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FOREWORD

This report, is the Third Annual Summary prepared by Monsanto
Research Corporation; under Contract NAS8-21401, "Thermally
Resistant -Polymers for Fuel Tank Sealants" for the George C.
Marshall.Space Flight Center-orf- the National Aeronautics and
3pace Administration. The work was administered under the
technical direction of the Astronautics Laboratory, Materials
Division; with Mr. W. J. Patterson as principal Contracting
@fficer's Representative and D.-E. Merris and W. P. Lewis as
alternate Contracting Officer's Representatives.

The work was performed at-the Dayten Laboratory of Monsante’
Research Coerporatien during the period from 1 July 1970 to
28 June. 1971 .under the direction of Dr. John Mann Butler,
Research Manager of Polymer and Organic.Synthesis, by James
A. Webster, Project Leader.and Principal Investigator, with
technical assistance provided by Mr. Thomas J. Morrow. ]
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ABSTRACT

The development of imide, isocyanate and siloxane linked fluoro-
carben polymers is described. Synthesis and polymerization of
polymer intermediates of the type

X Rp X,

where Ry represents perfluoroalkylene and perfluoroalkylene
ether segments, and X represents amine, isecyanate, or silyl
groups is discussed. Polymer evaluations including thermal and
oxidative stability, fuel resistance, and stress corrosion of a
titanium- alley are discussed.
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I. INTRODUCTION

The objective of this pregram.is the development of improved
thermally and ' exidatively stable polymers for use as sealants in
fuel tanks of .advanced high speed aircraft. This task .requires
developmént of new polymer systems.that exhibit improved properties
té satisfy tensile strength and elongation, adhesion, thermal and
oxidative stablllty ‘requireménts, and resistance to: hydrocarbon

jet fuels. In addition, the ,sealant must givé long-term.service—-—
up to 25,000 hours and at temperatures te 260°C (500°F) and not con-
tribute to stress corrosion of titanium alloys. -

During .this past year the work has been concentrated-on the develop-
ment of fluorocarben pelymer systems as the -most promising appreach
te meetlng both the high stabilify requirements and the.necessary
physical property characteristics. Twoe objectives: toward this,.goal
have-been pursued 51multaneously These objéctives wére (1) .the
development of.synthesis methods., enabling  conversion of flucrocarbon
and fluerocarben ether intermediates to polymerizable polymer inter-
mediates, and (2).the preparatien and evaluation of prototype and
candidate -polymer systems.

e MONSANTO RESEARCH CORPORATION e



IT. SUMMARY.-

Considerable progress toward development of a fluorocarbon based
sealant polymer-was made during the past year. The work was a
continuation of our previously reported efforts to develop high
stability -polymer linkages by coupling fluorocarbon polymer ‘segments
via reactive end groups. A portion of the first year's effort demon-—
strated the synthesis and polymerization of o sw-bis(isocyanatephenyl)
perfluoroalkylénes to form the thermally stable polylisocyanurate.
polymers. During the second year the emphasis was placed on improving
the physical properties .of the polymers by extending the fluorocarbon
segment threugh incorporation of a polyperfluoroalkylene ether segment
between polymerizable end groups.. A major portion of that effort was.
devoted to overcoming synthesis problems. A promising method, the
fluerination of nitrophenyl perfluoroalkylene dicarboexylates, was
demonstrated as a potential route.to intermediates terminated with
stable functional groups although initial experiments gave low .yields.

During thils past year The ester fluerination route was greatly im=
proved and .then extended to the synthesis of perfluoroalkylene ether
dicarboxylic acid intermediates. These reactions enabled prepara-
tion and evaluatien of high:stability polyimide and polyisocyanurate
polymers. .An elastomeric fluorocarbon-modified silicone polymer was
also prepared. More recently a decisien to concentrate the effort on
one of the three polymer-linking reactions was made-in an effort to
develop a candidate product during the next year.. The imide-forming
reactlon.was chosen for this cencentrated effort.
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1L, DISCUSSION

A. BACKGROUND AND APPROACH

The primary requirement for the development of an improved fuel
tank sealant is a long service life under severe operating condi-
tions including exposure to hydrocarbon fuels, air, and water at
temperatures as high as 260°C (500°F). These severe conditions
were the primary reasons for emphasizing the development of a
fluorocarbon-based polymer for this application. The approach has
been to develop polymerizable polymer intermediates containing
reactive terminal functional groups, X, that are linked through
phenylene transitional moieties to perfluorocalkylene or perfluoro-
alkylene ether chain segments, Rr. Together these units make up the
polymer intermediate, which may be represented schematically by the
structure

X2~ ~R ~ ~X
R LV

The perfluoroalkylene and perfluoroalkylene ether segments (R.) are
those derived from the available fluorccarbon intermediates indicated
below: .

Perfluoroalkylene,fCFz}h

(a) Dicarboxylic acids HOOC (CF5) COOH n 3 to 8

(b) Diiodides I(CFz)nI n

it

2 to 8
Perfivorcalkylene Ethers

(a) Perfluoroglutaryl fluoride-hexafluoropropylene
epoxide adducts

1:1  HOOCCFCF3;0(CF,),COOH

2:1  HOOCCFCF30(CF,)s0CFCF3CO0H

CF3 CF3 CFy CFj ?

l ; ] -
>2:1 HOC—CF(OCcmF)xO(CFg)sO(CFCFQO)yCF——COH

z + y = 1-5

{(b) Perfluorobutylene oxide
HOOC (CF,CF ,0CF,CF ;) COOH

e MONSANTO RESEARCH CORPORATION e



Dicarboxylic .acids based on the linear structure have been reported
and may even be preferred but have been unavailable to us (Ref. 1,2).

The terminal functional groups, X, that have been investigated in.
polymer coupling reactions .are the amino, isecyanato, and dimethyl-
silanel groeups. Reactions of .these groups have formed the imide, iso-
cyanurate, siloxane, and azor-linked polymers shown below.

Imide
HoN Re NH, '
\©/ disnhydride
e 0 0 ]
I [ I -
-1—C-. ~C C
’ N Rf N
__c/\@ ~N0 L
Il If
| O 0 A,
;sopyanurate
‘ N ~
OCN R NCG —— N R N.
\I:::I/ f\I:::T/ l\[:::r/ f\I:::r/'
by
Siloxane
CHs ?Ha _?Ha CHs
HO;?i Rl lSiOH — ———?i Ry~ 81-0—1
CHj CHj . CHg CH 4
- o —lx
- Azag

H2N©/Rf\©/NH2 ro7 ]leN=N-\©r Rf\m
x

® MONSANTO RESEARCH CORPORATION s



Each of these reactions provides a.means of linking the basic phenyl- .
terminated fluorocarbon chain segment to form high stability polymers.

The major effort of the past:year's work has been concentrated in two
areas. The first has been the development of synthesis methods te
allew incorporation of the perfluoroalkylene ether chain segment into .
polymer intermediatés of the types shown above. The: second objective
was the preparation and evaluation of prototype and candidate-polymers
to- establish stability, fuel resistancé and stress corrosion petential
of representative polymer structures,.

"B.- SYNTHESIS OF INTERMEDIATES

The- obaective of the.-synthesis werk has: been to develop sultable
synthesis methods that would provide a satisfactory preparation of
polymer intermediates represented by .the generalized' structure,.

oY

w1th -particular emphasis on.extending the fluorocarboén, chain

1ength to include the- perflueroalkylene ether intermediates. Sepa-
ration of the-fluorocarbon. segment (Rf) from the terminal functional
groups (X) by the phenylene moiety has been considered an 1mportant
aspect' in. the development of high stability pelymer.systems. The
phenylene isolates.the functional group from thé electron-withdraw-
ihg effect of the fluerocarbon segment while the phenylene itself

preserves - -the high thermal and oxidative stability characteristics.
uof the’ remalnlng portlon of the molecule.

The synthesis methods that have been developed are -variations or
exten51ons of: the follow1ng three types of phenyl coupling reactions.

via Direct Coupling

X\T:::I/I + I{(CFy)gl — X\T:::j/(CFZ)G\[:::T/X

o MONSANTC RESEARCH CORPORATION e



via Ester Fluorination

SkEy

\I:::I/OC R COT[::]/ —_— OszT:::I/OCFzﬁ CFszI:::]/

via Ketone Synthesis

0 0
ool SFL}

HOOC(R)COOH + ,@/Metal — ©/03 c\©
[:::I/CFZRfCFZ\T:::]

Each of these.reactions has'given high yields of produect, but until
recently, attempts to extend the reactions beyond short chain -seg-
ments apnd  to include the perfluoroalkylene ether segment, have
given poor results

1. Direct Phenyl-Fluorocarbon Cbupling

The dlrect ‘coupling reaction is an effective synth831s route. that has
been described previously (Ref: 3,4). TIt.is applicable-to. the
limited range of primary perfluoroalkylene jodides that are available.
This reaction, for example, provided a convenient synthesls of the
1,6-bis(m-bromophenyl)perfluorohexane intermediate that was subse-
quently converted, to the dimethylsilanol derivative for polymer syn-
thesis.

(1) Mg

Br\I:::r/(GFz)s\[:::T/B? (2) HslMe201

HEOH

(CF2)5 SlH 20, HOS:L (CFp) e~ S:LOH

¢ MONSANTO RESEARCH CORPORATION e


http:coiverted.to

2, Ester Fluerinatien Route-

The- second’ route,.the ester., fluerination, was demonstrated toward
the end of last-year's effort by the reaction

Sy

\@/00(017'2)300\@/ ——— O-zﬁ\@O(GFg)SO\@/NOZ

This reaction was particularly attractive for several - -reasons:

(a) the:pdélymer intermediate ceuld be formed from the dlcarboxyllc
aeid or halide by a minimum number of steps, (b) with the exception
of .the fluerination, each.step.could be carried euf ih high yield,
(¢):the phenyl-0- CF2 llnkage not enly was.a high stablllty linkage
but- also added increased’ molecular chain. flex1b111ty and further
isolated thes functional group from adverse-effects of the fluore-
carbon segment. Efforts this-year 1mproved the ylelds and: extended
the reaction to include the perfluoroalkylene ether segment.

2. Ester Synthesis

- Synthesis of nitrophenyl esters of perfluorecalkylene dicarboxylic
acids was generally straightferward. This synthesis was accemplished
in good yields by pyridine-catalyzed reaction of niftrophencl.with the
diacyl chleride. Employing the acyl halide for ester synthesis is

0 0

0 0
] ' i [l I
OzN\©/OH + ClC(CFzEgCCl E‘Y—I"'-”‘)' ®2N\©/OC(CF2)300\©/N02

s

probably necessary because the ease with which the ester hydrelyzes
suggests that the equilibrium favers the free acid.

The perfluercalkylene ether dicarboxylic acid intermediates are:
obtained as the acyl fluerides. Although the nitrophenyl ester was
formed in 80% yield from perflueroglutaryl Tluoride. and nltrophenol
similar reaction of the 1:1 acyl flueride, FOCCFCFgo(CFz)chF with
nitrephenol gave a-40% yield of ester at best (Table 1). When. the
1:1 acid fluoride was hydrelyzed and distilled as the.carbexylic
acld two products were obtained. One was the- expected dicarboxylic
acid (50% yield),.but the second product was a monocarboxylic acid,
presumably .the hemopolymer by-product .of hexafluoropropylene epoxlde,

e MONSANTO RESEARCH CORPORATION e



Table 1

REACTIONS OF FERFLUCROALKYLENE ETHER INTERMEDIATES

Time

i i Temp Yield
NBP Acid Derivative XC-Rp-CX Solvent hr °¢ Product %
Rp = €0Fs7a
non .
139601 FCRfCF + Nitrophenol + KF CH3CN 1 25 Nitrophenyl eater 30
i
Rk = ~CFO(CF;)~
1 1
139602 FC-R}-CF + Nitrophenol + KF CGH3CN 16 25 Nitrophenyl ester 4o
[ 1
139625 FC-RL~CF + Nitrophenol + EtsN  CHyCl, 20 35-30 Nitrophenyl ester 32
[T
139633 FCRECF + Ha0 + CaCl, Pistllled HOOC-Ré-COOH 53
C 3F70CF , CFOF 30CFEF 3 CO0H 30
39
139635 HOOCR;COOH + S0C1, 21 80 ClCR%CCl 68
99
139637 ClCR%CCl + Nitrophernol 18 110 Nitrophenyi ester 95
CF3 CF3
RY = -CFO(CF,)s0CKH-
. T
138640 FCR}CF + HaO + CaCl, Distilled HOOCR?COOH 87
59
139653 HOOCR%COOH + S0C1; 30 o] Distilied ClCRECCl 85
P9 :
139658 GlcR}'.C(u + Nitrophenol 19 155-160 Nitrophenyl eater gl
r
CRs ¢Fy  CFs
Rg'=—CF0(CF2)500F-CFZOCF—
i I
13967h FCR?'-CF + H,0 + CaCl, Distilled diacid 92
139676 HOOCRI'COOH + 5001, 64 80 Acid chloride a7
[ :
139680 ClCRE'CCl + Nitrophenol 54 160¢-165 Distilled ester 89

8
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AN TFs  GFs
CF3-CP-CF, —> C3F70CFCF,0CFCOOH

In effect, what initially appeared to be a poor reaction yield with
this-1:1 acyl fluoride was the result of a separation of product
from by-products.

The conversion of acid fluoride to acid is essentially quantitative.
Reaction with thionyl chloride and subseguent ester formation both
can be carried out in excellent yield (Table 1). The purification
thus acccmplished by this three-step ester synthesis route appeared
to justify the-additional work.

b. Fluorination

Initially the fluorination of nitrophenyl esters of monoccarboxylic
acids 'was investigated because of ease in work-up and identification
of products. This was folleowed by further study of the nitrophenyl
ester of periluoroglutaric acid as shown by experiments. summarized
in Table 2.

The yield in this labtter reaction was gradually increased from 20%

of crude- preduct to 87% of distilled product. These results were
accomplighed through a combination of factors, including optimization
of reaction conditions, use of a large excess of anhydrous hydrogen
fluoride as a selvent and purification of commercial SF, reagent.

The SF, obtained, from the Matheson Company -was found to contain an
appreciable bromine content. Removal of bromine by reaction with
mercury- (Ref. 5) resulted in a very significant improvement in yield.

Fluorinhation-of - the nitrophenyl esters of .the 1:1, 2:1, and 3:1
adducts of perfluoroglutaryl fluoride and hexafluoropropylene epoxide
formed' the corresponding nitrophenyl ether derivatives (Table 3)1

'CF3
|
OgN\@/OCFQCFO(CFg)so\gNOQ 50-60% yield
1:1
o g
OzN@/ OCFzCFO(CF2)5OCFCF20\©/N02 18—50% yield

2:1
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SULFUR TETRAFLUORIDE FLUORINATION OF ARYL ESTERS

Table 2

OF PERFPLUOROALKYLENE DICARBOXYLIC ACIDS

lisolated as amine-HC1
2¥neomplete reactlon C=0 evident in the IR
3purified SW, wasz used
4Pogsible temperature control failure, may have overheated
SRecovered 50% unreacted ester

10

HBP Ester Reactant g (moles) g (f:lc:ies) }_u;_
132810 ozn\I:::IzooccaF7 15 (0.047) 20 (0.2) 5
132816 OZN\]:::];OéccaFy - 10 (0.031) 4 (0.04) 20
138821 OZN\T:::IfooccaF7 10 (0.031) & (o0.04) 20
132823 OZN\T:::]zoocch7 10 {0.031) & (0.06) =20
132826 OZN\T:::It00007F;5 10 (0.019) 8 (0.07) "20
i32837 OngI:::TaOOCC7F15 10 (0.019) B (0.07) 20
132839 ozws]:::I’oocc7F15 10 (0.018) 8 (0.07) -20

" 132829 OZN\T:::IIODC(CFz)3c00~I:::Tf 20 (0.042) 12 (0.1) u?

132833 ozﬁlti::T,OOC(CFz)3000~T:::Iz 2 4o (0.083) 26 (c0.2W) ho
125095 62N;I:::Iaooc(CF2)3000\[:::rz 0, 10 (0.019) 10 (0.09) 10
132842 ozn\gooc(CFz)acooU 20 (0.042) 12 (0.11) 40
132857 OZN\Ti::I,ooc(ch)Bcoo\[::]/ 90 (;.182) 56 (8.52) 190
137089 ozan:::T,ODC(ch)acoo\I:::T» 73 (0.155) 50 {0.%6)8 157
132855 OgN\T:::r,OOG(CFz)chOs]:::]/ 2 40 (0.055) 15 (0.15) 80

Time Temp
hr %6
23 100
24 125
18 150
1 100
2 150
2.5 175
2.0 100
2.0 125
2,5 150
3 150
5 100
24 125
2 150
10 100
10 80
& 100
17 125
2 150
& 100
11 125
2 150
19 - 1le0
24 125
8 150
5 100
5 100
12 100
5.5% 110%

® MONSANTO RESEARCH CORFPORATION
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Yield

(Distillied)

39

<5

5y

<36

n

431!

692

ho

42

<20

59

h2

87



Table 3

SPs FLUORINATION QF NITROPHENYL ESTERS OF PERFLUOROALKYLENE ETHER DICARBOXYLIC ACIDS

SR, ! Hp

W& Wt W¢ Solvent Time Temp

NBE Bsger g £ _E Wty g Y ] v
139604 Mitrophenyl ester, 1l:1 aeid?2 5.7 7 12 —_ 13 100
] 120

139614 Nitrophenyl ester, 1:1 meid 11.4 1k 28 - 17 100
. X 20 125
139639 Nitrophenyl ester, 1:1 acid 9.6 10 20 -— 21 00
20 125

+

139620 Hitrophenyl ester, 2:1 aeid® 10.2 10 20 -— 17 160
N . 20 125
139%36’ Nitrophenyl ester, 2:1 acid 5.0 5 10 benzene 38 100
137463 Nitrophenyl ester, 2:1 acid- 5.4 1% 13 dimethoxy- 18 100-
. ethane 110

1396%5 MNitrophenyl ester, 2:1 acld 5.0 3 0 PO 43% 20 100
20 125

139651 Nitrophenyl ester, 2:1 acid 5.0 5 10 CgHglOs 18 125
139654 Nitrophenyl ester, 2:1 acid 5.0 5 10 FC 75% 32- 122

1 3

137460 Nifrophenyl ester, 2:1 acid 5.0 10 10 FC 43 32 75
. 20 100

139657 MWitrophenyl ester, 2:1 actd 5.0 5 10 FC¢ 75 24 60
139659 HNitrophenyl ester, 2:1 aecld 5,0 5 10 FC 43 57 80
139660 Nitrophenyl ester, -2:1 acid 12.0 12 10 FC 75 56 80
139677 Hitrophenyl ester, 2.1 aeid 15.0 12 15 FC 75 66 i)
139686 Nitrophenyl ester, 3:1 aeld 10 10 ] FC 75 90 B0

Purified SFy
U 0 CPy a

[ | i
20,8 \@rOC-CF—O(CFZ) qco\@mz

. Q9 CF3 - CF3 0

T [
0,N \GOC—CFO(GFZ)SO-CF—COUNOZ

YPC 43 = pevrfluorotributylamine
5PC 75 = perfluorchutyltetrahydrofuran

11
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H
Yield Product
65 Nitrophenoxy perfluoroalkylens
ether
55 " Nitrophenoxy perfluorsalkylens
ether
g2 Nitrophenoxy product
18 Nitrophenoxy product
- Recovered ester
-— Black, infusible solid
36 Wi trophenoxy perfluocrcoalkylens
ether
- 30% recovery of ester
38 Contained carbonyl impurity
L2
—_ Recovered aster, largely
unreacted
LY
50 Contained carbonyl impurity
35 Purified nitrophenoxy product,
also isolated
g
15 021\1-@—001?20?0(05‘2)5001?0?3
50 Hitrophenoxy producé



CF'5 CF3  CFy

{
OZN\@C)CcmFO(CFZ ) 500FCF200FCF20\©/N02 50—60% yield

3:1

The yields in the fluerination reactions appeared to decrease with
inereasing molecular weight. An attempt to eovercome the low yield
initially .obtained in fluorinatien eof the nitreester of the 2:1
acid adduct tThreugh the use. of various solvents was not successful
until the fluorocarbon selvents FC 43 and FC 75 (3M Company) were
uséd. These permitted a. substantlal 1mprovement, with yields up to
50%. This reaction is still being studied in an, attempt to gain
further improvement in ylelds The products stlll showed evidence'
of the ester. carbonyl. Brief hydrolysis in aqueeus alkaline solu-
tiqn destroyed the ester. The desired product, which was soluble
in benzene, was ‘separated from benzene-insoluble. résidues. Digtil-
lation affiorded the nitrephenyl ether product.

Conversien of the nitrophencexy-fluerecarben intermediates to amines:
by catalytiec hydrogenation over Raney nickel was. essentially
quantitative. Conversien of. several of the simple amine products
to isocyanates by phosgenation was.also accomplished in high yield.

Attempts to extend the ester fluorination to bromephenyl and xylyl
esters of perfluoereglutaric-acid were noet successfui. Upon. fluor-
ination with SF, the xylyl ester.formed insoluble, infusible solid
products indicating attack on the methyl groups even at temperatures-
as low as 40°C when anhydreus HF was employed. In-the absence of’
hydrogen fluoride, the ester was recovered unchanged at 120°C.
Feormation of an infusible product from the brome compound at 1086°C
was considered evidence of attack on.the aromatic ring. The ring—
deactivating effect of the nitro substituent probably protects the
ring in. the nitrophenyl -ester fluerination reactions. These experi-
ments are summarized in Table 4.

The bromophenyl ether product was of interest feor conversion.to the
phenexyfliuorocarben. silanol intermediate while.the Intention was to
convert xylyl ether product to the corresponding dianhydride

O
Il il
0 0
¢ o
Il H
0 0
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Table B
ATTEMPTED 3Fs FLUORINATION OF ARYL ESTERS

SF,! HF
Weight Wt. Wt. Time Temp.
Ester 7 £ £ Solvent hr °C Results
137036 Br ODC(CF2) 3000 > By 14 10 30 - 10 100 viscows black liguid
ne product isolated
139619 B OOC(CP‘Z 3000 Br 12.4 10 25 - N 18 100 nonfusible black solld
@ 20 120
13961I8 KJ/OOC(CFZ) 3COO©:CH3 10 10 20 — 24 1066 refractory-black solid
. CH 4
1374862 Q0C{CF5 ) 3C00 CH3y 10 10 8 CgHsNO, 17 75 bliack viscous liquid
j@’ \@ C=0 evident 1n IR
CH,
130662 j@,OOC(CFZ)acUO\GE(:H in 10 2 FC-75 22 100 refractory black solid
Ha
1396614 @000((}1‘-‘2 }3C00 \@CH 5 : 5 - FC-T5 19 50 egter recovered
-'e CHy
130666 j@,OOC (CF;)3C00 @CH 5 5 -—  PC-75 19 120 ester recovered
o ) CHj
139667 :©/OOG (CF3) 3000\@05‘1 5 5 y FC-T75 21 25-30 ester recovered
CH;
139673 @/OOC(CFZ)SCOO\@CH 5 . 5 10 FC-T5 18 40 black solid + sulfur
CH3
lPurified SF, used except 137036
13
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intermediate te gain further lowering of the glass transition temper-
ature of the resulting polyimide polymers.

3. Ketone Fluorination

The third approach, the development of phenyl-fluorocarbon coupling
via ketone synthesis and .-subseguent SF, fluorination, was an ares

of concentrated effort during the previous year's work. While,
dibenzoyl perfluoropropane and perfluorobutaéne derivatives were made-,
in high yield by Grignard or acylation reactions, the attempts to
extend these reactions to the perfluoroalkylene ether intermediate
were largely unsuccessful because of insolubility of organc-metallic
salts and intermediate preducts of the Grignhard reactiens.

a. Ketone Syntheses

Further efforts were made this year to syntheslze the ketone deriva-
tives wvia-direct. coupling between organometallic reagents and acyl
halides. Experiments with aryl zinc reagents were relatively
unsuccessful, but reaction of phenyl copper.with perfluorcocctanoyl
chloride resulted in a surprisingly high yield (83%) of the corres-
ponding ketone. These experiments are included in Table 6 along

with a serids of related miscellaneous coupling experiments discussed
later. Because thls entouraging result came at. a time when signi-
ficant imprevement in the ester fluorination was being obtained, this
ketone apprcocach was not pursued further.

b. Ketone Fluorination

Further study of .the SF, fluerination of diketones was carried out
also, because of the need for a better seource of a,w-diphenylper-
fluorealkylene intermediates., The limited availability of the -
diiodide intermediate I(CFj,)¢I made the ketone route, an attractive,
alternative route to the direct coupling reaction. Further study

of the dibenzoylhexafluoreprepane fluerination was prompted-also

by our inability To obtain:the high yield diphenyl perfluoropentane
reported in. the literature (ref. 6). The fluorinated product:
obtained was a varying mixture.of The expected product. and the cyclic
ether by-preduct shown below.

0

0
1 1
C(CF,)3C
Q o
PAN
(CFy) 5 + (IJF (le
\© CF, CF,

N
CF{,
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COUFLING REACTIONS

Table 6

Time Temp.
NBP Reaetants Solvent! hr °c Results
132832 C,F,5C0C1 + ICsF;5 + Zn THF 6.3 -10 to 9 Rel added to ReCOCL, Zn
0 to 25 and THF, ~35% diketone
137065 C3F5I + C4F;5C0C1 + Zn THR 2 =10 to 20 exothermic reaction,
CaF'}COC']FlS formed
137053 C3F7Znl + C3F,C0CL DME 18 25 iR evidence of ‘ketone
product
1
137050 CgzHsCOC1 + IC3Fy + Zn THF 1 ~10 CsHsCO(CH2),C1
0.7 0 to 10
137055 CgzHsC0C1 + C3F7Znl DME 0.5 =-10 to =15 no ketone product
. pyr. 16 25 {benzoic acid isolated)
137081 “G3F7I + Cu DMF 7 110 exothermic,
CgHsCOCL added DMF 25 no ketone product
123897 CgHsI + CF;5C0C1 + Zn? THF 22 25 no evidence of phenyl
coupled product
137047 CzHsCOCL1 + I(CF,)4I + Zn THR 2.5 -10 to -5 no evidence of phenyl
. : 16 25 coupling, CgzH5CO(CH,),01
) tentatively identified
137049 CgH5COCL + I(CF,)yI + 2Zn THE 2.5 =10 to -5 no evidence of phenyl
coupling, CgHsCO(CH,),C1
tentatively identified
137435 CgHsI + Wi(CO)y, + C4F;5C0C1 —- 3 75 no products ldentified
3 150
123899 CgHgMgBr + ZnCl; + G7F15C0C1 ether 0.5 -5¢to0 no ketone product
1.0 0 to 10 recovered RfCOOH
16 10 to 25 _
137438 CgHsCu + CF;5C0CL ether ~30 to -40 B83% yield, CgHsCOCF;5 -
THF = Tetrahydrofuran
DME = Dimethoxyethane
DMF = Dimethylformamide
2ackivated Zn/Cu couple
15
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The successful use of HF as a solvent and catalyst in the ester
fluorination reactions prompted a similar approach in the- SEy,
fluorinations of the ketone. The experiments summarized in Table
5 show.that polymeric sulfone products were obtained at 125°C
In-the absence of the HF no reaction occurred at 125°C. The
cyclic ether and a brominated product were isolated when a similar
experiment was -carried out at 50°C. These products provided a
clue to impurities in the SFy, reactant. After purification of the
SF, to remeove elemental bromine (a consistent impurity in the SF,
obtained from Matheson Co.), the product obtained in .the presence
ef anhydrous HF was a high yield of the cyclic ether. When the
reaction was, repeated with 1,4-dibenzoylectafluorobutane, a high
yield of diphenylperfluorohexane was fermed, indicating that the
cyclizatien was peculiar to the Cg diketone. The ease of this
cyclization was made even more apparent when aqueous titration of
the diketone showed a sharp -end point upon addition of one equiva-
lent of NaOH and formation of a cyclic diol upon subsequent gcidil-
fication, as shown by the follow1ng equations.

0 O O

| Na 1 I 0 J
| /' /"\
(CFy) 50 NaOH ~ —@ Ht

- CF2 Fz CF2

Attempts to demoenstrate a similar intermolecular coupling reaction.
between mono keténe intermediates in the presence of excess HE was
net successful. The products were the fluorinated alkyl benzenes
shown in Table 5.

4, Miscellaneous Phenyl Coupling Reactions

Dicarboxylic acid derivatives are probably the best potential sources
of perfluorcalkyleng and perfluorocalkylene ether chain segments.
Although the short-chained 1,3-dibenzoylhexafluorepropane inter-
mediate was readily prepared by acylation of benzene with perfluoro-
glutaryl chloride.or by reaction of phenyl Grignard on the dicarboxylic
acid, neither route gave satlsfactory results with pelymeric perfluorc-
alkylene ether dicarboxylic acid (Ref. 4). As a result, the develop-
ment of methods® for incorporating the longer-chained intermediate into
a phenyl-terminated product was a continuing objective.

16
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SFu FLUORINATION OF KETONE INTERMEDIATES

Table 5

. Welght
NBP Reactant g (moles)
0 0
IF 1]
C

132865 CCF,CF,CFy ]:::] 10 (0.029)

. 0 o)
1 i

137063 [::],CCcmFZCFlc > 10 {0.029)
9 8

137062 @/CCFzGFzCFzC@ 10 {0.0629})
7 i

137067 @,ccmcm?zc@ 0 (0.029)

Q 4]
it ]

137069 @/ccﬁzc‘cmzv'zc\@ 10 (0.029)

0
]

132881 @,00F2c1=,_c1?z

o
1

137090 ‘@cchc?zcyz
g ]

137087 @,&CFacFZCcm\@ 10 (0.029)

a

i

137098 @,cmvzmvacﬁ'zcnv2

0
t

137007 @,CC Py
0
1l

137026 [::j,cc3F7 55 (0.2)

\@ 19.8 (0.055)

0
1
c

15.8 (0.055)

.

10 (0.024)

g

13.7 (0.050)

IMay have exceeded recorded values

2Polymer identified on a sulfone £PC5{-50;%
3piphenylperfluorotetrahydropyran

YPurified SFy

SFy
g (moles)

HF

ro (0.093) 20

12 (D.12)

20

20 (0.185) none

10 (0.092) 20

10 (0.092) 20

50 {0.464) none

40% {0.37)

none

0% (0.092) 20

1o {o.092) 20

6 {0.056) 20

24 (0.22)

-

20

12

12

10

13

Time Tenp
hr eC
3 100t
21 125
19 150
20 i1z5
20 125
6 25
12 50
2.5 25
¢.5 59
2.0 50-25

115
220

125
715
2208

%

75

100

100

41

>80

76

54

62

Results

polymer?

11 g pelymer {sulfone)
recovered diketone

eyelic etherd, + brominated
derivative and polymer

recovered diketone

@/ (C?z)s\@

high recovery of stariing
ketone

eyelic ether?

@,( CFZ)S\©
@/CJ,FQ
[::],3qu

SThese were the conditions reported to give high yield of diphenyldecafluoropentane (Ref. 6)
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Alternate methods for linking fluorocarbon segments Through phenyl
moieties were investigated. Synthesis of a phenyl perfluoroalkyl
iodide in ‘reasonably good yield was reported by McLoughlin and
Thrower (Ref. 3).

[:::T,I + T(CFy)al %%%+ [::]/(CFz)gl

I

The possibility of linking this product to a perfluorocacyl chloride
was suggested by the following reaction

0
It
0B sT + CyF15C0C1 2845 C,F1sCC7F1s

The above coupling, which was carried out in anhydrous tetrahydro-
furan, was found to be exothermic at -10 to 0°C and formed- 35%
yield of diperfluoroheptyl ketone. This reaction suggested that
coupling of (I) with fluorocarbon dicarboxylic acid halides could
be used to prepare the desired phenyl-terminated products.

Formation of the perfluerodialkyl ketone in the above experiment

was not immediately recognized because the boiling point and
infrared spectrum of the product were nearly the same as that of
perfluorooctanoic acid (the ketone formed the hydrate very rapidly
in contaet with air). The fact.that the ketone was formed from

the acyl halide contrasted with the poor results previously
obtained with acyl halides and Grignard reagents. Several experi-
ments were carried out in an attempt to expand upon this coupling
reaction, but the results for the most part were negative (Table 6).
Attempted coupling of diidooctafluorobutane with benzoyl chloride
in presence of zinc and THF at -10°C, for example, formed y-chloro-
butyl benzoate as a major-product even though these were the condi-
tions that formed the ketone when the perfluorooctanoyl chloride

was used with the perfluoroalkyl iodide. When perfluorococtanoyl
chloride was used in a third experiment, once again no ketone was
isolated. Possibily the clue to what appears to be a discrepancy
in these.results is Miller's (Ref. 7) speculation that a.bimolecular
reaction occurs on the surface of the zinc rather than an initial
formation of perfluorcalkylzinc iodide followed by reaction with the
acyl halide. In the original experiment that resulted in formation
of the ketone, the vigorous exothermic reaction occurred after all
the reactants had been added.

18
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Finally, in-a further attempt te utilize the organozinc coupling
réaction, anhydrous zinc chloride was added to phenyl Grignhard
followed by addition of perfluoreoctanoyl chloride. This method
also failed to give more than a trace  of ketone. This experiment
was based on, a procedure which with alkyl Grignards is reported to
give excellent yields of aliphatic ketones (Ref. 8).

The attempfted coupling of iodobenzene with perfluorooctanoyl
chloride in the presenceof a stoichiometritc quantity of Ni(CO),
was based on the Ni(CO)y-catalyzed reactions of perfluorocaryl
chlorides with benzene in which 40% yield of perfluoroalkyl benzene
product was reported (Ref. 9). By substituting iodobenzene for
benzene, a higher conversion to perfluoroalkyl benzene product was
anticipated. None of the desired product was isolated, however.

C.. POLYMER .SYNTHESE:S AND EVALUATIONS

1. Fluorocarbon Isocyanurate Polymers

The development of the isecyanate cyclotrimerization reaction for
linking of fluorocarbon. polymer intermediates through the formation
of high stability isocyanurate polymers has been pursured for three
reasons: (1) the polymerizations eccur under mild-temperature cendi-
tions, (2) the reaction is an addition rather than a.condensation.
reaction thereby avoiding formation of wolatile side products, and
(3) the.isocyanurate. structure has been shown to have high thermal
and oxidative stability. The objective .has been to determine whether
the fluorecarben polymers linked through the isecyanurate .ring

system have the necessary stability and freedom from sTress corrosion
to satisfy the requirements of a fuel tank sealant application,

Small quantities of fluorocarben isocyanurate polymers were prepared
during the previous year's effort from intermediates of the type

OCN©—( CF, )n-@mo

where n = 3 and 8. The high glass transition temperature of these
prolymers indicated a need for greater fluerocarbon chain length and
flexibility.
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- The synthe31s effort of This past year provided larger quantities
of two pelymer-intermediates, I and II, for further study of.
isocyanurate polymer‘prqperties

,OCNO/O(OFZ)SO\Q, NCO

I

OCN\I:::I/(CFz)S\I:::I/NCO

1T

Because ther fluorocarbon chain-lengths were too short te impart
the deslred physical properties, the two compounds were considered
prototype intermediates, Nevertheless, these compounds permitted-
evaluation of polymerization . and stablility characterlstlcs of the
basic fluerecarben isocyanurate.pelymer structures.

a. Polymerization

Polymerization of1,5~bis(isocyanatophenoxy)decafluoropentane, I,
proceeds at room- temperature upon addition of catalytic ameunts
of N,N,N',N'-tetramethylbutanediamine and allyl glyecidyl ether.
Upon post cure- at. 100°C- a hard, clear, somewhat brittle polymer:
was formed.

The high melting point of the second compound, bls(lsocyanato—
phenyl)perfluorohexane .IT, necesslitated heating the menomer above
75°C at-which temperature. the polymerization was t00 rapld to per-
mit mixing of catalyst. Polymer formed esséntially instantaneeously
as the catalyst ' was added. Tq overcome this proeblem.created by the,
high melting point:.of the monemer. and to effect a change in. polymer
properties by decreasing the degree of crosslinking, the mono-
functional nonafluorobutylphenyl isocyanate 1ntermed1ate was
prepared as a.diluent for the diisocyanate. A 11qu1d solution of
the two components could be cooled to less than 40°C at-which
temperature, catalyst .could be added and mixed before polymerization,
occurred to any appreciable degree.

20
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http:phenyl)perfluorohexane,.II

b. Thermal Stability

Evidence of high thermal stability of the isocyanurate-iinked
fluerocarbon polymer structures formed from intermediates I and
ITI, was obtained in two ways. TGA analyses of the polymers
(Flgure 1) showed low welght losses below 306°C. The loss in
weight of the phenyl-0-CF, i1inked polymer was less than 5% at
temperatures up to 400°C when the heating rate ih air was 2.7°C/
minute. Whether the, apprecilably gredter weight loss of the ¢—CF2
linked polymer below 400°C represents optimum performance is
guestienable.

A more sensitive measure and comparison of the thermal stabllitiles
of the two analogous fluorocarbon. isocyanurate structures was
obtained by the isoteniscope method (Ref. 10). Twe isocyanurate
compounds were prepared by cyclotrimerizatien of perfluorobutyl-
phenyl- and perfluorobutoxyphenyl isocyanates and were purified
by recrystallization. The thermal stability.values shown in
Table 7 indicate comparable stablility levels. The values shown
are the temperatures at which the rate of vapor pressure change,
dp/dt, resulting from.thermal decomposition .was equal to 0.01%
torr/sec or 500 torr/10 hr. This temperature corresponds to a
slow but measurable rate of decomposition. The-370°C thermal
stability values suggest that the isocyanurate structure has
adeguate thermal stability for.long-term service at temperatures
of .260°C (500°F) and possibly above.

c. Stress Corrosion Potential

Stress corrosion test samples were -prepared by casfing fthe fluoro-
carbon igocyanurate polymers on the.- test surface of titanium stress
corresion specimens. The samples were then evaluated under Task B
program (Ref. 11), by.heating for 1000 hours at 260°C (500°F) under
a tensile load of -75% of the test bar yield strength. Initial tests
of the-polymer showed failure of the metal, resulting from stress
corresion after 100 and 270 hours. At the same time the identical
fluorocarbon structure,

-~

>N\©/O(CF2)5O‘\©/N\

incorporated into an imide showed no, evidence of-stress corrosion
during a similar 1000-hour ftest.

21
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Table 7

TSOCYANURATE STABILITY

Hydrolytic-
Melting Thermal Stability
~Compound Peint; °C Stability 959 _over-Water
0 .
Il
~O~
CH—FSUI\‘I 121.5-123 373°C -
. 3.
I
’ 0
il
AN .
CyFq0 N 124.5-125.5 370°C- : 15.days no.
\I:::I/I degradation
' 3
II
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These test results prompted further study of the isocyanurate cure
reactions, the monomer purity, and hydrolytic stability of the
isocyanurate polymers. These studies, which are-.described further
in the following sections, indicate that fThe.failure was not an
inherent characteristic of fthe isocyanurate structure but the
result of impurities or inadeguate cure. Further-.test specimens
coated with fluorocarbon isocyanurate polymer "were-prepared from
the two prototype intermediates under improved conditions and then:
reevaluated. These tests showed no evidence of stress corrosion
after 1000 hours at 260°C (500°F).

d. Hydrolytic,K Stability

The hydrolytic stability.testing of prototype isoecyanurate polymers
was carried out by suspending solid polymer specimens over water in

a closed system-at 95°C. Initial tests under these conditions with
a sample of the, copolymer of OCNQ(CF,)s0NCO and C,F¢ONCO resulted in
formation of a, gummy liquild within three days, and the residual poly-
mer was. found to be soluble in warm ethanol. Under the same condi-
tions, nonfluorinated isocyanurate polymer samples were unaffected.
after several weeks. These results prompted further study to deter-
mine whether poor hydrolytic stability was an inherent defect of
fluorocarbon-containing polymer or the result of some other factor
that might be overcome. Infrared analysis of hydrolyzed polymer
material showéd strong -NH absorption at 3.0 u and no longer showed
the isocyanurate absorption af 5.8 p. Further infrared analysis of
the original polymer samples showed evidence of amidie -NH absorption
suggesting impurities in the polymer prior.to subjéction to hydroly-
tic conditions. While evidence of tThis -NH impurity in the isocyan-
urate polymers had been observed previously, it was thought to have
resulted from reaction, prior to cure of thin film specimen, with
traces of molsture rather than from an inherent deficlency of the
bulk polymer-.

Further. study of the curing reaction by infrared spectra analysis
was carried out’ to determine whether the -NH containing impurity’

in the polymer may have resulted from incomplete cure and subsequent
hydrolysis of residual isocyanate groups. A.polymerization mix of

OCN \@/(CFQ)6©/NCO and OCN@/CL,,FQ
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and the catalysts was prepared under conditions’ carefully controlled
to exclude moisture. The bulk of the reaction mixture pelymerized
to a solid within 10 minutes upon mild heating. A .small portien of
the mixture between salt crystals was simultaneously used for IR
study. Gradual conversion of: free NCO to isoeyanurate was shown by
periodic determination of infrared spectra. Surprisingly, the
conversien was not complete even after the sample had been heated

to 150°C for about 3 hours. After five hours, however, the -NCO
absorption was, nearly eliminated. Upon, heating at 185°C overnight
no free -NCO absorption could be detected. The relatively long

time and high temperature needed to eliminate the -NCO absorption
from the infrared spectrum suggested that previously prepared samples
may- have been incompletely cured and that residual -NCO groups may
have resulted in subseguent hydrolysis and formation of less stable
urea 1linkages.

When precautions were taken 'during preparatien and polymerization of
the polymer to ensure adequate cure conditions, (i.e. =NH free inter-
mediates, moisture-free catalysts, and.strictly.- anhydrous conditions)
very little or no -NH absorption was evident in the infrared spectra
of the polymers. Isocyanurate polymer prepared in .this manner from
OCNQO(CF, ) sQPNCO showed no evidence of hydrolytic instability after

5 weeks over water at 95°C. Also, this polymer- did noet cause stress
corresion of the titanium alloy-in 1000 hr at 260°C. The copolymer
of OCNG(CF,)gdNCO and CLFoQNCC alse showed greatly improved hydrolytic
stability, although evidence of degradation was observed after 2 weeks
at 95°C, ~95% RH. Again no evidence of stress corrosilon of titanium
alloy was observed with this polymer after 1000 hr at 260°C (500°F).

A comparisen of the two prototype polymer structures suggests that
while the, fluorocarbon segment may tend to decrease the hydrolytic
stability of the isocyanurate-linked pelymers, the polymer contain-
ing the oxygen . link between the phenyl and perflucroalkylene exhibited
apprecliably greater hydrolytic stability. It was concluded that the
oxygen helps To stabilize the structures against the adverse effects
of the.fludérocarbon segment on hydreclytic stability.

While these tests suggest that the isocyanurate linked polymers have
reasonably good hydrolytic stability, it is difficult to assess, at
this state, the relationship of these hydrolytic stability tests to
long-term polymer stability.under cenditions that might prevail in a
fuel tank,
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2. Fluoroccarbon Polyimide Polymers

a. Polymer Synthesis-

The aminophenyl and aminophenoxyperfluoroalkylene compounds that
were synthesized for conversion fto isocyanate intermediates also
provided intermediates for preparation of polyimide polymers. A
prototype polyimide was prepared from 1,5-bis(m—aminophenoxy)deca-
fluerepentane and benzophenonetetracarboxylic dianhydride.

| Q 0
H,N O(CF,) s NH, + _C C
[: ] [: :[ 0
¢
‘ f
0

=0

~
0 —
rd

O= [}

g0 0 D u
O(CFZ)5O—T:::I~N—C:I:::T-C—T:::IZC—N :E%9+
HOOC COOH

I

o
=0

1
/3\
[4p] (]
Q (]

\N O(CF,) 50
ey

iI

!
O
o
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Synthesis of the polyamic acid (I) was simply a matter of adding the
stoichiometric quantity of the dianhydride to an anhydrous solution
of the diamine in dimethylacetamide. A clear, amber .colored film

of polyamic acid was formed upen evaporation of the. solvent. Upon
further heating, the film was converted to polylimide II*through
condensation and elimination of water.

Additienal polyimide homologs were prepared in & similar manner from
the diamines prepared frem the 1:1 and 2:1 perfluorocalkylene ether
intermediates shown below.and discussed previously:under synthesis
of- intermediates.

CF,

|
HzN\[:::r/OCFZCFO(CFZ)SO\I:::I/NHZ
1:1

CFyq CFy

| I
HZN\I:::Y/OCcmFO(CFz)SOCFConxI:::I,NHZ
2:1

D. Cure Temperature

The first samples of fluorocarbon pelyimide-were cured by gradual
heating to 300°C. An attempt. was made to determine the - minimum.
temperature at which polyimide formation,cccurs. The infrared
spectrum  of \a film of polyamic acid showed strong abserption
between 3.0 and 4.5 p. The infrared spectrum was run periodically
as the film was heated above 130°C. After heating fer one-half
hour at 150°C, the strong absorption.originally evident .hetween
3.0 and 4.5 y had largely disappeared, leaving relatively weak
absorptien peaks-at 2.87, 3.30 and 3.46 p as shown by the spectrum
in Figure 2. No further change was observed upon further heating
at 150°C or at higher temperatures.
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Infrared Spectra, 137409

Figure 2.

A Polysmic Acid Film

B Polyimide Cured 0.5 hr at 150°C



A gualitative ftest of solvent’ effects of dimethylacetamide and
jet fuel at room temperature showed only. small differences be-'
tween polyimide cupred at 150° and 300°C. All of the samples
swelled moderately' in dimethylacetamide and none appeared to be
affected by Jjet fuel. The samples that were cured at higher
temperatures swelled semewhat less than those cursd at 150°C

It was concluded that while the major cure reaction in polylmlde
formatlon occurs at or below 150°C as evidenced by the infrared
spectra, additional condensation occurs at elevated temperatures,

The high cure temperature (130-150°C) of the polyimide .formation
represents a-deficiency of this cure system with respect to a
fuel tank .sealant application. Two alternative ihide-forming
reactions were investigated very briefly. One, the reaction
between the.anhydride and an isocyanate. derivative of, the diamine
(Ref. 12), was demonstrated by.a single experiment.

; a
EAN 115°¢ SN
O + OON: 0CyFq 22U, N 0C,Fq + CO,
c- c”
i i
-0 0

The second reaction represented by the equation,

0 0
I [}
C\. C~.
0 + (Megsi)zN —— N + (M63Si)20
c” o0l .
1i Il
0 0

gave a low yield of phthalanil.- Both reactions suggest possibilities
for further development.
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¢, Flucroecarbon Polyimide Evaluation

The high thermal and oxidative stability of the fluorocarbon poly-
imide is shown by thermal gravimetric analysis of the polymer
(Figure 3), wherein the weight loss in air was, less than: 5% until
the temperature reached 500°C.

Stress corroesion evaluatien of this polymer was carried .out under

thé Task B contract NAS8-21399. No evidence of corrosion of. the
titanium alloy was evident' after heating at 260°C (500°F) for 1000
hours. Similar evaluation of the imide:-based on the 1:1 ether-
structure alsc showed no ev1dence of corr031on in 1000 - hours at 260°C

(508°F).

Fuel_resistance'evaluation.of'polyimide polymers structures I and II
were carried out under the Task B polymer evaluation program. Lap
shear test results of-strup%ure I polyimide were little .affected

by a. 70-hour heating in, jet- fuel at 260°C (500°F). Qualitatively

a similar exposure of the 1:1 polyimide (Structure II) showed
adverse effects of water and fuel oxidation products (ketones and
aldehydes) although fuel alone appeared not to affect the polymer
(Table 8).

One of the objectives of the synthesis efifort has been to increase
the length of the fluorocarbon segment to decrease. the glass transi-
tion temperature of the polymer. A rough indication of the transi-
tion temperature wag obtained by the ADL-Ball Rebound test. The
results are shown. in Figure- 1 and given as approximate T, in Table 8.
Because, of varying film thickness a direct comparison of percent.
repound ig probably less significant than the temperature at which
the. percent rebound begins to decrease most rapidly.

All-of the polyimide evaluation results must be considered minimum
performance levels since polymer properties have not been Optlmlzed
Larger quantities-of the diamine intermediates will be prepared
before this is done.

3. Flyorocarbon Modified Polysiloxane

Siloxane-linked fluorocarbon’ polymers represent a third type of
polymer that - was investigated. The siloxane. linking reaction is
readily applicable te the cure-in-place formation of a high
stability sealant matérial. If, in the structure shown below, the
Ry represents a polymeric fluorocarbon segment; the 511y1 phenylene
end groups can be considered merely the linking groups for polymer
fermatien.
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Table 8

POLYIMIDES PREPARED FROM BENZOPHENONETETRACARBOXYLIC DIANHYDRIDE

AND FLUOROCARBON AROMATIC DIAMINES .

1000 hr
(o]
260°C Fuel Resistance, 70 hr 260°C
Stress T op .

NBP Amine Intermediate Corrosicn g? Fuel-N2 Fuel-N2/H20 Fuel Air
132873 HZN\T:::]/O(CFZ SO\I:::TZNHZ none 120130 good good softened
137458 H,N OCFZCFO(CFZ)SO NH, none 95-110 good softened flowed

became
brittle
CF3 CFa
139670 HzN\[::J/ - 85-95 -— - --

III

|



100

90

70 . . N N N . . . \
60 ' ' :\

: *\ ~] \
. RSN \
- HERNVEEREER

T Ry
T O N B N

RE et na e - - . P

I} 20 4o &0 80 100 120 140 150
Temperature, °C

A Sample 132873 N\O/O(CFz 50\©/N(
2

B Sample 137458

-

©/OC?ZCF‘(CF3)O(CF2)5O©/N\
¢ Sample 139670 \©,OCF20F(CF3)O(CF2)5OCF(CF3 YCF,0 @,N:

Figure 4. ADL-Ball Rebound Test Compariscn of Polyimide Polymers
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CH, CH3

|
HO?i [Rf] ?1OH
Lot

I

Synthesis of the silanel intermediafe of the Type shown above,,
where Re = <{CFy,7)3 or 4 was discussed earller Although ‘the
silanol intermediates offer several advantages in terms of ease
of poly51loxane formation under mild temperature conditiens, the
resulting polymer structure (e.g.,. the siloxane llnkage) may- be,
marginal for long-term use-under. the fuel tank sealant condlt;ons.
at temperatures of 260°C. For this reason less emphasis has been
placed on this reoute fer 1linking the' fluorecarben. intermediates
and the results obtained must: be. thought of as preliminary or
tentative. .

An elastomeric fluorocarben modified siloxane polymer gum was pre--
pared by reaction of the-diel, I, with bis(dimethylamine)dimethyl-

silane.

CH 3

Hosl\I:::I/(CFZ)E\T:::TzsloH
CH
HO Sl 0- SlxI:::I/(CFZ)G\I:::r/Slo H

This product. was lightly crosslinked by reaction with ethyl silicate.
The: stress corrosion evaluation of a, titanium alloy specimen coated
with this pelymer showed. no evidence of, corrosion after 1000 hours at
260°C.. Thermal gravimetric analysis of this crude. pelymer (Flgure 5)
shows rgasongbly good (less than- 5%) weight loss to 350°C.

(MezN)zSiMez;

4,  Azo Linked Fluorocarbon Polymer

The possibility that the amineophenyl-terminated flucorocarbon inter-.
mediates could be linked through an oxidative.coupling reaction to
form stable azo polymers was investigated very briefly. Aromatic
amines can'be oxidized in air at 25°C in the presence of a copper
catalyst (Ref. 13, 14).
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UNHz L%i_]" \@N=N\©/ + 2 HoO

Bach -and Black -reported that thermogravimetric analyses of the,
resulting polymers show ne weight loss up to 325°C (Ref. 14).

Preliminary experiments have shown a rapid. initial abserption of
oxygen by 1,5-bis(aminophenoxy)perfluoropentane but a; decreasing
rate as, the product became inseluble. A brown, waxy product,
apparently of. low.molecular wedight, was obtained.' Further work
will be needed to define the pofential of this curing reaction
for- fuel' tank -sealant gpplicatioens.
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IV, EXPERIMENTAL

A, ARYL-FLUOROCARBON COUPLING REACTIONS

1. Via Direct Phenyl Coupling

l?6~Diiodododecaf1uorohexane . 132815

4 1350 g mixture of a,w-diiodopolytetrafluoroethylene, I(CF20F2) I,
n = 1-5, product was dlstllled through a one-meter long column -
packed with glass helices. Careful fractionation of the Cgz fraction:
resulted in separation of 200 g of-an azeotrope of diiodoperfluoro-
hexane-iodobenzene, bp 112°C/9¢ torr, n2% 1.5018, from 88 g of pure
1,6- dliodoperfluorohexane, bp 117°C/99 %orr, n25 1.4030.

Attempted Separation of Iodobenzene 1,6-Diiodo- 123862
dodecafluorchexane Azeotrope

The azeotropic mixture (nﬁs 1.5018) of-iedobenzene (nh> 1.6180,

mp ~31°C) and 1l,6-diiododedecafluorchexane (n%5 1.4029, mp 20°C)
was cooled to -30°C at which point the 1iquid had completely
crystallized. The solid was permitted to warm slowly and the
liquid that formed was drawn off through a fritted glass filter.
Three liquid fractions were taken as the crystalline mass gradually
melted.

Fraetion WL, g nﬁs
1 42.5 1.5490
2 31.1 1.5427
3 54.4 1.5100

Residue 67.7 1.4393

Practions 1 and 2 were combined as lodobenzene-enriched mixture.
The crystalline solld was considered to be a 1,6-diiododedeca~
fluorohexane-enriched mixture from which the pure diiodide can be
obtained by redistillatien: The two compounds appear to have:co-
erystalllized, making this methed. only partially eflfective for
separation of the iodobenzene and the diiodo fluorocarben.

l,6—Dipheny;dodecafluorohexane 132883

An azeotropic mixture (120 g) containing about. 70 g of icdobenzene
and 50 g of 1l,6-diiodoperfluorohexane was added to 70 g of addi-
tional iodobenzene in dimethylformamide., The mixture and activated
copper were gradually heated to 120°C over a period of 6 hours.
Work-up of the product-as previously described (Ref. 4) followed
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by distillation afforded 42 g of 1,6-diphenylperfluorchexane,
bp 104°C/0.03 torr, n%5 1.4358, infrared spectrum, Figure A-1, ¥

1,6-Bis(m-bromophenyl)perfluorohexane 132827

A copper-catalyzed coupling of m-~bromoiodobenzene (90.5 g, 0.32
mole) with 1,6-dilodododecafluorchexane by the method previously
reported (Ref. 4) resulted in a 71% yield of 1,6-bis(m-bromophenyl)-
perfluorohexane, bp 154-156°C/0.05 torr.

2. Via Ester Fluorination

a. Intermediates and Ester Synthesis
Isclation of Hexafluoropropylene Epoxide Perfluoro-— 137089
glutaryl Fluoride Addition Products ’ 139605

A mixture of oligomerization products of hexafluoropropylene
epoxide and hexafluoroglutaryl fluoride was purchased from PCR,
Ine. Distillation of 403 g of the mixture gave the following:

Wt bp °C/press

Fraction % torr Product
1 0.5 30-55/atm
2 4.0 55/atm C1F,0CFCF 3COF
3 1.6 55-105/atm
] 13.2 105-108/atm FOCCFCFgO(CFz)qCOF (1:1)
5 3.6 108-155/atm
6 41.4% 155-165/24  FOCCFCF30(CF,)50CFCF3COF  (2:1)
IR, Figure A-2
7 1.0 65-96/24
CF3 ?Fg
8 18.8 96-98/24 FOCCFOCP,CFCF30(CF, ) 50CFCOF (3:1)

Residue 3.5%
The structures were assigned by comparison of boiling points with

those reported by Schuman, (Ref. 15) and by neutral equivalents
(Table 9).

#Infrared spectra, Figures Al-A27 are shown in the Appendix.
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http:154-156�C/0.05
http:1040C/0.03

Conversion of Acyl Fluoride to Acyl Chloride

The three oligomer acid fluoride addition products of hexafluoro-
propylene.epoxide and perfluoroglutaryl fluoride were converted
to the correspending acid chloride derivatives by hydrolyzing fo
the acid and then forming the acld chlorlde by reactlion with
thionyl chloride. Hydrolysis of the acid fluoride (10 g) was
carried out in aqueous . solution using four equivalents.of calcium
chloride for precipitation of fluoride ion as insoluble Ca¥_. The
acid was extracted with ether, dried, and freed of solvent.” The
acid was refluxed for 20 hours with excess thionyl chloride and
then distilled affording high yields of the acid chlorides. The
individual experiments are summarized in Table 9 with physical
properties of products.

The aryl esters were all prepared by .reaction of the appropriate.
phenel and acyl halide. A representative example is described
below. Physical properties and yields of the esters similariy
prepared are shown in Table 10. .

m-Nitrophenyl Heptafluorobutyrate 137006

Reaction of 53.1 g (0.23 mole) of perfluorobutaneyl chloride with
37.1 g (0.27 mole) of m-nitrophenol in the presence of pyridine
afforded 65-g (89% gield) of m-nitrophenyl heptafluorobutyrate,
bp .63°/0.14 -torr, ny®> 1.4281.

m-Nitrophenyl Perfluoro-2-methyl-3-oxa-octanedioeate 139602

The 1:1 eligomer, perfluoro(2-methyl-3-oxa-1,3-octanedioyl)
fluoride, (10 g, 0.0244 mole) was added rapidly with stirring to a
mixture of m-nitrophenol (89.5 g, 0.065 mele), potassium fluoride .
(3.8 g, 0.065 mole), and.10 ml acetonitrile-(distilled from P,05).
The temperature rose to 45°C. The.mixture .was stirred 16 hours,
diluted with 30 ml of methylene chloride-, and theh filtered.. The
solutlon was distilled. Solid material fermed in the pot as the
excess nitrophenol was being distilled. The-.solid (2.5 g) was
removed by filtration and distillation-was .resumed. The nitrophenyl
ester was obtained in U40% yield; bp 190-200°¢/0.03torr, n. 25 1.4587,
infrared spectrum Figure A-6. The high melting point by-product

(mp ~180°C) iselated by filtration was not.identified.

Preparation of m-Nitrophenyl Ester of 2:1 Aeid 139618

The 2:1 fluorocarbon diacid chloride (9.1 ¢.0.015 mole), m-nitro-

phenel (5.5 g, 0.04 mole) and 2 drops of pyridine .as catalyst

was heated 18 hours at 110-120°C. The two-phase mixture indicated
incomplete reaction. Heating was continued for 20 hours at 145°C
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Table 9

PHYSICAL PROPERTIES OF

PERFLUORQALKYLENE ETHER DICARBOXYLIC ACIDS AND ACID CHLORIDES

%

n25

' Neut. Equiv,

NBP Acld Yield bp °C/torr D Found Cale'd
?F3 \

139633 HOOCCFO(CF,),COOH 1:1 47 93-95/0.02 1.3372 208.5 203
s

139635 CLOCCFO(CF,),COCL 68 157/740

139633 C3F70CFCF4CF,0CF(CF3)CO0H 30 85/12 1.3058 506. hog
(P2 gm

139640 HOOCCFO(CFZ)SOCFCOOHI 2:1 87 126/0.04  1.3229 294 286
fra

139616 CL1OCCFO(CF,)s0CFCOCL> 87 60/15 1.3224
SO GO G N

139674 HOOCCFOCF,CFO(CF,)sOCFCOOH 3:1 92 135/0.11  1.3179 363 368
¢Fa ?Fa CFq

139679 CLOCCFOCF,CFO(CF,)50CFCOCL 87 114/14 1.3176

Infrared spectrum Figure A-3
ZInfrared spectrum Figure A-4
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Table 10

PHYSICAL PROPERTIES OF ARYL ESTER INTERMEDIATES

\ . Infrared
. o B mp 25 Spactrum
NBP . Bster Yield _bp °C/torr °g "D Figure
137006 \©/OOCC;.3F7 89 63/0.14 1.4281
132812 \©/OOCC-;F15 57 91-95/0.03  36-38.5 -
139601 \@/OOC(CFz)g(JOO\@/ 80  197-205/0.04 97-100 - 4-5
132851 @,OOC(CFZ)g()OO\@/ 1.00 - 91-94.5 ———
CFs
139602 \@OOCCFO(CFZ);,COO\O/ 40  190-200/0.03 1.4587 A-6
CF3 CF3
iggg%g \©/ 00CCFO( CF, ) sOCFCOOU gg 200/0.005 60-80 . A=T
CF3 CF3 CF3
139680 'OZN\©/OOCCFO(CFg)5OCFCFQOCFCOO\@/NOZ 89 189/0.04 ~35 1.4080 A-8
lAnalysis Cale'd for CpsHgF;gN,075: %C 33.95, %H 0.99, ZN 3.45
(139624) Pound: %C 34.57, %H 1.06, %N 3.34



HC1l -was evelved mere V1gorously at‘the highenr temperature Dis-
tillation gave.11.0 g of waxy solid -(90% yield) 'bp +2009C/0.005 -
torr, mp 60-80°C infrared spectrum Flgure A= o-

Preparatien of m=Nitrophenyl'Ester of 3'I'Ac1d 139680

Reactien ,of 61:.g (0.079 mole) of “the 3:1 .acid ‘chloride with.excess
nitropheneol (28 g, 0.2 mole) at 160-4165°%C; 84. hours gave on.distilla-
tien 68.6 g (89% yleld) of ‘the correspondlng m-nitrophenyl ester,

bp 189°C/0.04 terr, = 1. 4080

D‘
b. Ester Fluorlnation,ﬁeactions,
] .
Sulfur Tetrafluoride Purification 137086°

A one-liten Hastelley-D, autoclave ‘was,_ charged‘w1th 100 g of mercury.,
and 440'g of sulfur tetrafluoride ; (Mathesaon). . The autoclave was
rocked .for 72 hours at .ambient- temperatureh- The SFy, (397 g) was:
recovered by condensation in an- evaculated pressure cyllnder cooled
in dpy ice. The bomb contalned 132 g of & grey powder mixéd.with
excess mercury. . .

1 5-Bis(m—nitrophenoxy)decafluoropentane?n-

The follewing experlmentals representatlveuof numerous reactions
of SF, with nitrophenyl esters shown'in:Table 3. Use of purified:
SFq resulted in significant 1mprovement in ylelds

po ~ 137089

A 300-ml-stainless ste€l autoeclave WaS‘Chaned with bis{(m-nitro--
phenyl)hexafluoroglutarate (768 g, 0.155 mele). The vessel was
evacuated ‘and charged with 15M g (7.7 mole) .anhydreus hydregen
flueride and 50 g- (046 mole)~of .purified ,sulfur tetraflueride.
The bomb was heated:to 100°C.for 12 hours .then-coeled and vented:
The. contents ‘of *the bomb were poured ‘onto iceand washed with sodium
bicarbenate. The organic matérial was extracted w1th benzene,
washed and dried. Distillatien afforded an 87%-:yield, (71 g) of
1,5-bis (m-nitrophenexy)decafliorepentane ; bp:180°C/0.05 tory nDZS
1. 4729 The: infrared spectrum Figure A-9 -was- consistent w1th

this structure * The ester fluerination products listed-in Table
11 were prepared in a similar manner. .

A modificatien of tlhie.above procedure ‘was necessary for the.higher.
perfluerealkylene ethér: derivatives where fluorlnatlon okl the

ester ‘was incomplete. Distiilation did net- remove ‘a8 carbonyl
containing (ester) impurity.’' The product was- then stirred with 1N
NaOH to hydrelyze the esber and washed with addltlonal dilute alkali.
The:bis - nltrophenoxy product was extracted from less soluble "by-
preducts with benzene, .and- redistilled. This eliminated the ,carbonyl .
impurity., ’
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http:l;5-bis(m-nitrophenoxi)decaflaoropentane;ubp-ti90�C/0.05
http:1890,C/0.04

SFr Fluorination of Nitrophenyl Ester of Polymeric 132897
Perfluoroalkylene Oxide Dicarboxylic Acid

An early attempt to fluorinate the nitrophenyl ester of the
polymeric perfluorcalkylene oxide dicarboxylic acid using_ the
crude SFy, as received was not sucecessful. A .portion.of the
recovered product, examined by infrared,.appeared to correspond’
to perfluoroalkylene ethen 1ndlcating cleavage of the aryl group
and fluorination of the carboxylic group.

3. Via Ketone Fluorination

a. Ketone Syntheses

Syntheses of several phenyl kétone derivatives of perfluorocalkanes

by Friedel-Crafts acylation or Grignard reaections were described in
previous reports (Ref. U4). One example of the Grignard synthesis is
described below. Previous attempts to prepare the ketone derivatives
by reaction .of organometallic reagents with-acid chloride intermediates
were largely .unsuccessful. A recent, promising exception is the
synthesis using phenyl coppér also described below.

1,4-Divenzoyloctafluorobutane 137095

Phenyl Grignard prepared from 1.5 moles of bromobenzene was added
over 1 heur to 50 g (0.1725 mole) of distilied perfluorocadipic acid,
obtained from 3M Company (bp 150°C/9 torr) dissolved in 500 ml of
ether at 0°C. The mixture was stirred two hours while warming to
25°C and then refluxed for two hours before pouring over acidified
ice. Distillation, after the ususal washing, extraction and drying,
gave 49 g (69%) of 1,U-dibenzoyloctafluorsbutane, bp 134°C/0.06 torr,
nD25 1.4929, 1it. bp 143.5-1415¢ /0. 47 torr, nD2° 1.4922 (Ref. 6).

Phenylcopper in Synthesis of Perfluoroalkyl Phenyl Ketone 137438

Phenyllithium was prepared in ether from bromobenzene(5 g, 0.032
mole) and lithium (0.5 g; 0.072 mole). Phenyllithium (0.025 equiv.
of 0.5N solution) was added dropwise, at -10 to 0°C to a-slurry of
purified cuprous bromide (0.028 mole "in -ether) to form phenylcopper
(Ref. 16). A yellow-brown, solid formed.after ~90% of the phenyl-
lithium had been added. To -this mixture,.at -30 to -40°C, was
added 0.022 equivalent of perfluorecctanoyl chloride. The mixture .
was permitted to warm to 25°C overnight. The reactlon mixture was
filtered and the filtrate was poured over acidified 1ce. The
organic phase was washed, dried and distilled glVln% g (83%) of
phenyl perfluorcheptyl ketone bp 100°C/4 torr, nn 1. 3820
identified by the infrared spectrum and "comparison of physical
properties of the same compound previously prepared from phenyl
Grignard and perfluorooctanoic acid (bp 130°C/25 torr, nD25 1.3794).
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Table 11
PHYSICAL PROPERTIES OF ESTER FLUQRINATED PRODUCTS

Infrared
% n25 Spectrum
NBP Compound Yield bp °C/torr? D Pigure
137010 02N\©/ 0CyFy 62 67/0.2 1.4027
132826 0,N 0CgF 7 69 103/0.1 1.3804
133839 \©/ :
137089 OzN\I:::T/O(CFz)50~T:::T/N02 87 190/0.05 1.4729 A-9
grs
139604 0,N OCF,CFO (CF, ) 50 NO, 65 205-210/0.015 1.4355  A-10
139614 @’ \©/ 55 195-200/0.06  1.4332
?Fa T
139677 OgN@,OCFgCFO(CFZ)SOCFCFZO\Q/NOZ z 50 177/0.06 1.4095  A-11
CF3 CF3 CFj ,
139690 194/0.04 1.3874 A-12

: ) | |
ozm\©, OCF,CFO(CF,) 500FCF200FCF20©,N02 V50

lBoiling points of the high boiling products are only approximate
2The fluorocarbon segment is derived from the mixture of the symmetrical (shown). and
unsymmetrical adducts of perfluoroglutaryl Ffluoride and hexafluoropropylene epoxide


http:194/0.04
http:177/0.06
http:195-200/0.06
http:190/0.05

b. Ketone Fluorinations

The ketene fluorination eXperiments were summarized in Table 5.
Representative experiments are described below.

m-Nonafluorobutylbenzene 137007
137026

Fluorination of heptafluorobutyrophenone (13.7 g, .0.05 mole) was
carried out by heating the ketone for 10.heurs at 100°C with 20 g
(1.0 mole) of hydrogen fluoride and 6-g. (0.0556'mole) of crude sulfur
tetrafluoride. This procedure resulted in a 54% yield of nonafluorc-
butylbenzene, bp.90°C/98 torr, nD25 1.3717-26. A 62% yield was
obtained in a second eXperiment.

SF, Fluorination eof 1,5-Diphenylhexafluoropentane-1,5-dione

Severgl experiments, summarized In Table b were performed in an
attempt to improve the.synthesis of 1,5-diphenylperflucoropentane.

132865

Reaction of 10 g (0.0925) of crude sulfur tetrafluoride with 10 g
(0.0278 mole) of 1,5-diphenylhéxafluoropentane-1,5-dione in the
presence of 20 g of hydrogen fluoride formed-a .pelymeric product
upon. heating 3 hr at 100°C, 2L hr-at 125°C and 19 hr at 150°C.

A benzene solution-of the polymer was washed, dried, and evaporated
to dryness. ’

A partially purified preduct was obtained- by extraction with pentane

and isolation eof an inseluble solid residue:. This was analyzed and
feund to correspend closely to a polysulfone.

(CF2)5©/802
(]

Anal. calc'd for C;7HgF190,S: C %3.79; H 1.73; F L0.75; .3 6.87
Found: € 43.78; H.1.59; F 40.50; .8 6.52

Infrared and NMR spectra were.consistent-with the above structure.
Polymeric products from the other two experiments were similar and

were considered to bé sulfones also. Elemental sulfur was also
identified as a product of experiment 132876.
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SF, Pluorination of 1,3-Dibenzoylhexafluoropropane 137087

Reaction of 1,3-dibenzoylhexaflucrepropane (10 g, 0.029 mele) with
purified SFy (10 g, 0.185 mole) in‘'the presence of hydrogen fluoride .
(20 g, 1.0 mole) at 75°C for 12 hours resulted in a high conversion
(>80%) to 2,6-diphenyl~perfluorotetrahydropyran with ne evidence

of polymer formatien, bp .163°C/9 terr, mp 68170.5°Q.

Anal. Cale'd. for C;sH1oFgO: °C, 53.41; H, 2.64; F, 39.76
Found: €, 53.71; H, 2.60; F, 39.42

Similar experiments shewn in Table 5 that- were ‘carried out without
addition:of hydrogen fluoride gave no E£Inorinated preduct even
after heating to 220°C. When the SFy was not purified,the. .ketone
was converted to pelymeric product as in the above. experiment.

2,6-Diphenyl-2,6-dihydroxyperflusrotetrahydrepyran 137441

Titration of a l-gram sample of 1,5-dibenzoylhexafluoropropane
with 0.1 N NaOH showed an equivalent -weight of 360, the molecular
weight of. the diketone. Additien of an equivalent quantity  of 0.1
N.hydrechleric acid caused .precipitation of a whife crystalline
solid, which was recovered in 92% yield by filtration, mp 89-91°C.
The infrared spectrum (Figure A-13) showed no, carbonyl ahsorption
but strong -0OH absorptiocn.at 2.9 and..3.0 u. The cempound is con-
sidered te be 2,6-diphenyl-2,6-dihydroexyperfluorotetrahydropyran.

1,6-Diphenyldodecafluorohexane 137098

Reaction of ‘10 g (0.024 mole) of-1,4-dibenzoylperfluorobutane
with sulfur tetraflueride (10 g, 0.072 mole) and hydrogen fluoride
(20'g, 1.0 mole) at 75°C-for 12 hours formed-a 76% yield of 1,6-
diphenylidodecafluoreshexane. bp 97-100°C/0.02 torr, np25 1.4363-68,
previously reportéd n.2?5 1.4361, from iodobenzene and diiodoper-
fluerchexane (Ref. 4)7

Zinc-Catalyzed Coupling of Perfluorooctaneyl Chloride 137065
with Perfluorepropyl Iodide

Perfluoreoctaneyl chloride (17.3 g, 0.04 -mole) was added rapidly

to tetrahydrefuran (25 ml) and zinc granules at -10°C. No evidence
of reaction.was observed., Perfluoropropyl iedide (4.8 g, 0.05 mole)
was added rapidly and was followed by a highly exothermic reaction
with a temperature rise to 20°C despite coeocling. Two layers formed.
The reaction mixture was poured over atidified ice, washed, and
dried. Distillation gave a 4 g fraction considered to be impure
periluoropropylheptyl ketone bp 110-112°C/30 torr, nD25 1.3143.
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Coupling of Perflucroheptyl Todide with Periluoro- 132832
octanoyl Chleride

A mixture of perfluorcoctancyl chloride (8.7 g, 0.022 mole) and
dry tetrahydrofuran (20 ml) was added to zinc granules at -~10°C
Perfluerocheptyl iodide (10.0 g, 0.022 mole) was added dropwise.
An exothermic reaction occurred with formation of a whifte pre-
cipitate. The mixture was poured onto ice. The organic phase
was separated and distilled yielding a 4.4 g fraction believed
to be bis(perfluoroheptyl)ketone, bp 88°C/7 torr, nD25 1.3016.

Attempted Coupling of Benzoyl Chloride and Todoperfluorocalkanes

Several attempts. to ceuple acid .chlorides with perfluoroalkyl
zine reagents were unsuccessful. The following is a representa-
tive example of the experiments summarized in Table 6.

137.047

A mixture of powdered zinc (13 g, 0.2.g atoms) and freshly dis-
tilled tetrahydrofuran (THF) was cooled to -10°C under dry
nitregen. Benzoyl chloride, (21.1 g, 0.15.mole) was adéed and then
a mixture of 1,4-diiodooctaflucrobutane dissolved in 35 ml THF was
added.over 2.5 hr while the.exethermic reaction was maintained at
~5 to -10°C. The mixture was filtered, and most of the THF was
removed under vacuum. The mixture was poured onto ice, washed
with dilute hydrochloric acid, extracted with ether, dried and
distilled. The products did:not appear to be an aryl perfiluoro-
aliphatic ketone. The infrared spectrum indicated o-chlerobutyl-
benzoate formed by reaction of the acyl halide with the THF,

Attempted Coupling of -Benzoyl Chloride with 137050
Perfluoropropyl Ilodide.

An equimolar mixture of benzoyl chloride and perfluoropropyl

lodide was added over a period of 1 hour to a slurry of zine

dust in tetrahydrofuran at 10 to 0°C. An exothermic reaction
occurred but was easily controlled. After 0.75 hour at 0-10°C

the reaction mixture was poured over ice ceontaining sodium bicarbon-
ate and was then extracted with ether, dried and - distilled. The
major product, by.IR and refractive index (n.2° 1.5187) appeared to
be* §—-chlorobutyl benzoate, the reaction prodch of benzoyl chloride
with THF;

137055

In a similar experiment, benzoyl chloride was added dropwise to a
preformed solution of perfluoropropylzine iodide in dimethyoxy-
ethane (Ref. 7) at -10 to -15°C. The refractive index - of the
liquid product.was too high to. be perfluerocalkyl aryl ketone.
Benzole acid was identified as a product.
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B. CONVERSION OF o ,w—ARYL PERFLUORO COMPOUNDS TO
POLYMER , INTERMEDIATES

1. Nitration Reactions

m—Nonafluorobutylnitrobenzene 137002
137028

Nonafluorobutylbenzene: (28.6 g, 0.096 mole) was nitrated at 50-60°C
using a mixture of 38.5 ml of -nitric acid (70%) and-61 ml of sul-
furic acid (95%). The.reaction mixture was quenched in 250 ml
water. The product was.extracted with chloroform, washed, dried.
and distilled to give 36.9 g (94% yield) of m- nonafluorobutyl—
nitrebenzene, bp 113-114°C/17 torr, nD2§ 1.4114-1.4116.

1,6-Bis(m-nitrophenyl)dodecafluerohexane 132888

Nitratien of 1,6-diphenylperfluorohexane (25 g, 0.055 mele) at .55°C
with.a mixture, of 44 ml eof conc. nitric acid and 70 ml of sulfurie,
acid gave.29.1 g of crude 1,6-bis(m-nitrophenyl)perfluorohexane,
1it. mp 94-95° (Ref. 17). Recrystalllzatlon from methanol gave
25.5 g, mp 100-102°C, representing an 85% yield. A second fraction.
(1 g) recovered from the methanol melted 70-77°C.

2. Catalytic Reduction of Nitroe Compounds

The nitrophenyl 1ntermed1ates prepared by. fluorination of: ketones
and esters were reduced catalytically over Raney nickel to form the
correspondlng amihes in near quantitative yields. Evaporation of
the selvent 1left the crude amine which, .in several instances, was
cenverted to the hydrochlorlde as a. means of purlflcatlon

A representative example is,described below. Properties of other
amines similarly prepared are shown in Table 12.

1,5-Bis{m-nitrophenoxy)decaflueropentane 132838
132861

Hydrogenation of 1,5-bis(m-nitrephenoxy)decafluoropentane

(18.5 g, 0.037 mole) in ethanol over Raney.nickel gave a 98% yleld
of the.corresponding diamine, mp 45 47°C: The amine, disselved in
ether was precipitated as the.hydrochleride upon addition of anhy-
dreus hydrogen chloride. The melting point of a small portion .re-
crystallized from iseproepanol water solution was 264°C.
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Table 12

PROPERTIES OF AMINQPHENYL FLUOROCARBON INTERMEDIATES

£ , mp 025

NBF Compound Yield bp °C/torr °C D
137008 HzN\@/Cng 91 - —— 1.4%107
137012 HzN\I:::I/octh >86 - - 1.3558
132864 H2N\©/OCBF17 85 _ o
132891 HzNU(CFz)g\gNHZ 93 - 82.-86 -
132838 H,N - 0(CF,) 350 NH, 95 162/0.03  47-47.5 1.4755
132861 U \@/

o
139607 HZN\T:::I/OCFZCFO(CF2)5O\I:::T/NH2 ! 72 -— - 1.4368

OF 3 CF3
139668 sz\g, z 157/0.007 - 1. 4082

{
OCFZCFO(CF2)5OéFCF20~I:::T/NHZ 95

Neut. Equiv. Cale'd 316, found 331; IR Figure A-15
’Neut. Equiv. Calc'd 399, Found 410; IR Figure A-16

Amine+HC1
mp, 9C
150-152

215-220

195-217

261-268

264



132863

Free amine was isolated from a larger quanity of:the amine
hydrechloride (22 g) by treatment with aqueous sodium hydroxide..
Digtillation afforded, 17 g of 1,5-bis(m-aminophenoxy)decafluoro-
pentane, bp 1629C/0.03 mm, »D 2577, 4755, mp 45.5-47° (Figure A-14),.
After recrystalllzatlon from hexané.the melting -point was 47- b7.5°0.

3. Phosgenations

m-(Dodecafluorohexamethylenebié)phenyl Isocyanate 132892

Phosgenation of 23 g (0 041 mole) of (dodecafluorohexamethylene-
big)aniline hydrochlorlde afforded. an 86% yield eof-m-(dodecafluoro-
hexamethylenebis)phenyl isocyanate, bp 152-153°C/0..03 torr, mp 72.5-
74.5; isocyanate equivalent: Found 268.2, c&lc'd 268.1.

m-Nonafluoerebutylphenyl Isccyanate. 137031

) 137008 -
Phosgenatien of .a slurry of m-nonafluerebutylaniline hydrochloride
(37.9 g, 0.165 mole) in xylene at gradually inecreasing temperature
from 25 to 137°C gave} npon distillation; -a 73% yileld (26.6 g) of
nenafluerobutylphenyl isocyanate, bp 145%¢,/133 torr, n&5 1.4111,
infrared spectrum, Figure A-17. Isocyanate equivalent? ecale'd 337,
found 343. .

m=Nonafluerobutoxyphenyl Isoccyanate 137013

Phosgenation of a slurry-ef:35 g of m-nenafluorcbutexyaniline
hydrechloride (0.097 mole) in o-dichlorobenzene formed the corres-
ponding isocyanate. Thig product was difficult- to separate from-

the solvent, hawever. A portion (~18 g, 50% yield) was isolated

by careful fractionation, bp 152°C/150 torr, n3> 1.4009 and identi-
fied.-by the infrared speétrum,'Figure A-18.

m-Perfluorecctyloxyphenyl Igecyanate, 132871

A slurry of m-perfluerooctyloxyaniline hydrochloride (12 g, 0.021
mole) in 200 ml of dry.o-dichlercbenzene, as & reaction medium,

was stirred and heated sloewly as phosgene was passed inte the mix-
ture. All solid .material. had dissoclved by the time the temperature
was 110°C. Heating was continued to a temperature of 170°C. Dis-
tillation gave 6.6 g-of m—perfluorooctylexyphenyl isocyanate, bp
77°C/0.05 terr, n%5 1.3790-1.3799. -

1,5-Bis{m~isecyanatophenoxy)decafluoeropentane : 132844

Phosgene was passed into a slurry of 1,5-bis(m-aminophenoxy)deca-
fluoropentane hydrochloride (25.6 g, 0.0475 mole) in 400 ml. of o-
dichlerobenzene as the mixture was.gradually heated to 125°9C.
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Heating was continued to-a temperature of 170°C. Distillation then.
afforded an 83% yield of.1,5-bis{(m-isocyanatophenoxy)decafiluoropen—
tdne, bp 153°C/0.03 torr; n%s 1.4690, iseeyanate equiv: Found 261,
259; 'cale'd 259.1, infrared spectrum, Figure A-19,.

b, -Silylation and Synthesis of Organo Silicon Intermediates

1,6-Big(dimethylsilylphenyl)dodecafluorchexane 123876

1,6-Bis(m-bromophenyl)dodecafluorchexane (36 g, 0.059 mole) in
tetrahydrofuran was added to excess magnesium in the presence of
dimethylchlorosilane (21.7 g, 0.23 mole). The reaction mixture

was- stirred overnight at 25°C and was then.-heated te L40°C. An
exotherm with temperature rise to 50°C indicated further reaction.
The reactlon -mixture was poured onto ice. Separation of .the organic
material with the aid of added.methylene chleride fellewed by dis-
tillatien gave a 57% yield of 1, 6—bls(dlmethy131ly1§henyl)dodeca—

fluorohexane, bp 140°C/0.05 -torr, n%S 1.4530-37, d&5°1.299.
Dodecafluérohexamethylenebis(3-phenyldimethylsilanol) 137402

1,6=Bis(m=- dlmethylsllylphenyl)dodecafluorohexane, 10.2-g (0.0175
mole) was dissolved in 70 ml of tetrahydrefuran. A buffered
aqueodug solution at pH 7 (13 mi) was added along with 0.1 g of 5%
palladium/carbon catalyst (Ref.-18). The mixbture was heated to
reflux until gas evolution ceased (<1 hour). The ‘mixture was -
filtered and concentrated under vacuum and then the preduct was
extracted with ether., Evaporatien of-the solvent extract under
vacuum- left 10.2-'g of waxy solid. This was slurried with pentane
to give 9.2.g (87.5%) of crystalline solid, mp 92-9%.5°C, infra-
red ,spectrum, Figure A-20. Recrystalllzatlon from hexane gave pure
dodécafluerohexamethylenebis (3-phenyldimethylsilanol), mp 94.5-96°C

Anal. Calc'd for CyoHppF150,81i,: € 43.855 H 3.68; F 37.84
. Found: C-43.20; H 3.40; F 38.47

Hydrolysis of.1,3-Bis(m- chlorodlmethyls11ylphenx})—
hexafluoropropane 123875

1,3—Bis(m—chlorodimethylsilylphenyl)hexafluoropropane (4.2 g) in
ether solution was hydrolyzed in celd water at pH 7 maintained by
addition of ammonium hydroexide. The preoduct was- extracted from the
adueous phase with ether. Evaporation of velatiles left wviscous
0il showing -OH.absorption in.the infrared spectrum as well as
gxpected fluorocarben, siloxane and aromatic moieties.. Reaction of
this silanol with bis(dimethylamino)dimethylsilane formed a visceus
polymeric oil showing almost .identical infrared spectrum as the
above silanol but -withouft the hydroxyl absorptiens.
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Big(dimethylamine)dimethylsilane 132859

Dimethyldichlorosilane (258 g, 2.0 moles) was added dropwise to a
cold solution dimethylamine (440 g, 9.9 moles) in pentane. The
mixture was warmed to 30°C and then filtered. Distillation of the
filtrate gave a T74% yield of dimethyl bis(dimethylamino)silane,

bp 126-127°C/740 torr, nﬁ5 1.43160. Lit: bp 128°C (Ref. 19).

Methylphenylvinylchloresilane 137042

Vinyl Grignard prepared in-.tetrahydrefuran from vinyl bromide (53 g,
0.5 mele) and magnesium (12 g, 0.5 meole) was -added to cold ether
solution of phenylmethyldichlerosilane (100 g, 0.5 mole) initially
at -20°C and later at temperabtures increasing.to 25°C, The mixture -
was finally heated to 40°C for 1.5 hours. The solid was filtered
oftf and washed with ether. The [iltrate was then distilled and the
fractions boiling at.-107°C/30 torr were censidered to be impure
methylphenylvinylchlorosilane, n%s 1.5194-1.5198, equivalent weight
163-174, theory 183, estimated yield ~50%.

(Dimethylamino)methylphenylvinylsilane 137046

A mixture of fractions approaching the methylphenylvinylchlorosilane
composition (58 g, 0.32 mole) was treated with excess.dimethylamine
in hexane at -30°C, and allowed to warm to.25°C overnight. Filtra-
tion-and extraction with hexane followed by distillation gave two
product fractiens. The fraction belling at .115-117°C/30 torr -appears
te be the.- desired methylphenylvinyldimethylaminosilane.though the
product was not cleanly separated from close boiling by-products,

725 1.5085-1.5095, neutral equiv. 202, calec'd 191. The overall yield
iB the above two steps was less than 20%.

C. POLYMERIZATION

1. Isocyanurate-Linked Polymers Preparation
a., Cycletrimerization of Monofunctional Compounds
m—-Nonafluorobutoxyphényl Isoccyanate Trimerization 137014

137405

An allyl glycldyl ether-tetramethylbutanediamine cocatalyst systen.
was added to a distillate fraction containing an unknown quantity
of- m-nonafluorobutoxyphenyl isocyanate .in dichlerobenzene in the
phesgenation solvent. After 18 hours at .90°C -two products were
isolated., One melting at 158-159°C was- identified by infrared- and
elemental. analysis as-the biuret,
0
H -

]
chgo\I:::IzN-c N\[:::I/004F9

2
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Anal. Cale'd for CsoH14Fo9N30s5:, C 37.18;
Feund: C 37.29;

; F 49,60
s F 49,58

e
By ¥
[wele |

paxgn

Molecular weight Calc'd: 1033
Found: 975

Infrared spectrum, Figure A-21L.

A second, lower-melting.product had an infrared spectrum that
corresponded to that of the expectéd isocyanurate.

137422

Purified m-nonafluerobutoxyphenyl isocyanate (3.5 g) was polymer-
ized in freshly distilled o-dichlorobenzene (for comparison with
above results) under the same conditions. The infrared spectrum
showed only a trace of -NH before and after cyclotrimerizatioen.
Evaperation of the solvent and recrystallization of the residue
from hexane gave four fractions.

‘Praction
Weight, mp

g Appearance °C IR
1. G.9 white crystalline solid. 113-121 isocyanurate.
2. 1.0 crystalline solid 113-117 i1socyanurate
3. Q.7 gummy solid ) 109-112 isocyanurate
L, 0.3 gum gum isoeyanurate

The first- -fraction upon. recrystallization from hexane melted at

120-123.5°%C (infrared spectrum, Figure A-22) and finally on further
purification 124.5-125.0°C.

Chemical and infrared analysis indicated that this product was the
eyclic trimer isocyanurate,

i
. CngO@/l{\TC
3

Angl. Cale'd for C33H12F‘27N306: C 37.41; B 1.143 48,42
Found: C 37.08; H 1.20; ¥ 48.72.

Molecular weight by VPO in HCClg: 1050, 1070
Cale'd: 1059.5
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m-Nonafluorobutylphenyl -Isoeyanate Trimerization 137039

Cyclotrimerization eof nonafluorebutylphenyl isccyanate resulted
in boeth isocyanurate .and. bivret-like products as in the above
experiments. The isceyanurate product. upon repeated recrystalli-
zation melted at -121.5-123°C and was- identified by cemparison of
the infrared spectrum (Figure A-23) with that- of -the nonafluoro-~
butexyphenyl, isecyanursate.. L
The second product melting at -134-135°C appears to be an amide-
type. compound and may-be. a biuret. The infrared spectrum, Figure
A-2}4, showed two absorptions at 2.9 and 3.14 y and a weak carbexyl
absorptlon at v5.8 u. NMR indicated approximately seven aromatic
protons- for each labile proton. No further effort was made to
identify this product. )

' Trls(m—perfluoroectoxyphenyl)1secyanurate 132875

m-Isocyanatophenoxyperfluoreoctane (2.0 g)-was mixed with 0.02 g
of allyl glycidyl ether and 0.02 g of -tetramethyl-1,3-butane-
diamine. An exothermic .reaction was- accompanied by increase 4n
viscosity. A viscous- regidue resulted after further heating 'at -
100°C evernight-showed no-.free.isocyanate absorption in the infra-
red spectrum-but a-strong carbonyl at-5.8 u. L

A white solid, mp ~90°C, formed upon mixing the above viscous.
residue with methanel.. This soelid became a viscous gummy solid
upon, alr drying. Elemental analysis and the infrared spectrum
substantiate the empirical formula for tris(m-perfluorcoctyloxy-
phenyl)isoecyanurate.-

Cale'd -for Cq5H12F5]_N305 ¢ 32.58; H 0.73;.- F 58.39-
" Found:- C 32.563; H 0:57; F 58.02

b. Isocyanurate Polymer- Preparations .-

Polyisoeyanurate Polymer from 1;5-bis(m- isocyanato- 132846
phenoxy)decafluoropentane j

A _2-gram;portion of the 1,5-bis(m-isocyanatophenoxy)decafluoro-
pentane intermediate was mixed with 0.02 g quantities-of allyl
glyeidyl ether and N,N,N' ,N'-tetramethyl-1,3-pentanediamine.

The mixture ‘solidified upon standing for a. few heours at 25°C.

A post -cure at -100°C completed-the reaction of isecyanate groups.
4 clear, amber—colored hard. pelymer resulted.
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Isocyanurate Copolymer 137035

A mixture of dodecafluorohexanemethylenebis(m-phenyl isocyanate)
(5.36 g) and m-nonafluorobutylphenyl isocyanate (2.26 g) was
warmed to T0°C to dissolve the solid diisoccyanate. Allyl glyeidyl
ether and tetramethylbutanediamine catalysts were added upon cool-
ing the isocyanate mixture to about 40°C. The mixture solidified
(polymerized) within 30 minutes at 50°C. Heating was continued
for 19 hours at 100°C. A yellow brittle polymer was formed.

2. Polyimide Formations
a. Polymer Preparation
Polyimide from 1,5-Bis(aminophenoxy)decafluoropentane 132873

A mixture of freshly sublimed benzophencnetetracarboxylic dianhy-
dride (3.22-g, 0.01 mole), ‘and 1,5-bis(m-aminophenoxy)decafluoro-
pentane (4.66 g, 0.01 mole) was stirred in 50 ml of freshly dis-
tilled dry dimethylacetamide at 10-20° for one hour. The solution
was then stirred overnight at room temperature. Evaporation of.
the solvent from a portion of the solution at ~135° left a yellow
film which was subsequently heated to +290-300°C without obvious
change in appearance. The weight loss by thermal gravimetric
analysis was less than 5% up to 500°C in air. A sample of the
polymer -was evaluated under Task B contract.

Polyimide from- 1,8-bis(aminophenoxy)perfluoro-2- 137458
methyl-3-oxaoctane (1:1 sacid derivative)

Benzophenonetetracarboxylic dianhydride (0.656 g, 2.04 mmole) was
added in portions to a solution of the diamine, 1,8-bis{(amino-
phenoxy)perfluoro-2-methyl-3-oxzoctane, (1.347 g, 2.04 mmole at 95%)
in dimethylacetamide. The mixture was stirred overnight and a por-
tion of the solvent was removed, leaving a viscous soiution. A
film was cast on a plate glass surrace; solvent was allowed to
evaporate at ambient temperature. The polymer film was placed in
an oven at 100°C and gradually heated t¢ 170°C over a period of-6
hours. The infrared spectrum, Figure A-25, indicated a polyimide
structure. )

Polfimide from the a,w-Aminephencxy Derivative of 137670
the 2:1 Acid ‘ ’

Addition of benzophenonetetracarboxylic dianhydride (0.192-g, 1.19
meq) to a DMAC solution of the diamine,

H,NCgHy O(CF,CFCF 30),(CF,) s (OCFCF 3CF, )yOCGHL}NHQ,

where 2z + y = 2 (0.497 2, 1.19 meq) over a period of one hour followed

by stirring overnight, -gave a viscous pelyamic acid solution. Evapor-

ation of solvent from a film of this solution followed by gradual heat-
ing to 180°C gave a tough film of polyimide.
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b. Reaction of Phthalic Anhyvdride with m-(nonafluoro-—
butyl)phenyl Isocyanate

- 137078

Phthalic anhydride (1.45.g, 0.0l mole) and m—nonafluorobutylphenyl
isbeyanate (3.37-g, 0.01 mole) were added te 5 ml of dry pyridine
under a dry nitrogen atmosphere.. The mixture was. gradually heated,
to 100°C-pover a.period.of 2.hours. Infrared analysis sheowed evidence
of strong -NCO absorption.., After heating the mixture an. additioenal
3.5 heurs at - 100-110°C IR analysis showed only a trace of -NCO
absorption. BEvolution of gas was observed. From 3 g of tacky
crystalline solid was isolated-0.9 g of-purified solid considered

to be the WN-(m-perfluorobutylphenyl)phthalimide, mp 107.5-108°,

IR, Flgure A-26. .

¢. Reaction of Phthalic Anhydride with:N-Phenyl-—
hexamethyldisilazane

137455

N-Phenylhexamethyldisilazane (2.5 g, 0.0122 -mole) was mixed with
1.8 g of phthalic anhydride and heated at 100°C. The mixture was.
heated to 135°C for a few minutes to melt the anhydride. Finailly,
10 ml ‘anhydreous, dimethylacetamide was added and heating over a
steam bath-was continued overnight. :

The mixture was poured into water, extracted-with alkali- leaving
0.9 g (33%) crude phthalamide. Recrystallization- frem.ethanol gave
the imide, mp 208-209.5°C, 1it. 208°C (Heilbron, Ref: 20).

3. Siloxane-Linked Fluorocarbon Polymers .

Condensation eof-Silanediel with.Bis(dimethylamino)-. 137408
-dimethylsilane

A mlxture .of dodecafluorohexamethyleneb1s(3—phenyld1methy151lanol)
(1,205 g, -2.0.mmoles), bis(dimethylamino)dimethylsilane (0.278 g,

1.9 mmoles) and dry benzene (10 ml) was stirred at.25°C and finally
refluxed until.evolution of dimethylamine ceased. Solvent was
removed under vacuum leaving a viscous residue containing a smalil
amount of -OH absorptien in. the infrared spectrum. One droep of ethyl
silicate and a  catalytic quantity of. dibutyltin dioctoate was added-
to this residue. The polymer- slowly cured at elevated temperatures
(100°C) forming a lightly crosslinked elastomeric material. The
polymer swelled in chleroform or foluene.
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http:mixture-.of

137413

A second condensation using 1.2 g of -the disilanol (2 mmoles) with
0.15 g (1.0 mmole) of the bis(dimethylamino)dimethylsilane formed
a viscous, clear polymer .containing appreciable residual silanol
content.

132851

Sodium methexide in methanol was-added to 13 g of crude 1,6-bis(m-
dimethylsilylphenyl)dodecafluorohexane to convert the disilane to
dimethexy derivative. After reaction -at- 40°C for 1 hour.the solu-
tion-was added-to celd-neutral buffered agueous solution. An oily
product-was recovered by extraction with ether. The wviscous oil remain-
ing wupon evaperation of solvent showed ne 3SiH in the infrared spec-
trum, but appeared to contain siloxane linkages as well as silanol
groups.

132877

Upon heating at 120°C the abeve residue formed a.weak.rubbery
polymer. A tensile test specimen was -coated.with this.materlal
which -was then.cured at elevated temperature. The specimen was
then submitted for stress corrosion-evaluation. The polymer did
net flow at 260°C

I, Azo-1linked Fluerocarbon Polymers

dxiaative-Coupling of 1,5-Bis(aminophenoxy)perflueropentane 137445

Copper (I) ¢hloride (0.5 g) freshly prepared by reduction of
copper II chloride with ascorbic acid (Ref. 21) was added to 25 ml
of pyridine in a gas tight apparatus connected to a gas burette.
The solution was stirred and equilibrated in ‘an_ oxXygen atmosphere.
1,5-Bis (m-aminophenoxy)perfluoropentane (1.96 g, 4.21 mmole) was
added Initial oxygen absorption was rapid butbt.gradually decreased
and ended with absorption of -approximately half the calculated
volume. Heating to 50-60°C redisselved the precipitated material
and. temporarily increased the rate of gas absorptien. A brown,
waxy solid that showed little N-H -absorption:in the infrared com-
pared to the dlamlne was isclated, infrared spectrum Figure A-27.
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Figure A-1. 1,6-Diphenyldodecafluorohexane (132885-6)
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Figure A-2. 2:1 Oligomer Acid Fluoride, Mixture of
Symmetrical and Unsymmetrical Products (139605-6)
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Figure A-3. 2:1 Oligomer Acid, Isomer Mixture (139640)
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Figure A-5. m-Nitrophenyl Hexafluoroglutarate (139601)
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Figure A-9. 1,5-Bis{m-nitrophenoxy)decalfluoropentane (132834)
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Figure A-14. 1,5-Bis(m~aminophenoxy)decafluorcpentane (132863)
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Figure A-15. 1,8-Bis(m-aminophenoxy )perfluoro-2-methyl-3-
. oxa-octane (139607-B)
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Figure A-10. 1,5-Bis(m-isocyanatophenoxy)decafiuoropentane
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Figure A-20. Dodecafluorohexamethylenebls(3—phenyld1methyl—
silanol) (123887-B)
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Figure A-21. 1,3,5-Tris(m-nonafluorcbutoxyphenyl)biuret,
Nujol (137014-B)
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Figure A-23.
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