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SUMMARY

Crosslinking investigations of perfluorinated systems employing
metalloid compound initiated thermal cure and a functional epoxide
approach are reported. Using triphenylphosphine and tetraphenyl-
diphosphine at temperatures up to 3OOOC , ho reaction was observed
with perfluoroalkylethers; with perfluoro(methylcyclohexane) some
fluorine abstraction took place but no coupling products could be
identified. The presence of aromatic substituents resulted in~

perfluoroalkylether chain activation.

A functional epoxide precursor, 4~bromoheptafluorobutene-1

was prepared and the procedure for its oxidation to the epoxide was

optimized.

viii




‘ ,fluormated polymers as exempllfled by - (CF ) [CF CP

1. k,’INTRO’DUCTION |

Synthetic as Well as natural gums must be crosslmked to three-

dlmensmnal networks in order to 1mpart good v1scoelast1c propertles

" and to provide practlcal elastomers ‘ The crossllnklng approaches T
utilized in the fluorinated systems are based e1ther on 1nherent cross— ,‘ e
linking sites (as present in v1nyl1dene fluorlde perfluoropropene "

copolymers) or in the case of hydrogen -free compositions on the presence o

of funct10nal groups introduced by copolymerlzatlon w1th a suitable
1-4
monomer ., which 1s nece551tated by the chemlcal 1nertness of

perfluormated materlals .
It thus would seem that in the case of the relatlvely 1nert

2
-[CP(CF )CF O] , and - [(CF ) O] comp051t10ns the 1ntroductlon via
copolymerlzatlon of a functlonal comonomer amenable to a predetermmed

cure offers the most plausible approach On the other hand, in v1ew of

~ the work done by Davis and Merkl 6 and also in view of the "etch1ng" 7

of Teflon the concept of C-C bond formatlon usmg an active agent needs

to be explored as a possible avenue for curlng perfluoroalkyl and

,y perfluoroalk ylether materlals .

The current program 1ncluded both of the above approaches, ‘
namely the synthes1s of funct1onal monomers useful for copolymerlzatlon
with nonfunctional m01et1es and the evaluation of potentlal agents | |
capable of curing nonfunctlonal perfluormated systems Tr1phenyl
phosphme was one of the prom1s1ng materials investigated by Dav1s v’ "
and Merkl 6 in their studies of perfluoropropene tetrafluoroethylene l
copolymers In view of thlS f1nd1ng and the known affmlty of phosphorus
for fluorine, the crosshnkmg studles performed under this program 2 : ‘
consequently were concentrated on substltuted phosphlnes whereas .
functional perfluorinated epox1des were the candldate m01et1es 1nvest1gated

for preparing curable perfluoroalkylether based compos1t1ons. o

1

CF, cr(cr )]




II. DISCUSSION

The absence of hydrogen and unsaturation renders perfluorocarbons
and perfluoroalkylethér polymers relatively inert to chemical attack and
thus not readily amenable to chemical cure. Consequently, to obtain a
crosslinkable material the preferred route both in perfluorocarbons and
perfluoroalkylethers would seem to be the incorporation into the polymer

| chain of pending functional groups via the use of suitable comonomers.,
Yet, there are observations reported which tend to indicate that the |
crosslinking of fluorocarbons using organometallic or o-rganometalloid
compounds or metals offers a certain promise. 57 Whether this type

of action can be extended to perfluoroalkylether based materials needs

to be proven since the presence of oxygen in the polymer backbone may

‘ ; "have a significant effect on the reactive behavior towards such cross-

linking agents.

Both of these crosslinking approaches were pursued under the

- present program and for ease of presentation will be discussed in

~ separate subsections.

1. Synthesis of Tunctional Monomers

Introduction of a functional group into a perfluoroalkylether system

. offers one of the avenues to obtaining a curable polymer. The perfluoro-

B alkylether systems are produced by metal fluoride catalyzed telomerizations;
| ‘thus any potential monomer must contain an epoxy moiety and the functional

" group must remain unaffected during the polymerization process. Anderson 4

- solved this problem by the use of epoxides containing an olefin linkage.

| ‘The disadvantage of this approach was the synthesis of the monomer which
as the last step in the synthesis sequence required dehalogenation of
 the epoxide. Since epoxides are susceptible to nucleophilic attack and

are hydrolyzed even by water 8 any transformations of the oxide itself




lead invariably to low yield‘sy of the desired monomer. ' .
' - The path chosen under the _‘cxirirent program was the prepvarationv‘ "
of a b’romo_—terminated‘ epoxidve; The s;}nthesis s'c_:hemel is pre’sentéd helow.
~ SCHEME I

CClgBr + GF,=CF, —= CCl4(CF,CF,),Br

3 T2 2
HZS-O4/S,.O3V’1- e
CHLOH
Br(CF,CF,)COOH «<————  Br(CF,CF,),COOMe
| NnaoH
pyrolysis | S G
BrCF,CF, CF=CF, ———— BrCF CF,CF - CF

2702 2 27 2" 2

The free radical cataly2ed telomerization of tetraﬂ‘uoreethylene
CF ) Br telomers, 9kfollowe’dh -
10, 11

with bromotrlchloromethane to Cl3 (CP2
by the hydrolys1s to the free a01d or preferentlally to the ester
been described. No dlfflculty was expected 1n the hydrolys1s of the } '
ester to the free a01d preparatlon of the sodlum salt, and its pyrolysmv
to the bromobutene. The pyroly51s reaction Was carrled out in 76%

‘ yield by Aldrich et al 12 using the chloro- analogue Whereas the prep-

aration of the chloro- epox1de is descrlbed by Zapevalov

~In V1ew of the scar<31ty of Cl C(CP CFZ)2

the actual synthe51s of the functlonal monomer the optimum reactlon ,

conditions for the pyrolysis and in partlcular forthe epox1dat10n proc,jess"r o

Br, prior to inltlatlon of - i




totally unsuitable for the preparation of BrCF

- were determined employing perfluorooctanoic acid as a readily available

substitute,

" The sodium salt of perfluorooctanoic acid was obtained from the

acid in essentially quantitative yield and, varying the pyrolysis conditions,

_yields of 68-88% of perfluoroheptene-1 were realized, The epoxidation

procedure initially tried utilized 30% hydrogen peroxide following reported

- procedures. 4 In the best reaction only 18% of the epoxide was produced

. which could not be isolated as pure substance but was obtained only as

a 30% epoxide - 70% olefin mixture. These two compounds could not

" be separated by gas chromatography even using a Porapak Q column
: which does separate the various unsaturated isomers, e.g. perfluoro-n-~
- heptene-~1 from heptene-2. The only way to obtain the pure epoxide was
. via bromination of the admixed olefin, followed by vacuum fractionation.

~* This process lowered the yield of epoxide to 9%, making this reaction

o
201—"20? —bPZ. In the

:g,majority of the epoxidation reactions only ca 50% material recovery was
4 attained; this is attributed to rearrangement into the acid fluoride. 8
It should be noted that the epoxide was only formed using J. T. Baker

 hydrogen peroxide. Mallinckrodt "30%" (in reality 32%) hydrogen

peroxide did not produce any epoxide. Apparently the stabilizer present

" in the Mallinckrodt hydrogen peroxide (acetanilide) promoted degradation

of the epoxide. Conducting the reaction with Baker's hydrogen peroxide

o at ~lOOC instead of -20°C gave only traces of the epoxide, whereas

“carrying out the reaction at —200 for 6 hr instead of 2 hr failed to increase

the vield.

Zapevalov 13 et al performed the epoxidation using 60% hydrogen

. ‘peroxide and claimed yields of the order of 60-80%. Thus 70% hydrogen
 peroxide containing sodium stannate stabilizer was obtained from FMC

Corporation and using this reagent yields of 60% of olefin-free epoxide




were realized. It is believed that this process can be optimized =
 even further. : ‘ - | ,
In the synthe31s of the funct1onal epox1de BrCFZCFZCF OCF2

the telomer1zatlon reactlon was not carrled out since a mixture of =~

‘ telomers CCI (CP CF ) Br Was obtamed from Dow Cornlng Corporatlon

2
(courtesy Dr. O Plerce) Practlonatlon gave ‘the oes1red cl C(CF CF

),B
admlxed W1th hexachloroethane the latter d1d not 1nterfere 1n transforriaztlon
into the methyl ester Wthh was accompllshed in 85% y1eld usmg the
~ method of Kim et al. 10 The subsequent hydroly31s 1nto the free acid
* followed by the sodium salt 1solatlon was performed 1n 87% yleld the L
olefin, BrCFZCF CF—CF , Was obtained in 87% yleld from the sodium i
~ salt, bringing the overall yield starting from CCl (CF CF ) Br to 60 5%. :

It is expected that employlng the epox1dat10n procedure found successful . “‘if
in the preparatlon of perfluoroheptene oxide, CF (CP2)4CP CPZ, the “‘:v

: desued epox1de will be obtalned in at least 60% y1eld Con31der1ng the

~ number of steps 1nvolved, the projected overall yield of 36% is reasonable.‘ o

2.  Crosslinking Investigations of Nonfunctional Systems'

In perfluoropropene ox1de derived perfluoroalkylethers, 1gnor1ng

" the end groups or assuming these to be a CZF'5 entlty, there are flve -

'types of bonds present, These are the -C-C- and -C- O C- backbone

linkages which must not be affected by the crossllnkmg process since |
their reaction would repre sent a degradation of the starting material o

| The remammg three types of bonds present are fluorine attached to a
primary (CF ) a secondary (CP ), and a tertlary (CF) carbon atom One

of these bonds must break if a crosslmk is to be produced Takmg under

, cons1derat10n all bond energ1es involved in these five types of 11nkages o "
it becomes clear that the selectlon of the crossllnkmg agents and condltlons
is very critical. It furthermore becomes obvious that all free energy ;

changes 1nvolving the crosslmkmg agent must be con51dered very carefully SOTEL

5.




since these may not only provide the driving force for the reaction to
| occur,. but may actually be responsible for producing the desired reactions
of C~F bonds and preventing the undesired reactions of C-C and C-0O-C

"kbonds.

Mettalloid compounds, as exemplified by Sb(CGH5)3, Sn(CGH5)4,

| and P(CBHS)B , appeared to effect crosslinking of perfluoropropene-

’

o tetrafluoroethylene copolymer, possibly via the tertiary fluorine
| atom; however, this has not been either proved or disproved. Based on
these findings and the thermodynamic considerations put forward above

: i'it may be concluded that the most promising crosslinking agent for

: perfluorinated materials is a species which upon reaction with fluorine

produces a large heat of formation or, in other words, where the free

“energy of formation of the fluoride is strongly negative in the temperature
".‘fange in which the crosslinking reaction is performed. Species
possessing these properties are elements or compounds capable of

increasing their state of oxidation, e.g. triphenylphosphine.

Theoretically, a compound such as triphenylphosphine may be
- expected to undergo either one (or both) of the following reactions:
‘a) abstraction of fluorine from the chain with simultaneous attachment

" to carbon, e.q.:

YV o} SPVI + 4>3P — A - CF

' ' iy
F | ¢3 PF

_~which obviously does not (at least initially) produce a crosslink, or
b) abstration of fluorine with formation of the difluorophosphorane

- leaving two C radicals which can combine, e.qg.:




2 —MA-CFemi—  + @315 —s M CF-Mn.
TR T e, @
P . - T s AV N CF_/W\__ . . . S o

For trlphenylstlbme 1t is reported however that phenyl groups were
incorporated in the crossllnk ‘ whlch 1ndlcates that these processes o

are not as simple | as Just deplcted

, Th}e use of subvalent compounds containingdirect meta_l‘/rrletal

“oF metalloid/metalloid bonds should provide a related approacn “ Among '
' rthe many candldate subvalent compounds tetraphenyldlphosphme, i : -
(C H ) , offers a well known example Two modes of attack can be T ‘

v1suahzed with any of these comp051t10ns, i.e.

SCHEME II
2 ,-CPZ—CP—CPE S ~CF,=G-CF,~ "~ ~CF,-C~CF,- SRS
xéFor CF, AR RZITF e -CFZ <'3 CF-Z-‘ R
.

‘or, using R3P as an example a’nd allowing ‘the R-substituents to participate

‘in the reaction, e.g.:




SCHEME III
|
2 —CPZ—CP-CFZ- (X =For CF3)
+ R3P
+ R3P - R-R + R3P
- 2R -
F RSPPZ
X X X
I | |
—CPZ-ClJ-CPz— —CFZ—'C—CPZ- —CFZ—C—CPZ-
heat
1|° R R‘fpz -RFF,
—CFZ—IC-CPZ— —CFZ-?—CPZ— —CFZ—CIJ—CFZ-
X X X

It has to be understood that postulation of any mechanism at this

stage is merely a speculation, but such an exercise at least indicates

~ the feasibility of a particular occurrence.

The investigations conducted under this program were based on

~ the rationale delineated above. The specific experiments are summarized

- in Table 1. The two crosslinking agents primarily employed were

triphenylphosphine and tetraphenyldiphosphine. The fluorocarbon model

- compounds were selected to determine in a discriminate fashion the
‘, reactivity of the various groups and linkages under consideration towards

. these selected crosslinking agents, e.g. perfluorotetrahydrofuran for

the presence of CF, groups and C-C and C-O-C linkages, perfluoro-

2
methylcyclohexane for the presence of fluorine attached to a tertiary (CF)

- and primary (CP3) carbon, and the ether of composition [(CFB)ZCFO]Z(CF2)4

for the simultaneous presence of all linkages and arrangements




; TABLE 1 :
~ SUMMARY OF THERMAL CROSSLINKING INVESTIGATIONS

Model Crosslinking Temp Time . Model o Crosslinking-’
Compound Agent s ~ Compd Agent -
S s S Recovery . Recovery
Type mg “Type " mg “c o hr' %
- - (.CGHS)sp 732.4 | 3400 , 724 -

; - ) - ,,(CGHS)ZPP(CGHS)Z 104;’0 300 <24 y T
CFZCFZCFZCPZ—E) . .589.7 S- - - 300 24 100.0 o
CPZCFZCFZCFZ-—O 321.8 ] (CGH5)3P » 373.2 300 24 299.7

-0 ‘ ' . . 199,47
CFZCFZCFZCFZ 578.1 (CGHS)ZPP(CGHS)Z 999.0 :‘3’007v : ;24, 99 4
cj-CGPu(CPS) 978.1 ; - - 300 . - 24 7 99.8
c—CGPu(CF3) 981.2 (CGH5)3P " ‘ 731.1 300 B 24: o 793.:1 :
c-(CGI—‘u)CF3 ) :991.1 ; (CGHS)ZPP(QGHS)Z ‘ 966.3 300 L4 . 81 7 B
c—(CGFn)Cl’3 }958.2 '(CGHS?ZPP(CGHS)Z 1030.0 2090 » i 192 98.1 D
c'(CeFu)CF3 | 1728.7 (CGHS)ZPP(CBHS)Z 1017.7 250 . 1»1‘3 :95,.37”
[(CFS)ZCFO]Z(CF2)4 -998.4 ; - - - 300 - 24 99,9

: [(CFS)ZCFO]Z(CF2)4 3030.»7 (CGHS)ZPP(CGHS)Z : 976».9 250 42 | 99.5
[(CP3)ZCFO]7E(CP2)4 2843.6 . (CGHS)ZPP(CGES)Z 946}4 ‘ 309 24 R }qo.o‘

7 c.'(CGFu)CP3 - 4120.0 (CGH'S)ZPK o 1040.0 25 168 93.3

£ - . B ) ) IR
Cf(CGFll)CF3 3840.0 ‘ (CGHS)ZPK -'1040.0 90 13 .96.0
c-(CGI:'u)CF3 4061.1 : (QGHS)ZPK 1075.2 154 ’ 24 ; 963

e - (CGFS)ZPP(CGPS)Z‘ 542.0 » 300 24 ST S
c—(CGI'u)CF3 ) 964‘.5 -(CGPS)ZPP(CGFS)Z 123_8.9 300 24 975 e .
Benzoxazole 512.2 - : - © 300 24 99.5 ) -
‘ - , e e A e g

Ben?oxazole 2180.2 (CBHS)VZPP(CGHS)Z 791.5 300 24 , ’75'4t ; n.a’.

a) Based on {C_.H

)
tionation produgtsswsere found in the same ratio as in a).
took place to ~50% of that observed in the absence of ¢c-C Fu(CF
tionation process took place to the extent of 1%.

place to the extent of 5.5%.

e) Base
f) This test was performed under ni

¢) Based on (C_H
@. B

on (C

was not analyzed. h) The benzoxazole studied was Compound I.

A

&rod

)
SB:S«:-lsed on (C

P isolated by sublimation the disproportionation (see equation 3) occurs to 77%. b) The dispropor-
P produced the disproportionation process
H.).P produced the dispropor- -
)3P produced the dispropdrtionation process took
en by-pass. ¢) The residual phosphorus compound




considered. The selection of 30000 as the upper temperature was dictated

" by previous studies,

Each crosslinking agent and the model compound had to be sub-

 jected individually to the temperature contemplated for the crosslinking

- reaction to determine the thermal stability of the materials involved

- and to ascertain the absence of purely thermal effects. Inspection of

Table 1 reveals that all model compounds and crosslinking agents were
" stable at BOOOC with the exception of tetraphenyldiphosphine which

underwent disproportionation to an extent of 77% according to

(CgH,), PP(CGHS)Z —_— (CGH5)3 P + 1/ (CGHSP)X (3)

- This rearrangement proceeds most likely via an intermediate free radical,

(CGHS)ZP , Which may be expected to be an active fluorine abstractor.

; Interaction of perfluorotetrahydrofuran with triphenylphosphine
and tetraphenyldiphosphine resulted in the quantitative recovery of the
fluorinated material; triphenylphosphine was also recovered quantitatively
-and in the case of tetraphenyldiphosphine, the extent of transformation
: - according to equation (3) was identical to that observed for this compound

" in the absence of the perfluoroalkylether. From these results it is

- obvious that neither of these phosphorus compounds degrades or reacts

- with a —CPZCFZ-O— arrangement under the conditions employéd.

The effect of these reagents on a material containing a tertiary

- fluorine was examined next. Based on the 93% recovery of the perfluoro-

(methylcyclohexane) employed and in view of the unambiguous identification
- of the products formed in the interaction with triphenylphosphine (see
| Table 2), it is clear that this compound was affected by the phosphine.
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TABLE 2 | |
VOLATILE PRODUCTS OBTAINED ON INTERACTION OF
TRIPHENYLPHOSPHINE AND PERFLUORO (METHYLCYCLOHEXANE)

' Compound | . mg %
'cP3H o edoz . 0.002%
o CeFy, E . 0.0 ;‘of»o,ola
CgF)y e o‘.»os o 0,'1002 ;
c=C¢Fy, (CF,) o 912.9 o 93"0'55'”
C.FL,H - 7 1.84 C0.19%
7711 PR S
CeHg 0.27 0,037
PR, . 003 ~o,oo4b
SiF, . 14.0 ©o1.43%
CeHF : o ‘T , T

a) The percentages are given with respect to
perfluoro (methylcyclohexane) originally employed.
b) The percentages are given with respect to
triphenylphosphine originally employed.

Unfortunately," this pro'cessr failed to give the desired ooupled broduot:'

-~ . sCE
I I e N 2 CFy
CF,  C- c_ cCr,

3 2 NG s

CF, CF, = CF, CF

2 '3 o Tty R

It should be noted that the subhmatmn of the 1nvolat11e re31due at -

60- 110°¢ resulted 1n the recovery of ca 70% of (C ) P -In the subhmates s

obtained at the hlgher temperature was also found (C ) PO, 1dent1f1ed

by mass spectral analy51s correspondmg to ca 9% of tr1pheny1ph03phme BRI

originally employed. The formation of the oxide (1n an a1r—free system)

in conjunction with the isolation of silicon tetrafluorlde would tend to . ;

-11




indicate that (CGH ).PF_ was produced (compare Scheme III), which

53 "2
at the high temperature reacted with the silica of the Pyrex tube.

The action of tetraphenyldiphosphine at SOOOC was even more

- drastic as is apparent from the lower starting material recovery and

the increased formation of products, both in type and in quantity

(see Table 3).

TABLE 3

PRODUCTS OBTAINED ON INTERACTION OF
TETRAPHENYLDIPHOSPHINE AND PERFLUORO(METHYLCYCLOHEXANE)
AT 300°C FOR 24 HR

Compound mg %
c-CFy, (CFy) 809.7 g1.7°
C,F B T T )
CeHe 8.9 0.7
CgH, (CH,) T T )
PF, 14.8 3.1
SiF, 55.0 4.1:
CgHPF,0 7.3 o.sb
(CgH,),PFO 302 25.7
(CgH,) ,PF T T
(CH,),PH T T .
(CgH) 4P 259.2 26.1°"

a) The percentages are given with respect
to perfluoro(methylcyclohexane) originally
employed. b) The percentages are given
with respect to tetraphenyldiphosphine
originally employed. ¢) When tetraphenyl-
diphosphine is transformed at 300°C by
itself, this value was found to be 53%.
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As ¢an be seen from Table 3 GC MS analys1s def1n1tely revealed the
presence of phosphme ox1des amongst the reaction products. Yet the 4
infrared spectrum of the involatile reactlon residue, ~from whlc_h‘these o
oxides were separated via GC, did not indlcatethe ‘presence of ’prlosph‘ine Y
oxides” It must be mentioned how’ever that this lnterpretation of the |
infrared spectrum is based on comparlson with the spectra of 31m11ar ,

type compounds since the 1nfrared spectrum of (C. PPO is not

6 5)2 :
readily ava11able. (The rev1ew of Schmutzler ~ which 1ncludes related
l’compounds prepared up to 1965 does not report (C 5)2
It thus cannot be ruled out that ox1datlon d1d occur on the gas chromat—
ographic column smce all the manlpulatlons prlor to sample 1n]ect10n
were carried out in the 1nert atmosphere enclosure In add1t1on the

GC analysis at best accounts for 60% of the re51due the nature of the :
remaining 40% is unknown The GC- analy51s performed on th1s res1due o
using a Porapak Q column Wthh would be expected to separate any
lower boiling perfluoro(methylcyclohexane) derlved fluorocarbons, 1 e. ,i :
the desired coupled product , furthermore showed no trace of such materlals"”v:*'
at all. These flndlngs, in conjunctlon with the recovery of only ~82% -
of the perfluoro( ethylcyclohexane) employed may allow the conclusmn k
that "crossllnklng" of perfluoro(methylcyclohexane) d1d take place to

a degree but was so extenswe that only hlgh molecular welght products

- were formed Wthh were retamed on the GC column

PF nor (C i), PFO ) ; :

It can be deduced from the results dlscussed above that apparently

the pre sence of the fluorocarbon contamlng a fluorme attached toa
: tertlary carbon atom does affect the primary products, (C 6 ) P radlcals
-of the thermal decompos1tlon of tetraphenyldlphosphme smce s1gn1f1cant

quantities of (C6 PF spec1es were found (1n the form of (C H5) PFO)

5)2

It was thus hoped that use of lower ternperatures for prolonged per1ods‘

of time should make the process more controllableand should lead to

13




the desired coupled products. Conducting the reaction at ZOOOC for
192 hr gave an essentially quantitative recovery of the reagents. No
rearrangement of tetraphenyldiphosphine took place under these
conditions. At 25000 the reaction mechanism was apparently
identical to that observed at SOOOC (see Table 4); however, the extent

of reaction was lower, The formation of C7P10H2 is unexplained.

TABLE 4

PRODUCTS OBTAINED ON INTERACTION OF
TETRAPHENYLDIPHOSPHINE AND PERFLUORO(METHYLCYCLOHEXANE)
AT 250°C FOR 113 HR

Compound mg %
c-C¢F), (CF,) 1643.5 95.3%
C,FH 0.04 0.002%
C,F)oH, 6.48 0.38:
CeHg 0.91 0.09
CgH (CH,) T T b
PF, 0.42 0.04
SiF, 6.04 0.35°
C¢H PF,0 1.0 0.102
(CgH,) ,PFO 19.1 1.76
(C4H) ,PF T T )
(CgHg) 4P 5.1 0.50

a) The percentages are given with respect to
perfluoro(methycyclohexane) originally employed.
b) The percentages are given with respect to
tetraphenyldiphosphine originally employed.
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~arrangement. Accordingly, the perfluoroalkylether model (CF

- OCF(CF

Perfluoro(methylcyclohexane)' being a cyclic COmpOUnd conld ‘

~exhibit a reactive behavmr due to steric effects not present in a llnear

3)ZCFO(CP
3)2 which also contalns fluorine bonded to a tertlary carbon atom,
was prepared from a (CF ) CFOCF,,CF »

3 2 2 2I precursor ThlS matenal was

: thermally stable at 300 C and at 250 C appeared to be susceptlble to

fluorine abstractlon by tetraphenyldlphosphlne as 1ndlcated by ‘the data

glven in Table 5 However, no coupled product or products were found.

. TABLE 5 |
PRODUCTS OBTAINED ON INTERACTION OF

TETRAPHENYLDIPHOSPHINE AND (CF )ZCPO(CFZ) 400P(ci= )
AT 250°C FOR 12 HR

Product o o mg %
(CF,),CFO(CF,) ,OCF(CF,), 3015.0 ~ 99.5%
CeHgPF 0 oot
(CHg) ,PFO - sL.e 3.2l
(CH)PP T T
(CGH5)3P U e 282 aes

a) The percentages are given with respect to
(CP3)ZCFO(CP2)4OCF(CF3)2 originally employed

b) The percentages are given with respect to tetraphenyl—
dlphosphlne or1g1nally employed

The extent of reactlon at 300 C was comparable to that observedk ‘
at 250 C 1nsofar as fluorlnated phosphorus compounds were concerned .
and the amount of trlphenylphosphlne found agreed Well W1th that
produced in the absence of the fluorocarbon (see Table 6) Thus it
must be assumed that (CP ) CPO(CF ), OCF(CF is unre«':1cntiye:1 '

2’4 3)2
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TABLE 6

PRODUCTS OBTAINED ON INTERACTION OF
TETRAPHENYLDIPHOSPHINE AND (CF3)2CPO(CP2)4OCF(CP3)2
AT 300°C FOR 24 HR

Product mg %

a
(CF,),CFO(CF,) ,OCF(CF,), 2844 100.0
co, 0.32 0.01°
SIF, 0.11 0.004°

b
CeHg 0.86 0.09
(CeHe), T T )
(CgH),PFO 13.6 1.44

b
(CgHg) 4P 508.0 53.7

a) The percentages are given with respect to
(CP3)ZCFO (CF,) 4,OCF(CF3), originally employed.
b) The percentages are given with respect to
tetraphenyldiphosphine originally employed.

~ towards tetraphenyldiphosphine and triphenylphosphine (the latter being
one of the thermal rearrangement products of tetraphenyldiphosphine).
" The small quantities of fluorinated phosphines found (Tables 5 and 6)

originate most likely from the impurities present in the perfluoroalkylether,

 which is not surprising in view of the difficulties encountered in its

; purification. The apparent discrepancy between the results obtained

at ZSOOC and 30000, i.e. a 100% recovery of the model compound at

- the higher temperature compared with a 99.5% recovery at the lower

temperature, in addition to the formation of higher amounts of (C PFO

o 6?5)2
at 250 'C, is readily explained. The sample subjected to the 300 C
treatment was the material recovered from the ZSOOC reaction and was

| therefore of higher purity because the trace impurities originally present
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were destroyed to a cons1derable extent during the 250 C exposure to

tetraphe nyldlphosphlne

Concerning all the models studled the fallure of phosphlnes

to effect a s1gn1f1cant degree of fluorine abstract1on w1th concomltant L

' formation either of coupled or unsaturated products could have been due

to the fact that at all te st temperatures employed the fluorlnated spemes ‘

were present excluswely in the gas phase Accordlngly, the 1nvest1gatlon e

of a perfluorocarbon with a vapor pressure at 300° C in the v1c1n1ty of :

1 atmosphere became necessary The E-fluids represent such a serles

- of materials and, although not ideal for rnodel studies in view of the '

multiple CF(CP )- llnkages present (under extenswe crossllnkmg '
conditions gelat1on would result), are adequate to ascertaln the stipulatlons'

advanced above.

The specific fluid employed for the se investigations Was E?7

fluid and its composition is given in Table 7. The conditions of the

ireactlons performed utilizing this fluid are summarlzed in Table 8 whereas

the characterlzatlon or rather composulon of the E~ flu1d after the various

treatments is presented in Tables 9 and l0. The data glven 1n the two B ' N
tables is the same, but differently expressed. “This has been done because
it is very d1fflcult to accurately measure the ﬂUld and del1ver 1t to a GC o
column since in view of its 1nvolat111ty it has to be 1nJected via a 6" long

needle.  The form of presentation used in Table lO affords results Wthh

are 1ndependent of the quantity of material 1ntroduced

The first test at 300 C was carrled out to determme the thermal

stablllty of the fluid in the absence of reactants. The other two tests ,

‘were conducted to evaluate the actlon of tetraphenyldlphosphlne It is
‘clearly evident from the data given in Tables 9 and 10 that no 51gn1ficant B

‘degradation nor crossllnklng d1d take place in any of these experlments .

If any crossllnkmg had taken place addltlonal peaks with 51gn1f1cantly
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TABLE 7
GAS CHROMATOGRAPHIC ANALYSIS OF EL066-55, FREON E-7 (c) FLUID®

RT . Area/pl Peak Identification
min

1.5 1.9 03P7O[CP(CF3)CFZO]ZCP(CF3)H

3.5 7.0 C4F,O[CF(CF,)CF,0l ,CF(CF,)H

5.9 13.9 C3F7O[CF(CF3)CPZO]4CF(CP3)H

8.2 17.2 C3F7O[CF(CP3)CF20]50P(CF3)H
10.3 22.7 C3P7O[CP(CP3)CP2016CF(CF3)H
12.4 18.4 C3F7O[CF(CP3)CPZO]7CP(CF3)H
13.6 4.8 C3P7O[CF(CF3)CFZO]BCF(CF3)H
14,9 1.3 C3F7O[CP(CF3)CPZO]QCP(CF3)H
16.1 0.5 C3P7O[CF(CP3)CFZO]IOCF(CP3)H
17.4 0.2 C3F7O[CP(CF3)CPZO]1 ICF(CF3)H

a) The conditions used: Column: stainless steel

10" x 1/8" 1% OV-17 on Chromosorb G-AW; column effluent

split 10% into F.I., remainder into TC detector; He flow:

35 ml/min; column temperature: 50-220°C programmed at 8°/min.

TABLE 8
L SUMMARY OF EL066-55, FREON E-7(c) FLUID REACTIONS
" TFreon E-7 (CGH )P Toemp Time

g g5 42 C hr Remarks
1.0607 none 300 24 No noncondensibles formed; GC
essentially identical with starting
| material.
2.9603 1.0944 247 264 No noncondensibles formed; GC of

fluorinated layer essentially
identical with starting material.

3.3270 1.0118 300 24 No noncondensibles formed; GC of
fluorinated layer essentially
identical with starting material.
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TABLE 9

- GAS CHROMATOGRAPHIC ANALYSIS OF ELO 66- 55, FREON E- 7(c) FLUID .
(Area/pl After Various Heat Treatments) \

RT  (As Received)  (300°C, 24 hn)  (247°C, 264 hr, 503°G, 24 hr

min e PO : plus ) - plus <I>4P2) o

1.5 1.9 1.7 1.4 1.8

3.5 7.0 8.8 7.3 9.5

5.9 13.9 12.6 11.5 “16 4

8.2 17.2 14.3 - l4.2 o 22.6
10.3 22.7 24.5 o2l 2703
12.4 18.4 17.5 15.2 S19.3
13.6 4.8 4.3 3.4 4.6
14.9 1.3 1.2 1.0 1.3
16.1 0.5 0.5 0.3 0.5
17.4 0.2 0.2 0.1 0.2

a) The conditions used: Column stamless steel 10‘ x 1/8" % OV 17 on

- Chromosorb G-AW; column effluent split 10% into F.I., remalnder into TC
 detectors; He flow: 35 ml/min; column temperature 50 220° C programmed

at 8°C/m1n

TABLE 1 0

- GAS CHROMATOGRAPHIC ANALYSIS OP ELO 66-55, PREON E- 7(C) PLUID

(Area as Percent of Largest Peak After Various Heat Treatments)

RT (As Received) (300 C, 24 hr) (247 C, 264 hr (300 C 24 hr

min R : - plus ¢4P2) ' plusg,P ) :
1.5 8.1 7.9 6.2 . 6.6
3.5 31.7 43.6 33.5 . 35.0
5.9 61.3 55,7 52.9 . 60.3
8.2 75.9 . 70.8 65.8 ~  82.8
10.3 100 100 100 100
12.4 80.9  76.6 70.3 70,7
13.6 21.1 18.9 15.6 1619
14,9 5.9 5.5 45 48
16.1 2.3 2.1 1.5 L7
17.4 0.9 0.7 0.4 0.6




~ longer retention times would have been observed and for the earlier

‘ peaks lower area/p,l values would have been registered. This would
“be also portrayed by higher percentages of the latter peaks with respect
to the 100% peak and these ratios would differ greatly from those of the

 untreated E-fluid.

At this stage of the investigation, two conclusions could be
drawn: The phenyl substituted phosphines are ineffective in fluorine

" atom abstraction at temperatures up to 300° due (a) to insufficiently

' negative free energy changes produced by the contemplated reactions

(b) to the fact that the reagents are mutually insoluble and immiscible,
- which is enhanced by the large density differences between fluoro-

- carbon and crosslinking agent.

A potential crosslinking agent combining an alkali metal and

- a phosphine character is potassium diphenylphosphide, (CGHS)ZPK‘
It was believed that this material should readily effect the abstraction

‘of a tertiary fluorine at moderate temperatures since the formation of

- potassium fluoride should thermodynamically be favored. Such a

- ‘reaction should produce either an unsaturated or a coupled product, i.e.:

SCHEME IV

2 RfCF(CI-"B)-CPZRf + (CGHS)ZPK

-(C4Hg) ,PF -KF

Rflc (CF,)-CF R / \

2 Rf(CP3)C =C:PRf
RfC (CP3)-CF2Rf
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. No reactlon was observed on treatment of perfluoro(methylcyclohexane)
w1th potassium dlphenylphosphlde at room temperature even after prolonged
~ periods of time. The nonquantitative starting material recovery (93%)

" is attributed to sample loss during the, addition of the phosphide to an

~ open flask in the inert atmosphere enclosure, A similar reason‘is

" advanced for the 96% material recovery, after the exposure to 85-90°C,
inasmuch as here the reaction was carried out under a nitrogen_b:y‘—pasa.

At 15400, decomposition of potassium diphenylphosphide oCcurr'ed as
- shown by the black, charred re;eidue Yet 96% of the fluorocarbon Was s
recovered unchanged and only traces of products derlved from the o

fluorinated reagent were found (see Table ll)

TABLE 1 l

PRODUCTS OBTAINED ON INTERACTION OF =
POTASSIUM DIPHENYLPHOSPHIDE WITH PERPLUORO
(METHYLCYCLOHEXANE) AT 154OC '

Compound S mg E % -

- CGFH(CP ) © 3909.5 96.26°

CGHG R 8.35 **0.785
| SiF, ' | 0.023 .~ 0.001"
co,  oas  o0.005”
PR, T T

3 R

“H, | o "0.069 ~ 0.006

a) The percentages are glven with . respect : -
to ¢~C.F,,(CF,) employed. b) The percentages
11 o
are given with respect to potass1um dlphenyl— S
phosphlde employed : v
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Accordingly, one is forced to conclude that even having the
alkali metal combined in the phosphine molety does not provide an

effective fluorine abstracting agent.

The apparent lack of reaction of tetraphenyldiphosphine and the
~ other phosphorus compounds with the fluorinated compositions could be,

as noted above, due to the mutual insolubility of these systems.

The investigation of perfluorinated phosphines was thus under-
taken. Bis(pentafluorophenyl)chlorophosphine was prepared in 45%
yield via reaction of pentafluorophenylmagnesium bromide with phosphorus
trichloride. Using elemental mercury, the coupling to the desired
diphosphine was accomplished in essentially quantitative yield.
Subjecting tetrakis(pentafluorophenyl) diphosphine to heat treatment
- in vacuo at 300°C for 24 hr (see Table 1) resulted in dark discoloration
| and production of 2.2 mg (0.4% of starting material) of volatiles which
were composed of CGPSH’ PF3, COZ’ and a trace of CGPG' The
hydrogen in pentafluorobenzene originated most likely from traces of

- heptane and benzene which were employed to crystallize tetrakis(penta-

. fluorophenyl)diphosphine, Prior to reaction, the sample was dried for

22 hr at 60°C and had mp 183.5-185°C. The dark discolored residue

(after the heat treatment) had mp 141—14800; however, its infrared

- spectrum was identical with that of the starting material. Gas chromatog-
raphy failed to show even traces of (CGFS)SP’ Based on the above, it

has to be deduced that up to 3OOOC (CGP ).,PP(C_F_), does not undergo

: 52 6 52
" the disproportionation observed for its hydrocarbon analogue (compare

“equation 3). This finding was not encouraging insofar as crosslinking

' of perfluoro(methylcyclohexane) is concerned; however, it was believed

R possible that in the presence of both compounds a reaction might take

~ place. As can be seen from the data given in Table 1 no reaction occurred.
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In vlew of the results of these mvestlgatmns it must be surmised

that the aromatic phosphmes, contrary to previous reports,6 are

ineffective, at least up to 30000 as crossllnkmg agents or fluorme B o
abstractors for perfluoroalkyl and perfluoroalkylether systems The
questlon remamed whether the presence of an aromatic rmg m a perfluoro— :
alkylether cham mlght actlvate a tertlary fluorine sufflclently to promote

crosslinking by the phosphmes The candldate material stud1ed Was the ]

benzoxazole of the followmg structure:

CF, - CF.
13 73 o
C—CFc (OCPZCF)4OC3,F7

This mater1a1 was unaffected by heat treatment in vacuo at 300 C as

ev1denced by 99,5% sample recovery However, m the presence of 7
tetraphenyld1phosph1ne extenswe degradatlon took place ThlS is |
evidenced by the data given in Tables 1 and 12 Of the benZoﬁrasole : -
employed, 75.4% was recovered intact. The fragments of the perfluoro—
alkylether chain accounted for 33% of the material loss The maJor R

component of these was C_F O[CP(CF )CP Ol CF(CP3)H Inasmuch -

377

as the benzoxazole

/. — O\ o o
C-'CFZCP3 ,
X~y 7

was also 1solated in relatlvely 51gn1flcant quantltles one 1s tempted
to speculate that the presence of phosphme or the fluorophosphmes

triggered the rearrangement:
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TABLE 12

PRODUCTS OBTAINED ON INTERACTION OF
RCF(CP3)[OCPZCF(CF3)] 400 P7 AND (CGHS) 4P2

3

Compoundal mg %
R-CP(CF3) [OCPZCF(CPB)]4003P7 1650.862 75.37
R—CP(CFS)[OCFZCF(CP3)]ZOC3F7 " 0.980 0.04
R—CP(CF3)OCPZCP(CP3)OCSP7 0.420 0.02
R—CP(CF3)OC3P7 0.121 0.01
R—CP(CP3)H ? 2.435 0.11
R-CF,CF, 5.236 0.24
R-CF, 0.960 0.04
C3F7O[CF(CPB)CFZO]4CF(CF3)H 0.280 0.01
C3P7O[CF(CP3)CPZO]3CP(CP3)CP2H 0.964 0.04
C3P7O[CF(CP3)CF20]3CF(CF3)H 85.030 3.88
C3F7O[CF(CP3)CP20]ZCP(CF3)CP2H 6.531 0.30
C3F7O[CF(CP3)CP20]ZCF(CP3)H 42.101 1.92
C4F., OCF (CF3)CFZOCF(CP3)CF2H 2.907 0.13
C3P7OCP(CP3)CFZOCP(CF3)H 23.562 1.08
C3F7OCP(CP3)CF2H 1.385 0.06
CSP7OCF(CF3)H 6.659 0.30
C,Fe 0.335 0.02
CF,CF,H 0.392 0. oz]D
CeHe 0.855 o.ub
C HCH, 0.067 0.01b
CH.PF,0 5.017 | 0.63b
(CGHS)ZPFO 225.336 28.47
CcO 4,732 0.22
co, 15.27 0.70
PF, 8.41 0.38
SiF, 129.21 5.90

a) R = benzoxazole ring. b) These percentages are given with respect
to’tetraphenyldiphosphine; all the other values are based on the
benzoxazole originally employed.
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o CGF. CF. = CP.
/, N e~ [ 3 3
c- GFOCF,GF(OCF,CF) OC.F..

¥3'7

o cr,
B i 3
. + r
c GP2 Fccr(c1§3)[oct‘20f']30c:3r7
Hydrolysus of the ac1d fluorlde by water on the glass walls followed by
thermal decarboxylat1on would thus explaln the format1on of HCI—"(CF )—

[ocrzcr(cr' )] oc3 7

of the other benzoxazoles listed in Table 12, whlch were def1n1tely k

' This mechanism would also explaln the presence-v

absent in the original sample The quantity of carbon monox1de l1berated o

(O l7 mmol) corresponds to approx1mately 1/3 of the benzoxazole reacted
In view of the type of produots 1solated, ‘it would seem that the CO |
or1g1nates from the benzoxazole ring. = If one considers all the fluormated
products found and since the se account for the ma)or welght percent of

~ the benzoxazole, it is ev1dent that 1/3 of the materlal loss is unaccounted

~ for. This material is apparently a part of the charred Preon and benzene

. insoluble re s1due

Apparently the reactlon between the benzoxazole and the (C
radicals or1g1nat1ng from tetraphenyldlphosphme proceeded very readlly
since the "normal” rearrangement product trlphenylphosphme could )
not be detected and 28% of tetraphenyldlphosphme was transformed to”
’(C H ) PFO. It was noted in past dlscussmn that most llkely the ‘

, or1g1nally produced (C )ZPF is ox1dlzed to CGHSPFO durmg gas S
chromatography. Based on the results obtalned, it would seem that at

lower temperatures, ca 250 C the process could be better controlled'

25
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and might lead to crosslinking since, compared to the "straight"
perfluoroalkylethers, the presence of the benzoxazole ring provides
definite activation. The question remains whether this activation can

lead to crosslinking or whether it only offers a facile degradation path.
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III. EXPERIMENTAL DETAILS AND PROCEDURES -

1. General
- Al solvents used were reagent grade and y\ier‘e dried and distilled
prior to use. Operations 1nvolv1ng moisture or air sen31tive materials
were carried out either’ 1n an 1nert atmosphere enclosure (Vacuum
Atmospheres Model HE-93B), under nitrogen by pass or in vacuo. =
The commercmlly available starting materials were usually purified by

distillation, crystallization or other appropriate means. ,,

Infrared spectra were recorded either neat (on liquids) oras ‘
double mulls (Kel-F oil No 10 and NuJol) us1ng a Perkin—Elmer CorporationV Pt

 Infrared Spectrophotometer Model 21 Thermal analyses were conducted

using a DuPont 951/990 Thermal Analyzer system. The mass spectrometric T

analyses were obtained employing CEC Model 21- 620 instrument anda .
DuPont 21- 49lB double focusing mass spectrometer attached to a Varian R
: Aerograph Model 204, equipped With a flame 1onization detector and a
DuPont 21- 094 data acquisition ‘and processmg system. The elemental
analyses were performed by Schwarzkopf Microanalytical Laboratory, o

' Woodside, New York,

2. Material Purification and Characterization

The cros slinking inve stigations were performed at high temperatures e

and thus it was imperative to eliminate any side reactions due to 1mpur1t1es. e

Traces of 1mpurit1es Wthh could not be removed readily by conventional
‘means were identified and quantitated and their effect during thermal ‘{ e

and crosslinking studies noted

a. . Perfluorotetrahydrofuran

Perfluorotetrahydrofuran was received from AFML it Was PR

synthesized by the 3M Company Research Department. Roughly 1500 cm3r
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(STP) of this material was introduced into a standard high vacuum line,
containing mercury manometers and mercury float valves. The material,
as introduced, had a vapor pressure at -78° (VP_78) of ¥ 23 mm. It

was fractionated from a warming trap through traps kept at -78, -96,
-112, and —1960C. The -78° trap contained a small amount of a material,
VP_,78 = 7.8 mm; the —96O and the —1120 traps contained almost equal
amounts of material with —780 vapor pressures of 7.5 and 9.6 mm,
respectively., The -96 and -112° fractions were recombined and refrac-

tionated using the above procedure. The -78O fraction thus obtained was

) - negligibly small, the -96° fraction (¥ 2/3 of the total sample) had a

VP-78 = 7.7 mm and showed an infrared spectrum almost identical to that

published for C4F80; 15 but this material did exhibit weak absorption

in the CH region (3.3 p). The molecular weight of this fraction, using

the gas density method, was found to be 216 (theory 216.03). However,

- GC-MS of this fraction (see Figure 1), (employing a stainless steel,

8' x 1/8" Porapak Q column, flame ionization detector, with a 47% split
into a DuPont spectrometer 491B, He flow: 35 ml/min; temperature,
50—22000 programmed at 7OC/min) showed the presence of several
impurities. Based on the mass spectral patterns of the GC peaks

k (retention times given in brackets) the largest GC peak is composed
essentially of perfluorotetrahydrofuran (base peak, m/e 100) admixed with
some CH material (m/e = 51); the remainder of the gas chromatographic
peaks are composed predominately of CH-containing species as indicated
by m/e = 51 being the 100% peak. This -9600 fraction was employed in

the subsequent investigations.

b. Triphenylphosphine

Triphenylphosphine was a Matheson, Coleman and Bell

product and was sublimed in vacuo, mp 80-81°C.,
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Figure 1. GC-MS Trace of Pekrfluorotétfahydfofurén
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c. Perfluoro(methylcyclohexane)

Peffluoro(methylcyclohexane) , purchased from PCR, Inc.,

- was fractionated in vacuo from a warming trap through traps kept at

- -47, -63, -78, and -196°C. The -47° and the -63°C traps contained

valmost equal amounts of liquid. The -6300 fraction, (VP0 = 29,6 mm)

- was subjected tb GC-MS analysis employing a stainless steel, 8' x 1/8"
- Porapak Q column with a 43% split into a DuPont spectrometer 491B,

He flow: 35 ml/min; tempeVrature, 50-200°C programmed at 7°C/min.

S ‘Based on the GC and GC~-MS traces (see Figure 2) and peak printouts

the sample is almost pure perfluoro(methylcyclohexane) (rt, 18.3 min)

| ~mixed with traces of perfluorohexane, perfluorocyclohexane (both rt,

“ 16.1 min) and dimethyl (perfluorocyclohexane) (rt. 21.9 min). This

fraction was employed in subsequent investigations.

d.  Tetraphenyldiphosphine

The tetraphenyldiphosphine was prepared in 71% yield,
: mp 126—12700, via interaction of diphenylphosphine and diphenylchloro-

phosphine following the procedure of Kuchen and Buchwald., 16

e. Freon E-7(c)(ELO66-55)

Based on the DTA curve (see Figure 3) Freon E-7 has a
boiling point above 250°C. The broadness of the endotherm indicates
‘ that it is a multi-component mixture. The composition of Freon E-7

: ryis given in Table 7, wherein the area/ul represents fairly well the
' relative percentage of a given homologue (the total adds up to 88% by
Weight). ‘It should be noted that up to peak No. 4 (MW, 1116) the

- components could be identified readily using GC-MS, the major peak

" being M-117 (CZP4OH): beyond that the assignment was based on

~ retention times and general breakdown patterns.
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3. Monomerand ModelComp‘ound 'SYnthesis

a. Preparation of (CFB)_ZCFO(CP2 OCF!C 3_2

Followmg the procedure of Evers - 17, a mlxture of the iodlde b e

(crs)zcrocrzcr I(24.39, 59.1 mmol; 99.9% pure by GG analysis)
40 mesh z1nc (12.0 g, 183.9 mmol) acetic anhydrlde (36 lg, 353. 7 mmol)
and 1,1,2- tr1chlorotr1fluoroethane (90 ml) were heated under a n1trogen ST
atmosphere at reflux temperature (ca 54 C) w1th st1rr1ng for a perlod of «
24 hr. Durlng this t1me a wh1te precipitate was formed The reactlon

mlxture was cooled, flltered and the filtrate ‘was hydrolyzed by add1t1on ’
of water. The organic laYer was separated out; washed W1th lO% sodlum o
bicarbonate and Water dried, and distilled us1ng a 65 mm column packed :
with glass helices. The fraction distilling at 40- 48 C contamed the S ,
Freon 113; “the materlal collected subsequently, bp 77~ 94 C (7 0 g) was i
found by GC MS to con31st of 89% of the desired product and ca 1% :
of Freon 113, The pot residue contalned 1.2% of Freon 113 Practlonatmn . :

usmg a 130 mm hellces packed column falled to separate the two

constituents, The 77~ 94 C dlstlllate (the b0111ng pomt for the coupled |

product is reported by Allled Chemlcal Corporatlon to be 135 C) plus
‘the pot res1due (3. 24 g) amounted to 59% yleld of the product The | e

Freon 113 content could be lowered to 0. 07% by repeated vacuum lme .

, fractlonatmn as descrlbed below however the product d1d contam also s
- 0.8% of a perfluoroalkyl ether-—acetate derlvatlve as determlned by o

‘ GC MS usmg Porapak Q column programmed from 50 220 C at 8 C/min

Passage through an alumma (GC grade 80/60 mesh) column”ﬂjiu,f 4

(40 mm long i.d. 10 mm) in vacuo failed to purlfy the materlal Thus

" the liquid was taken up in a small quantlty of Freon 13, washed with

10% sodlum blcarbonate and water drted over MgSO‘1 and fractlonated e
in vacuo through traps held at -23, -47, -78 into -196° C. _The -,23 and”j 3

~47°C fractions were combined and refractionated as above; this process =
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"~ was repeated four times. The final -23°C fraction (VP
| ~ used in the subsequent studies consisted of (CF
| 99.81% pure, and contained 0.07% of Freon 113.

,’ phosphorus trichloride was performed using the procedure of Tesi, et al.

= 7.9 mm)

OCF(CF3)2 P

25.8°C

3)2CFO(CFZ)4

b. Preparation of bis(pentafluorophenyl)chlorophosphine

Pentafluorophenylmagnesium bromide was prepared by

_ Grignard exchange between bromopentafluorobenzene and ethylmagnesium

bromide following essentially the procedure of Tamborski and Moore. 18

B ~Thus under nitrogen by-pass an ethereal solution (61.1 ml, 100.9 mmol)
~ of ethylmagnesium bromide (the concentration was determined using high

- vacuum techniques by measuring the ethane produced upon hydrolysis)

was added at OOC to a stirred solution of pentafluorobromobenzene

: - (26.53 g, 107.43 mmol) in ether (60 ml) over a period of 4 min. Subse-
~ bquently the solution was stirred at room temperature for 1 hr. It should be

| noted that the exchange equilibrium was attained after 1 min; no change
" in the relative proportion of pentafluorobromobenzene and the pentafluoro-

- phenylmagnesium bromide (as determined by hydrolysis to pentafluoro-

benzene) was observed after the additional hour at room temperature.

The interaction of pentafluorophenylmagnesium bromide with
19

Accordingly, under nitrogen by-pass to a stirred, ice cooled solution

. of phosphorus trichloride (6.94 g, 50.53 mmol) in ether (50 ml) was added
the above prepared pentafluorophenylmagnesium bromide over a period of
1 hr, After addition was completed the solution was filtered in an inert
= atmosphere enclosure to free it from the precipitated salts, and the

- ether was removed in vacuo at room temperature., A yellow oil remained
" which was distilled using a 100 mm long column packed with glass

" helices. The first two fractions: 1.98 g, bp 50-60°C/0.001 mm and

3.87 g, bp 60-9200/0.001 mm contained mainly pentafluorophenyl-

~ dichlorophosphine; the third fraction,9.13 g (45.2% yield) bp 92-112°¢c/
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0.00]1 mm, cons1sted essentlally of the desued product Redistillationb' :
-usmg the same column afforded pure bis(pentafluorophenyl)chlorophosphine -

(6.80 g, 34% yleld) bp, 92 94°C/0.001 mm.

Prom the first distillation was recovered Z 85 g (lO 7%) of B :
bromopentafluorobenzene Wthh condensed in a trap cooled to 78 C, SRR i
based on the infrared spectrum of the ethereal distillate it also contained

 some bromopentafluorobenzene which amounted to 3. 0 g as determined | |
by gas chromatography Thus the total bromopentafluorobenzene ‘ e
| k recovered added to 5. 85 g (21 57 mmol) this would then 1ndicate that

| the efficiency of Grignard exchange was of the order of 85%:. »

c. Preparation of Tetrakis(pentafluoroLenyl)diphosphine T

Pollowmg the procedure of Ang and Miller, ‘2’0 bis(penta— o oy
fluorophenyl)chlorophosphine (3 12 g, 7 79 rnmol) was stirred 1n an 1nert ‘
» atmosphere enclosure w1th elemental mercury (16.37 g, 81 6l mmol) | 7 ‘
for 5 days. During that period a White solid was deposlted Which 2 - L
, prevented further stirring The organic product was taken up in boiling s
- benzene and from the filtrate after evaporation of benzene 2. 65 g = |
- (93% vyield) of product was obtained. Crystallization from benzene—k SRR
heptane gave tetrakis (pentafluorophenyl)diphosphine (2 00 g, 470 4%)
mp 183-185.5 C lit 165-170 C, 20 159-163 C 21
Anal Calcd for CZ4P20PZ C, 39.48; F, 52 04 P 8 48
* Found: CS925P5175P833 ,

In view of the elemental analy51s and in particular based on infrared -
spectrum, absence of absorption in the 8.0-8. 7 y region the presence ' |
of oxide can be excluded and thus the higher than to date reported melting P

point is most likely dueto a purer product. . -




d. Preparation of n-Perfluoroheptene-1

; The sodium salt of n-perfluorooctanoic acid was obtained
in 96% vield from the acid. Pyrolysis of the salt at 241—32500 was

- carried out in a 100 ml round bottom flask attached to a vacuum system
via two traps cooled to -78°C followed by three liquid nitrogen cooled
traps. The olefin was collected in the traps cooled to -78°C. It was

purified by vacuum fractionation from a warming trap through -47, -78

into -19600 cooled traps. The desired product was collected in the

~-47 and -7800 traps. As shown by gas chromatographic analysis the

‘ material cohsisted of 92-94% of n-perfluoroheptene-1, 0,5-1% of

- n-perfluoroheptene-2; the remainder were hydrogen-containing materials,

N 1.eo C P Hc

7713
Three runs were carried out. Thése are summarized in Table 13.

- Run No. 3 afforded the lowest yield of the products although the conditions

used were almost identical with those emploYed in run No. 2 with the

exception that somewhat higher temperatures were employed.

TABLE 13
SUMMARY OF n—C7P15 COONa PYROLYSIS EXPERIMENTS
Run No. n-C7F15000Na Temperature Time Yield
(@) °c) h) (%)
1 7.26 24] -287 1.25 94
2 20,12 210-300 2.00 88
3 20.52 225-325 5.75 72
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e. EpVOXidation of n-Perfluoroheptene-1 -

2=2
To a mixture of n- C5 llCF CF (2 73 g, 7 8 mmol)

i) \lUsing'SO% H O

30% HZOZ (70.8 mmol) and methanol (3.25 ml) cooled to 23 C was

added methanolic potassmm hydrox1de (l 28 g, 19 4 mmol d1ssolved 1n .y

3.6 ml methanol). The ‘fesulting mixture was stirred for 4 hr at 25 to ; R
-10° C, then transferred to a separatory funnel The organlc layer was :
separated and washed w1th cold water (3 x 10 ml) and drled over anhydrous’ i
MgSO4 Dlstlllatlon y1elded a clear .lqu].d (l 86 g) Wthh was shown ‘

by infrared spectroscopy to be a mixture of 67 5% startmg olefm (l 26 g) -

~and 32. 5% epox1de (0 604, 21 2% yleld)

ThlS reactlon was carrled out utlllzlng ] T Baker s

"30%" hydrogen perox1de Malhnckrodt "30%" (1n reallty 32%) hydrogen L

perox1de employed under the same cond1tlons as those glven above d1d

not produce any epox1de Apparently the stablllzer present 1n the -

Mallinckrodt hydrogen perox1de (acetanlllde) promoted degradatlon of

the epoxide. Conducting the reaction with Baker s hydrogen peromde ‘ “

at -10°C instead of -20°C gave only traces of the epoxide; whereas

carrying out the reactlon at 20 for 6 hr falled to 1ncrease the y1e1d R

The pure ‘epoxide was 1solated by stlrrmg the R

olef1n/epox1de mlxture (1 70 g) with bromine (0.2 ml 0 59 g, 3. 66 mmol) o

at 0 C for 3 hr. The resultmg mixture was transferred to a separatory

"~ funnel and washed with a saturated solutlon of sodlum thlosulfate :

(4 x'10 ml) and water (3 x 5 ml), then dried over anhydrous 1\/IgSO4 N
Distillation in vacuo gave a yellow1sh liquid (l 32 g) which was "
separated via vacuum fractionation from a warmmg trap through traps
kept at -47, -78 and ~196°C. The bulk of matertal, namely the 1,2-

dibromoperfluoroheptane (1.02 g) , was condensed in the {2’39Q trap.
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The -78°C trap contained 0.23 g of material which was composed of 95% of
n-perfluoroheptene oxide and 5% of the olefin; bringing the oxide yield
as based on the olefin originally employed to 9%. This result shows

clearly the inadequacy of this process.

11) Using 60% HZQZ

To a mixture of n-perfluoroheptene-1 (2.00 g,
5.71 mmol), methanol (1.15 ml) and 60% HZOZ (1.6 ml, 36.07 mmol,
prepared by the dilution of 70% HZOZ obtained from FMC Corporation),
cooled to —ZOOC, was added dropwise a potassium hydroxide solution
- (0.90 g, 13.63 mmol dissolved in methanol). The resulting mixture was
stirred for 4 hr while maintaining the temperature between -20 and -14°C.
At the end of the reaction period the mixture was transferred to a separatory
funnel and the lower organic layer separated, then washed with ice cold
water (2 x 10 ml) and dried with anhydrous magnesium sulfate. High
vacuum transfer afforded a clear liquid (1.05 g) which based on its infrared

spectrum, contained 4.5% of the starting olefin and 95.50% of the desired

- epoxide (1.00 g, 48%). The mass spectrum of the epoxide is given in

Table 14,

A number of runs were conducted using the 60%

hydrogen peroxide; these are summarized in Table 15. It is apparent from

. the data listed that for larger samples of the olefin longer reaction times

are necessary to assure completeness of reaction.

f. Preparation of Br(CFZQ_Ez)_ZQZMe

The starting material, Cl C(CFZCPZ)ZBr, received from
3
Dow Corning Corporation, (157 g) was twice distilled using a 10 cm
column packed with glass helices affording 49.7 g of material, bp,

; 107-10900/133 mm Hg. Based on gas chromatography performed using

10' x 1/8" column packed with 1% OV-17 on Chromosorb G-AW 80/100
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TABLE 14

ION FRAGMENTS AND INTENSITIES RELATIVE TO BASE R
A PEAK OF n—PERFLUOROHEPTENE OXIDEa -

Comle % oo f",_% '
31 400 112 7.8
47 16.0 113 2.7

50 24,1 119 301
59 2.1 131 64.3
6 loo 12 65
70 4.0 147 . 5.7 -
74 2.6 150 2.0
.78 . .2.0 - 162 5.4
8  16.8 169 - 16.9 =
93~ 16.3 181 25,6
97 18.4 . 219 2.6
100 ~ 33.8 231 25.1
101 2.5 269 5.2
109 4.0 347 2.2

a) Peaks khaving intensities less than |
2% of the base peak are not reported.

TABLE 15

EFPECT OF REACTION PERIOD ON COMPLETENESS
OF THE EPOXIDATION PROCESS ‘

Test n-C._F,.  React. ~Total ~ Olefin - Epoxide

No. 714 Period Product Content Yield

@  ®) @ @b e
10 . 2.00 4 53 .. 4,5 . 48
11 2.00 2 65 . . 8.2 . .55 ...
12 10.00 4 .. 75 .32.8 48 . ...~
13 7.5d 6 6l none _;}l 6l . .

a) Weight percent of recovered organic material with respectto = =

starting material used. b) The olefin content is based on infrared
absorption at 5.55 . c) Based on originally employed olefin,

d) The material used here is the total product recovered inthe - o

preceding test.
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- mesh, programmed at GOC/min from 40—22000, the distillate consisted

© 0.6% of the lower homologue Cl

of ~85% of CI3C(CFZCP2)ZBr admixed with ~14% of (3136‘0(313 and

3CCPZCFZBr . Four more impurities

were present in trace quantities (less than 0.25%) only, The

boiling points of hexachloroethane and Cl3C(CFZCF Br, based on

)
2'2
the literature, appear to be almost identical preventing the separation

= by distillation; however, the presence of hexachloroethane did not inter-

fere with the preparation of Br(CPZCP CO,Me.

2)2 2

Following the procedure of Kim, et al 10 to a stirred mixture
of 85% pure Br(CFZCPZ)ZCCIB, (21.08 g, 52.92 mmol), HgZSO4 (0.21 g,
0.4] mmol) and HgSO4 (1.07 g, 3.59 mmol) was added 30% oleum (19 ml)
~overa period of 15 min, Subsequently, the mixture was heated under
reflux and nitrogen by-pass for 160 hr ét 124—12500. The cooled solution
was then added dropwise over a period of 40 min to methanol (40 ml)
stirred in an ice-bath. This was followed by stirring at room temperature
for an additional 15 hr. The methanolic solution was added into 90 m! of
ice and water, A clear organic layer (13.36 g) separated at the bottom,
This was composad of 98% of the desired ester. The supernatant
aqueous solution and an emulsion that had formed at the interphase of the
two layers were extracted with ether and the extract dried with magnesium
- sulfate and distilled in vacuo followed by fractionation from a warming
trap through traps held at 00, -23, -47 into -19600. The material present
in the -23 and —47°C traps (1.83 g) was also composed of 98% of the
ester Br(CFZCF
Br(CPZCPZ)ZCCl3 empllcgyed was 84.7%, in good agreement with the

| results of Kim, et al,

2)ZCOOMe. Thus the total yield of the ester based on

g. Preparation of BF(CPZQEZ).Z_QQZN_Q
Sodium hydroxide (2.59 g, 64.75 mmol) was dissolved in

water (65.6 ml), To the warm solution was added dropwise BrCPZCFz-
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CFZCPZCOZCH (13.78 g, 40.65 mmol) over a period of 10 min. The
resulting m1xture was stlrred at ambient temperature for 5 days “'The

alcohol was subsequently removed under reduced pressure and the solutlon ,

: ac1d1f1ed with concentrated sulfurlc acid (2 ml). The solutlon Was then

subjected to continuous ethér extractlon over a perlod of 8 days ' Removal
of ether by distillation followed by evaporatlon in vacuo ylelded a sllghtly
orange llqu1d (12.72 g, 96 1% yleld) whose mass spectral analy51s |
indicated the ester to be present in l 5% T1tratlon w1th 0 4526 N | e
»Sodlum hydrox1de to pH 7 05 followed by drylng gave 12 32 g (87 4%
vield based on the ester) of the sodlum salt Br(CP CP ) COONa |

’h . Preparatlon of BrCI-‘ZCPZCl"-"CP2

The sodlum salt BrCFZCPZCFZCFZCOZNa (12 23 g, 'g

35.25 mmol), was heated under vacuum at 268 30000 for 4 0 hr VThe

reactlon was carried out in a lOO ml round bottom flask attached toa
vacuum system via ‘three llquld nltrogen cooled traps The product wh1ch

collected malnly in the flrst llquld n1trogen cooled trap, was purlfled by

vacuum fractlonatlon from a warmlng trap through 63 —78 —96 1nto

-196°C cooled traps. Fractlons -63 (3 79 g) and -78°c (l 49 g) contalned T,

98 and 95% pure BrCF CP CF—CP . respectlvely, the’ other components

2 2
belng CFSCFZCP CFz' CT‘Z—CFQE CPZ CFZHCFZCP"CP2 CICFZCPZCF—CFZ_ k
BrCFZCP—CFCF3 and BrCFz'CFZCFZCF3 The fractlons 63 and 78 C thus .

added to 5.12 g, 55.7% yield of the olefin, BrGF,CF,CF=CF,. The pyrolysis

22 2°
residue (5. 63 g) based on its 1nfrared spectrum still contalned the orlglnal

sodium salt CF,BrCF, CF,,CF, COONa; accordlngly, the pyrolys1s process i

2 2772772
was repeated giving in the -63 and 78 C fractlons 2 00 and 0 96 g of i

product respectlvely, equal to an add1t1onal 2.87 g of the pure olefln o
The total welght 7. 99 g, of the olef1n thus obtamed corresponds to 87% |
yleld (based on the sodlum salt employed) The overall y1eld of the

,desn”ed olefm starting from Cl,CCF, CF,CF,CFBr is thus 60 5% The |

3772727272

mass spectrum of the olefln BrCFZCPZCF~CF2 is glven in Table 16
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TABLE 16

ION FRAGMENTS AND INTENSITIES REIATIVE TO
BASE PEAK OF BrCF.CF,.CF=CF,2

272 2
m/e % m/e %
31 18.4 131 100
50 5.8 132 12.1
62 3.4 162 15.7
69 22.3 181 12,2
74 4.9 191 16.5
79 2.5 193 16.2
8l 11.7 241 1.9
93 23.8 243 1.8
100 8.0 260 11.8
112 13.9 262 11.6
129 12.5

a) Peaks having intensities less than 2%
of the base peak are not reported; however,
m/e 241, 243 have been included since
these are M-19 ions.

4, Crosslinking Studies

The thermal investigations were performed in evacuated sealed
ampoules of ca 25 ml volume over the specified period of time and at the
denoted temperatures (see Table 1), At the conclusion of an experiment
the ampoules were cooled in liquid nitrogen, and were opened to the
vacuum system. The liquid nitrogen noncondensibles, if produced,
 were measured with the aid of a Sprengel pump and determined by mass

spectrometry. The liquid nitrogen condensibles, which were volatile

"~ at room temperature, were fractionated from a warming trap through traps kept
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at -23 , -78°C into a liqui'd"ni/i:rogen cooled trap;: Each fraétibn Wésn“ e
measured, weighed and analyéed by i‘nfra‘re"d spéi‘ctros"c"dpy‘ and gasr’ ;}ﬁf
chromatography/mass spectfométrﬁf. The rre'siduy-e itself waé‘Weig'ﬁed B
and subjected to GC-MS, infrared spectral énalyée s, and differential

thermal analysis.
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