto 2,5—bis-
(tetraﬂuoro—lt-pyrmyl) “153 ,l'-oxadlazole (VI) and -2, ’ S—bis(tetrafluoro-'-l;-_ -

-pyridyl)=1,3,h~thiadiazole (V'II) by reaction with phosphorus pentox:.de and
phosphorus pentasulphide respectively at elevated temperatures.

A number of amides and hydrazides have been prepared from pentafluoro~
benzoyl and tetrafluoroisonicotinyl chlorides. The amides are N—(tetra-
fluoro-ln-;-pyridyl Jpentafluorobenzamide (VIII) and N—(pentéﬂuorqphenyll)-

" pentafluorobenzamide (IX). Bis(tetrafluoro=l~pyridyl)amine (X) has been
prepared by the reaction between the sodio derivative o‘f h-aminotetrafluoro=
pyridine and pentafluoropyridine. It is required for use in the synthesis of

tertiary amidess
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The hydrazides are N'-(tetrefluoro—h-pyridyl)pentafluorobenzohyﬂrazide‘
vt%; (x1), N'-(pentafluorophenyl)pentafluorobenzohydrazide (XII) and N'-(tetra-_ V
fluoro-h-pyridyi)tetrafluoroisonicotinohydrazlde (XIII). N
Tetrafluoroisonicotinyl and pentafluorobenzoyi chlorides have been reacted
with freshly roasted potassium fluoride at elevated temperature to glive -
. tetrafluoroisonicotipyl (XIV) and pentafluorobenzoyl fluorides (XV)
respectively. Other possible methods of preparation of these acid fluorides
" have been investigated. Perfluoro('pyridyl isopropyl)ketone (XVI) has been
’viff  prepared:by the fluoride ion catalysed reaction between tetraflﬁoroisonicqtinyl
k'*fj fluoride and hexaflusropropene in acetonitrile at elevated temperature. A
similar reaction’using pentafluorobenzoyl fluoride yieided a mixture‘of‘
‘;f?, perfluoro~(phenyl isopropyl) (XVII) and perfluoro-(h—isoprop&lphenyl"
isopropyl )ketones (XVIII)s Under the same conditions the corresponding acia
chlorides @id not react with hexafluoropropene. | | .
|  24h,6=Trifluoronicotinyl chloride (XIX) hes been prepared end has beeﬁ‘
Ntfl’reacted with anhydrous ammonia in benzene to yield a m}kture of 2556

"‘;f‘ trifluoronicotinamide (XX) and heamino-2,6-difluoronicotinamide (xx1)e
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A slightly impure sample of octafluore«=,'=dipyridyl

XXI1

ether has been px;epa,red by heating pentafluoropyridine and the potassium

salt of tetrafluoro-=hydroxypyridine in dry tetrahydrofuran as solvent 1n a
sealed tube for 2 dayse The following ethers have been prepared by refluxing
potassium pentafluorophenate with either pentafluoropyridine, heptafluoro-
isoquinoline, l;-brdmotetrafluoropyridine or octafluoro«,;t=bipyridyl in

dry tetrahydrofuran as solvent.
0C 6F5

XXIII. L~Pentafluorophenoxy=tetrafluoropyridine, ¥

N

0oC 6F5

XTIV, 2,4=Di(pentafluorophenoxy)trifluoropyridine,

5

XXVe  2,h,6-Tri(pentafluorophenoxy)difluoropyridiney

OVI. 2,3,k ,G-Tetra-(pentafluorophenoxy)-ﬂuoropyridine ’ - 0 ¥
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XXVII. Pentaflﬁorophenoxy-hexafluoroisoqﬂinolinp,

XVIII. Dipentafluorophendxy-pentafluofoisoqninoline,

XXTX. A-Bromo-2-pentafluorophenoxytrifluoropyridine, F

XXX. 2-Pentafluorophenoxy-heptafluoro-l,'!-bipyridyl,

C6F5

Reaction of heptafluoroisoquinoline and potassium 2,3,5,6=~tetrafluorc~

phenate dihydrate in refluxing tetrahydrofuren yielded:=

XXXI., 2',3',5',6'-Tetrafluorophenoxy~hexafluoroisoquinoline,
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Two hydroxy-derivatives of lu--pentafluof'ophenoxytetrafluoropyridjne have
been prepared by refluxing this ether with twofold and fourfold molar amounts

of potassium hydroxide in t-butanol:-

0C 6!'5

XXXII, 2-Hydroxy-'i-pentafluorophenoxy-trifluoropyridine, I

F/,
N m{

XXXIII. 2,4*'=Dihydroxy-i=tetrafluorophenoxy-trifluoropyridine,

The following esters have been prepared by refluxing the corresponding

phenol and acid chloride in dry benzene with N,N-diethylaniline.

_ XXXIV. L-Pentafluorophenoxy-tetrafluoropyridine, 06!‘5('}'0 / bJ \

o L

XXXV. Tetrafluoroisonicotinyloxy-pentafluorobenzene, N/ 1"\ COC.F
' N 65
0

XXXVI. Tetrafluoroisonicotinyloxy-tetrafluoropyridine, N/ P \> ﬁo</ ¥ \‘N
\—/ O —_—

" The structures of some of these compounds are tentative and rest on the
assumption that the reactions expected of the fluorinated heterocyclic

compounds have occurred.
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Compounds XXV, XXVI and XXXIV have been sent for thermal stability tests
and the results appear in Appendix IIA, Table 7.

Compounds VI and XXXV will be sent for testing in the near future.
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‘Discussion.

" Derivatives of Fluorinated Acids.

Considerable difficulty was encountered in the attempted preparation of
tetréfluoroisonicotinyl chloride from tetrafluoroisonicotinic acid using '
thionyl chloride. Indeed strong evidence was iafer obtained to show that the
produét from this reaction was tetrafluoroisonicotinic anhydride (impﬁre).2
It was therefore decided to prepare tetrafluoroisonicotinic anhydride and use
this in place of the ae¢id chloride in the synthesis of hydrazides. The
anhydride was readily obtained in reasonable yield (40:) by heating tetra-
fluoroisonicotinic acid and trifluorocacetic anhydride together under reflux
for 5 hrs. Unfortunately it is rapidly and exothermically hydrolysed back
to tetrafluoroisonicotinic acid which precluded its use in the synthesis of
hydrazides.

On gently warming & stirred mixture of tetrafluoroisonicotinic acid
and phosphorus pentachloride a vigorous reaciion occurred with rapid evolution
of h&drogen chloride. When this initiel reaction had subsided the resulting
liguid was heated under reflux for 1 hour. Tetrafluoroisonicotinyl chloride
was then obteined in 60: yield by distilletion under reduced pressure through
a Vigreux columm. This acid@ chloride was resdily converted into methyl
tetrafluoroisonicotinate by heating with anhydrous methanol for a short time.

N,Nt=bis(tetrafluoroisonicotinyl )hydrazine has been prepared by the
reaction between tetrafluoroisonicotinyl chloride and hydrazine hydrate in
dilute sodium hydroxide solution, a method which was used for the preparation
of N,N'-bis(peﬁtafluorobenzoyl)hydrazine.3 The yield was almost 60i. This
hydrazine underwent e cyclodehydration reaction on heating to 210° for 5 ﬁrs-
with phosphoric oxide, yielding 2,5-bis(tetrafluoro-h—pyridyl )=1;3,h=

oxadiazoles The yield of crude product was almost quantiteiive but
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purificaetion by recrystallisation from metliylated spirits considerably
reduced the yield of pure materiale. The hydrazine and phosphorus penta-
sulphide on heating together under reflux in xylene for b1 hrs. gave 2,5~bis-
(tetréfluor0-4-pyridy1")—1,3,h-thiadiazole. The yield of pure materiﬁl was
again poor (16)e |

N-(Tetrafluoro-l-pyridyl )pentafluorobenzemide and N-(pentafluorophenyl )-
pentafluorobenzamide have been prepared by the reaction of pentafluorobenzoyl
chloride with 4-zminotetrafluoropyridine and pentafluoroaniline respectively.
The yields were 80¢7% and 72°2%. Ah=-Aminotetrafluoropyridine has been shown to
react readily with sodium hydride in tetrahydrofuren to give a sodio
derivative which reacts with pentafluoropyridine to give bis-(tetrafluoro-
Lepyridyl )amine, the overall yield being 52*P4. This amine is required for
the synthesis of tertiary amides.

Pentafluorobenzoyl chloride reacted exothermically with hk-hydrazino-
tetr#fluoropyridine in benzene at room temperature. The reaction was
compléted by heating under reflux for 1 hre On cooling the solution went
solide It was stirred with N-hydrochloric acid for 30 mins. and then the
solid filtered off, washed'with water, dried, and recrystallised from
aqueous methylated spirits to give white crystals of N'-(tetrafluoro~l=
pyridyl)pentafluorobenzohydrazide in 61°+5; yield. A similar resction between
pentafluorobenzoyl chloride and pentafluorcaniline gave N'-(pentafluoro-
phenyl )pentafluorobenzohydrazide in excellent yield (90°7%). When, however,
tetrafluoroisonicotinyl chloride and Lk-hydrazinotetrafluoropyridine were
reacted together and the reaction mixture stirred with N-hydrochloric acid,
no precipitate was obtained. The mixture was‘therefore extracted with ether,«

the extracts dried (MgSOA) and the ether distilled off leaving a white solid
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which, after purification by sublimation uﬂder hi;h vacuum, was showvn to be
N'~(tetrafluoro-li-pyridyl tetrafluoroisonicotinohydrazide. The yield was
poor = 233,

Considerable difficulty has been experienced in repeating experiments
for the preparetion of tetrafluoroisonicotiny1<fiuoride from tetrafluoro=~
isonicotinyl chlo;ide. Points which had to be borme in mind were (a)'it
would be advantageous to use the acid chloride as soon as it was made so as
to reduce the danger of hydrolysise Since the only convenient method of
assessing the purity of the acid chloride was elemental analysis, which could
take up to a few days, this meant that acid chloride of unknown purity would
be used. Also it appears (from elemental analysis) that a very narrow
boiling range is no indication of puritys (b) the danger of the acid
chloride decomposing would be minimised by keeping the temperature as low
as possible., Since this would almost certainly lead to a reduction iﬁ

reacfion rate, a compromise would have to be reached.

In the first experiment cerried out tetrafluoroisonicotinyl chloride
and freshly roasted potassium fluoride (ratio by weight 1:2) were placéd in
a Carius tube which was evacuated, sealed, and then heated to 210° for 40O
hrs. Pure tetrafluoroisonicotinyl fluoride was obtained in 657 yield.
However in further attempts to prepare the acid fluoride incomplete reaction
occurred, approximately equal amounts of starting material and product-being
obtained. In an atterpt to overcome this fhe reaction was carried out in a
stainless steel autoclave at 190o for 15 hrs., then at 2256 for 7 hrs., a
greater ratio of potassium fluoride to acid chloridé ( 5:1) being used.
2,3,5,6=Tetrafluoropyridine was the rather unexpected product which was

obtained from this reaction. It was obtained in 66 yield and was presumably

116




formed by decarboxylation of either tetrafiuoréisonicotinic acid or its
potassium salt which would be formed by'hydrolysis of the acid chloride.
This was confirmed by heating together fetrafluoroisonicotinic acid and
potassium fluoride in & sealed tube at 190° for 15 hrs. and then at 210o for
5 hrses 2,3y5,6-tetrafluorcpyridine beiﬁg obtained iﬁ 85% yield. It was
then décided to try and push the fluorination reaction tovcompletion by
carrying it out at a higher temperature, although this‘would increase the
possibility of decomposition. The réaction‘was carried out in an evacuated,
sealed Carius tube at 260°.for 40 Irse Acid fluoride, ﬁhich contained no.
detectable amount of acid chloride (by inffa-red spectrum), was obtained in
72% yield. Repetition of this experiment using é lower ratio of potassium
fluoride to acid chloride ( 3:1 instead of 8:1) gave pure acid fluoride in
50% yields A further preparétion using the above conditions but on a larger
scale gave only 50% conversion. However the acid chloride used in this
: reacfion had a 4° boiling range and was analytically quite impu;e whereas
that used in the previous two reactions had é narrower boilingArange -29.
From the above results it éppears that this fluorination reaction can be
affected quite profo?ndlyﬂ'by impurities (e.geyphosphorous oxychloride and
phosphorus pentachloride) in the acid chloride. It seems however that if only
analytically pure acid chloride is used, then the reaction will go to
completione |
Pentafluorobenzoic acid is available commercially and was used toi
. prepare pentafluorobenzoyl chloride which was reacted with anhydrous potassium
vfluoride at elevated temperature to give pentafluorobenzoyl fluoride in high
yield. The corresponding tetrafluoroisonicotinyl hélides are only preparéd

from the commercially available pentachloropyridine by a multi-stage
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synthesis.l"’s

Since it is reasonable to assime that the corresponding
chlorides and fluorides will behave similarly, it was decided to use the
more readily available pentafluorobenzoyl halides in ofder to establish
experimental conditions for reactions which have been proposed in this
present programme. The corresponding tetrafluofoisonicotinyl helide can then
be use& under the'established experimental conditions. In this way a
considerable saving in time and effort can be achieved.

Pentafluorobenzoyl fluoride was prepared by reacting pentafluorobenzoyl
chloride end anhydrous potassium fluoride (large excess) together in an evac-
uated, sealed glass tube at 250° for 48 hrs. The product was isolated by
vacuum transfer followed by distillation under reduced pressures Yields were
high, the best being 88¢6%. When the process was scaled up however, yields
were poor because it became very difficult to free the product from the large
amount of potassium fluoride present during the vécuum transfer operation. |

it was therefore decided to investigate other possible methods of
- preparation of the acid flﬁoride. a~Fluoroamines have Been‘used to convert
‘carquylic acids to acid fluorides in good yields,6 and so 1=chloro=1,2,2-
trifluorotriethylamine was‘prepqred in order to try the method. In the
first reaction the a-fluoroamine was added to the acid at room temperature,
Little reaction occurred, so the reactants were heated to 85° for 2 hrs.
Distillation under reduced pressure of the liquid obtained yielded only a
small amount of pentafluorobenzoyl fluorides. Repetition of the reaction at
,'100° for 4 hrs. gave no acid fluoride. |

. Potassium fluoride in sulpholane has been widely used to replace chlorine '
by fluorine and it was thought that it might be successful in this case.
Pentafluorobenzoyl chloride was heated with potassium fluoride (100% excess)‘

in sulphclane to 160° for 24 hrs. Removal of the solid by filtration gave
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a2 liquid which, after distillation under reduced pressure, was shown by infra-
red.spectroscépy to be an approximately 50/50 mixture of pentafluorobenzoyl
chlorideland fluoride. If the reaction is repeated at a higher temperature
with # longer reaction time a successful conversion may be achieved.

A convenient synthesis of perfluofoisoproéyi ketones, (CF3)2CFCORf, by
the flﬁoride ion catalysed addition of a fluoroacyl fluoride to hexafluoroe-
propene using acetonitrile as solvent has been described.? The group Rf was
a perfluoroalkyl group. This reaction has now been extended to cases where
Re

fluoropropene (50% excess) when heated togéther and shaken in acetonitrile,

is a perfluoroaryl groupo Thus pentafluorobenzoyl fluoride and hexa-

in the presence of a catalytic amount Qf potassium fluoride, at 1350 for 36
hrs. yield a mixture of perfluoro(phenyl isopropyl)ketone (35%) and perfluoro-
(4-isopropylphenyl isopropyl)ketone (65%). The reaction is thought to
proceed via a fluorocarbanion intermedia te which is formed by the revérsible'
addition of a fluoride ion to the fluoro~olefin. Reaction between this anion
and tﬁe'acyl fluoride at its highly electrophilie carbonyl group, either by
direct displacement or addition=elimination, would yield the fluoro ketone and
fluoride ion »

o+ CF,CF=CF, — (CF3)?_CF"_

£ £ + F

(0F3)20F"_+ R COF — (CF3)2CFCOR
This mechanism explains the formstion of two products in thé above
‘reaction.. Perfluoro(phenyl isopropyl)ketohe is formed first. . The para
'fluprine atom in this compound is more susceptible, than tHe one in penté—
fluorobenzoyl fluor?de, to nucleophilic substitution since the -COCF(CF3)2
group is more powerfully electron attraecting than the =COF group, and is

readily replaced by the heptafluoroisoprqpyl anion giving perfluoro-(4-iso~
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propylphenyl isopropyl)ketone. The above theory is supported by the fact that,
under the same conditions pentafluorobenzoyl chloride does not react with
hexafluoropropene. Under similar conditions tetrag'luorbisonicotiny; Vﬂuori‘de
gave a single product, perfluoro=(l=pyridyl isqpropyl)ketone. When tetra-
fluoroisonicotinyl chloride was used as the reac‘l';ant it wes recovered un-
changeds The extension of the above reaction to the preparation of fiuoro-
aromatic isopropyl diketones from fluoroaromatic di=acyl fluorides will be
investigateds

2y%,6~Trifluoronicotinic acida reacted readily with phosphorus penta-
chloride to yield 2,%,6-trifluoronicotinyl chlorides The acid chloride was
not analytically pure. Reaction with S,nhydrous ammonie in benzene gave a
mixture of 2,%4,6~trifluoronicotinamide and hk=-amino-2,6-difluoronicotinamide.
The mixture was not separated but elemental analfsis indicated a mixture of the
two compoﬁpds and mass spectral analysis confirméd this. This result con-
‘.trast'.s with the product obtained previously wh;en, 2,k ,6=trifluoronicotinic
acid was reacted with thionyl chloride and thé résulting product treated with
anhydrous ammonia in benzene to Agive only be-amino-2,6-difluoronicotin=- |
amide.9 We have shown that tetrafluoroisonicotinic acid feacts with thionyl
chloride to give what is alﬁbst certainly tetrafluoroisonicotinic
anhydride.2 and.it is equally likely that thionyl chloride and 2,k,6-tri-
fluoronicotinic acid react similarly to give 2yt y6=triflucronicotinic _
enhydride, If this is so then the different results obtained above can be
. rationalised as follows; In 2,h,6—trif1uorqnicotinic anhydridé there is
presumably little difference in reactivity, towards the nucleophile ammonia,
between the labile L-fluorine atom and the acyl carbon afom and'Substitution g
occurs equally at both places giving only one product iees b-gmino=2,6-

difluoronicotinamide. However in 2,#,6—tiifluoronicotiny1 chloride the acyl
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carbon atom is slightly more reactive than the h=flucrine atom and sub-
stifution takes place there prefefably, resulting in a mixture 6f‘products

being.obtainéd.

FluoninatedAEtherggr
Héptafluofoisdquinoline has been prepared by the followingﬁméthodjo:-
‘hexachloroisoquinoline was prepared, in yields as high as 8% by the

chlorination, with a vast excess of chlorine, at 150o of the cdmplex formed

between isoquinoline (i'23 moles) and aluminium chloride (3+75 moles).

H

\ (i) AICl3
H — 9 C1=
' ] (1) 1, at 150° 3

Its structure has not yet been determineds Furthef chlorination of this
product with phosphorus pentachloride in an autoclave at elevated temperaﬁures

gave good yields (up to 68%) of heptachloroisoquinoline.

\01
elevated
temperature

Hepfafluoroisoqpinoline and h~chlorohexafluoroisoquinoline were preﬁared from

.heptachlor01soqu1noline by the action of anhydrous potassium fluorlde on

heptachlor01soqu1noline in an autoclave at elevated temperature.




' XF
Cl med)
P ZN

.\ | S
| | »

Heptafluoroquinoline is being prepared by a method similar to that
used for the preparation of heptafluoroisoquinoline.11 The complex fqrmed
between quinoline and aluminium chloride waé chlorinated with e large excess
of chlorine at 140-160°. Good yields (up to 81) of a mixture which was -
essentially tetrachloroquinoline together with a little pentachloroquinoline
were obtaineds Further chlorination of this mixture with phosphorus

pentachloride in an autoclave at elevated temperatures gave good yields

(up to 78%) of heptachloroquinoline.

X A1c1./c1 ¢l
| H 2 c1
Y, \
. N '
c1’ H
cl ' N B Pl ‘ ' AN
N — c1
c1 2 N
cl

Heptafluoroquinoline end two other highly fluorinated quinolines, one of which

has been shown to be a monochlorohexafluoroquinoline, will be preparéd by the
" action of anhydrous potsssium fluoride on the heptachlordqnindline.
~ The generai method of making ethers of the type shovm in the summary is

to reflux pentafluoropyridine or heptafluoroisoquinoline with the potassium
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salt of the phenol in the required molar prdportions until no more potassium
fluoride is pfecipitated. Enough tetrahydrofuran is used to dissolve
completeiy the potassium salt of thé phenole At the end of the reflux period
the réaction mixture is poured into an excess of water. if the product is a
solid it is filtered off, dried, and purified by.vacuum sublimation and
recrysfallisation.from & suitable solvent. If the product is an dil it is
extracted into ether, the ethereal layer separated and dried‘(MgSQL) and
then the ether is removed by evaporation to leave the product. - The product
is pu:ified either by distillation or by preparative scale gas-liquid
chromatographye. |

In this.way and using pentafluorophenol from which to prepare the,
potassium salt, h-pentafluorophenoxy-tetrafluoropyridine, 2,4=dipentafluoro-
phenoxyhtrifluoropyfidine, 2yl y6=-tripentafluorophenoxy-difluoropyridine and
2,3,h,G—fetrapentafluorophenoxyfluoropyridine have been prepared from
pentﬁfluoropyridine by reacting it with one, two, three, and approximately
four ﬁolarhproportions of the potassium pentafluorbphenate. {-Pentafiuoroa
phenoxy~hexafluoroisoquinoline énd 1,é-dipentafluorophenoxyhpentafluoroiso-
quinoline have been preéa?éd from heptafluoroisoquinoline by reacting it with
one an& two molar proportioﬁs of potassium pentafluorophenate. Using 4=
hydroxytetrgfluorobenzene from which to pfepare the potassium salt 2',3',5%,6'-
tetrafluoroéhehoxy~1-hexafluoroisoquinoline has been,prepargdo 25Pent#-
fluorophenoxyhgptafiuoro-h,h'-bipyridyl and h—bromo-2-pentafluorophenoﬁyb
trifluoropyridine have been prepared by reacting octafluorofh,h'—bipyridyl
'andvh-bromotetrafluoropyridine with an equimolar amount of potassium
pentafluorophenate. Attempts to prepare octafluoro;h,h'-dipyridyl ether énd
undecafluorb(pyridjl—iSOquinolyl)ether using the above general method with

either the anhydrous or hydrated potassium salt of tetrafluoro=li-hydroxy-
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pyridine and either pentafluoropyridine or leptafluoroisoéuinoline were not
successful. 6nly product in very low yield or unchanged starting material
was obtaineds The nitrogen atom para to the oxygen in the pot3531um salt of
tetrafluoro~h~hgdroxypyridine mst remove more negatlve charge from the

oxygen into the ring than would a para fluorine atom in the 06150 anion thus

makiné the //‘ \\ & less effective nucleophile. An attempt to
N Yo '

prepare undecafluoro(pyridyl=isoquinolyl) ether by refluxing héptafluoroisd-
quinoline and the potassium salt of tetrafluoro<i-hydroxypyridine in dimethyl-
formamide was unsuccessful. The reaction product was an intractable tar.
Dimethylformémide, unless specially purified, slowly decomposes to give
dimethyl amine and at its boiling point serves as a source of this compound;12
the feilure of this rezction could be due to the reaction of dimethyiamine with
heptafluoroisoquinoline.

It has now been found possible to prepaie'octafluqro-h,&'-dipyri@j;
ether in fair yield by heating eqni~moiar gmounts of pentafluoropy;idine |
and the potassium salt of tetrafluoro-h-hydroxypyridine in a sealgd tube
with dry tetrahydrofuran at‘156° for 48 hours. The preparation différs fron
previous attempts in that i higher temperature was made possible by carrying
it out in a sealed tubes The analysis of the isolated reaction product
was not perfect but, when more of this'product can be prepared, redistillation
should yield a really pure sample, | . |

An unsuccessful attempt has been made to prepare 2-pentaf1uorophenokyh
tetfafluoropyridine by heating h-bromo—2-pentaf1uorqphénoxy-trifluoropyridine
with potassium fluoride in sulpholan at 200° fof % hours. The reaction will
be repéated using paesium fluoride instead of potaséium fluoride with a

higher reaction. temperature.
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Attempts to prepare fluorinated ethers, using a method recently
13

discovered here, - were not successfuls Unreacted starting materials were
recovered after either pentafluoropyridine, 3,5-dichlorotrifluoropyridine,
or octafluorotoluene, a slight excess of hexafluoroacetene, caesium or

pota551um fluorlde and sulpholan were heated together in a Carlus tube, for

CF;_ CF;
up to 6 days at 250° eege CF
CF3
CF,CCF, + F —~— CF-O +
3
0 CF3

Perhaps a wrong choice of solvent has been made. Sulpholan was found to

be the best solvent for the reaction of polyfluoro aromatic compounds in the
presence of fluoride ion, but is not necessarily a suitable solvent when

an oxy&anien'rather than a carbanion is the attacking nucleophile.‘ Hexa-
fluoroacetone will form a soluble adduct with potassium fluoride or.caeeiumf

fluoride in diglyme at 20°%1%+*13

L dAgLYme . /ey prpymrt
cg,ﬁcx«5 + K¢ —g—;’-‘l‘—a (CF5 ) CFOK

Possibly pentafluoropyridine would react with this adduct in diglyme
solution at an elevated temperature in a sealed tube and such an experiment
is planned for the future. When the reactions, descrlbed above, were
carried out using sulpholan as solvent and potasSium or caesium fluoride as
source of fluoride ion, solution of the metal fluoride did not oecuf; this
- probably indicates that little or none of the perfluoroisopropoxide ion had
‘been formed.

It has recently been found that tetrafluoroeth&lene, in the presence-of
a suitable metal fluoride~polar solvent combination, wiil condense with

certain perfluoroketones to yield the corresponding perfluoro tertiary .
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alcohols.15 For example, hexafluoroacetone was added to a slurry of caesium

fluoride in diglyme. The ketone and caesium fluoride form a soluble complerx,

CF3 CF3
N0 + CsF \c/ *9a+
/ ~ / \

CF3

Subsequent addition of tetrafluoroethylene produced the perfluoro-t-pentyi
CF3 |
|

alcohol. No evidence of formation of the anion F-C-OCFaCF2~ was found.

, ‘ |
CF3
The reaction producing the alcohol involves attack by the anion CF3GF2',

derived from tetrafluoroethylene and caesium fluoride, upon the equilibrium

concentration of the ketone. Thus it would seem that the (CF3),CFO~ anion is
~ a mich weaker nucleophile than the (CF3)2GF" anion towards pentaﬂnoropyridine. :
Rsaction occurred between pemtefluoropyridine and hexaﬂuoropropene in

sulpholan after 14 hours at 120°.13 Reaction conditions using the (GFB) oCFO™
will have to be more forcing than these and potassium or eaesium- ﬂuoride in
diglyme as solvent will have to be used with a longer period of heating at a
highgr temperature. Using a compound more activated towards nucleophilic
substitution than pentafluoropyridine, e.g., heptafluoroisoquinoline or
heptaﬂuoroquinolin_e would promote reaction. |

Fluorinatec Hydroxyethers,

Hydroxy-derivatives derived from two monoethers have been prevared for
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the following reasons:e

1. A good analysis has not been obtained for h-pentafluorophenoxytetra-

20

3,

fluoropyridine and so preparation of a pure derivative wag requireds
ﬁixed ethers of higher molecular weight could be preparedlfrom the
potassium salts of the hydroxy ethers. |

Aé the ethers become more complicated in structure the interpretafion

of the nuclear magnetic reSonance spectra becomes more difficulte

It is easier, for example, to deduce where a hydfoxyl group is substituted
in hepentafluorophenoxytetrafluoropyridine than d'pentafluofophenoxyb.
groupe. Assuming that both nucleophileé enter the same position, this
technique could be helpful in interpreting the spectra of more

complicated examples.

Mono- and dihydroxy derivati#es of L—pentafluorophenoxytetrafluoro-

pyridine have been prepared by reaotihg this compound with a two- or four-

fold molar amount of potassium hydroxide in refluxing t—bufanol, Acidification

yieldea the hydroxy derivatives in good yieldo

1FPentafluorophenoxyhhexafluoroisoquinoline has been reacted with a two-

fold molar quantity of potdssium hydroxide in refluxing't-bufanolg. A solid

product has been obtained on acidificetion, which, as yet, has resisted

purification. The reaction could be:=-

. HO,
(i) KOH in t-BuCH,
(ii) acidify
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Pentafluoropyridine has been reacted with an equimolar amount of the
dipotassium salt of octafluoro=s,i'-dihydroxybiphenyl in refluxing tetra-
hydrofuran._ A 80lid was precipitated on acidification which, although it has
been purified by recrystallisation, did not give the analytical results

‘ required for the reaction:

FLUORINATED ESTERS.

Preparation of Starting Materials.

Pentafluorobenzoyl chloride16 and tetrafluoroisonicotinyl chloride
(page f30 of this report) have been prepared by heating the acids with
phosphorus pentachloridg. o _
&-Hyﬂrbxytétrafluoropyridine has been prepared by refluxing pentafluoro-
pyridine with aqueous sodium hydroxide Qolution. {1=Hydroxyhexafluoroiso~
quinolino17 and h,h'-dihydroxyoctafluorobiphény118 have been prepared by
reacting heptafluoroisoquiﬁpliné and decafluorobiphenyl respectively with

potessium hydroxide in t=butanol.

Esters

The preparation of a fully fluorinated ester by the reaction between the
~‘acid and the phenol in the presence of trifluoroacetic anhyﬂri&e19 has not
been successful. Tetrafluoroisonicotinic acid and pentefluorophenol in
- equimoler amounts were heated with an excess of trifluoroacetic anhydridoA

at 60% The work up of the reaction mixture yielded a 90% recovery of -
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tetrafluoroisqnicotinic acid and 0+ g of &n oil. Gas-liquid chromatography
showed that the oil was a mixture of ,fouz;', component s. Pux_@fication v%as nof
attemptedo

Fully fluor:mated esters have been prepared 'by react:.ng a hydroxy—
derivative with an acid chloride in benzene containing N ,N—dlathylan111ne,2o

for example:=

/S o \
C6F5EJ')01 T : H —) 06F5§0/ i

S

Reasonably pure specimens of the folldwiné éstérs have been "‘prepared:f-
(a) lp-Pentafluorobenzoyloxy-tetrafluoropyridine from tetraflhoro-h—-hydroxy—
pyridine and,pentafluorollae,nzoyl chlorides -
(b) Tetrafluoroisonicotinyloxyfpentafluoroﬁenz ene from pentafluorophenol
and tetrafluoroisonicotinj*l chlorides |
(e) la—-Tetrafluoro:.sonlcotmyloxy-tetrafluoropyrldme from tetrafluoro-h-
hydroxypyridine and tetrafluoro:.sonlcotn.nyl chlor:.de. :
Impure specimens of the follow:mg esters have been prepared:-
>(d) 1-Pentafluorobenzoyloxy-hexafluoroisoquinoline from hexafluorb-ﬁ—
hydroxyisoquinoline and pentafluorobenzoyl chloride.
(e) 1-Tetrafluoroisonicotinyloxy-hexafluoi'qisoquinoliﬁe from hexafluoro=i=
hydrcxyisbquinoline and tetrafluoréisonicotinyl chloride. |
(£) ll-,lx-'-Ditetrafluoroisonicotinyloxj-octaﬂuorobiphenyl from b b=
dihydroxyoctafluorobiphenyl and tetrafluoroisonicotinyl chloride.
- . It bas not been possible to purify the solid esters (d), (e).and (f). No
solvent has been found suitable for the recrystallis;-;ition of‘ these esters ;s |

they are as insoluble in the hot as the cold for a large range of solvents
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and sublimation is ineffective as a means of purification. They are
reasonably soluble in benzene and it is hoped that this will permit

purification by chromstography on an alumina column.
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Experimental

Tetrafluoroisonicotinic anhydride, II

Tetrafluoroisonicotinic acid (1°7 &) andmf;iflﬁdfoaeet;c anhydride
(% ml;) were heated together undef reflux for 5 hrs. Distillation under
reduced pressure (0°05 mm. ) gave, after removai of excess trifiuoroacetic acid -
and anhydride, a élear liquid (065 ges 40°4%)e This was redistilled to give

TETRAFLUOROISONICOTINIC ANHYDRIDE, bep. 110-110°¢ 50 at 0°05 mmo

Calc. for C12F8N203 C: 38+7; F: Lo+9
Found: C: 38+8; F: Lo-3

The mass spectrum was consistent with the proposed structure.

Tetrafluoroisonicotinyl chloride, ILT

Tetrafluoroisonicotinic acid (10 g.) and phosphorus pentachloride
(12°2 g3 10% excess) were stirred togethers On slight warming a vigorous
reaction occurred with rapid evoiution of hydrogen”chlofideo When the reaction
" had moderated the sdlution“was heated undgr'fefiux for 1 hr. On cooling and
standing at room temperature for'1 hr., the excess phosphorus'pentachlbridé
crystaliised oute The liquid product (19+65 g.) wes decanted off and
distilled under reduced pressufe (13'mins°) through a Vigreux colum to
yield two fractions l N
(1) beps 16-42%
(2) beps 42-43°%, 6°70 g. |
‘The yield of acid chloride (based on wte of fraction'(Z)) was 6142%;:
'However the infra=red spectrum of fraction (1) showed the preéence in it of
acid chloride |
Cale. for CCINO  C: 33+7; F: 35+6; Cl: 166

Found: - C: 33°h; F: 358; Cl: 167
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¥ethyl tetfaﬂuoroisonicotimte, v

Tetrafluoroisonicotinyl chloride (3°8 g.) and anhydrous methanol
(12 ml.) were heated under reflux for 30 mins. Excess methanol was distilled
off leaving a slightly cloudy liquid (3°0 go )e Distillatipn gave a clear

1iquid (275 ges 80+64)s This was redistilled to yield METHYL TETRAFLUGRO-

-ISONICbTINATE beps 1821 82°5°, identified by analysis and its proton N.¥.Re.,

mass and infra-red spectra.

Calc. for 07113FLN02 C: LO<3; H: qebh; PF: 36°h

Pound: C: L40°2; H: 1°45; P: 360

N,N'-Bis(tetrafluoroisonicotinyl Jhydrazine, V

Tetrafluoroisonicotinyl chloride (5 g.) was added to a stirred solution
of N sodium hydroxide (25 ml.) and followed immediately by the dropwise
addition of hydrazine hydrate }(1 *45 ml. ) in water (2 ml.)e A vigorous
exothm'mic reaction occurred end & white solid appeared. After a further
30 mins. stirring at room temperature the reaction mixture went almost
completely solide Water (10 mle ) was added and the mix.ture stirred for & )

further 15 mins. The white solid was filtered off and washed with water.
Acidification of the filtréte gave no precipitate. The white sol:id was
dried at 110° for 1 hr. (2- 67 ge» 59°6%)s Recrystallisation twice from
aqueous methanol (once in the presence of charcoal) yielded white needles
of NzN'-BiS‘TEERAFLUOROISONICOTmYL ZHYDRAZ]NE, decomp. 250—2620, identif'ied
by elemental analysis and its mass, infrarqd and proton and fluorine N.M.R.

- sgpectra.

<
*e

37°3; H: 0°50; F: 39k
37+2; H: 0°6h; F: 39k

Calce for 01 2H2F8Nl;.02
Found: - C

(13
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2,5-Bis(tetrafluoro—-k-pyridyl )-1,3,h-oxadiazole, VI

An intiméte mixture of N,N'-bis(tetrafluoroisonicotinyl)hydrazine
(0°20 g ) and phosphoric oxide (6'25 g ) was placed in a ¢arius tﬁbe which
was then éfaquﬁted; sealed and heated for L hrs., during whigh the temperatgre
rose to 2100, and then five hours at this tempéréture. vOn cooling some white
and some brown soiid_were obtaineds The tube was opened, water added and the
mixea so0lid filtered off and washed ﬁith‘water. it was dried at 110°,for,
15 mins. (0*197 go; 100%)e Two recfystallisations from methylated spirits

(once in the presence of charcoal) yielded 2,5-BIS(TETRAFLUCRO-4-PYRIDYL) _

1,3,4-XADTAZOLE, mepe 144=1455° a5 a white solid (0°OM ge; 21°6%)
~Calce for C12F8NLO C: 39+1; F: h1f3
Found: ' C: 39+0; F: 401

The mass and infra-red spectrs were consistent with the proposed structure.

2,5-Bis(tetrafluorok-pyridyl .)=1,3,4-thiadiazole, VII

N,N*~bis(tetrafluoroisonicotinyl )hydrazine (0+53 g+ ) end phosphorus

pentasulphide (0-66 g+ ) were heated together in anhydrous xylene undervrefiux
for 41 hrs. ihe solution darkened coﬁsiderabl& on extensive heating. On
complefion of'thé reaction»fhé hot_solution was filtered leaving séme brown
solid. Removal of the solvéht (by distillation) from the filtrate yielded

a2 brown gfeen‘solid which was ektracted into boiling methylated spirits

(some brown solid aid ﬁot dissolve)s Charcoal was added and the hot solution
filtereds On cooling white needles (0°070 g.; 416%) crystallised out. Aa
 ifurther recrystallisation from methyléted spirits yiélded.ﬁhité needles of

2, 5-BIS(TETRAFLUG h-pyridyl  )=1,3,4-THIADTAZOLE, mep. 140-1%

Calc. for cfZFBNAS C: 375; F: 39+6

Found: C: 37+6; F: 39+h
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The mass spectrum was consistent with the proposed structure.

Ne( Tetra.fiuoro-h--ggidxl Jpentafluorobenzamide, VIII

h-Aminctetrafluoropyridine (1 g.) and diethylaniline (0°9% g.) were
stirred in xylene (5 mls.) at room temperature. ?entaﬂuorobenzoyl chloride
(1439 g.) in xylene (5 mls.) was added and the solution heated under reflux
for 18 hrs. giving a green solutione The soiution was cooled and then stirred
at room temperature for 30 mins. with N hydrochloric acid (15 ml.). The
green solid which precipitated was filtered 'off, washed with water and dried
(175 go; 80%:). Sublimation (at 115°) under reduced pressure (0°O1 mms.)
gave a white solid which was recrystallised from aqueous methylated spirits
yielding Ne(TETRAFLUORO=:~PYRIDYL )PENTAFLUOROBENZANIDE mep. 170%5 = 1+5%
Calo. for G, HPN,0 C: 40°0; H: 0:29; P: K75
Found: C: 39°9; H: OMh; PF: L7-0

N-(Pentafluorophenyl Jpentafluorobenzamide, IX

Using the method u;sed in the previous eicperi_ment (but with benzene as
solveﬁt in place of xylene):= pentafluorobenzoyl chldride (1+1 g.) and
pentafluoroaniline (0-86 g.) gave N-(PEI\:TAFLUOROPH]:’.I\IYL)H:I\".EAFLUOROBENZAI.’;U)E
(1°18 ge; 72°2%) mepe 178-_5'- 179'50 from benzehe/ethanol.

Calc. for C13HF10N0 C: Wieh; H: 0°27; F: 50°h

Found: C: MW16; H: 0°+55; F

%9-9

Bis(tetrafluoro~—pyridyl Jamine, X

To a stirred solution of l;--aminotetrafiuoropyridine (1 &) in T.H.F.
'(8 ml. ) was added sodium hydride (0+316 g.; 507 dispersion in oil)s. After
the vigorous reaction had subsided the mixture was hedted under reflux for'

| 45 mins. Pentafluoropyridine (1°02 g.) was added end the solution hezted

- under reﬂdx'for 12 hrs. After cooling, the yellow solution obtained was
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poured into a mixture of water (40 ml.) and concentrated hydrochleric acid
(h-ml;) yielding a yellow oil which was extracted into ether, the extracts
dried (MgSOh), and the solvent distilled off. Sublimation ﬁnder reduced

pressure (*001 mm.) at 70° gave a white solid (140 go5 52°F4). This was'
purified by recrystallisatioﬁ from beﬁzenq/pet. ether (805100) followed by

sublimation at 70° (0+01 mme ) yielding BIS(TETRAFLUORO-:~PYRIDYL JANINE

MePo 1475-149% |
Calc. for C, JiFghy g}' 38e4; H: 0°32; .F: 3825

Found: - C: 37°9; H: 0+59; F: 38¢2

“N'-(Tetrafluoro-hepyrile)pentafluorobenzohydrazide, XI

Lh=Hydrazinotetrafluoropyridine (078 g.) and N,N-diethylaniline
.(0°66 go ) in benzene (5 ml. ) were stirred at foom temperatures Pentafluoro;
benzoyl chloride (1 g.) was added and an exothermic reaction occurred.: The
- reactants were then heated under reflux for 1 hr. and on ooollng the solutlon
~ went solide N hydrochlorlc acid (5 mle ) was then added and the mixture
stirred for 15 mins. The solid was thgn flltered off,'washed.wlth water éhd
dried over phosphoric oxide in vacuoce Two recryStallisafions from aqpeous
methylated spirits (once in thé presence of charcoal) yielded Whiée |
~( TETRAF

crystals of N* LUORO~.—PYRIDYL )PE! TAFLU OROBENZOHYDRAZIDE (1°0 g ;

61'5%) MeDe 18&~485°5° (decompe)
Calce for 012H2F9N30 ' C: 38ek; H: 04533 F: L5e6
Found: C: 38eh; H: 0°65; 7F: h&°9

© N'-(Pentafluorophenyl Jpentafluorobenzohydrazide, XII

Method as in previous experiment using:- pentafluoropheﬁ&lhydrazine4

(0°5 g.) and pentafluorobenzoyl chloride (058 g.) gave N'-(PhNTAFLUOROPHENYL)-.

PENTAFLUOROBENZOHYDRAZIDE (0°90 83 90°%) mepe 19=195¢ 5% (from aqueous
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methylated spirits)e
Calo. for c13H21r1'°N20 C: 39+8; H: 0°51; F: L85
0:61; F: U8+0

0 .

‘Pound: C: MWOe1; H

N'-(Tetrafluoro-li=pyridyl)tetrafluoroisonicotinohydrazide, XIII

'.lfetr‘a.f'luoroisonicotinyl~chloride (1417 g+ ) was added to b-hydrazino=-
‘tetrafluoropyridine (1 g.) and N,N-diethylaﬁiline (1°17 go) in benzyene. (3 ml.).
A strongly exothermic reaction occu;rred giving a yellow solution which was
heated under reflux for 1% hrs. After cooling it was stirred for 30 mins.
with N hydrochloric acide No precipitate was o‘btained. The mixture was .
extracted with ether, the extracts dried (Mgsol'_) end the solution concentratedto
give a white 801id which was filtered off (046 go; 23°3%)e It was sublimed
at 120° under high vacuum (*001 mm.) giving N'-‘EﬁETRAFLUORO-&-PYRIDYL )=
TETRAFLUOROTSONICOPINOHYDRAZIDE mepe 1734 ‘ 3

Calc. for G, HPoh, O C: 36°9; H: 0+56; F: L2oh5
Found: | C: 37-0;

&

: 086; F: k20

Tetrafluoroisonicotinyl fluoride, XIV

() Tetraﬂuoroisohicotinyl chloride (340 go» beps 60-66° at 36 mms.) and
freshly roasted potassium fluoride (6-0 ge ) wez;e‘ placed in a Carius tube
which was then evacuated, s.ea_Lled and heated to 210° fdr 40 hrs. The tube
was allowed to cool, then opened and the product distilled out under vacuum
(1+81 gey 65°3%)s It was then distilled under reduced pressure (30 mms. )
'yielcung TETRAFLUOROISONICOTINYL FLUORIDE bepe 55~56°.

5N0 ‘ C: 36°5; F: LBe<2

Pound: C: 36°k; P: LB8-2

Calce for C ¢
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(b) Tetrafluoroiscnicotinyl chloride (6°95 ge» bepe 58-65° at '25 mm, )

and freshly réasted potassium fluoride (12 g ) were reécted aslaboVe. ‘The
product was shown (infra—red speétrum) to be a mixture of starting ﬁatefial
and pfoduct, the relative amounts (estimated by the intensity of the carbonyl
group absorption) being 1+5:1. On heating theAproduct with freéh
-potasgium fluoridé (12 ge) to 130o for 40 hrs. further fluorinatibn occurred,

the ratio changing to 0°+6:1.

(c) Freshly roasted potassium fluoride (15 g ) and tetrefluorcisonicotinyl
chloride (3{21 ge s> Depe 5h=bh atz23‘mms.) were placed in a stainless steel
autoclave (120 ml.) which was then sealed and evacuated to a pressure of

10 mms. The autoclave was heated to 190° for 15 hrs., then 225° for 7 hrs.
The product, which was distilled out under vacuum (1°5 go; 66°1%), was
253,5,6=tetrafluoropyridine.

(a) Tetrafluoroisonicotinic acid (0°5 go) and freshly roasted potassium
fluoride (25 g ) were placed in a Carlus tube which was then evacuated,
sealed and heated to 190° for 5 hrs. and then 210° for 5 hrs. Tbe tube'wasy
cooled, opened and the product (0+3 g., 8k8¢) distilled out undar vacuum
and shown to be 2,3,5,6-tetrafluoropyr1d1ne.

(e) Freshly roasted potas51gm fluoride (15 g.) was placed in a Carius tube
which was then attached to #Avacuum line and evacuated to a pressure of
001 mms. at which it was maintained for k4 hrse Tetrafluoroisonicotinyl

. chloride (183 g beps 50-52° at 11 mms. ) was then distilled into thek‘tube
':under vacuum, the tube sealed and then heated to 260° for 4o h}s; The tube
was cooled, opened and the product distilled out under vacuun (1 *22 oy
72°}%). Its infra-red spectrum showed it‘to be pure tetrafluoréisonicotinyl

fluoride,

137




- (f) Repetition of experiment (e) using tet*afluoroisonicotinyl chloride
(1°6% g.» 'b.p.' 50-52° at 41 mm. ) and potassium fluoridé (5 8.) gave pure
tetraﬂuoroi.sonicotinyl fluoride (0475 gey 49°6%)e , |

(g) ﬁepetition of experiment (e) ﬁsing acid chloride (6°68 ge, beps 53-57°
at 17 mms. ) and potassium fluoride (25 g ) gavé 8 product whi& consisted of

acid chloride and acid fluoride in approx. équal amounts.

Pentafluorobenzoyl fluoride, XV

(a) Pentafluorobenzoyl chloride (0+85 g.) was distilled under vacuum into
& Carius tube conteining freshly' roasted potassium fiuoride (5 g )e The -
tube was sealed under valcuum and then heated to 250° for 48 hrs. After
cooling, the.tul‘)e was opened end the product 'distilled out under vacuum
(070 go; 88¢6%)s The liquid product was then distilled under reduced
pressure (21 mms.) to yield PENTAFLUOROBENZOYL FLUORIDE bepe 55-56%

Calc. for 071'60 C: 39¢25; ,F: 533

Pound: . _Q_: ,38'9‘; rZE‘: 53?3_

(b) The above experiment was repeated using pentafluo:‘obenzo;}l chloride |
(16+0 g. ) and freshly roasted potassium fluoride (50 g.)s The weight of acid |
fluoride obtained was only 4¢3 .'g. ‘ ‘ |

(c) Pentafluorobenzoic aci.d. (2°0 g. ) was stirred and then {=chloro=d,2,2-
trifluorotriethylamine {178 ‘g.) was added dropwise. Little reaction .
ocourred so the mixture was heated to 85° for 2 hrs.. After cooling the
;yellow liquid obtained was distilled under reduced pressure (1&- mms.)

' fdving three fractions: '

| (1) 45-60°, 01k g

(2) 96-122, 0468 g.

(3) 122-12°, 080 g.
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Fraction (1) was shown by infra-red spectroscopy to be pentafluoro-
benzoyl fluoridec Some unreacted pentafluorobenzoic aéid crystallised
from fraction (3)e
(a) The above reaction was repeated using a reaction temperature of 100°
and a reaction time of 4 hrs. No acid fluoridé was obtained. |
(e) Péntafluo?obénzoyl chloride (866 g.), anhydrous potassium fluoride
(7°0 g.; 100% excess) and sulpholane (15 ml.) were heated together to
160° for 24 hrs. with stirringe. After cooling the solid was filtered off and
the filtrate distilled under reduced pressure (19+5 mms.)

(1) 57-575° 145 g
(2) 57°5-59° = he05 g
The infra-red spectra showed both fractions to be an approximately

50/50 mixture of pentafluorobenzoyl chloride and fluoridee

Perfluoro(phenyl iségropxl}ketoné XVII and perfluoro(l-isopropylphenyl
isopropyl)ketone IVIII. : Lo

Pentafluorobenzoyl fluoride (h°s5 gs )s hexafluoropropene (5 g ),
acetonitrile (5 wle ) and anhydrous potassium fluoride (O+k g ) were placed in
a Carius tube which was evacuated and sealeds If was shaken at 135° for
36 hrse. yieiding a dark réd.iiquid which separated into two layers on cooling.
The tube was opened and the lower layer separated off (9¢0 g.)s It was
distilled under reduced pressure (16 mms.) yielding some acetonitrile and
two other fractions _ |

(1) 62-80° 275 g.
(2) 80-86° - . 2:80 g.
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The two fractions were anelysed by vapdur phaée chromatography {on
sﬂ:.cone elastomer at 100°) and both contained the same two produots but the

relative o.mounts of each were diff'erent.

Fraction (1) Fraction (2) Average

Component of shorter 62°5 © 90 35 [£]
- retention time ‘

Component of longer 375 N0 6125
retention time

The two fractions were combined and the two products separated by prep.
scale VePeCe (on silicone elastomer at 120°)e The component of shorter

retention time was shown by infra-red, mass and 19]? N.¥.Rs spectra to be

PERFLUORO(PHENYL ISOPROPYL )KETONE bep. 155° (Siwoloboff)s
Calc. for 0101'120 C: 53'03 F: 626
Found: C: 33+9; F: 622
S:unilarly the compound of longer retention time was shown to be
‘ PERFLUORO{A-ISOPROPYLPPM\IYL ISOPROPYL )KETONE be pe 191 (Siwoloborf)
Calc, for C,,F, g0 C: 30°35; F: 66°5
Found: C: 30°3; ©P: 66
The approximate yields were 2% and 3% respectively.
The above experiment was repeated using pentafluorobenzoyl chloride
in place of pent:ﬂuorobenzoyl fluoride at ‘1350 for 24 hrs. It was shown

by infra-red spectroscopy that no reaction had occurred.

- _Perfluoro:(h-—pyridyl isopropyl )ketone, XVI -

' Tetrafluoroisonicotinyl fluoride (38 g ), hexafluorbpropéne (30 g.)s
| ac’efonitrile (5 ml.) and aﬁhydrous potassium fluoride (0°5 g.) were placed
in a Carius tube which was then evacuated and sealeds The tube was shaken

at 1350 for 2k hrsf On cooling the liquid was still homogeneous. The tube
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was cooled, opened and the liquid obtained distilled under reduced pressure
(19 mnmse )

(1) 3646° Tf .
2 8e
(2) 46-60°

The infra-red spectra of the two fractions were identical. Analysis by
V.P.C. (on silicone elastomer at 100?) showed essentially one peak with a very
small peak ( {1%) of much shorter retention time (ureacted acid fluoride)s An

analytical sample was obtained by prep. scale VePeC. (on silicone elastomer

19

at 1200). The product was identified by infra-red, mass and “F NeMoRe
spectra as PERFLUORO=(4=PYRIDYL ISOPROPYL)KETONE b.p. 154° (Siwoloboff).
Calc. for CSFR1NO C: 311; F: 60°2
Found: C: 31+3; F: 60°2

This experiment was repeated using tetrafluoroisonicotinyl chloride But only

starting material was recovered.

2,#,6;Trifluoronicotinyl chloride, XIX

.‘2,&,6—Trif1uoronicotinic acid (0°88 g.) and phosphorus pentachloride
(1°055 go, 1% excess) were stirred together. On slight warming a'vigofous
reaction occurred with rapid evélution of hydrogen chloride. When the vigorous
reaction had subsided the resulting liquid was heated to 85° for one hdur.
Distillation, under reduced pressure (15 mﬁso) of the liquid obtained gave
some low boiling material (phosphorus oxychloride) and a main fraction;b.p.
"73°5 - 7h° which was almost certainly 2,&,é-trifluoronicofinylzchloride
(0°57 ges 56°T%)e
| Calc. for C6HCIF

N0 C: 36+8; H: 0+51

Found: C: 35+9; H: O




Resction of 2,L,6-Trifluoronicotinyl chlorifie with anhydrous ammonia.

Anhydrou;s ammonia was bubbled through a solution ;>f 2shy6=trifluoro=
nicotinyl chloride (0*42 g ) in benzene (15 ml.) for 15 mins. The benzene
was fhen heated on a water bath and the insoluble white solid filtefed off
from the benzene solution and washed with ethei (15 ml. ) The combined
organic solutions‘ were then distilled in order to remove the solvent,'
leaving behind a white solid which was sublimed at 90°_and 0+01 mms. pressure
(0°215 g.)s The solid was twice recrystallised from benzene to give a

white solid, some of which melted at approx. 140° and the remainder at

168°,

Calc.. for 06H5F2N30 .0: hie6; H: 2+89; P: 220
Calc. for 06H3!‘3NZO C: 40°9; H: 1°70; F: 32k
Found: C: W1e3; H: 2:60; F: 26-2

The product thus appeared to be a mixture of 2,&,6—trifluoronicoti.n-_-
amide XX and L-amino-2,6-difluoronicotinamide XXI. Mass spectral analysis
confirmed this.

?luorinated Ethers

PREPARATION OF STARTING MATERTALS,

A. Phenols.

&raﬂuorﬂ;—hyd&omyridinoo

Pentaﬂuoropﬁiﬁne (145 g+ ), sodium hydroxide (7;2 g ) and wg‘i:er

" (120 ml. ) were heated under reflux for 16% hours. The hoinogen'e;ou's pro&ubt
w#s acidified with concentrated hydrochloric acid (3’0 ml.) and qxtracted ‘
- with ether (3 x 250 ml. ). The ethereal extract was dried (MgS%) and then

mporated to give‘a white solid that was sublimed at 600/ 1 mme to yield
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tetrafluoro-h=hydroxypyridine (11°0 g, 81% yield; nbpt. 95-97°¢ ).

Hexafluorb-d-hydroxybisoquinoline.'

Heptafluoroisoquinoline (146 ge), potassium hydroxide (0+66 gs) and
g=butanol (35 ml.) were heated under reflux with stirring for 2 hours. The
resction mixture was cooled, water (45 ml,) added and the t~butanol distilled
offs The cooled aqueous solution was acidified with dilute hydrochloric acid.
A white precipitate was formed. The precipitate wﬁs filtered on to a sintered
funnel and dried overnight over phosphorus ﬁentoxide. The crude yield was
143 g« It was recrystallised from hot benzené (17 ml.) to give 1+2 g of

hexafluoro=4-hydroxyisoquinoline (mept. 176-182°C ).

L,ht~Dihy droxyoctafluorob;phenyl.

Decafluorobiphenyl (44°5 g.) in tnbufanol (200 mi.) was stirred wﬁile
powdered 85% KOH (43 g.) was added. The mixture was refluxed for 50 minutes:
300 ml. of water was then added and the t-butanol dlstllled off. The

‘aqueous solution was acldlfled with hydrochlorlc a01d.and extracted with
“sthere The extracts were dried (Mgsqh) and evaporated to leave a semi-
“g01id which crystaliisea on being triturated with water (100 ml;).,fThe'solid
was dried in vacuo to give almoSt pure h,h'-dihyﬁroxyhoctafluorobiphenyl

(36 1 g ) mepts 190=199°. After purlflcatlon by subllmatlon at 120-130%/

0 01 mm. Hg it had m.pt. 212°%

B. The Potessium Salts of the Phenolse

These were prepared by dissolving the phenols in a large excess of hot
:GN aqueous potassium hydroxide and cooling the solution in ice. The
precipitated potassium salts were filtered off and fécrystallised'from a
small volume of water. The anhydrous salts could be prepared by boiling the

hydrated salts with benzene for six hours.




Ce Acid Chlorides.

Pentafluorobenzoyl Chloride.

Pentafluorobenzoic acid (42 g.) and phosphorus pentachloride (47 g.)
were stirred togethers On warming slightly a vigorous reaction occurred
with rapid evolution of hydrogen chloride. Vhen fhe reaction had moderated
the soiution was heated at 100° for one hour. On cooling and standing.at
room temperature for one hour, the excess phosphorus pentachloride
crystallised oute The liquid product was decanted off and distilled under -
reduced pressure (18 mms.) yielding two fractions.

(1) Phosphorus oxychloride, bepe. 23-&00;

(2) Pentafluorobenzoyl chloride, bep. 60-61°,

The yield of acid chloride (based on the weight of fraction (2)) was 83-9%.

Tetrafluoroisonicotinyl Chloride.

This was prepared by the method described on pge. 130

De Octafluoro=d,ht-bipyridyl.

A four-necked flask fitted with stirrer, dropping funnel, and condenser,
and containing magnesium (0°2 g. ) and dry tetrahydrofuran (45 ml.) was
purged with dry nitrogen and cooled to -20%, 'A solution of L-bromotetra=-
fluoropyridine (1°0 g.) in dry tetrahydrofuran (0°5 ml.) was added and after
a few minutes reaction commenced. The mixture wes allowed to warm to -ﬁdo to
0° end maintained at this temperature for 1 hour. To the Grignard reagent
_ was added pentafluoropyridine (0°75 g.) at =35 to 40°. The mixture was then
hydrolysed with dilute sulphuric acid and extracted with ether, and solvent
was distilled from the dried extracts to leave & br&ﬁn crystalline materiai.
Sublimation under reduced pressure yiclded octafluoro-,t!=bipyridyl

(09 ges 68%), mep. 81-82°, identified by its infre-red spectrums
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E. The Potassium Salt of Tetrafluoro=l.-hydtoxypyridine,.

Pentafluofopyridine (145 go ), potassium hydroxide (14 g ) and water
" (120 ml.) were heated under reflux for 17 hours. Potassium hydroxide (35 g )
was aaded carefully to the homogeneous solution with stirfing. Aftér the
potessium hyaroxide had dissolved the solutionvwaé cooled well in ices The
crystailised potassium salt was filtered on 2 sintered funnel, pressed'dry,
and washed with a little acetone, and kept in & desiccator overnight,

17°5 go (76% yield) of the dihydrate, as indicated by analysis, were obtained.

PREPARATION OF ETHERS

Octafluoro=d it =dipyridyl ether, XXII

The potéssium selt of tetrafluoro-i-hydroxypyridine (482 go),
pentafluoropyri&ihe (338 g« ), 2nd dry tetrahydrofuraﬁ (60 ml.) were heated
to 150° for 2 days. The potassium salt diésolved in the tetrahydrofufan
and a. brown precipitate was deposited. The contents of the tube were
dried with magnesium suiphate and the tetrah&dréfuran eveporated to leave a
dark brown solid and a yellow oil. Ether was added to the mixture and the
0il was pipetted off. The solid (3°1 go) was insoluble in ether and aﬁ’
infra—réd spectrum indicated that it was unreacted potassium salt.

Distillation of the etﬁereal solution of the oil under reduced pressure
(1% mm. ) yielded:=
(i) Octafluoro- i !'-bipyridyl ether, b.pt. 113° - 120°, 06 g, boiling

mainly at 149%
C10F8N20 requires Cy 38<0; F, 481
Found: Cy 38+7; Fy k57

(ii) A high boiling fraction, 121-192°%, 0-2 g., which possibly contains

products derived from the reaction of pentafluoropyridine with two




or three moles of the potassium salt of tetrafluoro-h-hydroxypyridine.
The n.m.rs spectrum of fraction (i) confirms its structure although its

analysis indicates that it is slightly impure.

h-Pentafluorophenoxy-tetrafluoropyridine XXIIX end 2,4=Dipentafluoro-

phenoxy-trifluoropyridine XXIV.

Anhydrous potaséium pentafluorophenate (2°76 gy 12°4 memoles),
pentafluoropyridine (1°0 go, 5°9 memoles) and dry tetrahydrofuran (10 ml.)
were refluxed together for 8 hours. The potassium salt dissol&ed in the
tetrahydrofuran and a brown precipitete was formede The product was
poured into water end extracted with ether. The etherezl extrezct wég
dried (Mgsq+) ;nd evaporated to leave a dark brown oil. This oil was
shown by analytical gas-liquid chromatography (silicéne grease at 2000)
to contain:~ |

(2) pentafluoropyridine (a traée),

- (b) pentafiuorophenol (e tracé);

(¢c) h-pentsfluorophenoxy~tetrafluoropyridine,

() a ﬁew producte
Distillation under reduced pressure (15 mm. ) yielded:-
(i) A4-Pentafluorophenoxy~tetrafluoropyridine, bept. 102°, 0°643 g.,
(i1) 2,h—DipentefluorophgnoxyhtrifluorOpyridine, bepte 165-167°, 0+301 e

a light yellow 501id that solidified on standing,

C17F13NO2 requires: Cy 40°6; F, L9*F

Found: ' C, h1f0; Fy 49T
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A previous experiment identical except for using an equimolar proportion
of potassium pentafluorophenate (1°38 g.) yielded h=-pentafluorophenoxy-
tetrafluoropyridine on distillation under reduced pressureb(15 mme )o A small
shoulder on the single product peak of the gas-liquid chromatogreph indicated
the presence of a small amount of impurity. An attempt to separate a pure
sample of the ether (0°26 g.) by preparative scale gas-liquid chromatography

was not successful.

Cyq 9N0 requires: Cy, 39°6; F, 51°3%
Found: C, 38+9; F, 5046k
F19 n.m.r. spectroscopy indicated that the compound was the &—isomer.

Pentafluorophenoxv—hexafluoroisoqginoliné, VIl

Anhydrous potassium pentafludrophenate (O°§66 gos» 3 memole) and
heptefluoroisoquinoline (0+765 ges 3 memole) and tetrahydrofuran (10 ml. )
werevrefluxed together for 1% hours. The reaction mixture quickly darkened
to gite a green coloured solution and a black solid.‘ The mixture was poured
into 100 ml. of water and a light brown oil was precipitated. On rubbing this
gave a brown solid (mepte 116=120°) which was purified by vacuum sublimation
(0°05 mm. ) at room temperature, to remove a trace of heptafluoroisoquinoline,
at %0° to remove a little pentafluorophenocl and at 80° to sublime the product.
The white solid was recrystailised from methanol to give a solid which melted
sharply at 12:°%C.

C,-F,,NO requires: G, %2+9; F, 19+ G

15711
Found: Cy k2+6%; F, L9465
Yield: 0°756 gos (624)e
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2%,31,5',6'=Tetrafluorovhenoxy-hexafluoroisaquinoline, XkXI

Potassiuﬁ 2,3,5,6=tetrafluorophenste dihydrate (0°480 go, 2 memole),
heptafluoroisoquinoline (04510 gy 2 memole), and dry tetrahydrofuran (10 ml.)
were fefluxed together for 1% hours. The mixture was poured into water and a
brown solid was precipitated (yield 0°93 g., mepte 101-105°). This solid was
purifiéd by vacuuﬁ sublimetion et 005 mm. to give:-

(a) et room temperature - heptafluoroisoquinoline (a trace)
(b) at 80° - 2!',3',5',6%~tetrafluorophenoxy-hexafluoroisoquinoline - a white
801id, mept. 10%~108% This was recrystallised from methanol to give a white
sclid which melted sharply at 110'50.

C15F1OONH requires: C, We9; F, 47°4; H, 025

Found: Cy "We8; F, h7¢6; H, 04397

" Dipentafluorophenoxy~-pertafluoroisoquinoline, XXVIII

Anhydrous potassium pentafluorophenate (1°332 g., 6 m.moles), hepta-
fluoroisoquinoline (0765 gy 3 m.moles), end dfy tetrahydrofuran (10 ul.)
were refluxed for 5 hours. The mixture was poured into 106 ml. of water and
a yellow solid (m.pf. 105-1250) wa.s preoiéitated. This was purifigd by
vacuum sublimation to giveie
(a) at room temperature - héptafluoroisoquinoline (a trace),

(b) at 40° - pentafluoropherol (a trace),

(c) at 80° ~ pentafluorophenoxy~hexafluoroisoquinoline (0°075 g ),
identified by its infra-red spectrum,

" (a) at 110° - dipentafluorophenoxy-—pentaflubrois0quinoline (0;075 g )s

m.pt. 129-131o - a yellow solid which retzined its colour on repeated .

sublimetion.
CoyFysN0, requires: C, k3+2(; F, h8+9;

Found: C, 430%; F, W8°9%
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24Pentafluorqphenoxy—heptafluoro-k,h’-bipy?idyl; XXX

Potassiuﬁ pentafluorophenate dihydrate (0516 g.); octafluoro=,i!-
ﬁipyridyl (0460 go), and tetrahydrofuran (10 ml.) were heated under reflux
with étirring for 5 hourse The potassium salt dissolved in the tetrahydro-
furan and a brown precipitate was formed. Theimixture was poured into water
and extracted with ether (3 x 50 ml. )e The ethereal extract was dried (MgSQh)
and evaporated to leave a dark brown liquid. Distillation of this liquid'
under reduced pressure (17 mm.) yielded 2-pentafluorophenoxy-heptafluoro-
byl tubipyridyl, bept. 175-176°, (04186 g.) a colourless oile

C, ¢F, N,0 requires: Cy b1+h; Py hOo1%

.Found: Cy M1°2; F, 4B+5I

Lh~Bromo=~2=~pentafluorophenoxytrifluoropyridine, XXIX

Potassium péntafluorophenate dihydrate (2+h6 g.), h-bromotetrafluoro-
pyridine (23 g.) and tétrahydrof‘uran (20 ml.) were heated under reflux with
stirring for 8% hours. - The mixture was poured into water and extracted with-
ether (3 x 50 ml. ) The ethereal extract was dried (Mgsqg) and evaporated
to leafe a dark brown iiqpida Distillation of this liquid under reduced
pressure (16 mm. ) yielded:; '

(1) k-Bromotetrafluoropyridine, bspte 10%, 0°3 g
(ii) ALe~Bromo-2-pentafluorophenoxytrifluoropyridine, bept. 14, 10 8o s
a2 colourless oila
C11F8BrNO requires: C, 33+5; F, 38+6; Br, 20°3
Found: C, 33°5; F, 39°3; Br, 19+9
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2,h,6=Tripentafluorophenoxydifluoropyridines XXV

Pentafluofopyridine (0+52 go ), anhydrous potassiuﬁ pentafluorophenate
(3417 ge) and tetrahydrofuran (20 ml.) were heated under reflux with stirring
for 24 hours. The mixture was then poured into 100 ml. of water. A colourless
0il was precipitated which quickly reverted to e white solid. >The solid
(0°5% go) was filtered off anﬁ dried overnight in vacuo. It had mept.-
h6—65°. Because of the low meltinge~point of the solid it was not possible
to find a solvent for recrystallisation. After subliming a portion of the
product three times it was found to have melting point 65-67°

023F1703N requires: C: b41+7; F: U89
Found: C, 40°k; F: k9t
It was found that this compound was difficult to combust. This could

explain the low carbon analysis.

PREPARATION OF HYDROXY ETHERS.

ngydroxmh&apentafluorqﬁhenoxyatrifluoropyriaine, boesnyy
L-Pentzfluorophenoxy~tetrafluoropyridine (1°16 g., 3*5 me.mole), potaééium
hydroxide (0°k6 go» 7 momolg) and t-butanol (11 ml.) were heated under reflux
with stirring for 5 hours, 10 mi. of water was added, the t-butanol distilled
off and the solution allowed‘to cools The solution wes acidified with 5 ml. |
of concentrated hydrochloric scid. A white solid was precipitated. This was
filtered and dried over phosphorus pentoxide in vacuc (0+87 g., 75°5% yield,

mepte 165—4680). The product was recrystallised twice from ethanol and then had
" melting point 169-70%

011F8N02H requires: C, 39°6; F, 45+0; H, 0505
397
Found: Cy 39°9; ¥, 4L5-9; H, 030
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2,#‘-Dihxdroxxfh-tetrafluoroghenongrifluorﬂgygidine, XXXTIT

_ L-Pentafluorophenoxybtetrafluoropyridine (116 goy 3°5 ﬁ.mole),
potassium hydroxide (0495 g., 1k m.mole) end t-butanol (11 mls) were heated
under.reflux for 5 hours. A white solid was precipitated after 4 hours. This
was presumably a potassium salt of the dihydroiy-derivative, 10 mle of water
were aaded to the‘mixture, the t=butanol distilled off and the solution
allowed to coole The solution was acidified with 9 ml._of concentrated
hydrochloric acide A white solid was precipitatede This was filtered and
dried over phosphorus pentoxide in vacuo (1°128 g, 87°Z} yield, mepte 152—600).
The product was crystallised twice from water and then had melting point
161=2% |

C11F7N03H2 requires: C, 40°1; F, 40°k; H, 061%

Found: Cs, 39°8; F, 39+7; H, 0°70%

PREPARATION OF ESTERS

L-Pentafluorobenzoyloxy—tetrafluorqpyridine,VXXXIV |

N,N'-Diethylaniline (156 g.) in dry benzene (5 mio) was sloﬁly added
to a solution of tetrafluorp-h-hydroxypyridine (1+47 g.) and pentafluoro-
benzoyl chloride (2430 g.) in dry benzens (15 ml.) boiling under reflux.
The reaction mixture became 1ight yellow in colour andislowly darkenede.
Refluxing was continued for 6 hours. At the end of the reflux period the
reaction mixture was allowed to cool ana then dilutedeith benzene (20 ml. ).
The mixture contained precipitated N,N‘-diethylaniline hydrochloride. To
remove this and any diethylaniline the mixture was washed four.times with
25 ﬁi. portions of 1N hydrochloric acid and once with waters The benzene -
solutiqn was dried (MgSOL) and most of the benzene removed by diStillation
under atmospheric pressure. The residue was purified by distillatibn under

reduced pressure (18 mm.) to give two fractions.




(1) benzene, 23-34°

(2) h—pentaflﬁorobenzoyloxy-tetrafluoropyridine, 152-53°.

After the traces of benzene had been removed the temperature rose steadily

up to.152°. The first few drops of the second fraction were discarded. The
weight of fraction (2) was 1+92 g. Gas-liquid1ch£omatography (silicone |
grease‘at 200°) showed that fraction (2) contained a single component that was
a new compound.

Calculated for C12F902N: Cs 39+9; F, L7k
Found: " Cy 40°1; P, k475

Tetrafluoroisonicotinyloxy=-pentafluorobenzene, XXXV

N,N-Diethylaniline (1+56 g.) was added slowly to a solution of penta-

fluorophenol (184 g.) and tetrafluoroisonicotinyl chloride (2+4% g.) in

dry benzene (10 ml.) boiling under reflux. The solution became light yellow
in colour. Refluxing was continued for L hours. At the end of the reflux ‘
period the solution was diluted with benzene (20 ml.) end when cool extracted .
four times with 25 ml. portions of 4N h&drochloric acid and once with water.
The benzene solution was dried (Mgsqh) and most of the benzene removed by
distillation under atmospheric pfessure. The residue was distilledlunder
reduced pressure (18 mm.) to give 3 fractions

(1) . benzene, 23-35°

(2) pentafluorophenol, 3545380
. (3) tet}afluoroisonicotinyloxypentafluorobénzene. .

The weight of fraction (3) = the ester fraction - was 175 g. Examination

of this fraction by gas-liquid chromstography (silicbne grease at 2000) showed
~that this fraction contained meinly ester but was conteminated witﬁ a small

amount of pentafluorophenols Redistillation under reduced pressure (19 mm. )
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yielded two fractions

(x) pentafluérophenol, 35-121?‘
(5) tetrafluoroisonicotinyloxy-pentafluorobenzens, 192 8e s ih0—1h2o.
Examiﬁation of fraction (5) by gas-liquid chromatography (siligone-grease‘
at 200°) showed that it contained only'esterori | |
| Calculated for C,,Fo0,N: C, 39°9; Fs b7k
Found: Cy M1°0; H, O°67‘

L-Tetrafluoroisonicotinyloxy~tetrafluoropyridine, XXXVI

N,N=Diethylaniline (156 g.) was slowly added to a solution of tetra-
fluoro-k-hydroxypyridine.(1°h7 g. ) and tetrafluoroisonicotinyl chloride
(214 g.) in.dry benzene (16 ile ) boiling under reflux. The solution became
light yellow in colour. Refluxing was continued for L hours. At the ;nd of
the reflux period the solution was diluted with benzene (20 ml.) and when cool

extracted four times with 25 ml. portions of 1N hydrochloric acid and once

with water. The benzene solution was dried (MgSOh) and most of the benzene

removéd by distillation under atmospheric pressure.
The residue was distilled under reduced pressure (1& mm. ) to give two
fractions:=
(1) benzene, 22-34°
(2) h—tetrafluor01sonlcotlnyloxy-tetrafluoropyrldlne, bepts 152-153 o
The weight of fraction (2) = the ester fractlon - was 1°52 ge

Calculated for C11F8N202: C, 38ek;

Found: C, 37-8;




2,k y6=~Tripentafluorophenoxydifluoropyridine XXV and 2,3,h,6=Tetra=(penta=

fluorophenoxy )=fluoropyridine XXVI.

Pentafluoropyridine (312 g. ), anhy;irous potassium pentafluorophenzte
(15'52 g ) 42 g. of a mixture of h-pentafluorophenoxytetrafluoropyridiné
and 2,h-dipentafluor0phenoxytrif1uoropyridina énd tetfahydrofuran (110 ml.)
were ﬁeated undarlreflux with stirring for 24 hours. MNost of the tetra-
hydrofuran was evaporated from the reaction mixture at‘atmospheric pressure.
Distilletion of the residue under reduced pressure (0°05 mm. ) yielded three
fractions.

(1) 22-146°, a mixture of h-pentafluorophénoxytetrafluoropyridine and
2,k=dipentafluorophenoxytrifluoropyridine (2+0 g ).

(2) 1&6-1560, boiling meinly over 1#7-1&90, 2yl y6-tripentafluorophenoxy-
difluoropyridine (4710 g ).

(3) 156-160°, m.pt. 83-85° yvifh slight softening at 57°, a new compoﬁnd,

probably 2,3,k ,6~tetra(pentafluorophenoxy)-fluoropyridine (241k g. )s
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APPENDIX I
‘Infra-red Spectra Referred to in Part I
 NUMBER
4975 Difluorovyromellitic dianhydride (Nujol)
4982 Tetrafluoro-A-hydroxyphenleis(trifluoromethyl)carbinol (£11m)

4199 : '
4398A 2,4,5-Trifluororesorcinol (KBr discs)

L6878  Octafluoro=4,4'-dihydrazinobiphenyl (KBr dise)
4563 . Bis(pentafluoroanilino)dioxan (in CCl,) -

42688 0,3,6-Trinitrodurene (KBr disc) ' ‘
42834 3,3'-Di(tertiarybutoxy)hexafluoro~4,4'~dinitrobiphenyl (in 001‘4)

4255  2,4,5-Trifluororesorcinyl diacetate (in CCl;)
4389  2,3,4,6-Tetrafluorothiophenol (film)

4813 Tetrafluorobenzene-l,3-dithiol (film)
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Spectrum No. 4563 Bis(pentafluoroanilino)dioxan (in CClq)
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TABIE 1
TABIE 2
TABIE 3
TABLE 4
TABIE 5
TABLE 6

TABLE 7

APPENDIX TIA

TGA of Polyimides in Air

Polyimide Laminates

Polycarbonates by Chlor&formate Melt Polymerisation.
Polycarbonates by Interfacial Polchndensatibn.
Polycarbonafes by Melt Transesterification.
Reaction of C6F580201 with Decafluorobiphenyl.

Thermal Stability of Model Compounds.
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Polycarbonates by chlofdformate melt polymerisation

TABLE 3.
, : Reaction Inherent Softening
No. Reactants Conditions Viscosity Point (°C)
' dl./§
OH COC1 R :
Pc(s) N . 200°/6 hr,, then 0.07 (before treat- 127 - 133
m©| [ 300%/2 he. ment) (PC(5)) |
OH 0coC1 0.11 (after treat- 163 - 170
oH 0coc) ment) (PC(6)) (not complete)
PC(11) @7 ’ @ 200%/6 hr. 0.18 190 = 220
H 0C0C1
OH 0cocl o
. 200°/6 hr., then Insoluble
Pc(10) @ + @ 300°/10 mins, -
oH 0cocl
PC(14) 4 {coct 200:/6 hr. then Insoluble Not below 320
@ . 300 /10 mins,
O 0cocl
' OH 0coCl1
pe(12) 200°/6 hr., then Insoluble Not below 320
+ 3009/1 nr.
OH 0C0C1
OH 0CoC1 ‘
pc(22) 200°/5 hr., then 0.04 200 - 240
+ 200°/2 hr.
OH 0CoCL
oct 200%/5 hr., th
.y en -
PC(23) HO-@—®0H + 300°/2 hr, 0.05 136 - 2k
0C0C1
coct |
200°/5 hr., then
pecz7) "°‘©‘©‘°" ' 3000/2 hr. 0155 224 - 230
0C0C1
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TABLIE & ‘Polycarbonates by Interfacial Polycondensation

No. Reactants Inherent Viscosity - Softenmg Point
dl./g &)
pe(7) and ecocy 0,04 (Untreated) (PC(7)) 207 - 240
pcs) (not complete)
@ @ 0.165 (Trested) (PC(8)) 200 - 300
0Cocl (not complete)
pc(12) 0coC1 0.23 202 - 210
0COCl
pc(1s) OH 0CoC1 0.03 132 - 136
[;: . [::,
H 0CoCl
not below
pc(is) OH 0cocl 0.05 (conc. H2504) 320
CH 0Ccoc1
0CoC1
Po(2h), (25) _@_ ’ @-o Acetone-insoluble 0,046 (PC(24)) | 165 - 185 :
ococy | Acetone-scluble 0.1 (Pc(25)) 149 - 169 ;
CHB 0C0C1 :
l ) i
Pc(26) _@c _@_ OH + Acetone-soluble 0,06 < 50 i
|
CH 0CoCL l
3 l
|
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TABLE Polycarbonates by Melt Transesterification
. . Inherent Saftening
No. szl dz;c (gh}e{ng; rggcted " Reaction Conditions Viscosity Point
652" : dl./g. (%)
OH 0 . .
pc(2) 250 /Atmospheric pressure/ 0,025 58 - 75
3 hrs. then 2500/20 mm./2 hr.,
0H»
Pc(3) oH ONa 250°/Atmospheric pressure/ No solid
@ . 3 hrs. then 250°/20 am./2 hr, | product
OH ONa
(Trace)
OH 0
pcls) 300 /25 mm./3 hr. Insoluble Not below
220
OH
OR 0 .
pPc(13) 300 /Atmospheric pressure/ o 5
1 hr, then 300°/20 mm./3 hr, 18 12,5 .
Recrystallised
OH
PC(16) . OH 200°/Atmospheric pressure/ Insoluble Not below 320
@ 2 hr. then 300%/30 mm./23 hr.
OH
pc(19) oH 200°/Atmospheric pressure/ Insoluble Not below 320
© 4 hr. then 300°/30 mm./2} hr.
OH
pc(20) HOH 300°/Atmospheric pressure/ 0.04 7% - 82
. 6 hr. then 300°%/30 mm./2 hr.
pc(21) HO Q Q OH 300°/Atmospheric pressure/ Inscluble Not below 320
S hr. then 300°/20 mm./2 hr.
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TABLE 7 Thermal Stability of Model Compounds
Compound Rate of Vapour TD
Pressure increase
(a) CF3 F F 0.12 mm per minute Not determined
F at 308° because of low
F P boiling point.
C6F1. 3
F F
" CeF1y
(B) |
0Ce6F5 0.84 mn per minute °
F5Cq N # 0CcFs
(c) 0C6F5 0.84 mm per minute 335° ,
F 0C(F at 335° '
I XN 7675
F5C60 \NZ0CcFs
® 0
O—C-CﬁF5
0.84 mm per minute
at 266° 266°

" The T of compound (A) is referred to in the Discussion of Part II.
The thermal stability results on (B), (C), and (D) were obtained

after the Discussion had been written.

in Part IV.
of Part V .
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(4)
(B), (C) & (D) are the compounds XXv , XXvI , and XXXIV

is _compound (VI) described




Procedure :

Curve No.

SN U1 WD

PI

PI (2) Poly (tetrafluore-m-phenylene pyromellitimide)

C

(U -

C
C
S

P

]

PI

PI

PI

PI

PI

APPENDIX ITB

TGA in air of polymers

The sample (weights givenvbeiow) was heated in a platinum
crucible in the furnace of a Stanton HTD thermobalance.
The rate of heating was approximately 0.6°/hinute to 190°

and lo/minute above 1900, except where stated.

Figure 1

(1) Poly (m-phenylene pyromellitimide)

Complex PMDA/m~F, ex THF (6°/minute from 60°)
Complex PMDA/m-F, ex THF
Complex PMDA/m-F, ex NMP

Half-ester salt PMDA/CHBOH/m—F, ex'CHBOH

Figure 2

Complex PMDA/m—F, ex THF
Complex PMDA/p~F, ex THF
Complex PMDA/OFB, ex THF

Figure 3

Isothermal TGA at 400°: the samples were heated

to 400° at 6°/min.

(11) Poly (tetrafluoro-m-phenylene pyromellitimide)
ex C 1

(1) Poly (m-phenylene pyromellitimide)
ex polyamic¢ acid

(12) Poly (tetrafluoro-p-phenylene pyromellitimide)
ex C 2 )

(15) Poly (tetrafluoro-m-phenylene pyromellitimide)
ex C &4

(13) Poly (tetrafluoro-m-phenylene pyromellitimide)
ex S 1

(16) Poly( octafluoro-piphenylyl pyromellitimide)
ex C 3

175

Sample Wt.
200 mg.
809 mg.
157 mg.
200 mg.
200 mg.
200 mg.

200 mg.
200 mg.
200 mg.

147 mg.

91 mg.

144 mg.
170 mg.
152 mg.

156 mg.




Figure 4
Isothermal TGA at 400" : the sample was heated to
400° at 6°/min.

Curve No. ' Sample Wt.
1 PI (14) Poly (tetrafluoro-m-phenylene pyromellitimide) 132 mg
ex S 1. '
Figure 5
S 1 Half-ester salt PMDA/CHBOH/m-F ex CH;OH '200 mg
2 c5 Complex tetramethyl difluoro pyromellitate/m-F
ex THF 200 mg.
3 S 3 Salt Difluoro pyromellitic acid/m-F ,
ex NMP 200 mg.
S 2 Salt as S3 but ex C2H50H 200 mg.
S 2 Salt as S2 after sublimation of m-F 200 mg.
6 Difluoropyromellitic acid 200 mg.
Figure 6
1 ex attempted preparation of poly (2,2'-di
(tetraflunro—m—phenylene) gexafluoro-6,6'-
bibenzoxazole), heated at 1°/minute 200 mg.
2. ex attempted preparation of poly (2,2'-di
(tetrafluoro-m-phenylene) hexafluoro-6,6'-
bibenzoxazole), heated at 6°/minute. © 200 mg.
Figure 7
Polycarbonates by Chloroformate Melt
Polymerisation. 200 mg.
Figure 8
Co-polycarbonates by Chloroformate Melt
Polymerisation, 200 mg.
Figure

Polycarbonates by Interfacial Polycondensafion. 200 mg.

Figure 10

Polycarbonates from Bisphenol A. 200 mg.

Figure 11
Polycarbonates by Melt Transesterification. 200 mg.
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1.

2.

Figure 12

Figure 14

Heating Rate for Stanton Thermobalance (Model HTD)
(approx. 10/minute from 190°).

177

Sample Wt.
Comparison of polycarbonates of highest
~ thermo-oxidative stability. 200 mg.
Figure 13
Poly(p-phenylene-1,3,k-oxadiazole) 202 mg.
Poly(tetrafluorofp-phenylene-l,3,4—oxadiazole) 202 mg.
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.'No.

2003

2004

2137
2138

2240
2241
2317
1974

- APPENDIX II C

Infra-red Spectra referred to in PART II

CI. PMDA/tetrafluoro—m-phenylene diamine complex.- KBr disc.

Product of heating c1 at 1°/min. to 300° on the Stanton
Thermobalance. KBr disc.

Ck. PMDA/tetrafluoro-m-phenylene diamine complex ex N.M.P.

KBr disc.

Product of heating Ck at 6°/min. to 300° on the Stanton KBr disc.
Thermobalance. '

C2. PMDA/tetrafluoro-p-phenylene diamine complex. KBr disc.
C3. PMDA/octafluorobenzidine complex. KBr disc.

PC5. Poly(fetrafluoro—m-phenylene carbonate) KBr disc.

Compound (XI) CgF5°CoC1F5*CoFs, m.p. 158-9 , which is probably

6-chloro-1 5-d1(pentafluorophenyl)-2 3,4 5 6—pentaf1uorocyclo— :
hexa-1 3-d1ene. KBr disc.
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APPENDIX III

Infrared Spectra Referred to in Part III (Section I)

Unknowvn acid, m.T. 40-&40, from reaction of pentafluoro-’

phenylmagnesium bromide and octafluoroadipoyl chloride

(in CHC1,,CCY1,) :
3 4

Compound believed to be impure perfluoro-1,1',6,6'—+etra—

fluorophenylhexan~1 ,6-diol (£ilm)

Perfluoro-1,6-diphenylhexane (in CCIA)

Suspected perfluoro-5-benzoylpentenoic acid (in CClBCH)

v2,3,4,5;E-Penﬁgfluoropenzal fluoride (film)

3-Hydro-3'-(1-hydroxyhexafluoroisoprolyl)octafluoro—
biphenyl (film) o _

Irpure suspected 3,3'—bis(1thdgoxyhexafluoroisopropyl)—
octafluorobipheryl (film)

Perfluoro~3,3'-di(n-butyl)biphenyl (in CClh)

3,4 '-Dihydro-octafluorodirhenyl sulphide (in CHC13)
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Spectrum No. U4586A  Unknown acid, m.p. 40-44°, from reaction of
pentafluorophenylmagnesium bromide and octa-
fluoroadipoyl chloride (in CHCl3, CClu)

WAVELENGTH  (MICRONS)

Spectrum No. 4586B Unknown acid, m.p. 40-44°, from reaction of
pentafluorophenylmagnesium bromide and octa-
fluoroadipoyl chloride (in CHCl3, CClu)
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APPENDIX IV

Infra-red spectra referred to in Part IV

Bis (pentafluorophenyl) terephthalate

Product from bromomethylpentaflﬁorobenZene

Préduct from chloromethylpentafluorobenZene
Tetrafluoroterephthaloyl chloride
l—Pentafluoropheny1—2—phenyloctafluorocyélohexene
1,2—Diphenyloctaf1u0rocyclohexene
Dodecafludro;é',5'—dicarboxy—gfterphenyl.

Dodecafiuoro —2',5'—bis(trifluoromethyl)—Efterphenyl
Eicosafluoro -2",5"-bis(trifluoromethyl)-p-quinquephenyl

- Suspected 1,1,2,2,3,3,4,4,5,6-decafluorodec~5-ene.
Fluoromethyipéntaf1uofobenzene |
Dif1&broﬁéfhyipentafluorobenzene

‘ Dodeéafluoro-Q';5'—bis(carboxymethyl)—p7terphenyl
Dodecafluoro-2',5'-dicarboxy-p-terphenyl '
Eicosafluoro-2",5"-dicarboxy-p—quinquephenyl
1—Pentaf1uoropheny1—2-(2,3,5,6-tetrafluorobipheny1yl)octafluorocyclohexene
| 1,2—Bis(2,3,5,6-tetrafluorobipheny1yl)octafluorocyclohexene
_ Unknown (iii) from 1,6-dihydrododecafluorohexene |
1-n-Butyl-k-methyltetrafluorobenzene
1-n-Butyl-4-fluoromethyltetrafluorobenzene
l-n-Butyl-4-difluoromethyltetrafluorobenzene
2,3;6—Trif1uoro—4,5—bis(trifluoromethyl)biphenyl
3',6'—Difluoro—4',5'—bis(trifluoromethyl)—gfterphenyl.1
2,3,3',4,5,6,6'-Heptafluoro—4',5‘—bis(trifluoromethyl)—gfterphenyl
I}Q;Bis(ﬁndeéafluorocyclohexyl)octaflubrocyclohexene
Perfluoro(2,'5'-dimethyl — 1,1' : &', 1"_tercyclohexane)
Perfluoro(%',5'-dimethyl-1,1' : 2',1"-tercyclohexane).

211




WAVELENGT.

7 [}

.“..u.uunlumuuu....u.u.u‘.uuu:......
‘ . eimie e ma R P

(MICRONS)

1 10 "

TRANSMITTANCE (”,)

CM
BIS{PENTAFLUOROPHENYL)TEREPHTHALATE  (N)
WAVELENG (MICRONS)
3 4 S [] 7 [} [ 10 " 12 [} ] e 15
YW WPV TR SUTTTIPVVL FUTUT VPN DPPIT TV POPT i ssisada —ass H . : i .
100 : e R b eh e T e B e 100
—— Lo e
® f' b P f /- .-..-;- . 0
ﬁ A/ ] : : . ! H
& i !
; [ R ':
g ® ' - = —t (]
: - ﬂ.[..._.__. S U S -...-!L_d
£ w , | | P
: P i P
: ;
2 ! 4 120
l ! I v
¥ H M
l l i . I
° ! menacorn ., # g
4000 3000 2000 1300 1000 900 800 700
CM-1
PRODUCT FAOM BROMOMETMYLPENTAFLUOROBENZENE (N)
WAVELENG).. (MICRONS)
3 . s ¢ 7 ] 9 0 11 ” 13 " 15
aaalianatioaal Aaaasleasad Loy v aloasataaaatiiiigaaa,d s N FSTSTOVN PO 4 asdiaaisagaal 4
100 i - + oo : ! }ooo
: f i e
. — - SR
~ A J \ I 1 !
“ — i e o : . “j
2 V o~ ' i !
E \VE | L
«© . : —— a0
s : N : L
i i ' !
2 T S IR SN S
i p . e ‘
o | I L oo g
4000 3000 2000 1500 1260 900 800 700
. [
PAODUCT FAOM CHLOROMETHYLPENTAFLUOROSENZENE (N)

212




1o (MICROND)

NGT

<

V/AVEL

o }o

- INFAACQAD ., P

38
w2, __38 3 9
- u lll a N - -
o N N .
4 ) ;
-1 o M ol .
- M_ :
R ;
2
i
1
ol
M
b
I ..uh U R S et sM
s I -
(¢ ’
p -4
>3 o s
I
A , .
i
I3
3 39
B
7 ottt
1
G
~- 23 ‘
] ]
1 S S B e R
o
o .
p 14 . . //..‘./, )
3 [ UGN BRIP4
4
™ o h o e - -
i
i i
.- aﬁ M
3 I/ |
" ( _m
. *‘ . 1
!

3

Hir

K

(%) 3IoNvLUMSNVYY

70

1000

2000

CM=1

(MICRONS)

WAVELENG

ul
r Jo

INFNACORD ..,

700

1000

1500

2000

o $_.._%

- P
“...1]...1 —— SR S -
:

i ﬁ.; |
==

LK
g =
o] %ﬁ.;..ll

v.

| ==

E =
I D
‘l“ ['l.' -
"3 | .

100

20

CM-
I=PENTAFLUOROPHENYL=2-PHENYLOCTAFLUOROCYCLOHEXENE ‘N)

(MICRONS)

WAVELENG:. .

100

[
i

|

900

) —

1500

Aiiad

2000

3
Losaad

aB

S £
(%) IDNVLLIWSNYEL

-DIPHENYLOCTAFLUOROCYCLOHEXENE (N)

213




WAVELENG).  (MICRONS)

3 4 [ ¢ ? [ ] Ol 10 " 12 13 te [1]
A AA A laLAl A b bsardannns aaaa aalisiticiaaitag, R dadare
oo st B
i ‘ i ' + * . i
P 8 e - ‘...__4._.__.._.4_____,,_,4: A S o p—
: i ! i :
%! - “'—:“ Mt '%" it shi i L
i )
- e
A J‘ /
w g —d " [ ]
g y . J
|- f L / T
. VAR EA TN .
° INFRACORD ., P2 °
4000 3000 2000 1500 1000 200 000 700
CM ¢+
DODECAFLUOROD -4'8'~DICARBOXY -o-TaRPHENYL (N)
WAVELENG)  (MICRONS)
? ’ - ? { ’ " 10 " 12 13 14 13
100 aaaadssastansaslasauraaaalasaatasaalaaaats L“:._l..—.n._.m:.v:u. saasilsaanta “Ai‘u‘“ u..uhu.l,,,.’....[‘:u........;,|,... 100
; f ! i
........ 4 -
- e ! T N A ‘
»® r/ ‘,A - T W \ : )
' !
3 P N | SR § SEI—— ¥
é ne =
-g ) ‘ H i S | ©
i L E
© —_— e e
) , ) ;
U —_— .- ._4:,_. — e —— e
. y13
» et @@
’ +
e [RNOUEE 1O S
. . cr i
° L ;. . 3 mescom. g
4000 3000 2000 1500 1000 900 800 700
M
ooo:cuwoao-a 8- ou(tmrwouounnu)-rtupuuu (N)
WAVELENG).. (MICRONS)
3 4 s 4 [} 9 10 1" 12 13 14 13
aadascalacaad N ceaadadaal TV FUSTY FUTTL FUTIS PUPTT PO TV PTTUTY FOTPTPIUYY P sanlasastaiasaloasatans
100 - + Ep— + M—.—-___I" — 100
e L
[}
[ ] [ ]
Z v
“ ' . a ll\ /i "
z - 1
o«
; | ! Y
g w0 -+ ©
g ! L ]' I ] ! V
- DR -
{ l A
e — G- O-G-O-® "
1}
T - ' =t e (l‘ T ,_‘4
o .Y .. _] P L ..o jg
4000 3000 2000 1500 1000 900 800 700

M-
CICOSAFLUORO -2% 8 -lil(flllLUOIOMlﬂWL)'z"OUINQUIDNDNL -{N)

214



DIFLUOROMETHYLPENTAPLUOROBENIENE (L)

215

WAVELENGY.. (MICRONS)
3 Py 3 6 7 T . z 10 '1' Ilz 13 14 15
4 A salasasy [TV FYTTT T FUTIN VUTTY FUTVE FUUTI RVITE FUTVE FTUVT PUUVE VUV TUTUE OUN Aasada " ia
mo:i_‘:L‘_..?.‘ . e e T - darass : aabiocboiaed 100
. i f
e et
®0 +—- 0
_ !
s"' © el @
z
£
i Nl NV °
g | AL
20 ' X 0
W\ f Y\
e I
ol ! INFRACORD .. #+ | o
4000 3000 2000 1500 1000 900 800 700
M-
SUSPECTED 1,1,2,2,3,,4,4,5,6 -DECAFLUORODEC-S -ene (L)
' WAVELENG).  (MICRONS)
3 4 s 6 7 ) 9 10 1 12 3 " 18
TR FRUUTPVUE PV TUTVS FYVOT VTN PRURUTUTTE FUUTS TUTVY FETUT TUUTE PUUTY PRV FOUUTH i adaaaaks adeaaatasaadaagainnas
100 100
™ 0
- g = SR P
R =Y \ P \V 4
g " 1 g«
2 .
[
£ .
i ¢
Fp=CH_F
W N -
20 ¥ 20
0 ' " INFRACORD ., P* °
4000 3000 2000 1500 1000 900 800 700
M-t
FLUOROMETHYLPENTAFLUOROBENZENE (L)
WAVELENG).. (MICRONS)
3 . s 6 7 s 9 10 1 12 13 1 15
VY TPIVT PRTVE TV VUTPS PYTUT FUUUS FUTTVITTTY FEUTTUPUTE PRTVS FUVET SUTUTRVIeN L N UV adavangaaa lasssia loagad
100 + 100
1
" o~ N\ ! / S ©
e 4 I <
-~ N
< P
: 'g &0 ' \60,
§ % A “
-CNnFP
AU |
20 l [ 20
v \J
0 ! ) ' ) INFRACORD .. M|
4000 3000 1000 - 1500 1000 900 00 700
. cM-r -



CM-*
EICOSAPLUOND 2% 87=DICARBOXY - p ~QuiNQUEPHENTL  (N)

216

WAVELENG .. (MICRONS)
3 ‘ s ? N ’ 10 1" n Y 1a 15
[YPPTY INITTIVINT FRVTTTVIY FUTET FRVVE PRVETTVUN FOTITTUVI TUVTTPITY TUUTT VP VOO . adaanalesiasanaalanasacsaana s .
|oo|>—--- 1 1 po s 1 100
- ,
80 ——- 0
; R
¢ @ ~ 1\ o~ f'\/\pn . N P
§ ' YA 71— AR
s © ‘ v ’ IN I ©
. .. \ | FOCH,
P T »
3w
° a "mu:o-r..n. 0
4000 3000 2000 1500 1000 900 200 700 ’
M
PODECAPLUORD -2’8’ - ISICARSOXYMETHL) ) g apuenve  (N)
. WAVELE.NG'L— (MICRONS)
ediedin i b e e e s
100 o : 100
— e
| i
® e ce————t00
-~ P ¥ o . !
R AL [V T
‘R l1 'R } I
O -
! H
- : )
- B\ G) ———i20
i ! @ ;
e e . PR DO, J
+ ¢om S
0 R e LT T BT PY
4000 3000 2000 1500 1000 900 $00 700
M
DODECAFLUORO -2',8'~DicARBOXY =) ~TEaPHENYL (N)
‘ WAVELENGT. (MICRONS)
3 4 s . 7 s ’ 10 " 12 13 14 15
VP FUTTRTOUTY FOTVS TRTTU PUTEY PUUTL FPDUT PRTTI PUTTTPUTVE PYTTT FUTVE FOTIS VOVTUVIPUTUUVIN FUTUTTUVIT PN aasalacaaaa lasgat
100 100
»0 ]
& —
g b \ . ¥, ™\
_v _'_vr’\‘f\ A,/ 4o
_ Y .
\f\] )
i TFoH i
u '.-- - - - . - =20
G0 6-60-@
- : P e .
0 P %" o
4000 3000 2000 1500 1000 %00 ) 200




T T e

WAVELENGY.. (MICRONS)

3 4 s ? { [] 9 10 1 12 13 1 (1
'M;UJ‘.L. IUUIN POV FUUIN PUTUT TUUTY FRTTTTTEIN PUVOT TUTTY IVCTT VRUIN PUTOVPPURL POV PO | laaails .,Jir..l...u....l“ lasss 100
) .
[ ] A (1]
L N . v 7\
: : VA M/
g e« v 1 “
4 . \ l .
<
E -
v (CBmS i | | , ®
3 ’ &
20 20
0 INFRACORD ,. |
4000 3000 2000 1500 1000 900 800 700
cH-t (N)
l°PINTA"LUORO?N!NVL'I'(2,3,5,0’TITHAFLUORO'IPH!NVLYL»CTA'LUOROCVCLOHEXENI
WAVELENG{.— (MICRONS)
3 4 5 6 7 8 9 10 1" 12 13 14 15
FYTTE FYTTT PRV ITVET FURTU TTTEN TUVPE FUUTT UUTTE FETUT PUTTE PRSIV SUUTE SYTETTUUTI TN PPUN SUTUT DTN FUVUTUUTY FUUUE VOTTN PV UUTIN
. 100 } —t 100
I i
N - 4
L ®0

- — T W V]

TRANSMITTANCE (%)
T s.
W VR B

0 0
° T o - ) INFAACORD .. #2_| o
4000 3000 7 2000 1500 1000 900 800 700
CM-t
I.I'.|8(3'3,5,0'7lTlAFLU°ROIIPNINWCTAFLUO“OCVCLO"KX(N( ‘N)
: WAVELENGY,. (MICRONS) '
3 4 s é 4 ] ’ 10 1 12 13 14 13
T YT TN | [YPUVIN PEVES FUTN FUTTT FUUTE FUUTT FUURY PRTDT TRTTE PTUTTIVORL FVTT FUTVE JUUTT PUUTS FUV adeasaiaaaadaagate
100 100
80 80
3 ——
s e n ~ o
Iv)
g W .
< 1 | A
E X
4 | .
z W— - 40
< |
(-3
- i S —— 4+
: ! l
Wi o e e 20
\ |
S —
ed T
0! _____L o ] : ’ : ) mnACOH‘! -t IO
4000 3000 2000 ; 1500 1000 900 800 700

: cM- '
unkNOwN (iii) FROM 1,6-DINYORODODECAFLUORONEXENE (L)

217




WAVELENGY.  (MICRONS)

3 . H [} L4 [} L} 10 " n [}] 14 11
satarlicsnsansatasssiiiigiinnicandan I PP T T T O ST STTT DU
100 - . A A T [ A . e Lo i . . e - 4)!00

.

. S . . . . . |

e 4 e . O e e e e 4 e e ——— e s e B et e memeiamn e c—

. v ' V . . '
0i—— - . . [ e e . e e PR PG 17X

TRANSMITTANCE ()

0 INFRACORD ., #E 0
4000 3000 2000 1500 1000 900 800 700
CM
1=n=BUTYL=4-METHYLTETRAPLVOROBENZENE (L)
WAVELENGY (MICRONS)
3 4 § [ 7 [ I 9 10 tt 12 13 4 15
PYTTL FOTIT TV FUTPT VTN FUTOT FRTN PR TUUTY IVOUT POV TOUUT adassatesaseannaia.aal N L FPUPY PSS TIVIN PRTIT OO
pngion -=2 100
™ —— ®

|
|
|

S — 0

TRANSMITTANCE (%)
_J

. - v .
© - ‘] I \/ “©
, f“'—&.‘ 1= 1
2 i 2
. . . .o - [ f _i_ ] WIAACOID . 7 | g
4000 3000 2000 1500 1000 900 800 700
CM 1

1=2-BUTYL =4 ~FLUOROMETHYLTETRAFLUOROBENZENE (L)
WAVELENG)Y.. (MICRONS)
* 4 L [ 7 [ ] 1 ] 10 1" lll 13 14 [

IFPTTOTIN FPUTTIUPTY FEVES TUTTL FETTTTUTT PUUTTTRIIN FUUIY PUTVE FUTIN TUUNT FYTURTOTIN DUUTY PUPTT IUUUTTIOR FUPT PUTTN 1T T
100

A AT A

.},.- 4oedmt
L

. 1 i
20 Rt 4 20
. . t ]
e . U N
t i . ' |
[} Lo o s . Ce o MRACORD L S0
4000 3000 2000 1500 1000 900 800 700
CM .

) ’ 1=7-BUTYL-4=DIFLUONOMETHYLTETRAFLUOROBENZENE (L)

218




- T T T

TRANSMITTANCE (*4,)

TRANSMITTANCE (%)

TRANSMITTANCE (%)

WAVELENG:.. (MICRONS)

3 4 5 6 7 ] 9 10 1 2 13 14 T
|oo!f.‘f35f‘1‘f -::EA_—A_A-. ada ..i.uuﬁ.“l aaataaead Saassbasastasoatanaals “l,___L‘“:'z_‘::f:‘f.."_l‘“‘,"“"“."‘:“f‘"“‘. 100
. ; | | :
s SO 4 . —— - e
4 i | ; ' f
80 --- f e g . . [P S . - 80
-——-‘ i O
60. - ch— e — .—;w
N i '
“0i—- ; 40
I
20— - - . [ SE—. . 4 } 20
oE___E_ . e e L L . memacong . g
4000 3000 2000 1500 1000 900 800 700 -
cM ~
2,3,6-TRIFLUORO -4,5 -BiS(TRIFLUOROMETHYL)BIPHENYL (N)
WAVELENG:  (MICRONS) ,
:‘s 4 5 6 { ? 9 10 11 12 13 14 15
[T aataasadaiaatiaaigy loatad taaaalasisiaag aaala faasosnntsorattaoselocoasendsoantegasnsionhacasdiotdodbadiiy
lOO[————q—-—-—-———~-~~—-~——-~——----—~——4-4 R U 4 E R . + 100
i
i i - A : !
R YY" B G _ i
) 1 —
i i
s e M .80
— - (-
t 1 . P
‘ ! ! o
(1] S ﬂ - - . ~— 60
. i
r\ *L_._..‘,,,M R 00 I ____4;
© (PIPN 2 o
LEERS ~ Y T 4 :‘
NS 5 .
7 N T T R M
e | i f
g — - i
. H H
! ! J¢ I
[} ' U ! mruco«r‘) .. Pt JO
4000 3000 2006 1500 1000 %00 800 700
Mo ] .
3°,6'-0IFLUORO ~ 4,5’ - 8IS {TRIFLUOROMETHYL)-e~-TERPHENYL (N
WAVELENGY.  (MICRONS)
3 ‘ 5 6 " 7 3 9 10 1 12 3 e 1s
Lol | i NTUVSUYUUDY SYTTC TN SUVTVIIN | i i i faaaad . lass . aadsad daiaag
100 1 B B $ : 100
i ) | H ' |
I ' | I i
=" e e e e o e
[ W VAARTIE
0 A _a : /v‘, Unv I“o
i ; i
! . { 1
o - A ©
| 1/ | : '
- S ; e
t N . !
i '&b v i f :
40 ' ¥ ; “©
I | :
AL : 1 }
‘ng i ;
!
20 [ } + 20
A ‘ ] t
| i )
ol ¥ - 2 e menacoro e g
4000 3000 2000 1500 1000 900 800 700

CM-?
2,3,2°,4,5,6,6'~HEPTAFLUORO -4’8 ~818 (TRIFLUOROME THYL)- o -TERPHENYL (N)

219~




WAVELENGY.. (MICRONS)
3 4 3 [ ] 14 1 ] 10 i 12 193 14 111
e aalesas, | FFPTTIVIN VYOS TEVV POVIS PIU PETVTUPUTE FPVIT UTTVE FETTT PRTPE PRVIT PRTT DUUTTUR IVDUTOTOIN JUTTS POV | losas
lw[ 100
[ ] ]
s .
()
«© L ]
g ) Y;® -1 R
20 \;k ] ¥ L
'] INFRACOAD ., P2 [
4000 3000 2000 1500 1000 900 800 700 -
' M-t
1,2 -813(UNDECAFLUOROCYCLOKEXYL)OCTAFLUOROCYCLOREXENE (L)
WAVELENGY.  (MICRONS)
3 4 H [ H [ ] ] 10 1" 12 13 14 15
FUTYY FUUTS TUVTY FUVEY PYPTLIVVES FUTYS FUTES TUTTE FUUUT PUTTY FUTHE IUTTS FUVIT FRVVLUTTUT PUUT DUTVT TV PO P PUTTTUUTIN PP VTP
100 " 100
i
w —_ 3 L e
g . . . . 3
- i
™ N ﬁ '
R \ (AL I
“ P b L aney R 22 i el (%]
g — _'C',_ j ! H
. OEZOEG { !
. OFO-® ) - R
) | ' r‘ i
: ' 1
! i z '
20 4 ]i — 4 —— - --—----—-;——-!20
il + ’ 1
ol i / | i _nwnconé w* 1o
4000 3000 2000 1500 1000 900 $00 700
. : CM-¢
PERFLUORO (2,8 ~DIMETHYL =1,1%:4", 1" ~TERCYCLONUEX ANE) (L)
WAVELENG).. (MICRONS)
SO FOVTTOT: FOVOVOIUR SUPUTTOTI SOVTTVITS: SUUTTVIY: FOVTPPTI: STV OPPTITY TRV SR Wy
100 -t P S ¥ - 100
j ! ‘
A S -
t
“ —t—— Wan , ©
; - | \ ’
£ M A
'g' ) v - tv\“
1
§ 40 | Ll
“ N ¥ t ! 1 !
s ’_@ ! —— - .
€Y \ K
. ate, | ' ! P
20 \ / I S S
° l L—J l - ! . . "1'2“2',';,:'_" .Jlo
4000 3000 2000 1500 1000 900 800 700

c™-1 .
pearLuono{d, s’ -DiMETHYL=1,1":3"1"-TencvcLonexane) (L)

220




UNCLASSIFIED
Security Classification

DOCUMENT CQNTROL DATA - R&D

(S ity claseification of title, body of abstract tation must be entered when the overall report ia clessified)
1. ORIGINATIN G ACTIVITY (Corporate author) . . 28. REPORT SECURITY C LASSIFICATION
Monsanto Chemicals, Ltd.; Imperial Smelting Unclassified

Corp.; University of Birmingham; University [z crour
of Durham

3. REPORT TITLE

FLUORINATED POLYMERS AND FLUIDS

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Summary Report (December 1965 through November 1966)

S: AUTHOR(S) (Last name, firat name, initial) T unoh E.R., Evans, S.A., Ayad, K.N., Barbour,
A.K., Buxton, M.W., Tilney-Bassett, J., Mobbs, R.H., Wotton, D.E.M.,
0ldfield, D., Tatlow, J.C., Coe, P.L., Eastwood, F.G., Heaton,.C.A.,

K. R,
6. REPORT DAT 78. FOTAL NO. OF PAGES 7b5. NO. OF REFS
April 1966 220
8a. CONTRACT OR GRANT NO. 9. ORIGINATOR'S REPORT NUMBER(S)
AF 33(615)-1344 AFML-TR-65-13, Part III
b PROJECT NO. .
7340
c. 9b. gJ.usu nfron'r NO(S) (Any other numbere that fuy be u-.i‘uod
¢« Task No. 734004

10. AVAILABILITY/LIMITATION NOTICES This document is subject toO special export
controls and each transmittal of foreign overnment or_foreign
nationals may be made only with prior apgroval of the PolymeP Branch

&%&gg% ggggggﬁlﬁngﬁgggéa%gSglv8ﬁlon &§3Force Materials Laborator

Y »

11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY Nonmet allic .
Materials Division, Air Force Materig

ir Force stems Command, Wrig

‘ Patterson Air Force Base, Ohio
13. aBsTRACT The synthesis of difluoropyromellitic dianhydride, 2,2',5, 5'
6,6'-hexafluoro-3,3'-dihydroxybenzidine, 2,4 5~tr1fluororesor01nol
perfluoro-ﬂ—hydroxyphenyldimethylcarbinol and tetrafluorobenzene—l,3—
dithiol has been investigated. These and other compounds were employ

Laboratoryé Researc¢h & TechnoloEg Di+y.
y -

1s

ed

A low molecular weight perfluorc polycarbonate, a low molecular weig

polyimide had higher thermo-oxidative stability than the correspondi
hydrogenic polymers. Other fluorinated polycarbonates, polyimides,

and a poly(1,3,4-0xadiazole) had lower thermo-oxidative stabilities.
A perfluoro poly(bibenzoxazole) could not be prepared. The reaction

suggests new routes to fluorine-containing polymers. Synthesis route
to perfluoro aralkyl compounds, with potential as thermo-oxidatively

stable fluids are being investigated. Perfluoro alicyclic compounds

of moderately high thermal stability have been prepared. Perfluori-

nated heterocyclics have been synthesised. The thermal decomposition
points of two heterocyclic ethers and an ester are also reported.

between pentafluorobenzene sulphonyl chloride and perfluoro-aromaticsj

in the synthesis of fluorinated aromatic model compounds and polymersf

fluorine-containing co-polycarbonate and a fluorine-containing aromatfc

3

FORM ' .
D D 1JAN 64 1473 - UNCLASSIFIED . )
Security Classification




UNCLASSIFIED

Security Classification

KEY WORDS

LINK A " LINK B LINK C

ROLE wT ROLE wT ROLE wT

Organofluorine Chemistry
Aromatic Fluorine Compounds
Perfluoroaromatic Polymers

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECURTY CLASSIFICATION: Enter the over
all security classification of the report. Indicate whether
“Restricted Data” is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified,
If a meaningful title cannot be selected without classifice-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If sppropriste, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial,
If xilitary, show rank 2nd branch of service. The name of
the principal author is an absolute minimum requirement.

6. REPORT DATZ: Enter the date of the report as day,

month, year, or month, year. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The tctal page count
should focllow nommal pagination procedures, i.e,, enter the
number of pages containing information.

7b. NUMBER OF REFERENCES Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written.

8b, 8¢, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Eater the offi-
cial report number by which the document will be identified

and controlled by the originating sctivity. This number must
be unique to this report.

95. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator
or by the sponsor), also enter this number(s).

10. ~LVAILABILITY/LIMITATION NOTICES: Enter any lim-

itations on further dissemination of the report, other than those

imposed by security classification, using standard statements
such as:

(1) *“*Qualified requesters may obtain copxes of this
report from DDC.”’

(2) “Foreign announcement and dissemination of this
report by DDC is not authorized.”’

(3) *““‘U. S. Government agencies may obtain copies of
this report directly from DDC. Other qnahﬁed DDC
users shall request through

”
.

(4) **U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through

(5) *“‘All distribution of this report is controlled Qual-
ified DDC users shall requ2st through

”
»

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.

11.. SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of |
the departmental project office or laboratory sponsoring (pay-
ing for) the resesrch and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additiona! space is required, a continuation sheet shall
be attached.

It is highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (7S). (S). (C). or (U).

There is no limitation on the length of the abstract.
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used ag key
words but will be followed by an indication of technical con-
text. The assignment of links, rules, and weights is optional.

HOW'

UNCLASSIFIED

Security Classification




