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Nine new h igh ly  halogenated polyurethanes and one new h igh ly  halogen- 
a t e d  polycarbonate have been prepared. 
l i q u i d  oxygen (LOX) compa t ib i l i t y  a long  wi th  t h e  seven h ighly  halogenated 
polymers prepared las t  year .  The r e s u l t s  i n d i c a t e  t h a t  urethane l inkages 
f lanked on t h e  a l coho l  s i d e  by a 1,l-dihydroperfluoroalkyl chain are s t a b l e  
t o  i m p a c t  i n  LOX i f  t h e  n i t rogen  i s  a t t ached  t o  a dif luoromethylene,  a tetra- 
fluoro-p-phenylene, o r  a te t rachloro-p-phenylene group. The r e s u l t s  a l s o  
i n d i c a t e  t h a t  u re thane ,  amfde,and, e s t e r  groups do n o t ,  i n  themselves,  i m p a r t  
LOX incompa t ib i l i t y  e Polyurethanes prepared from hexafluoropentanediol  
were LOX compatible but  those prepared from c e r t a i n  modified d i o l s  were LOX 
incompat i b l e  a 

These polymers were t e s t e d  f o r  

A number of o t h e r  halogenated polymers such as polyamides, polyimides,  
polpureas ,  a polyes te r ,  a polycarbonate,  and a p o l y s u l f i t e  have been syn- 
thes i zed .  

Prepara t ions  of s y n t h e t i c  s t u d i e s  have been c a r r i e d  out  on a d d i t i o n a l  
monomers and prepolymers inc luding  halogenated d i i socyanates  and polye thers .  
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I. ShTMMAIY 

The purpose of this investigation is to develop structural adhesive systems 
suitable for use in contact with liquid oxygen (LOX). 
includes the preparation of a variety of highly halogenated polymers, with 
major emphasis placed on polyurethanes. 

The LOX compatibility results obtained on those polymers sent to George 

The scope of the work 

C. Marshall Space Plight Center (MSPC) for testing show that the urethane 
linkage flanked on the a%co$ol side by a 1,l-dihydroperfluoroalkyl chain is 
stable to impact in LOX if the aitrogen is attached to a difluoromethylene, 
a tetrafluoro-p-phenylene, or a tetrachloro-p-phenylene group. Another con- 
clusion which can be drawn from the results is that within a given series of 
polymers, urethane, amide, and ester groups do not impart LOX incompatibility. 
All the polyurethanes prepared from hexaf luoropentanediol with various diiso- 
cyanates were LQX compatible. The polyurethanes containing modified diol 
portions - i.e. those prepared from hydroxyl-terminated poly(hexaf1uoro- 
pentamethylene carbonate) 
fluoropropylene oxide) - were LOX incompatible. 

poly(hexaf1uoropentamethylene formal) , and poly(tri- 

The polyurethane of tetrachkcrs-p-phenylene diisocyanate and hexafluoro- 
pentanediol was prepared as was that of tetrafluoro-p-phenylene diisocyanate 
and pentanediol. The reaction of hexafluoropentamethylene-bischloroformate 
with hexafluoropentanediamine yie.lded a low molecular weight polyurethane. 
Polyurethanes were prepared by reaction of hydroxyl-terminated poly(hexa- 
fluoropentamethylene adipate) with tetrafluoro-p-phenylene diisocyanate, 
toluene-2,4-diisocyanate, and 4,4'-diisocyanato-octaf1uorobipheny1. Also 
prepared were the polyurethanes sf hydroxyl-terminated poly(hexaf1uoro- 
pentamethylene malonate) with tetrafluoro-p-phenylene diisocyanate and toluene 
2,4-diisocyanate. The reaction of hydroxyl-terminated poly(hexaf1uoropenta- 
methylene carbonate) with te~rafluo~s-p-phe~yLene diisocyanate, toluene-2,4- 
diisocyanate, and tetrachloro-p-phenylene diisocyanate yielded the correspond- 
ing polyurethanes. Polyurethanes were a l s o  prepared by the reaction of tetra- 
fluoro-p-phenylene diisocyanate with hydroxyl-terminated poly(hexaf1uoro- 
pentamethylene formal), poly(trif%noropr~pylene oxide), and the dihemiketal of 
hexa f 1 uo roa ce t one and hexa f l.uo ro pentane d io 1 

The polyamides, polyimides, and polyureas prepared were poly(tetraf1uoroi- 
p-phenylene perfluoroglutaramide)> polg(hexafluoropentamethy1ene adipamide), 
poly(hexafluoropentamethy1ene pyromellitimide), poly(tetraf1uoro-p-phenylene 
urea), and poly(hexafluoropentamechy1ene tetrafluoro-p-phenylene urea). 

Other polymers prepared were poly (hexaf luoropentamethylene carbonate) 
poly(hexafluoropentamethy1ene tetrachlorophthalate), and poly(hexaf1uoro- 
pentamethylene sulfite. Attempts to prepare poly(hexafluoropentamethy1ene 
ether) and poly(tetrafEuorotetramethy1ene ether) were iunsuccessful.. 

A valuable new approach for the preparation of chloroformates and is07 
cyanates has been discovered. Chlorocarbonyl pyridinium chloride, a crystalline 
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solid prepared by reaction of phosgene with pyridine, was used to prepare 
hexafluoropentamethylene-bischloroformate and various halogenated diiso- 
cyanates in excellent yields. 

Monomers and intermediates which have been prepared for the first time 
include hexafluoropentamethylene diisocyanate, 4,4'-diisocyanato-octafluoro- 
biphenyl, 2,3,5,6-tetrachloro-p-xylene-u9u'-diisocyanate, chloropentafluoro- 
isopropyl alcohol,, hexafluoropentamethylene-bischloroformate, p-amino- 
tetrafluorobenzonitrile. 
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11. 'ICKCRQDUGT ION 

The p resen t  and f u t u r e  use of LOX i n  space v e h i c l e s  has c rea t ed  an urgent 
requirement f o r  materials which are compatible with LOX. Th i s  requirement 
e x i s t s  i n  many areas of a p p l i c a t i o n  including coa t ings ,  e las tomers ,  and adhesives .  
The development o f  LOX-compatible adhesives which have s t r u c t u r a l  u t i l i t y  a t  
cryogenic temperatures is e s p e c i a l l y  des i r ed  t o  achieve c e r t a i n  c r i t i c a l  bonding 
operat ions i n  v e h i c l e s  using LOX. 

The development of  such adhesives  depends e n t i r e l y  on t h e  a v a i l a b i l i t y  of 
s u i t a b l e  polymers which o f f e r  r e s i s t a n c e  t o  LOX. P r i o r  t o  t h i s  c o n t r a c t ,  such 
polymers were not a v a i l a b l e .  Thus, a fundamental program o f  polymer s y n t h e s i s  
w a s  e s s e n t i a l  t o  t h e  development o f  a LOX-cmmpatible adhesjve.  

The i n t e n t  o f  t h e  program is t o  develop polymers which w i l l  be especial1.y 
s u i t e d  t o  t h e  formulation of adhesive systems. 
mers w i l l  not be l i m i t e d  t o  adhesives ,  however. 

The a p p l i c a t i o n  of t h e s e  poly- 

The outs tanding c h a r a c t e r i s t i c s  of polyurethanes i n  elastomers and ad- 
hesives  f o r  cryogenic a p p l i c a t i o n  have been observed by several i n v e s t i g a t o r s .  
Highly f l u o r i n a t e d  polymers , including Teflon (TPE) PEP, Halon TPE, Ke1-P, 
e tc . ,  have a l s o  demonstrated cryogenic c a p a b i l i t y .  Although t h e s e  a v a i l a b l e  
materials (such as Teflon) farm e x c e l l e n t  bonds which o f f e r  LOX compa t ib i l i t y  
and cryogenic performance , t h e  processing cond i t ions  required are p r o h i b i t i v e .  
Polyurethanes show g r e a t e r  x i  ty i n  t h a t  they are capable of mild curing 
cond i t ions ,  or even of cur ing at ambient temperature.  The coupling of t h i s  
processing requirement w i th  t h e  need f o r  cryogenic performance and LOX compati- 
b i l i t y  l eads  t o  t h e  h igh ly  halogenated polyurethanes as t h e  most l o g i c a l  polymer 
s ys t em. 

Thus, it i s  most l i k e l y  t h a t  t he  h igh ly  halogenated polyurethanes w i l l  
prove t o  be onecrf t h e  opeimumsgstens fo r  cryogenic use i n  LOX. The chance 
t h a t  another  polymer having a carbcm ha-kbone w i l l  o f f e r  an improvement over  
such a system does not  appear to be s u f f i c i e n t l y  favorable  t o  present  a n  
immediate s o l u t i o n  t o  t h e  problem. This view i s  based on a n  a n a l y s i s  of 
polymers which have received a t r e n t i o n ,  b& have not  demonstrated any s i g n  of 
real improvement i n  cryogenic p r o p e r t i e s ;  included are t h e  vinyl idene f l u o r i d e  - 
t e t r a f l u o r o e t h y l e n e  copolymers, n i t r o s o t r 9 f l u o r o m ~ ~ h a n e ~ t e t r a f l u o r s e t h y l e n e  
copolymers, perf luorsamidines ,  and t h e  whole class of perfluorohydrocarbons. 
Therefore ,  t h e  major emphasis i n  t h i s  program has been on t h e  p repa ra t ion  of  
highly halogenated polyurethanes and t h e  monomers required f o r  t h e i r  prepara- 
t ion  

A lesser amount of work has been d i r e c t e d  toward t h e  p repa ra t ion  o f  
h igh ly  halogenated analogs of o t h e r  common polymers, such as polyamides, poly- 
imides, and polyureas ,  which have demonstrated some p a r t i c u l a r  ch . a rac t e r i s t i c s  
i n  adhesive formulations a 

From a fundamental s t andpo in t ,  t h e  r e sea rch  has been c a r r i e d  out  t o  o b t a i n  
b a s i c  information regarding the  LOX compa t ib i l i t y  of polymers a 

t i o n  r equ i r ed  inc ludes  t h e  folk0wing. 
The informa- 
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(1) The type  and level of  halogen necessary t o  impart LOX 
compa t ib i l i t y  t o  candidate  polymers 

(2) The e f f e c t  of d i f f e r e n t  func t iona l  groups and o t h e r  
s t r u c t u r a l  f ea tu re s  on t h e  LOX compa t ib i l i t y  of var ious 
polymers with similar halogen conten t .  

The polymers prepared during t h i s  program have been designed s o  as t o  
ob ta in  t h e  most b a s i c  information of t h e  na tu re  descr ibed  above. This  i a f o r -  
mation w i l l  be u s e f u l  i n  the  design and prepara t ion  of  an improved LOX- 
compatible adhesive.  
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III. DISCUSSION 

A .  Liquid Qxygen Compatibi l i ty  

I n  work performed p r i o r  t o  t h i s  r epor t  per iod ,  four  f l u o r i n a t e d  poly- 
urethanes were prepared,  one o f  which w a s  t e s t e d  f o r  LOX compat ib i l i ty .  
a d d i t i o n ,  two f l u o r i n a t e d  polyamides and one f luo r ina t ed  po lyes t e r  were 
prepared. 

I n  

During th i s  c u r r e n t  r epor t  per iod,  the s i x  remaining polymers prepared 
last  yea r  w e r e  t e s t e d  f o r  LOX compa t ib i l i t y  a long  w i t h  e i g h t  new f l u o r i n a t e d  
polyurethanes and one f l u o r i n a t e d  polycarbonate which were synthesized.  The 
r e s u l t s  are shown i n  t a b u l a r  form i n  Sect ion I V .  

The fou r  polyurethanes shown below passed the LOX impact tes t .  The 
th icknesses  of t h e  specimens t e s t e d  are shown i n  parentheses ,  

prepared from OCN(CF2)3NC0 

0 
II 

1. -NIEICF2>3-NH-C-o-Ca2~c~ 2 3  > CH 2 - 

and HOCH2 (CF2)3CB20H (20 m i l s )  

and HQCH2 (GF2) 3CE2"99H (26 m i l s )  

3. (GF~) 3 ~ ~ 2  -TX from 

C l % l  

and HoCH2(CF2)3CH20tl (20 m i l s )  

and HOCH2 (CF2)3CH20PI (33 m i l s )  
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Since t h e s e  polyurethanes were LOX compatible (at  least a t  f h e  th ickness  
t e s t e d ) ,  the assumption can be made t h a t  t he  urethane l inkage f lanked on the  
a l coho l  s i d e  by a 1,l-dihydroperfluoroalkyl chain such as hexafluoropentanediol ,  

-NH-!-Q-CH -CF2-, is  s t a b l e  t o  impact i n  LOX i f  t h e  n i t rogen  i s  f lanked by 

difluoromethylene (-CF -) (as i n  polymer 1 above), te t raf luoro-p-phenylene 
2 

2 

(as  i n  polymer 2 above), o r  by te t rachloro-p-phenylene 

Cl 
(as i n  polymer 3 above). 
chain such as i n  polymer 4 i s  ques t ionab le ,  e s p e c i a l l y  s ince  t h e  specimens 
t e s t e d  were 33 m i l s  t h i c k .  

The s t a b i l i t y  of t h e  urethane a t t ached  t o  a methylene 

I n  order  t o  extend knowledge of t h e  s t a b i l i t y  of var ious urethane l i n k -  
ages ,  t h e  fol lowing two polyurethanes should be prepared. 

F F  

{.HCH2 (CF2) 3C€12NH-E-0-@-0-$ F F  X 

The f i r s t  of t h e s e  w i l l  provide information on t h e  compa t ib i l i t y  of t h e  
urethane l inkage  i n  which the  n i t rogen  atom is l inked  t o  a 1, l -dihydroper-  
fluoroal$cyl chain.  Ind ica t ions  are tha t  this type  of urethane l inkage  would 
be LOX cgmpatible s i n c e  t h e  two polyamides (5 and 6) shown below passed the  
Lox impact t e s t .  

.5. 

.6 * 

If 

(17 m i l s )  

(20 m i l s )  

t h i s  f i r s t  polyurethane is incompatible,  t h e  incompa t ib i l i t y  could 
Q 

be due t o  t h e  combined -CH2-NH-t-O-CH2- grouping. 
t h i s  polyurethane t o  be incompatible and t h e  second of t he  proposed poly- 
urethanes compatible. 

Thus it i s  poss ib l e  f o r  

The one po lyes t e r  which was t e s t e d ,  poly(hexafluoropentamethy1ene perf luoro-  
g l u t a r a t e )  (7), was compatible a t  a th ickness  of 20 m i l s .  
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Polyes te rs  of t h i s  type  ( i . e .>  those  prepared from pe r f luo r ina t ed  a c i d s )  
a r e  known t o  be h y d r o l y t i c a l l y  uns tab le  (2-4)  
e s t e r s  w e r e  prepared from hexaflt loropentanediol and t h e  nonf luor ina ted  a c i d s ,  
malonic and a d i p i c .  The polyurethanes prepared from t h e s e  po lyes t e r s  (poly- 
urethanes 8-10) w e r e  a l l  LOX incompatible.  

Hydroxyl-terminated poly- 

10..  
0 

-O-e-(CH2> 

ure thaqe 
d i o l )  i s  

The 

The incompa t ib i l i t y  of polyurethanes 8 and 9 could be due t o  t h e  to luene  
Polyurethane d i i socyanate  moiety o r  t o  the  po lyes t e r  po r t ion  of t h e  polymer. 

10,  however, must be incompatible due t o  t h e  po lyes t e r  po r t ion ,  s i n c e  poly- 
2 ’(from tetraf luoro-p-phenylene d i i socyanate  and hexafluoropentane- 
LOX compatible e 

gene ra l  s t r u c t u r e  of polymers l, 5,  and 7 i s  as follows: 
r 7 

H2-(CF2Q3=-CH2-A-(CF 

0 
A = -0-b-NH- (Polyurethane) (Polymer 1) 

-NH- 8 - (Polyamide) (Polymer 7)  

(Polyes te r )  (Polymer 9) 

Because a l l  t h r e e  of t hese  polymers passed t h e  LOX tes t ,  i t  can be con- 
cluded t h a t  wi th in  a given s e r i e s  of polymers, u re thane ,  amide, and ester 
groups do not  impar t  LOX incompa t ib i l i t y .  
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All t h e  polyurethanes prepared from hexafluoropentqnediol  wi th  var ious 
d i i socyanates  (polyurethanes 1, 2 ,  3 ,  and 4) were LOX compatible. I n  order  t o  
prepare polyurethanes possessing usable  p rope r t i e s ,  such a s  f l e x i b i l i t y ,  t h e  
d i o l  por t ion  was modified by using a p a r t i a l l y  f l u o r i n a t e d  polycarbonate,  a 
polyformal,  and a polye ther  e The r e s u l t i n g  polyurethanes (11 through 16) 
were a l l  LOA incompatible.  

11 

12 

3 2  CB -O+H2-O-CH2 (CFZ) 3cH2 

1 3 . .  C &-!d-CH 2 (CF 2 3  ) CB 2 -Q- 

14. Previous prepolymer cured with tetrafluoro-p-phenylenediamine 

16, Previous polymer cured wi th  tetrafluoro-p-phenylenediamine 

Although t h e  polyether-based polyurethanes (11 and 12) are LOX incom- 
p a t i b l e ,  t hey  showed i n t e r e s t i n g  low-temperature p r o p e r t i e s .  It i s  l i k e l y  
t h a t  t he  incompa t ib i l i t y  of 11 is due t o  t h e  -CH -0-CH -0-CH2- s t r u c t u r e .  2 2 
The incompa t ib i l i t y  of  12 may b e  due t o  not enough f l u o r i n e  i n  t h e  polyether  
o r  t o  t h e  l a c k  of f l u o r i n e  i n  the  polye ther  backbone. Other po lye thers  con- 
t a i n i n g  more f l u o r i n e  should be prepared.  

Polyurethanes 13 through 16 were a l l  prepared from hydroxyl-terminated 
poly(hexafluoropentamethy1ene Carbonate). A moderately high molecular 
weight poly(hexafluoropentamethy1ene carbonate)  (19) w a s  a l s o  incompatible .  
The f a i l u r e  of t h i s  polycarbonate i n  t h e  LOX compa t ib i l i t y  test  could be due 

t o  t h e  carbonate  l inkage  i t s e l f  

next t o  t h e  carbonate l i n k ,  o r  t h e  combination of t h e  two methylenes and the 

carbonate l i n k  . Because t h i s  a l i p h a t i c  polycarbonate and 

t h e  polyurethanes prepared from i t  show i n t e r e s t i n g  low-temperature p r o p e r t i e s ,  
t h e  reason f o r  t he  incompa t ib i l i t y  should be determined. LOX compa t ib i l i t y  
r e s u l t s  of t h e  fol lowing two polycarbonates (18 and 19) would pinpoint  t h e  
cause of incompa t ib i l i t y  i n  the  a l i p h a t i c  polycarbonate and i n  f l u o r i n a t e d  
polycarbonates i n  gene ra l  e 
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The polyurethanes that were LOX compatible were all 20 to 30 mils thick. 
The later specimens, all of which were 10 mils thick, failed to pass the com- 
patibility test. In order to determine the reliability of the assumption 
that polyurethanes 1, 2, and 3 are compatible, polyurethane 2 will be tested 
at 10 mils and polyurethanes 12 and 15 at 30 mils. The LOX compatibility 
results of these three polyurethanes would then be available both at 10- and 
30-mil thicknesses 

B. Polyurethanes 

1. From Hexafluoropentanediol 
I 

A new highly fluorinated polyurethane, poly(hexafluoropentamethy1ene 
perfluorotrimethylene dicarbamate), was prepared on this program prior to 
this report period by reaction of perfluorotrimethylene diisocyanate and 
hexa f luoropen tanediol , 

c 

This polyurethane, although LOX compatible, was hydrolytically unstable. 
A polyurethane which was hydrolytically stable while still retaining LOX 
compatibility was prepared by using tetrafluoro-p-phenylene diisocyanate (. 

+ H0CH2 (CF,) 3CH20H + [!-NHWNH-!-OC€i, (CF2) 3CH2 -0 
F F '  

In a continuing program of preparation of polyurethanes containing 
various amounts and types of halogens, two new polyurethanes of this type, 
poly(hexafluoropentamethy1ene tetrachloro-p-phenylene dicarbamate) and 
poly(pentamethy1ene tetrafluoro-p-phenylenedicarbamate) were prepared this 
year. The former was prepared by reaction of tetrachloro-p-phenylene 
diisocyanate and hexafluoropentanediol- 
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OCN NCO 4- HOCH2(CF2)3CH20H -) 

The polymer w a s  a brown, b r i t t l e  s o l i d  w i t h  a mel t ing  poin t  o f  19Oo-196'C. 
Sample wafers were prepared and t e s t e d  by MSFC f o r  LOX compat ib i l i ty .  
polyurethane w a s  LOX compatible. The tetrachloro-p-phenylene d i i socyanate  
was prepared previous ly  from tetrachloroterephthaloyl chlor ide  by way of t h e  
Curt ius  r e a c t i o n  i n  95% y i e l d .  
Summary Report I (July 1964) .  

This  

This prepara t ion  w a s  descr ibed i n  Annual 

Poly(pentamethy1ene tetrafluoro-p-phenylenedicarbamate) was prepared 
by r eac t ion  of  te t raf luoro-p-phenylene d i i socyanate  and 135-pentanediol  i n  
e t h y l  acetate s o l u t i o n  

The polynrer was a white  c r y s t a l l i n e  s o l i d ,  having a mel t ing  poin t  o f  
280 '-281 'C . 

Fluor ina ted  polyurethanes having a methylene group between the urethane 
n i t rogen  and t h e  difluoromethylene groups should possess good h y d r o l y t i c  
s t a b i l i t y  as w e l l  as LOX compa t ib i l i t y .  
polyurethanes of t h i s  type involved the r eac t ion  Gf hexafluoropentamethylene 
di i socyanate  wi th  var ious  d i o l s  such 9 s  hexafluoropentanediol .  

The i n i t i a l  plan of prepara t ion  of 

X 

The d i f f i c u l t i e s  encountered i n  t h e  prepara t ion  of hexafluoropentamethylene 
di i socyanate  have hindered the prepara t ion  o f  t h i s  type  of  polyurethane. 

An a l t e r n a t e  approach involves  the r eac t ion  of hexafluoropentanediamine 
wi th  var ious b i s c h l o r o f o m a t e s  such as hexafluoropentamethylene bischloroformate,  

10 



Although the preparative method involving hexafluoropentamethylene diisocy- 
anate is preferred (it can be used to prepare prepolymers for adhesive formu- 
lations), this alternate approach would yield the polyurethanes of desired 
structure which can be tested for LOX compatibility. 

Poly(hexafluoropentamethy1ene hexafluoropentamethylenedicarbamate) was 
prepared by the interfacjal polymerization of hexafluoropentamethylene bis- 
chloroformate and hexafluoropentanediamine . 

The polymer was an oil of low molecular weight. 
hydrolysis of the chloroformate is much more rapid than the reaction of the 
bischloroformate with the diamine when a strong base such as sodium hydroxide 
is used as the acid acceptor. This polymerization will be attempted using a 
weaker base. 

Apparently, the rate of 

Another type of polyurethane which might be hydrolytically stable and LOX 
compatible is the poly-acylurethane. Two possible methods of preparation of 
a polyacylurethane, such as poPy(hexafluoropentamethy1ene perfl.uoroglutary1 
diisocyanate), are available. 

The first method is the reaction of perfluoroglutaryl diisocyanate with 
hexafluoropentanediol. 
culties in the preparation of perfluoroglutaryl diisocyanate. 

This method has been discontinued because of diffi- 

The second method involves the reaction of hexafluoropentamethylene 
b ischloro fo mate with perf luorog lutaramide . 

L J 
X 

An attempt was made to prepare the polyacylurethane by this method. 
the desired polymer was isolated. 

None of 

2 .  From Hydroxyl-Terminated Polyesters 

a. From Poly(hexafluoropentamethy1ene adipate). - Hydroxyl-terminated 
polyesters have been commercially used in the preparation of nonfluorinated 
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polyurethanes. (5’6’ 
esters made from hydrocarbon acids and fluorinated diols possess the 
greatest hydrolytic stability. (2-4)  
investigations to this type of hydroxyl-terminated fluorinated polyester. 

Work on fluorine containing esters has shown that 

Therefore, Narmco has limited its 

In Annual Summary Report I (July 1964), the preparation of a highly 
elastomeric polyurethane was reported by reaction of toluene diisocyanate 
with the hydroxyl-terminated polyester of adipic acid and hexafluoropentadiol. 
This hydroxyl-terminated poly(hexafluoropentamethy1ene adipate) was reacted 
during this year with tetrafluoro-p-phenylene diisocyanate in ethyl acetate 
solution with stannous octoate as catalyst. 

M.W. = 1450 

FL4F r 

A 30% excess of diisocyanate was used and the resulting prepolymer was 
cured by formation of the allophanate at elevated temperatures. 
polymer appeared to have good adhesion, but was not tough. 

The cured 

It was felt that a polyurethane of similar structure but of greatly 
improved toughness could be prepared by increasing the concentration of 
allophanate groups. Thus, a polyurethane was prepared using a diisocyanate- 
to-diol ratio of 2 : l .  
method was an extremely tough, elastomeric material. 

The allophanate-cured polyurethane prepared by this 

A similar polyurethane was prepared by the prepoLymer route using tri- 
ethylamine catalysis. The prepolymer, prepared by capping hydroxyl-terminated 
poly(hexafluoropentamethy1ene adipate) of molecular weight 1450 with tetra- 
fluoro-p-phenylene diisocyanate, was then cured by reaction with tetrafluoro- 
p-phenylenediamine . 

2 OCN CH2(CF2)3CH20H ,-> 

M.W. = 14.50 
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~-NH:~NH-!-~{CH~ (CF2)3CH20-i!- (CH2)4- 

Y 

The diamine cu r ing  agent was added t o  a s o l u t i o n  of the prepolymer t o  
ob ta in  good mixing; the so lvent  w a s  then removed and t h e  cure accomplished by 
hea t ing  a t  e l eva ted  temperature i n  a press .  The polymer obtained was a tough 
elastomer. 
LOX compa t ib i l i t y  t e s t i n g .  This  polyurethane w a s  s e n s i t i v e  t o  impact i n  LOX. 

Samples were cu t  from t h e  polymer f i l m  and submitted t o  MSFC f o r  

D i f f i c u l t i e s  have been experienced i n  t h e  prepara t ion  o f  prepolymers from 
tetraf luoro-p-phenylene d i i socyanate  i n  t h e  presence of c a t a l y s t s .  Premature 
ge l a t ion  and r ap id  r eac t ion  of isocyanate  f u n c t i o n a l i t y  have been observed i n  
t h e  prepolymer. The prepara t ion  o f  polyurethane prepolymers have been shown 
t o  be a d e l i c a t e  matter due t o  complex s i d e  r e a c t i o n  which could occur.(-/) 
The fol lowing r eac t ions  can r e s u l t  i n  undesired branching. 

e 9- -- -o-- + 4 C O  ___4 

Isocyanate  b=O 
t 

A H  
Allophanate 

2. 2 OCN-R-NCO 3- H20 * OCN-R-NH- e -NH-R-NCO 3. C02 

Urea 

+ W N C O  d-> 

I 
-NH 

Biure t  

13 



0 

Isocyanurate  ( t r i m e r )  

Dimer iJ 
I n  gene ra l ,  a c i d i c  condi t ions  do not favor  t h e s e  s i d e  r e a c t i o n s ,  while  

under b a s i c  condi t ions  they  occur much more r e a d i l y .  (8) 

Adding t o  t h e  d i f f i c u l t i e s  i s  t h e  except iona l  r e a c t i v i t y  of t e t r a f l u o r o -  
p-phenylene d i i socyanate .  
t h i s  r e p o r t .  The ease  wi th  which s i d e  r eac t ions  3 ( t r imer i za t ion )  and 4 
(dimerizat ion)  occur  i n  t h e  presence of  bas i c  c a t a l y s t s  is shown i n  an 
experiment conducted on te t raf luoro-p-phenylene d i i socyanate .  An i n f r a r e d  
spec t roscopic  study* was c a r r i e d  out  on t h r e e  s o l u t i o n s  of t e t r a f l u o m - p -  
phenylene d i i socyanate  i n  t r i ch lo roe thy lene :  one wi th  no added c a t a l y s t ,  one 
wi th  stannous oc toa te ,  and one wi th  t r i e thy lamine .  Immediately a f t e r  prepara- 
t i o n  of the s o l u t i o n s ,  t h e  i n f r a r e d  s p e c t r a  a r e  those  of pure d i i socyanate .  
A f t e r  100 hours a t  room temperature ,  t h e  sample conta in ing  t r i e thy lamine  showed 
an  absorp t ion  band a t  5.75 p which is be l ieved  t o  be due t o  e i t h e r  a dimer o r  
a trimer of t h e  d i i socyanate .  The o t h e r  two samples showed no change. 

I ts  ease of hydro lys is  w i l l  be d iscussed  l a t e r  i n  

I n  an a t t e m p t  t o  reduce the  undesired branching, a prepolymer w a s  pre-  
pared without c a t a l y s t  and t h e  r e a c t i o n  mixture was kept s l i g h t l y  a c i d i c  with 
benzoyl ch lo r ide .  This  prepolymer was cured wi th  tetrafluoro-p-phenylenediamine 
which y i e lded  a tough e las tomer ic  polyurethane,  bu t  some l o c a l i z e d  amine-rich 
a reas  were apparent  i n  t h e  f i lm which was prepared. 

The e f f e c t  of t h e  l e n g t h  of t he  po lyes t e r  chain on t h e  p rope r t i e s  of the  
f i n a l  polyurethane was s t u d i e d .  A d i s t i n c t  improvement i n  t h e  f l e x i b i l i t y  of 
t h e  polyurethane was achieved by use of poly(hexaf1uoropentamethylene ad ipa te )  
of 3200 molecular weight.  
and with added benzoyl ch lo r ide .  The cure polyurethane lacked toughness,  however. 

The r e a c t i o n  was c a r r i e d  out  as above without  c a t a l y s t  

Two halogenated d i o l s ,  tetrachloro-xylylenediol and hexafluoropentanediol ,  
were eva lua ted  as cur ing  agents  f o r  t h e  isocyanate- terminated prepolymer. It 
w a s  f e l t  t h a t  these  d i o l s ,  being less reac t ive  than tetrafluoro-p-phenylene- 
diamine, might g ive  a slower but  more c o n t r o l l a b l e  cure .  

* Described i n  Sec t ion  1V.E of tKs r e p o r t .  
__pm_--- 
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The prepolymer prepared from poly(hexaf1uoropentamethylene adipate) of 
molecular weight 1450 and tetrafluoro-p-phenylene diisocyanate in the presence 
of a small amount of benzoyl chloride was cured by reaction with tetrachloro- 
xylylenediol. The polymer obtained was tough and flexible. 

The same prepolymer was cured by reaction with hexafluoropentanediol. 
The reaction was so slow that stannous octoate catalyst had to be used. The 
polymer obtained was extremely flexible but had poor tear resistance. 

Hydroxyl-terminated poly(hexafluoropentamethy1ene carbonate) and methylene- 
bis (orthochloroaniline) (MOCA) were also evaluated as curing agents. These 
materials were used because it was believed that they could be thoroughly 
mixed with the isocyanate-terminated prepolymer without solvent and with only 
a slight amount of heating. 

Freshly prepared prepolymer was cured by heating it with hydroxyl- 
terminated poly(hexafbuorspentamethy1ene carbon te) of molecular weight 1025 
in a press at 160°C to 170°C for 20 minutes. A soft, highly elastic polymer 
was obtained. 

7 

The same prepolymer was cured by mixing with MOCA and heating in a 
press at 160°C to 170°C for 4 hour. 
uniform, having localized amine-rich areas. Apparently, the curing action 
of the amine was so fast that curing occurred before complete mixing of the 
prepolymer and amine was achieved. 

The tough elastomer obtained was not 

The same isocyanate-terminated prepolymer prepared by reaction of tetra- 
fluoro-p-phenylene diisocyanate with hydroxyl-terminated poly(hexaf1uoropenta- 
methylene adipate) was cured with an amine-terminated curing agent prepared 
by capping an acid chloride-terminated poly(hexafluoropentamethy1ene adipate) 
with tetrafluoro-p-phenylenediamine. The cured polymer was crumbly and could 
not be pressed into a sheet. 
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An isocyanate-terminated prepolymer was prepared in the melt from toluene- 
2,4-diisocyanate and the hydroxyl-terminated poly(hexafluoropentamethy1ene 
adipate) (M.W. 1900). This prepolyqer was extremely tough and elastomeric, 
being a solid at zoom temperature, but thermoplastic. 
in a press at 300 -350°F for f hour, yielding an extremely flexible sheet. 
As the cured polymer contained no free isocyanate groups, it apparently 
reacted as  expected on heating by means of allophanate formation. 

It was cured by heating 

(M.W. - 1900) 

A polyurethane of similar structure was prepared using a hydroxyl- 
terminated poly(hexafluoropentamethy1ene adipate) of molecular weight 3200, 
using tetrafluoro-p-phenylenediamine as a curing agent. 

M.W. = 3200 
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The polymer was an extremely f l e x i b l e ,  c o l o r l e s s  e las tomer.  

During previous prepara t ions  of isocyanate- terminated prepolymers, indica- 
I n  t i o n s  were t h a t  i n t e r e s t i n g  foams could be produced by r eac t ion  wi th  water. 

a s i n g l e  experiment,  a white, extremely f l e x i b l e  polyurethane foam was pre-  
pared by r eac t ion  of hydroxyl-terminated poly(hexafluoropentamethy1ene a d i -  
pate)  w i t h  excess to luene  d i i socyanate  i n  the  presence of stannous oc toa te  and 
water. This  simple experiment suggests  t h a t  LOX-compatible polyurethane foams 
could be made from h igh ly  f l u o r i n a t e d  monomers. 

Another h igh ly  halogenated prepolymer was prepared from poly(hexaf1uoro- 
pentamethylene ad ipa te )  and tetrachloro-p-phenylene d i i socyanate .  

(M.W. = 1900) 

The prepolymer w a s  an opaque, thermoplas t ic  semisol id .  
t h i s  prepolymer by h e a t i n g  with tetrafluoro-p-phenylenediamine i n  a p res s  
with stannous o c t o a t e  as c a t a l y s t  w a s  unsuccessful .  

An at tempt  t o  cure  

Earlier i n  t h i s  program,(’) t h e  incorpora t ion  of t h e  f l u o r i n a t e d  b i -  
phenyl s t r u c t u r e  i n t o  a polyurethane t o  improve t h e  t e n s i l e  s t r e n g t h  and 
o t h e r  phys ica l  p rope r t i e s  were discussed.  Th i s  can be accomplished most 
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easily by use of 4,4'-diisocyanato-octa~luorobiphenyl. 
thgs new diisocyanate is described in Section II1.E 

The preparation of 
of this report. 

A polyurethane was prepared by capping a hydroxyl-terminated poly(hexa- 
fluofopentayethylene adipate) of molecular weight 1680 with 4,4'-diisocyanato- 
octafluorobiphenyl and curing the resulting isocyanate-terminated prepolymer 
with tetrafluoro-p-phenylenediamine. 
tough elastomer 

The polymer obtained was an extremely 

M.W. 1680 

b. From Poly(hexafluokopentamethy1ene malonate). - It was believed that 
polyesters of malonic acid and fluorinated diols would possess the smallest 
possible number of unfluorinated carbon atoms and still possibly be LOX 
compatible. Tetrafluoro-p-phenylene diisocyanate was reacted with the hydroxyl- 
terminated polyester, poly(hexafluoropentamethy1ene malonate) to yield a 
polyurethane. The preparation of the polyester is described in Section 1II.C. 

! - W @ - N H - q O C H 2  F (CF 2 3  ) CH 2 O-!-CH2-!kCH2 ( C E ' 2 ) 3 C H 2 b  
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An isocyanate-terminated prepolymer was prepared from the hydroxyl 
terminated poly(hexafluoropentamethy1ene malonate) and toluene-2,4'- 
diisocyanate. 

H2 (CF2)3CH2 -0- -CH2 (CP2)3CH2OH 3- 60 ___j 

(M.W. = 1779) 

The prepolymer was a viscous liquid having an isocyanate equivalent weight 
of 838. 
amount of tetrafluoro-p-phenylene diamine. 
product was cured by reaction of the isocyanate end groups with the urea 
groups along an adjacent polymer chain. The tough elastomeric polymer which 
formed tended to embrittle on cooling. Twenty samples were cut from a sheet 
of the polymer and submitted to MSFC for LOX compatibility testing. 
polyurethane was sensitive to impact in LQX. 

It was chain-extended by reaction with 82% of the stoichiometric 
The resultant isocyanate-terminated 

This 

Tetrachloro-p-phenylene diisocyanate was also used to prepare an isocyanate- 
terminated prepolymer from poly(hexafluoropentamethy1ene malonate). 

6H2 (CP2)3CH20B 3. OCN 
H o c ~ ~  (CF,)~CH~O-~-CH~ 9 t J 

(M.W. = 1779)  

An unsuccessful attempt was made to cure this prepolymer with tetrafluoro- 
p-phenylene diamine and stannous octoate as catalyst. 

In this attempted cure and in the one on the prepolymer from poly(hexa- 
fluoropentamethylene adipate), described above, the prepolymers were so un- 
reactive that the tetrafluoro-p-phenylenediamine sublimed during the curing 
attempts, 

This unexpected nonreactivity of prepolymers terminated by tetrachloro- 
p-phenylene diisocyanate prompted a brief study* on the relative rates of 
hydrolysis of (1) tetrafluoro-p-phenylene diisocyanate, (2) toluene 2,4- 
diisocyanate, and (3) tetrachloro-p-phenylene diisocyanate. A large variation 
was found among the three diisocyanates, with tetrafluoro-p-phenylene 
diisocyanate hydrolyzing almost instantly, toluene 2,4-diisocyanate fairly 

* Described in Section 1V.E 
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r a p i d l y ,  and te t rachloro-p-phenylene d i i socyanate  very slowly. The increased  
r e a c t i v i t y  of te t raf luoro-p-phenylene d i i socyanate  can be explained by t h e  
s t rong  e l e c t r o n  withdrawing inf luence  of  t h e  f l u o r i n a t e d  aromatic  r ing .  
Narmco be l i eves  t h a t  t h e  e x t r a o r d i n a r i l y  low r e a c t i v i t y  of t e t r ach lo ro -p -  
phenylene d i i socyanate  i s  due t o  s ter ic  hindrance by t h e  l a r g e  ch lo r ine  atoms 
t o  a t t a c k  on the  isocyanate  groups by water. This  steric hindrance i s  a l s o  
t h e  reason t h a t  t h e  two above-mentioned prepolymers f a i l e d  t o  r e a c t  wi th  t h e  
cur ing  a g e n t ,  tetrafluoro-p-phenylenediamine, even with stannous oc toa te  
c a t a l y s i s .  

3 .  From Hydroxyl-Terminated Poly(hexaf'lusrspentarnethy1ene carbonate)  

A new approach has been used a t  Narmco f o r  t he  prepara t ion  of f l u o r i n a t e d  
bischloroformates .  Th i s  i s  d iscussed  later i n  Sec t ion  1II.E. 

The formation of f l u o r i n a t e d  bischloroformates  opens a wide, new f i e l d  
i n  the  p repa ra t ion  of f l u o r i n a t e d  polyurethanes.  
polycarbonates could be prepared from hexafluoropentamethylene bischloroformate 
by r e a c t i o n  with a n  excess of var ious  d i o l s .  
carbonates  can then be r eac t ed  with halogenated d i i socyanates  t o  form halogenated 
polyurethanes.  

Various hydroxyl-terminated 

These hydroxyl-terminated poly- 

The molecular  weight of t he  hydroxyl-terminated polycarbonate could be 
con t ro l l ed  by the  proper s to ich iometry  of t he  bischloroformate and d i o l .  
hydroxyl end groups are assured  s i n c e  any chloroformate end groups a r e  
hydrolyzed t o  hydroxyl w i th  water .  

The 

The r eac t ion  of hexafluoropentamethylene bischloroformate wi th  hexa- 
f luoropentanedio l  y i e lded  the  new hydroxyl-terminated poly(hexaf1uoropenta- 
methylene carbonate)  as a white ,  opaque semisol id .  

H OCH2 (CF2) 3CH2 -0- 0CH2 (CF2) 3CH20H t 
An isocyanate- terminated polyurethane w a s  prepared by r e a c t i o n  of hydroxyl- 

terminated poly(hexafluoropentamethy1ene carbonate)  wi th  excess t e t r a f l u o r o -  
p-phenylene d i i socyanate .  

J 
M.W. = 1025 
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The polymer w a s  molded i n  a press  a t  16OoC t o  170°C f o r  k hour; t h i s  
y i e lded  a h ighly  e las t ic  thermoRlast ic  polymer. 
have caused some cur ing  by formation of a l lophanate  l inkages ,  but the polymer 
s t i l l  contained i socyanate  groups.  

These mold condi t ions  may 

An isocyanate- terminated polyurethane s i m i l a r  i n  s t r u c t u r e  was cured by 
r e a c t i o n  wi th  tetrafluoro-p-phenylenediamine followed by hea t ing  i n  a p res s  
a t  16OoC t o  170°C f o r  f hour. The r e s u l t i n g  elastomer had a t e n s i l e  s t r e n g t h  
i n  excess of 2200 p s i  a t  room temperature.  Samples of t h i s  elastomer w e r e  
submit ted t o  MSFC f o r  LOX-compatibility t e s t i n g  This polyurethane w a s  found 
t o  be s e n s i t i v e  t o  impact i n  LOX. 

A 50-g sample of a n  al lophanate-cured polyurethane from t e t r a f luo ro -p -  

f 
phenylene d i i socyanate  and hydroxyl-terminated poly(hexafluoropentamethy1ene 
carbonate) was prepared. 
hour,  y i e l d i n g  a tough, e las tomer ic  f i lm.  One-hundred test  specimens were 
punched from the f i l m  and submitted t o  MSFC f o r  LOX compa t ib i l i t y  t e s t i n g .  
It was a l s o  s e n s i t i v e  t o  impact i n  LOX. 

It w a s  heat-cured i n  a press  a t  160°-1750C f o r  

Because of  the h igh  degree of thermal s t a b i l i t y  exh ib i t ed  by t h e  poly- 
(hexafluoropentamethylene carbonate) descr ibed  i n  Sec t ion  LIE of t h i s  r epor t  
(Other Polymers), t h i s  polyurethane w a s  sub jec t ed  t o  thermogravimetric a n a l y s i s .  
The r e s u l t s  showed t h a t  the polymer decomposition temperature was 320°+1008 
i n  a i r  and 300' +lO°C i n  helium. The thermograms i n d i c a t e  a subsequent 
decomposition temperature  i n  both  atmospheres a t  approximately 450°C e 

t h e  decomposition temperature of the polycarbonate has been found t o  be 
approximately 450°C, t h e  f i r s t  decomposition temperature (32OoC and 3OO0C) 
of the polyurethane i s  probably due t o  the  breakdown of  the urethane l inkage .  
The thermograms are shown as F igures  1 and 2.  

S ince  

An e las tomer ic  isocyanate- terminated prepolymer was prepared by r eac t ion  
of to luene  2,4-di isocyanate  w i t h  hydroxyl-terminated poly(hexaf1uoropenta- 
methylene carbonate) .  
samples were submit ted t o  MSFC f o r  LOX-impact t e s t i n g .  Th i s  prepolymer w a s  
s e n s i t i v e  t o  impact i n  LOX. 

A t h i n  f i l m  was prepared from th i s  prepolymer, and 

CH2 (CF2)3-CH2-O- C H ~ ( C F ~ ) ~ C H ~ O H  + -) 

(M.W = 1450) 
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Figure 1, Thermogram of Polyurethane of Tetrafluoro-p- 
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pentamethylene carbonate) in A i r  ' 
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Figure 2. Thermogram of Polyurethane of Tet ra f luo ro -  
p-phenylene Diisocyanate and Poly(hexa- 
fluoropentamethylene carbonate) i n  H e l i u m  
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Attempts t o  cure  t h i s  e l a s tomer i c  prepolymer by mixing t h e  cur ing  
agent  i n t o  t h e  f i l m  were unsuccessful .  
tetrafluoro-p-phenylenediamine curing agent  i n t o  a s l u r r y  of t h e  f r e s h l y  
prepared prepolymer. A f t e r  evaporat ion of t he  s o l v e n t ,  a t h i n  sheet was 
formed i n  a press .  Samples f o r  LOX-impact t e s t i n g  were cu t  from the shee t .  
This  polyurefhane was Eound t o  be LOX s e n s i t i v e ,  

Curing was achieved by mixing t h e  

The p repa ra t ion  of  another  halogenated polycarbonate-base polyurethane 
was accomplished by r e a c t i o n  of hydroxyl-terminated poly(hexaf1uoropenta- 
methylene carbonate)  wi th  te t rachlaro-p-phenylene d i i socyanate  i n  e t h y l  
a c e t a t e  s o l u t i o n .  
m e 1  t ing  a t  125 ‘-13 5 O C .  

The polyurethane obtained was a l i g h t  t an  elastic polymer 

4. From Hydroxyl-Terminated Polyethers  

Hydroxyl-terminated polyethers  have found cons iderable  use i n  t h e  p r e p a r e  
t i o n s  of nonf luo r ina t ed  polyurethanes.  (lo) 
of polye ther  based polyurethanes i s  t h e i r  improved f l e x i b i l i t y .  Narmco i s  
thus  i n t e r e s t e d  i n  t h e  f luor ine-conta in ing  polye thers  because of t h e  probable 

One of  t h e  most important p rope r t i e s  
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improvement i n  low-temperature p rope r t i e s  of polyurethanes and s i n c e  they  
would supply more b a s i c  information on t h e  r e l a t i o n  of  LOX compa t ib i l i t y  
t o  s t r u c t u r e .  

Poly(hexaf luoropentamethylene formal) w a s  prepared by r eac t ion  of 
t r i oxane  wi th  hexafluoropentanediol .  A polyurethane was prepared from t h i s  
polyformal and te t raf luoro-p-phenylene d i i socyanate .  
i n  a press y i e l d i n g  a tough, f l e x i b l e  f i lm  from which 
and submit ted t o  MSFC f o r  LOX compa t ib i l i t y  t e s t i n g .  
s e n s i t i v e  t o  impac t  i n  LOX. 

The polymer was molded 
samples were punched 
This  polyurethane was 

M.W. 5 600 

Y 
I 

Notably,  t h e  r e a c t i v i t y  of t h e  hydroxyl-terminated polyformal toward 
te t raf luoro-p-phenylene d i i socyanate  w a s  cons iderably  g r e a t e r  than t h a t  of 
t h e  hydroxyl-terminated polycarbonate.  Whereas the  polycarbonate and d i -  
isocyanate  could be heated a t  8 O o - 9 O 0 C  f o r  1-314 hours then  a t  13O0-14OQC 
f o r  1 hour before  g e l l i n g ,  mixing t h e  polyformal and t h e  d i i socyanate  a t  
80°C r e s u l t e d  i n  immediate g e l a t i o n  This  increased  r e a c t i v i t y  i n d i c a t e s  
that the  polyformal might be methylol- terminated r a t h e r  than hexaf luoro-  
pentanediol- terminated as i n  t h e  polycarbonate.  Uns tab i l ized ,  nonf luor ina ted  
polyformals a r e  always terminated wi th  an a l coho l  group o t h e r  than a methylol(l ' )  
probably because a te rmina l  methylol  group would be uns tab le ,  breaking down, 
poss ib ly  by a four -center  r eac t ion .  

.. 
CH -CH2 - 0 3- CB2 =s 0 

I 2 
H 

A f l u o r i n a t e d  polyformal , such a s  poly(hexaf luoropentamethylene formal) ,  
might be capable of having a s t a b l e  te rmina l  methylol group, because t h e  
electron-withdrawing a b i l i t y  of t h e  @-difluoromethylene group could reduce 
t h e  e l e c t r o n  d e n s i t y  around t h e  e t h e r  oxygen s u f f i c i e n t l y  t o  h inder  t h e  four -  
c e n t e r  type  e l imina t ion  of formaldehyde. 

c--- C. > 
H- H 
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The prepara t ion  of po lye thers  from 3,3,3-trifluoro-1,2-epoxypropane is 
descr ibed i n  the  Prepolymer Sec t ion  of t h i s  repoqt .  
c u l a r  weight was prepared using t h e  sodium sa l t  of hexafluoropentanediol  as 
i n i t i a t o r .  
te t rqf luoro-p-phenylene d i i socyana te .  A f i l m  obtkiined from hea t  cu r ing  t h e  
polymer i n  a press a t  175OC f o r  .fi hour was e l a s t i c  b u t  s o f t .  
t o  atmospheric moisture  and remolding, t h e  f i lm became tough and e l a s t i c .  
Samples of this f i l m  were punched and submitted t o  MSFC f o r  LOX compa t ib i l i t y  
t e s t i n g .  This polyurethane was s e n s i t i v e  t o  impact i n  LOX. 

A polyether  of 970 mole- 

A polyurethane was prepared by r e a c t i b n  o f  t h i s  po lye ther  wi th  

On exposure 

M.W. = 970 

A similar polye ther  of molecular  weight 2700, prepared using aluminum 
ch lo r ide  as i n i t i a t o r ,  was reac ted  wi th  te t raf luoro-p-phenylene d i i socyanate  
t o  y i e l d  a polyurethane,  
with tetrafluoro-p-phenylenediamine and hea t ing  i n  a press .  
molecular weight of t h e  polye ther  was too  h igh  t o  y i e l d  a tough polymer o r  
t h e r e  was a s u b s t a n t i a l  amount of t e rmina l  unsa tu ra t ion  i n  t h e  polye ther ,  
h inder ing  t h e  formation of a high moTecular weight polymer. 

The polymer y ie lded  only a s o f t  semiso l id  on cur ing  
E i t h e r  t he  

M.W. = 2700 

/ 

Y c X 

5. From t h e  Dihemiketal of Hexafluoroacetone and HexafluorQpentanediol 

The p repa ra t ion  of  t h e  dihemiketal  of hexafluoroacetone and hexafluoro- 
pentanediol  i s  descr ibed  i n  Sec t ion  I I I . E . ,  In  an e f f o r t  t o  i n t w d u c e  k e t a l  
l inkages  i n t o  a polyurethane t h i s  dihemiketal  w a s  r eac t ed  with t e t r a f l u o r o -  
p-phenylene d i i socyanate .  
b i l i t y  t o  the polyurethane,  
y ie lded  an isocyanate- terminated prepolymer. 

It was hoped that k e t a l  groups might i m p a r t  f l e x i -  
The r e a c t i o n  was slow, bu t  on long r e a c t i o n  t i m e  
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HO- -OCH2(CF ) CH 0- 2 3 2 

0 
II 

2 CF -C-CF3 3 HOCH2 (CF2)3CH20H -+ 

The r eac t ion  of  N-methylaniline wi th  t h e  prepolymer f a i l e d  t o  y i e l d  a 
s o l i d  d e r i v a t i v e ,  poss ib ly  because of t h e  r eac t ion  of N-methylaniline wi th  
some r e a c t i v e  s i t e  i n  add i t ion  t o  the te rmina l  isocyanate  groups. 

A polymer w a s  obtained by r e a c t i o n  of t he  prepolymer with t e t r a f l u o r o -  
p-phenylenediamine. Heating t h i s  polymer i n  a press  r e s u l t e d  i n  a f l aky  t h i n  
f i lm.  

) CH 0- 2 3  2 

/ 

L 

I 
CF3 hF3 J x  

C. Prepolymers 

1. Hydroxyl-Terminated Poly (hexafluoropentamethylene ad ipa te )  

The p repa ra t ion  of hydroxyl -terminated poly (hexa f 1 uo ropen tamet hylene 
ad ipa te )  was repor ted  i n  Annual Summary Report I ( Ju ly  1964), by r e a c t i o n  
of ad ipy l  ch lo r ide  wi th  hexafluoropentanediol .  This  prepolymer w a s  prepared 
aga in  during t h i s  r e p o r t  per iod  using e s s e n t i a l l y  t h e  same procedure.  

Cl-8-(CH2)4-!-Cl + HOCH2(CF2)3CH20H -> 
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2 .  Hydroxyl-Terminated Poly(hexafluoropentamethy1ene malonate) 

The r e a c t i o n  o f  d i e t h y l  malonate and excess  hexafluoropentanediol  a t  
170'C wi th  l e a d  (11) oxide  as c a t a l y s t  y ie lded  a viscous l i q u i d ,  i d e n t i f i e d  
by i t s  elemental  a n a l y s i s  and i n f r a r e d  spectrum as hydroxyl-terminated poly 
(hexsf luoropentamethylene malopate) . 

-C€$ (CP,) 3CH2 -O-8-CH2 -! 0-CH2 ( CF2) CH20H i; 
Attempts t o  prepare t h i s  polymer a t  80'C with c a t a l y s t  and a t  1 7 O o C  without 
ca t a lyg t  were unsuccessful  . 
3. Hydroxyl-Terminated Poly(hexafluoropentamethy1ene carbonate)  

The new compound, hexafluoropentamethylene-bischloroformate , has been 
prepared by Narmco. The prepara t ion  i s  descr ibed i n  Sec t ion  1 I I . E . .  This  
bischloroformate was r eac t ed  wi th  hexafluoropentanediol  i n  dioxane y i e l d i n g  
hydroxyl-terminated poly(hexafluoropentamethy1ene carbonate) .  The r eac t ion  
was c a r r i e d  out  using a s to i ch iomet r i c  amount of pyr id ine .  Thus, t h e  
r e a c t i n g  spec ie s  i s  most probably t h e  d ipyr id is ium complex of t h e  b i s -  
chlarof  o rna te .  

A b r i e f  s tudy  of d i f f e r e n t  so lven t s  and of t h e  order  of a d d i t i o n  was 
conducted gn t h i s  r e a c t i o n .  The r e a c t i o n  was run i n  two s o l v e n t s ,  e t h y l  
e t h e r  and N,M-dimethylformamide (DMF), by gdding t h e  bischloroformate t o  a 
so lu t ion  of t h e  d i o l  conta in ing  a s to i ch iomet r i c  amount of py r id ine ,  The 
r eac t ion  was a l s o  run i n  DMF using r eve r se  a d d i t i o n ;  i . e . ,  by adding a so lu-  
t i o n  of t he  d i o l  t o  a s o l u t i o n  of the bischloroformate conta in ing  pyr id ine .  
I n  t h e  reverse a d d i t i o n  method, an  a c t i v a t e d  complex of t h e  bischloroformate 
and pyr id ine  was formed be fo re  a d d i t i o n  o f  t h e  d i o l .  Although t h e  products 
obtained from the  t h r e e  runs had almost  i d e n t i c a l  molecular weights (as 
determined by hydroxyl end groups), t h e  phys ica l  p rope r t i e s  var fed  consider-  
ab ly .  
t h e  product from t h e  r eve r se  a d d i t i o n  run i n  DMF was a v iscous  yellow o i l .  

The product,s from the  two normal add i t ion  runs were semisol ids  while 
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On standing, the product from the ether solution run crystallized while the 
products from the two DMF solution runs became less viscous oils. The 
infrared spectra of the oils exhibit a strong absorption band at 6.05 p and 
vapor phase chromatography shows the absence of any DMF. This indicates that 
the DMF may have entered into the reaction in some manner. 

4 .  Hydroxyl-Terminated Esters from Hexafluoroacetone 

The incorporation of ketal groupings into the polyester portion of a 
polyester-based polyurethane might increase the flexibility of the polymer. 
Therefore, an attempt was made to prepare a mixed hydroxyl-terminated poly- 
ester. The reaction of hexafluoroacetone monohydrate with adipyl chloride 
yielded a liquid believed to be the acid chloride-terminated diester. The 
preparation of this diester is described in Section III.E.. This diester 
was reacted with hexafluoropentanediol , which yielded a viscous liquid, tenta- 
tively identified as the desired hydroxyl-terminated polyester. 

JF 3 

'L- 4 

5. Amine-Terminated Prepolymer Curing Agents 

The use of tetrafluoro-p-phenylenediamine as a curing agent for iso- 
cyanate-terminated prepolymers has been complicated by the fact that it is 
a fairly high-melting solid. 
cess by dissolving it in solvent, then combining it with the prepolymer 
in solution, then removing the solvent prior to heat curing. This method, 
however, is not practical for adhesive applications. 

This amine has been used with some suc- 

Thus, attempts were made to prepare liquid or low-melting amine-terminated 
prepolymers which could be used as curing agents for isocyanate-terminated 
prepolymers. 

In one attempt, the isocyanate-terminated prepolymer, prepared from 
tetrafluoro-p-phenylene diisocyanate and hydroxyl-terminated poly(hexa- 
fluoropentamethylene adipate) of molecular weight 3200, was reacted with 
a 100% molar excess of tetrafluoro-p-phenylenediamine. 
obtained was amine-terminated, but was an infusible solid. 

The prepolymer 
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M.W. = 3200 

F’ ‘F 

In another series of reactions, an acid chloride-terminated polyester was 
prepared by reaction of hexafluoropentanediol with excess adipyl chloride. 
This polyester was capped by reaction with tetrafluoro-p-phenylenediamine to 
yield a liquid, amine-terminated prepolymer. 

Q 0 
4 C1-(!!-(CH2)4-d-C1 3- 3 HO-CH2(CF2)3CH2-OH -> 

9 
C1 C-(CH2)4-C-OCH2(CF 3- 6 HC1 

i o  c J 

H 2 N 8 N H f -  (CH2I4-C R -OCH2 (CF2) 3CH2C$!- (CH2)4 - ! ‘ - N H S N H 2  

6 .  Hydroxyl-Terminated Polyacetals 

a. Poly(hexafluoropentamethy1ene formal). - Smith (I2) attempted to pre- 
pare a fluorine-containing polyglycol formal by reaction of dibutyl formal 
with hexafluoropentanediol. 
which decomposed on long standing, o r  on heating at atmospheric pressure, 
liberating formaldehyde and the original glycol. The desired polyglycol, 

The product obtained was a high-boiling liquid 
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i d e n t i f i e d  by i t s  i n f r a r e d  spectrum, was obta ined  when t h i s  r e a c t i o n  w a s  
repea ted  i n  Narmco's labora tory .  The y i e l d ,  however, was extremely low. 

HOCH2(CF2)3CH20H I -  C4Hg0-CH20-C4Hg 

I 
r' 1 

H O C H ~  ( C F ~ ) ~ C H ~ O ~ H ~ O - C H ~  (CF 2 3  CH 2) o H 

The same hydroxyl-terminated polyformal was prepared i n  57% y i e l d  by 
t h e  r e a c t i o n  of 2,2,3,3,4,4-hexafluoropentanediol wi th  t r ioxane  i n  t h e  
presence of p- to luenesul fonic  a c i d .  Its molecular  weight w a s  835. 

HOCH2 (CF2) 3CH20H 

I 

I- 
0 0 

CH2/ 

p -Toluene s u l  f on i  c 
Ac Id 

r I 
I 

b. From Perfluoroaldehydes.  -The  prepara t ion  of s o l i d  and l i q u i d  
Attempts po lyace ta l s  from f l u o r i n a t e d  aldehydes has been reported.  (I3) 

were made t o  prepare  a low molecular weight,  hydroxyl-terminated polyace ta l .  
Since p r i o r  work 'has ind ica t ed  t h a t  aldehydes having r e l a t i v e l y  long a l k y l  
groups have less tendency t o  form c r y s t a l l i n e  polymers, most of t he  work was 
c a r r i e d  out  using perf  luorobutyraldehyde . 

Perf luorobutyraldehyde,  prepared by dehydrat ion of i t s  hydra te ,  w a s  
polymerized t o  a whi te ,  b r i t t l e  s o l i d  by s u l f u r i c  a c i d  and by a c e t i c  anhydride 
c a t a l y s t s .  

X 

0 
1 

CF CF CF -C-H ---+ 3 2 2  

L -J 

The polymer w a s  i n so lub le  i n  a l l  so lven t s  t r i e d ,  and on hea t ing  t o  i t s  
mel t ing  point  (280°-3000C) 
perf luorobutyraldehyde.  
using cumene hydroperoxide was unsuccessful .  

it vaporized, poss ib ly  depolymerizing back t o  
An a t tempt  t o  polymerize perf luorobutyraldehyde 
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An a t tempt  was made t o  prepare low moleculilr weight polymers by s topping  
s u l f u r i c  a c i d  ca ta lyzed  polymerizat ions of perf luorobutyraldehyde a f t e r  
var ious s h o r t  per iods of t i m e .  
o f  sodium bicarbonate .  
water-soluble  perf luorobutyraldehyde hydra te .  

The polymerizat ions were stopped by a d d i t i o n  
The only  product obtained i n  each of t he  runs w 4 s  a 

' A l l  examples of polymerization of  f l u o r i n a t e d  aldehydes i n  the  l i tera- 
t u r e  involve t h e  use of anhydrous aldehydes.  
however, t h a t  an aldehyde hydrate  could be dehydrated d i r e c t l y  t o  a polyace ta l .  
An at tempt  t o  polymerize t r i f l uo roace ta ldehyde  t o  a polymer by dehydrat ion w i t h  
s u l f u r i c  a c i d  y ie lded  only  water-soluble  m a t e r i a l s ,  
formed, or t h e  polymer decomposed on a d d i t i o n  of water. 

It was considered poss ib l e ,  

E i t h e r  no polymer was 

1 
C F  

HO-C-OH 
I 

H 

1 3  
? 

Dehydration of perf luorobutyraldehyde hydra te  wi$h s u l f u r i c  a c i d ,  on t h e  
o ther  hand, y i e lded  a s o l i d  polymer t h a t  melted a t  80 -9O'C and was inso lub le  
i n  water. I ts  i n f r a r e d  spectrum i n d i c a t e s  t h a t  t h i s  polymer i s  hydroxyl 
terminated.  The polymer, l i k e  t h e  high-melting polymer prepared from anhydrous 
perf luorobutyraldehyde,  vaporizes  a t  i t s  mel t ing  po in t .  

C F  
13 7 

HO-C - OH 
I 
H 

H SO4 
e2 

The work j u s t  des r ibed  seems t o  i n d i c  t t h a t  f l u o r i n a t e d  polyace ta l s  
der ived from perf l uo r ina t ed  aldehydes show l i t t l e  promise as prepolymers due 
t o  t h e i r  c r y s t a l l i n e  p a t u r e  and t h e i r  l a c k  of s t a b i l i t y  t o  hea t .  

c. Ofher Polyketals  and Polyace ta l s .  -Because of t h e  success  i n  pre- 
par ing  poly(hexafluoropentamethy1ene formal) from hexafluoropentanediol  and 
t r ioxane ,  an at tempt  was made t o  prepare a similar polyketa l  from hexafluora-  
acetQne.  
acetone i n  t h e  presence of p- to luenesul fonic  a c i d  f a i l e d  t o  y i e l d  t h e  des i r ed  
polyketa l .  

However, t h e  r eac t ion  of hexafluoropentanediol  wi th  hexafluoro-  

0 p3: oluenes u l  f on ic  Acid 
HOC% ( C F ~ ) ~ C H ~ O H  + C F ~  - E - c F ~  No r e a c t i o n  

I- 1 
1 FF3 

HOCH~(CF ) CH -0 C - O - C H ~ ( C F ~ ) ~ C H ~ - O +  H 
2 3  2 ti 

p 3  Jx 
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An attempt was a l s o  made t o  prepare a similar po lyace ta l  from perf luoro-  
butyraldehyde. 
aldehyde i n  t h e  presence of p- toluenesulfonic  a c i d  f a i l e d  t o  y i e l d  t h e  des i r ed  
polyacetal .  

The r eac t ion  of hexafluoropentanediol with perf luorobutyr-  

r p-Toluenesulfonic 

HOCH2 (CF2)3CH20H -1- C3F7CH0 -- _-__ - 7 HO-!-CH2 (CF2) 3CH2-O-CH- (CF2) 3CH201: 

L 

7. Hydroxyl-Terminated Polyethers 

a .  From Poly(hexaf luorouentamethvlene c a r b o E a M .  - The improvement of 
low-temperature p rope r t i e s  of polyurethanes by inco rpora t ' on  o f  e t h e r  l inkages 
i n t o  t h e  polymers has been discussed previously.  Mentiont14) of t h e  conversion 
of a l i p h a t i c  polycarbonates t o  polyethers  l e d  t o  an attempt t o  convert  poly- 
(hexafluoropentamethylene carbonate) t o  poly(hexafluoropentamethy1ene oxide) 
by h e a t i n g  . - 

HO c H ~ ( c F ~ ) ~ c H ~ o - ~ - o  C H ~ ( C F ~ ) ~ C H ~ O H  .-- - a -/----.- $. -I I O i -  I X  / 
HO c H ~ ( c F ~ ) ~ c H ~ o - ~ - o  C H ~ ( C F ~ ) ~ C H ~ O H  .-- - a -/----.- $. -I I O i -  I X  / 

HO-- CH2 (CF2>,CH2O--CH2 (CF2)3CH20H 3. C021 
- x  

No loss of carbon dioxide occurred on hea t ing  the  polycarbonate a t  280'-300'C 
f o r  % hour,  and t h e  i n f r a r e d  spectrum was unchanged. The unexpected thermal 
s t a b i l i t y  i s  discussed i n  more d e t a i l  i n  t he  following s e c t i o n  on o t h e r  polymers. 

b.  From 3,3,3-Trifluoro-1,2-epoxypropane. - Smith and coworkers have 
descr ibed t h e  polymerization of 3,3,3-trifluoro-1,2-epoxypropane using F r i e d e l -  
C r a f t s  c a t a l y s t s  such as aluminum ch lo r ide  and f e r r i c  ch lo r ide .  (I2) The polymer 
obtained using f e r r i c  ch lo r ide  was a s o l i d  of  230,000 molecular weight, while 
t h a t  from aluminum c h l o r i d e  w a s  a viscous l i q u i d .  No at tempt  was made t o  
determine t h e  type of end group present and no an ion ic  polymerization w a s  
at tempted. Jones and coworkers i n v e s t i g a t e d  t h e  polymerization of 1 ,l,l- 
t r i f l uo ro -2 ,3 -bu ty lene  oxide w i  various types of c a t a l y s t s  such as F r i e d e l -  
C r a f t s  and potassium hydroxide. I n  a l l  cases, viscous l i q u i d  polymers 
r e s u l t e d .  With potassium hydroxide as c a t a l y s t ,  a y i e l d  of only 10% w a s  
obtained.  Again, no attempt was made t o  determine t h e  type of  end groups 
present  i n  these  polyethers .  

Liquid hydroxy-terminated polyethers  of  3,3,3-trifluoro-1,2-epoxypropane 
which contain over 50% f l u o r i n e  were prepared i n  t h i s  l abora to ry .  The molecular 
weights of t h e s e  polyethers ,  as determined by vapor pressure osmometry (VPO) 
were i n  t h e  range of 1150.to 4300. 
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R = H- o r  HO-CH2(CF2)3CH2- 

Oat ionic  polymerizat ion of t h i s  monomer was c a r r i e d  out  using two 
Fr i ede l -Cra f t s  c a t a l y s t s ,  boron t r i f l u o r i d e  (gas) and aluminum ch lo r ide .  
Based on i ts  i n f r a r e d  spectrum, t h e  polymer obtained using aluminum ch lo r ide  
c a t a l y s i s  showed no f u n c t i o n a l  groups o the r  than hydroxyl. A 35-g sample 
of t h e  polye ther  of 3,3,3-trifluoro-1,2-epoxypropane w a s  Chen prepared using 
aluminum ch lo r ide  as i n i t i a t o r .  The boron t r i f l u o r i d e  i n i t i a t e d  polyether  
was i d e n t i c a l  t o  t h e  aforementioned polyether  w i th  a trace of impuri ty  con- 
t a i n i n g  unsa tura t ion .  Narmco b e l i e v e s  t h a t  this polymeric impuri ty  i s  a 
r e s u l t  of a competing r e a c t i o n  involv ing  f l u o r i d e  ion  a b s t r a c t i o n  as pro- 
posed be low:  

0 

1. 

2. 

3 ,  

- 3. / \  
I n i t i a t i o n :  BF3, 3- ~ F-CF 2~ - C H - C H 2 4  BF4 3. CF2MH-O-CH2 

Pro pa ga t ion  : CF2=CH-O-CH2 + + 

CF 
1 ' 3  

- CF 

Termination : + BF4 '-> 

Polye thers  have been success fu l ly  prepared a l so  by an ion ic  polymeri- 
za t ion  us ing  potassium hydroxide and t h e  monosodium sa l t  of hexafluoro-  
pentanediol .  

I n  c o n t r a s t  t o  t h e  low y i e l d  (10%) of polye ther  repor ted  by Jones w i t h  
potassium hydroxide c a t a l y s i s ,  Narmco has  been a b l e  t o  prepare a c o l o r l e s s  
polyether  of 3,3,3-trifluoro-1,2-epoxypropane i n  61% y i e l d  wi th  an unexpectedly 
high molecular weight of 4300. Based on t h e  i n f r a r e d  spectrum, t h e  polymer 

34 



conta ins  hydroxyl terminat  ion with some unsa tura t ion .  Narmco be l ieves  t h a t  
t h i s  unsa tura t ion  arises from t h e  a b s t r a c t i o n  of a proton from the  epoxide 
by hydroxyl ion as i l l u s t r a t e d  below: 

T;o\ 2 
L'Hlc/ 

I. I n i t i a t i o n :  CF~-CH-C + OH- -7) CP~-CHPCH-O- + H ~ O  

2. Propagation: CF~-CH=CH-O- I- C F ~ -  A ~b H~ 

J 

The monosodium sa l t  of hexafluoropentanediol  was used as an an ion ic  
i n i t i a t o r  f o r  t h e  polymerization of t h i s  epoxide i n  order  t o  ob ta in  primary 
hydroxyl te rmina t ion  on both ends of t he  polymer. 

A 40-g sample of  t h e  polyether  of 3,3,3-trifluoro-1,2-epoxypropane was 
then  prepared using t h e  sodPum sal t  of hexafluoropentanediol (prepared by 
r eac t ion  of  hexafluoropentanediol  wi th  sodium hydride) as i n i t i a t o r .  

The polyether  obtained i n  72.3% y i e l d  was a clear, viscous l i q u i d  whose 
molecular weight w a s  970 -as determined by vapor pressure osmometry (VPO), and 
1000 by end-group a n a l y s i s .  

D.  Other Polymers 

Al thwgh  t h e  major emphasis i n  t h i s  program has been on the  prepara t ion  
of h ighly  halogenated polyurethanes,  a s m a l l  amount of work has been d i r e c t e d  
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toward t h e  p repa ra t ion  of h ighly  halogenated analogs of o the r  common polymers 
which have demonstrated some p a r t i c u l a r  c h a r a c t e r i s t i c s  i n  adhesive formula- 
t i o n s .  These polymers have a l s o  been prepared i n  order  t o  ob ta in  a d d i t i o n a l  
b a s i c  information i n  regard t o  t h e  e f f e c t  of molecular  s t r u c t u r e  and f l u o r i n e  
content  on LOX compa t ib i l i t y .  

1. Polyes te rs  - Poly(hexafluoropentamethy1ene tetrachloroterephthalate) 
Poly(hexafluoropentamethy1ene tetrachloroterephthalate) was prepared by 

t h e  melt polymerization of hexafluoropencanediol and tetrachloroterephthaloyl 
ch lo r ide  a t  21Oo-22O0C f o r  17  hours .  

c1-c 'x8-41 + HOCH2(CF2)3CH20H 7-h 

The polymer was a b l ack ,  b r i t t l e  s o l i d  mel t ing above 3 8 O o C .  

2 ,  Polycarbonates 

a .  Poly(hexafluoropentamethy1ene carbonate)  . - The prepara t ion  of t h e  
new hydroxyl-terminated poly(hexaflwropentamethy1ene carbonate)  has been 
descr ibed i n  Sec t ion  1 I I . C  o f  t h i s  r epor t .  

The need t o  prepare larger samples of hydroxyl-terminated poly(hexa- 
fluoropentamethylene carbonate)  prompted f u r t h e r  s tudy  of  t h e  prepara t ion  
of t h e  polycarbonate d i r e c t l y  from hexafluoropentanediol  by r e a c t i o n  with 
pyr id ine  and phosgene without i s o l a t i o n  of t h e  extremely t o x i c  b isch loro-  
formate. 

0-CH2 (CF2) 3CH2 -0- O-CH2 (CF2) 3CH20H 4 
The r e a c t i o n  was c a r r i e d  out  us ing  two methods. In t h e  f i r s t  (Method A) 

t h e  monopyridinium complex i s  formed i n  s i t u  by a d d i t i o n  of py r id ine  t o  
phosgene i n  so lven t .  
pentanediol  which is  being added along wi th  t h e  pyr id ine .  

The complex immediately reacts wi th  t h e  hexafluoro-  
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HOCH2 (CF2)3CH20H 
CH2 (CF2)3CH20- C 3  (CF2)3C50H .7 

c1 

I n  the second (Method B) t h e  dipyridinium carbonyl c h l o r i d e  complex was 
preformed i n  s o l u t i o n  and added t o  hexafluoropentanediol i n  s o l u t i o n .  

(3 c 1- 
c1 

HOCH2 (CF2) 3CH20H 

H OCH2 H2 (CF2)3CH20H t 
The resu l t s  of t h e  var ious runs are shown i n  Table 1. 

37 



TABLE 1 

PREPARATIONS OF POLY (HEXAFLUOROPENT&BTHYLENE CARBONATE) 

Rat io  of Reactants 

HFPD(')/COCl 2 /Pyr id ine  

1/1/2 

1/1/2 

10/7/14 

9/8/16 

8/9/18 

i 
Expected I M.W. So 1 vent 

C1CH2-CH2C1 OCJ 

CH2C12 / e t h e r  o(g 

c 12C=CC 1 2 1150 

CCL3F 

CCL3F 

1850 

1850 

Method 
of 

Add;Ltion 

Experimentally 
Determined M.W. 

840 A 

1040(b) B 

700(b) B 

4850") B 

5900(@) B 

1800(c) A 

( a )  Hexaf luoropentanediol  
(h) By hydroxyl end group a n a l y s i s  
( 0 )  By vapor phase osmometry 

The r eac t ions  i n  which equiva len t  amounts of hexafluoropentanediol  and 
pyr id ine  were used ( i .e . ,  a 1:2 r a t i o )  r e s u l t e d  i n  polycarbonates of lower 
molecular weight than expected. When an excess of hexafluoropentanediol  over  
pyr id ine  was used, polycarbonates of  h igher  molecular weight than expected 
were obtained.  

The polycarbonate of 5900 molecular weight was pressed i n t o  a f i l m  and 
samples submitted t o  MSFC f o r  LOX-compatibility t e s t i n g .  This  polycarbonate 
was s e n s i t i v e  t o  impact  i n  LOX. 

A s  mentioned i n  t h e  d i scuss ion  on the  at tempted prepara t ion  of a poly- 
e t h e r  from t h i s  polycarbonate,  it seems t o  possess a n  unexpectedly h igh  de- 
gree  of thermal s t a b i l i t y .  The polycarbonate of 5900 molecular weight was 
subjec ted  t o  thermogravimetric a n a l y s i s .  The r e s u l t s  show a polymer decompo- 
s i t i o n  temperature of  450" flO'C i n  both a i r  and helium atmospheres wi th  a 
maximum rate of weight loss of 10.90% per  minute and 10.22% per  minute 
r e spec t ive ly  a t  a hea t ing  rate of  6.67OC per  minute.  
shown i n  Figures  3 and 4.  

The thermograms are 

b. Attempted Prepara t ion  of Poly(hexafluoropentamethy1ene t e t r a c h l o r o -  
p-xylylene carbonate) .  - A s  was discussed e a r l i e r  i n  t h i s  r e p o r t ,  hydroxyl- 
terminated polycarbonates can be prepared by r e a c t i o n  of hexafluoropenta- 
methylene bischloroformate wi th  var ious d i o l s .  I n  an  at tempt  t o  prepare a 
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Sample No. 
Sample Wt 9860 mg 
Particle Size Solid 
Heating Rate 6.67'C/min 
Atm Air 
Wt Loss 980 mg 
Residue 0 

FDT -2 6 -7 1 
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Figure 3. Thermogram of Poly(hexafluoropenfamethy1ene 
carbonate) in Air 
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PM: 45Oo+1O0C 

Sample No. 
Sample W t  127 .1  mg 
Particle S i z e  S o l i d  
Heating Rate 6,67OC/min 
Atm H e l i u m  
w t  Loss 123,8 mg 
Residue Black Melt 

FDT -2 6 - 7 1 

I I 1 I 
I 

0. 
100 200 300 400 500 600 7 00 

Temp, OC 

Figure 4. Thermogram of Poly(hexafluoropentamethy1ene carbonate) 
i n  H e l i u m  

0 
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polycarbonate of t e t r ach lo roxy ly lene  d i o l  and hexafluoropentamethylene b i s -  
chloroformate , no polymer was obtained.  

In  a subsequent experiment, run i n  DMF s o l v e n t ,  a monocarbonate was 
i s o l a t e d  i n  94% y i e l d .  

3 .  Polyethers 

a .  Poly(hexafluoropentamethy1ene e t h e r ) ,  - The preparat ion of t he  c y c l i c  
e t h e r ,  hexafluoropentamethylene oxide,  was descr ibed i n  Annual Summary Report I 
(July 1964).  An unsuccessful a t t e m p t  t o  polymerize t h i s  c y c l i c  e t h e r  w i t h  
boron t r i f l u o r i d e  - e t h e r a t e  was a l s o  described i n  t h a t  r e p o r t .  

During t h i s  r epor t  per iod,  a d d i t i o n a l  a t t e m p t s  were made t o  i n i t i a t e  r i n g  
opening of hexaf luoropentamethylene oxide with both bases and a c i d s .  

/O\ 
y 2  

r 7 Base 

+ o r  
/ ,,, -> I _ C H ~ C F ~ C F ~ ~ C H ~ - O ~  

Acid 

I n  separate experiments, t h e  c y c l i c  e t h e r  w a s  t r e a t e d  with t r i e thy lamine ,  
s o l i d  potassium hydroxide, aqueous potassium hydroxide, phosphorus penta- 
f l u o r i d e ,  phosphorus pentafluoride-tetrahydrofuran complex, and rubidium 
f l u o r i d e .  None of t h e s e  c a t a l y s t s  caused polymerization a f t e r  s tanding f o r  
30 days. 

An attempt t o  polymerize t h i s  c y c l i c  oxide by long r e f lux ing  i n  t h e  pre- 
sence of aluminum ch lo r ide  w a s  unsuccessful.  

An attempt was a l s o  made t o  cause polymerization using boron t r i f l u o r -  
i d e  as c a t a l y s t .  A s o l i d  which formed on r e a c t i o n  of hexafluoropentamethylene 
oxide at O°C may have been a complex of t he  oxide and boron t r i f l u o r i d e  s imi la r  
t o  t h a t  formed between te t rahydrofuran and phosphorus pen ta f luo r ide .  It d id  n o t ,  
however, cause polymerization of a f r e s h  sample of hexafluoropentamethylene 
oxide over  a 2-week period a t  a temperature of -1OOC.  Passing boron t r i f l u o r i d e  
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i n t o  a sample of t h e  c y c l i c  oxide a t  room temperature  f o r  1 hour ,  then 
al lowing t h e  so lu t ion  t o  s tand  f o r  2 days,  r e s u l t e d  i n  t h e  formation of a 
small amount of a dense, dark o i l .  w r k u p  of t h i s  o i l  i nd ica t ed  t h a t  i t  is  
probably a l s o  a complex of t he  oxide and boron t r i f l u o r i d e .  

Ea r ly  i n  t h i s  program, i t  was thought t h a t  t he  c y c l i c  s u l f i t e ,  hexa- 
fluoropentamethylene s u l f i t e ,  underwent polymerization to a polyether  wi th  
boron t r i f l u o r i d e  o r  hydrogen ch lo r ide .  
t h i s  c y c l i c  s u l f i t e  might i n i t i a t e  t h e  polymerization of t he  hexafluoropenta-  
methylene oxide.  
a trace of hexafluoropentamethylene s u l f i t e  was at tempted wi th  both boron 
t r i f l u o r i d e - e t h e r a t e  and hydrogen c h l o r i d e  as c a t a l y s t s .  
took p lace  i n  e i t h e r  r eac t ion .  

It was f e l t  t h a t  a small amount of 

The polymerization of hexafluorppentamethylene oxide wi th  

No polymerization 

b .  Poly(tetrafluorotetramethy1ene e t h e r ) ,  - The p repa ra t ion  of  3 , 3 , 4 , 4 -  
tetrafluorotetramethylene oxide was achieved t h i s  year  and w i l l  be descr ibed 
i n  t he  monomer s e c t i o n .  
were made t o  polymerize t h i s  c y c l i c  e t h e r  using (1) aluminum c h l o r i d e ,  (2) 
phosphorus pentafluoride-tetrahydrofuran complex, (3) phosphorus penta- 
f l u o r i d e ,  and ( 4 )  boron t r i f l u o r i d e  as c a t a l y s t s .  No no t i ceab le  r eac t ion  took 
place wi th  the  f i r s t  t h r e e  c a t a l y s t s .  With phwphorus pen ta f luo r ide  c a t a l y s t  , 
a small amount of l i q u i d  formed which i s  probably a complex of t he  c y c l i c  
e t h e r  and phosphorus pen ta f luo r ide .  A c r y s t a l l i n e  s o l i d  was formed with boron 
t r i f l u o r i d e  c a t a l y s i s ,  which is  a l s o  probably a complex of t h e  c y c l i c  e t h e r  
and boron t r i f l u o r i d e .  

Since te t rahydrofuran  can be polymerized, a t tempts  

4 .  Polv(hexafluoropentamethy1ene s u l f i t e )  

The polymer descr ibed  i n  Annual Summary Report I ( Ju ly  1964) ,  prepared 
by t h e  r eac t ion  of hexafluoropentamethylene s u l f i t e  wi th  e i t h e r  boron t r i -  
f luo r ide -e the ra t e  o r  hydrogen ch lo r ide ,  was t e n t a t i v e l y  ass igned  t h e  s t r u c t u r e  
of poly(hexafluoropentamethy1ene oxide) .  
r e a c t i o n  of hexafluoropentamethylene s u l f i t e  wi th  phosphorus pen ta f luo r ide  
dur ing  t h i s  yea r .  
phosphorus pen ta f luo r ide ,  and t h e  elemental  a n a l y s i s  was obta ined .  The 
polymer was heated f o r  1-5 hours i n  a so lu t ion  of sodium bicarbonate ,  dur ing  
which t i m e  s u l f u r  d ioxide  evolu t ion  was de tec t ed .  The material had become 
cons iderably  l e s s  viscous during t h e  hea t ing .  
i s o l a t e d  and t h e  elemental  a n a l y s i s  and molecular weight determined by vapor 
phase osmometry. 
s o l u t i o n  f o r  an a d d i t i o n a l  4 hours .  A t  t he  end of t h i s  t i m e ,  a l l  t h e  m a t e r i a l  
had d isso lved  i n  the  s o l u t i o n  from which only hexafluoropentanediol  was 
i s o l a t e d .  

This  same polymer was prepared by 

The polymer was s t r i p p e d  of unreacted c y c l i c  s u l f i t e  and 

A sample of t h e  m a t e r i a l  was 

The remaining material was heated i n  the  sodium bicarbonate  
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The experimental  molecular weight (472) and the  elemental  a n a l y s i s  of 
t h e  m a t e r i a l  a f t e r  hydro lys is  f o r  1-5 hours correspond c l o s e l y  t o  two l o g i c a l  
s t r u c t u r e s ,  A and B. 

0 
HOGH2 (CF2)3CH20-&-OCH2 (CF2)3CH20H 

A 

0 
H O C H ~  ( c F ~ ) ~ c H ~ o - c %  (cF~)~cH~o-S-OH 

B 

The f i r s t  of t hese  s t r u c t u r e s ,  A ,  would have r e s u l t e d  from hydrolys is  
of a p o l y s u l f i t e  C y  while  t h e  second would come from hydrolys is  of a s u l f i t e -  
terminated po lye the r ,  D .  

H- CH2 

C 
E 

3 
H2(CF2)3CH20-S-OH 

D 

The elemental  a n a l y s i s  of t h e  polymer before  hydro lys is  showed t h a t  
t h e  polymer contained 8.95% s u l f u r .  
number l a r g e r  than 1, would con ta in  a considerably smaller percentage of 
s u l f u r .  From t h i s  evidence,  t hen ,  it appears  t h a t  t h e  polymer obta ined  by 
ac id-ca ta lyzed  polymerization of hexafluoropentamethylene s u l f i t e  i s  a 
p o l y s u l f i t e  of s t r u c t u r e  C .  Th i s  p o l y s u l f i t e ,  on ex tens ive  hydro lys is  , 
w i l l  y i e l d  hexafluoropentanediol .  

The polye ther  D,  where x was any 

5. Polyamides 

a.  From Perf l uo rog lu ta ry l  Chlor ide.  - Poly (hexaf luoropentamethylene 
perf luoroglutaramide)  w a s  prepared and samples submit ted t o  MSFC f o r  &OX 
t e s t i n g  last  year .  The LOX t e s t i n g  conducted dur ing  t h i s  r e p o r t  per iod  
showed t h a t  t h i s  polyamide was LOX compatible.  

The prepara t ion  of poly(ethy1ene perf luoroglutaramide)  w a s  a l s o  descr ibed  
i n  Annual Summary Report I ( J u l y  1 9 6 4 ) .  Samples of t h i s  prepolymer were 
prepared and forwarded t o  MSFC f o r  LOX-impact t e s t i n g .  Th i s  polymer w a s  LOX 
compatible. 

43 



The prepara t ion  of poly (tetraf luoro-p-phenylene perf luoroglutaramide) 
v i a  t h e  i n t e r f a c i a l  polymerization technique was repor ted  i n  Annual Summary 
Report I (Ju ly  1964). The polymer formed has always been of low molecular 
weight,  apparent ly  as a r e s u l t  of premature p r e c i p i t a t i o n  of  t h e  polymer 
before  h igh  molecular weight has been achieved. 

I n  an e f f o r t  t o  i nc rease  the  molecular weight of t h e  polymer, o-dichloro-  
benzene was used as the  organic  so lven t .  The concent ra t ion  of t he  monomers 
were also decreased i n  t h e i r  r e s p e c t i v e  so lven t s .  Nevertheless ,  t h e  r e s u l t a n t  
polymer f a i l e d  t o  proceed to a high molecular weight .  

b. From Hexafluoropentanediatnine. - Poly(hexafluoropentamethy1ene 
adipamide) was prepared by t h e  i n t e r f a c i a l  polymerization of  hexafluoropenta-  
methylenediamine and ad ipy l  ch lo r ide .  

The polymer was l i g h t  t an  and had a mel t ing  poin t  of 13Oo-14O0C. 

Poly(hexafluoropentamethy1ene tetrachloroterephthalamide) could not be 
prepared by t h e  i n t e r f a c i a l  polymerization of hexafluoropentanediamine and 
tetrachloroterephthaloyl ch lo r ide .  

6 .  Polyureas 

Chlorocarbonyl pyridinium c h l o r i d e  w a s  prepared by r e a c t i o n  of pyr id ine  
and phosgene. The prepara t ion  and r eac t ions  of t h i s  m a t e r i a l  w i l l  be discussed 
i n  d e t a i l  i n  Sec t ion  1II.E. of  t h i s  r epor t .  

Tetraf luoro-p-phenylene diamine w a s  reac ted  wi th  chlorocarbonyl  pyridjnium 
ch lo r ide  and excess phosgene. Although 2 moles of  chlorocarbonyl pyridinium 
c h l o r i d e  were present  f o r  each mole of diamine, on ly  1 mole r eac t ed  t o  y i e l d  
d i i socyanate  as shown i n  t h e  equat ions below. The o t h e r  mole was consumed 
by t h e  hydrogen ch lo r ide  formed by dehydrohalogenation of t he  in te rmedia te  
dicarbamyl ch lo r ide .  
is slow, t h e  r e a c t i o n  of d i i socyanate  formed wi th  unreacted diamine is r ap id  
enough t o  be competi t ive.  This  r e a c t i o n  l eads  t o  the  formation of polyurea.  

Since t h e  rate of r e a c t i o n  of phosgene wi th  the  diamine 

1 Q-Ll 0 + 3 c0a2  0- " G B  c1 
4 COcl2 + 1 
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114 H2N-@-N€€, 3. 112 @!!-Cl 0 ______jr 

F -  F 0 c1 

F F  

114 C1-!-NH-@NH-8-C1 I- 112 a - H  8 
F F  @ c1 

The major  product obtained was a white s o l i d  whose i n f r a r e d  spectrum and 
elemental  a n a l y s i s  i n d i c a t e  i t s  s t r u c t u r e  t o  be poly(tetraf1uoro-p-phenylene 
urea) .  

The mixed polyurea , poly (hexaf luoropentamet hylene t e t r a f  luoro-p-phenylene 
urea) ,  was prepared by r e a c t i o n  of te t raf luoro-p-phenylene d i i socyanate  with 
hexafluoropentanediamine i n  DMF so lven t .  

The product was i s o l a t e d  by p r e c i p i t a t i n g  it from DMF s o l u t i o n  wi th  water. 
The polymer obtained was a l i g h t  t a n  s o l i d  mel t ing  a t  280"-290°C wi th  
decompos i t i o n .  
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7. 

A p a r t i a l l y  f l u o r i n a t e d  polyimide was prepared from hexafluoropentane- 
diamine and py romel l i t i c  dianhydride.  I n  the  polymerizat ion,  t h e  diamine 
s o l u t i o n  w a s  added t o  a so lu t ion  of t h e  py romel l i t i c  dianhydride.  

0 
It  

0 
II 

II 
0 

0 

f N-CH2- (CF2) -CH2 

I I  
0 0 

The polymer formed was of low molecular weight wi th  a mel t ing  poin t  of 
33OoC t o  34OoC. 

It was repor ted  c16) t h a t  polyamides became degraded i n  excess  dianhydride.  
The molecular weight w a s  a l s o  found t o  vary considerably with t h e  choice of 
so lven t s .  It w a s  be l ieved  t h a t  a h ighe r  molecular weight polymer could be 
formed by a b e t t e r  choice of so lven t s ,  and by adding t h e  dianhydride s o l u t i o n  
t o  the  diamine. Thus, t h e  r eac t ion  w a s  repeated i n  dimethyl acetamide. The 
mode of a d d i t i o n  was reversed  and t h e  concent ra t ion  of t h e  r e a c t a n t s  was 
reduced by d i l u t i o n .  No s i g n i f i c a n t  i nc rease  i n  molecular weight was obtained.  

E.  Monomers 

1. Hexafluoropentamethylene Bisch lo ro fomate  

No h igh ly  f l u o r i n a t e d  chloroformates have been repor ted ,  a l though chloro-  
formates conta in ing  a s m a l l  number of f l u o r i n e  atoms have been prepared and 
converted t o  carbamates.  (17) 

Ser ious  problems were encountered i n  the  i n i t i a l  a t tempts  t o  prepare b i s -  
chloroformates .  
a l coho l s  w i th  phosgene, coupled wi th  t h e  high r e a c t i v i t y  of f l u o r i n a t e d  ch loro-  
formates w i t h  a l coho l s .  I n i t i a l l y ,  e leva ted  temperatures were used t o  promote 
t h e  r e a c t i o n  of phosgene wi th  hexafluoropentanediol .  
however, a l s o  increased  the  rate of  polycarbonate formation occurr ing  by 
r e a c t i o n  of t h e  bischloroformate formed wi th  the  unreacted d i o l .  This  i s  the  
same problem encountered i n  t h e  prepara t ion  of  t h e  f l u o r i n a t e d  d i i socyana te s .  

Th i s  w a s  due t o  t h e  unusually low r e a c t i v i t y  of f l u o r i n a t e d  

The high temperature ,  

3 
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T e r t i a  y amines have been used as c a t a l y s t s  i n  t h e  prepara t ion  of i s o -  
cyanates (I8) and s i m i l a r  c a t a l y s i s  was considered f o r  chloroformate prepara-  
t i o n .  However, i n  t h e  case of h ighly  f l u o r i n a t e d  compounds, i t  is  f e l t  t h a t  
s i m p l e  c a t a l y s i s  would only promote a d d i t i o n a l  polymer formation due t o  t h e  
h igh  r e a c t i v i t y  of t he  f l u o r i n a t e d  bischloroformates  as observed i n  t h e  case 
of f l u o r i n a t e d  d i i socyana te s .  

A new approach has been used a t  Narmco f o r  t h e  prepara t ion  of chloro-  
Th i s  approach has r e s u l t e d  i n  h igher  y i e l d s  and formates and i socyanates .  

less byproducts than were he re to fo re  poss ib l e ,  due t o  t h e  milder  r eac t ion  
condi t ions .  I n  a n  e f f o r t  t o  avoid  the  problem of polymer formation, pyr id ine  
was reac ted  wi th  phosgene i n  d i e t h y l  e t h e r ,  forming a s o l i d  c r y s t a l l i n e  com- 
pound, chlorocarbonyl pyridinium ch lo r ide .  

Compounds s i m i l a r  i n  type  have been prepared and some have been charac-  
t e r i z e d .  Adkins prepared and cha rac t e r i zed  s o l i d  ion ic  compounds of a l i p h a t i c  
a c i d  ch lo r ides  and t e r t i a r y  amines such as a c e t y l  pyridinium ch lo r ide  and 
propionyl t r i e t h  lammonium ch lo r ide .  ("1 Simi la r  type  compounds have a l s o  
been prepared (20y from aromatic  a c i d  ch lo r ides  and t e r t i a r y  amines. While 
t h e  a l i p h a t i c  compounds a r e  s t a b l e  only a t  r e l a t i v e l y  l o w  temperatures ,  t he  
aromatic  compounds a r e  s t a b l e  t o  moderately h igh  temperatures .  For example, 
a - fu roy l  pyridinium ch lo r ide  ("3 decomposes a t  60"C, while  p-nitrobenzoyl 
pyridinium chlor ide(20)  decomposes a t  115°-1200C. 
decomposition were not  i d e n t i f i e d  i n  t h e  former case ,  t h e  products ob ta ined  
i n  t h e  l a t t e r  case  were p-nitrobenzoyl ch lo r ide  and pyr id ine .  Compounds of 
phosgene with t e r t i a r y  amines have been i s o l a t e d  and a s i m ' l a r  s t r u c t u r e  
proposed, Goubeau and Winkelman(21) and Rudenko e t  al.(22f i s o l a t e d  a s o l i d  
compound by r e a c t i o n  of phosgene and trimethylamine a t  low temperatures .  
The la t te r  au tho r s  proposed t h a t  t h e  s t r u c t u r e  was chlorocarbonyl t r ime thy l -  
ammonium c h l o r i d e ,  

While t h e  products of  

I 

0 0  
[Me,N-I-Cg C 1  

La s t ovs k ii (23) proposed t h a t  t h i s  type of compound is  formed a s  the  r e a c t i v e  
in te rmedia te  i n  t h e  prepara t ion  of t e t r a - s u b s t i t u t e d  ureas rom t e r t i a r y  

i s o l a t e d  a s o l i d  compound by r eac t ion  of phosgene with hexamethylenetetramine. 
It seems now t h a t  t h i s  compound possesses an i o n i c  s t r u c t u r e  similar t o  those 
d iscussed  above. 

amines and phosgene a t  high temperatures .  Dominikiewicz (24>f and Puschin (25) 

Chlorocarbonyl pyridinium ch lo r ide  r e a c t s  much more r a p i d l y  wi th  a l coho l s  
than  does phosgene i t s e l f .  For  example, i n  t h e  prepara t ion  of  hexafluoro-  
pentamethylene bischloroformate using chlorocarbonyl  pyridinium c h l o r i d e ,  
t h e  r e a c t i o n  temperature  exceeded room temperature.  The y i e l d  of b i sch loro-  
formate was 83.2% and the  product was of ve ry  h igh  p u r i t y .  
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When hexafluoropentanediol  w a s  reac ted  wi th  phosgene a t  room tempera- 
t u r e  i n  e i t h e r  d i -n-buty l  e t h e r  o r  d i e t h y l  c a r b i t o l ,  t h e  r e a c t i o n  was very 
slow. On h e a t i n g  the  r eac t ion  t o  r e f l u x ,  polycarbonate was formed s lowly,  
and unreacted hexafluoropentanediol  was recovered from t h e  s o l u t i o n .  

The r e a c t i o n  of an  a l coho l  wi th  chlorocarbonyl pyridinium c h l o r i d e  
proceeds i n  t h e  fol lowing manner t o  form a chloroformate.  

Pyr id ine  i s  always t i e d  up e i t h e r  as the  chlorocarbonyl  pyridinium 
ch lo r ide  o r  as pyr id ine  hydrochlor ide;  hence, t h e r e  i s  no p o s s i b i l i t y  of 
c a t a l y s i s  of t h e  r e a c t i o n  between chloroformate and a lcohol  t o  produce a 
carbonat e e s t e r  e 

2. Hexafluoropentamethylene Diisocyanate  

The r e a c t i o n  between hexafluoropentamethylene diamine and chlorocarbonyl  
pyridinium chlor ide  proceeded i n  a smooth fash ion ,  r e s u l t i n g  i n  a pure com- 
pound i n  good y i e l d .  

The i n f r a r e d  spectrum of t h i s  material sugges ts  t h a t  i t  i s  e i t h e r  a 
carbamyl ch lor ide- i socyanate  (I, below) o r  t he  di isQcyanate  e x i s t i n g ,  a t  
l e a s t  p a r t i a l l y ,  as t h e  dimer (KC, below) a t  room temperature.  There i s  a 
s t rong  doublet  a t  5.54 g and 5.75 This  proposed c y c l i c  u re t id ione  (11) 
would bear  a s t rong  resemblance t o  a c y c l i c  imide s t r u c t u r e ,  and c e r t a i n  
ana logies  may poss ib ly  be drawn between t h e  two. I n  a normal five-membered 
c y c l i c  imide, t h e s e  absorp t ions  would be a t  5.65 p and 5.88 jJ.(26) I n  t h i s  
case ,  however, t he  absorp t ions  would be expected t o  appear  a t  a h ighe r  
frequency due t o  t h e  g r e a t e r  amount of r i n g  s t r a i n  as w e l l  as t h e  induct ive  
e f f e c t  of f l u o r i n e .  
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The spec t r a  of the N-methyl a n i l i n e  d e r i v a t i v e  e x h i b i t  none of the above 
absorp t ion  bands. Th i s  i s  taken as evidence that  i f  t h e  u r e t i d i o n e  grouping 
i s  present ,  it i s  extremely reactive, and i s  r e a d i l y  opened by nuc leoph i l i c  
a t t a c k  and behaves i n  a manner i d e n t i c a l  t o  t h e  isocyanate  group i t s e l f .  The 
carbamyl ch lor ide- i socyanate  (I) would give t h e  same d e r i v a t i v e  as  the d i i s o -  
cyanate .  

An at tempt  w a s  made t o  prepare hexafluoropentamethylene d i i socyana te  by 
r e a c t i o n  of t he  d i -p- to luenesul fona te  of hexafluoropentanediol  w i t h  potassium 
cyanate .  None of  t h e  des i r ed  product w a s  obtained.  

CH3 + + ) 2 0 C H 2 ( C F 2 ) 3 C H 2 0 S 0  e 2 -@H3 ”- *> OCN-CH2 (CF2)3CH2-NC0 

3. Di-p-Toluenesulfonate of  Hexafluoropentanediol 

The prepara t ion  of t h e  d i -p- to luenesul fona te  of hexafluoropentanediol  was 
success fu l ly  c a r r i e d  out  i n  77% y i e l d  by r e a c t i o n  of ‘the d i o l  wi th  p-toluene- 
su l fony l  ch lo r ide  i n  pyridine so lven t  a t  low temperature,  a method used 
previously f o r  t h e  prepara t ion  of f luo r ina t ed  monotosylates.  This  new method 
i s  an improvement over  t h e  method repor ted  f o r  t h e  prepara t ion  of t he  same 
d i t o s y l a t e  ear l ie r  i n  t h i s  program (Annual Summary Report I, J u l y  1964). 

4 .  Hexafluoropentanediamine 

The prepara t ion  of hexafluoropentanediamine by t h e  l i t h ium aluminum 
hydride reduct ion  of perf luoroglutaramide w a s  repor ted  i n  Annual Summary 
Report I (Ju ly  1964). During th i s  repor t  per iod ,  t h e  prepara t ion  of t h i s  
diamine w a s  a t tempted by r e a c t i o n  of t h e  di-p- toluenesulfonate  of hexafluoro- 
pentanediol  w i th  potassium phthalimide. No r e a c t i o n  took place.  

5. Attempted Prepara t ion  of  Hexafluoropentamethylene S u l f a t e  

Another method f o r  t h e  prepara t ion  of isocyanates  i s  by t h e  r e a c t i o n  of 
a l k y l  s u l f a t e s  w i th  potassium cyanate ,  
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+ 2 KCNO -? 2 RNCO I- %so4 R2S04 

A p o s s i b l e  r o u t e  to  hexafluoropentamethylene d i i socyana te  would be by 
way of the c y c l i c  a l k y l  s u l f a t e  and potassium cyanate .  

CF2 CF2 
\ '  

CF2 

+ 
.. 

KCNO OCNCH2 (CF2)3CH2NC0 

The c y c l i c  s u l f a t e  might be formed i n  a r e a c t i o n  analogous t o  t h a t  i n  
which the  c y c l i c  s u l f i t e  o f  hexafluoropentanediol i s  formed. 

* 

I n  an at tempt  t o  prepare t h e  c y c l i c  s u l f a t e ,  hexafluoropentanediol w a s  
r eac t ed  with s u l f u r y l  ch lo r ide  i n  pyridine.  
possibly due t o  d i f f i c u l t y  i n  t h e  workup. 
necessary i n  o rde r  t o  s impl i fy  t h e  i s o l a t i o n  of any products formed. 

No c y c l i c  s u l f a t e  w a s  i s o l a t e d ,  
Consequently, f u r t h e r  changes are 

6 .  Perfluoroadipamide 

Due t o  t h e  d i f f i c u l t i e s  being encountered i n  t h e  p repa ra t ion  of hexa- 
fluoropentamethylene d i i socyana te ,  work w a s  begun on t h e  preparat ion of 
octafluorohexanediamine, tQ be used f o r  conversion t o  octafluorohexamethylene 
di isocyanate .  I n  t h e  corresponding series of nonfluorinated diamines,  1,6- 
hexanediamine can be  r e a d i l y  converted t o  i t s  corresponding d i i socyana te  
while no mention can be found i n  t h e  l i t e r a t u r e  of  the s imilar  conversion of 
1,5-pentanediamine. 

shown below with a l t e r n a t i v e  s t e p s  shown wi th  do t t ed  l i n e s .  

The r e a c t i o n  scheme t o  be used f o r  t h e  p r e  a r a t i o n  of 
octafluorohexanediamine i s  e s s e n t i a l l y  t h a t  descr ibed by McBee. P27) It is  
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. 2H20 

F F F  

FFQc: F 

F F  

1 102 

NC ( CF2) 4CN P 

I \ 
\ 

C l O C  (CF2)4COC1 
/ 

The conversion of hexachlorobenzene t o  1,2-dichlorooctafluorocyclo- 
hexene w a s  accomplished i n  46.1% y i e l d  using the  procedure descr ibed  by McBee. 

McBee has repor ted  a poor y i e l d  i n  t h e  oxida t ion  of oc ta f luoro-1 ,2-  
dichlorocyclohexene t o  per f luoroadip ic  a c i d  i n  bas i c  s o l u t i o n ;  however, good 
y i e l d s  of similar f l u o r i n a t e d  ac ids  have been repor ted  f o r  permanganate 
oxida t ions  c a r r i e d  out  i n  ace tone .  Consequently, t he  oxida t ion  was at tempted 
i n  acetone s o l u t i o n .  The whi te  c r y s t a l l i n e  product obtained d id  not g ive  the  
c o r r e c t  value f o r  t h e  des i r ed  d i a c i d  by n e u t r a l i z a t i o n  equiva len t .  I ts  s t r u c t u r e  
i s  s t i l l  i n  doubt. 

Per f luoroadipyl  ch lo r ide  was success fu l ly  prepared from 1 ,2-d ich loro-  
octaf luorocyclohexene by d i r e c t  ox ida t ion  using a modi f ica t ion  of t h e  vapor- 
phase oxida t ion  method of Baranackas and Gelfand. (28) 
appara tus  designed 9n t h i s  l abora to ry  f o r  t he  photo-oxidat ive cleavage are 
descr ibed  i n  t h e  experimental  s ec t ion  of t h i s  r e p o r t .  

The condi t ions  and 
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C l  

C l  

F2 

F2 
F2 

0 0 
Cl -e - (CF2) 4-(!! - C 1  

The r e a c t i o n  of  pesf luoroadipyl  ch lo r ide  wi th  ammonia y i e l d e d  perf luoro-  
adipamide i n  an 84% y i e l d .  

0 
C l - 8 -  (CF2 )4-!-C1 

7.  Improvement i n  t h e  Preparat ion of  Tetrafluoro-p-phenylenediamine 

The unique method developed i n  t h i s  l abora to ry  f o r  t h e  p repa ra t ion  of 
tetrafluoro-p-phenylenediamine by r e a c t i o n  of hexafluorobenzene wi th  potassium 
phthalimide (Gabriel  r eae t ion )  was r epor t ed  i n  Annual Summary Report I 
(July 1964) .  The h ighes t  y i e l d  obtained by t h i s  method has been 4%%, which 
i s  considerably h ighe r  than those 'ob ta ined  by any o t h e r  known method. 
t h e  e a r l y  work on t h i s  method, i t  w a s  assumed t h a t  t he  mechanism of cleavage 
of phthalimido intermediates  i n  t h e  Gabr i e l  r e a c t i o n  has not been f u l l y  and 
s a t i s f a c t o r i l y  s tud ied .  Thus, i n  t h e  e a r l y  work, t h r e e  moles of hydrazine 
p e r  mole of diphthalimido-tetrafluorobenzene w e r e  used, t h e  intended r a t i o  
being 2 : l  w i th  a 50% excess .  
mechanism, it was f e l t  t h a t  an a l t e r n a t i v e  mechanism might be ope ra t ing  which 
would r e q u i r e  4 moles of  hydrazine.  Th i s  y e a r ,  t h e  preparat ion of t e t r a f l u o r e  
p-phenylenediamine has been c a r r i e d  out  using t h e  same method as be fo re  except 
t h a t  6 moles (50% excess) of hydrazine pe r  mole of  diphthalimido-tetrafluoro- 
benzene was used i n  t h e  cleavage. The y i e l d  of  tetrafluoro-p-phenylene- 
diamine obtained was 68%. 

During 

On f u r t h e r  considerat ion of t h e  cleavage 

8 .  Improvement i n  Preparat ion of T e t r a f  luoro-p-phenylene Diisocyanate 

The use of chlorocarbonyl pyridinium c h l o r i d e  w a s  s u c c e s s f u l l y  extended 
t o  the preparat ion of tetrafluoro-p-phenylene d i i socyana te .  The r e a c t i o n  of 
an amine wi th  chlorocarbonyl pyridinium ch lo r ide  t o  form an isocyanate  proceeds 
i n  a manner similar t o  an a l coho l  w i th  one exception. This  except ion is  t h a t  
the carbamyl c h l o r i d e ,  formed i n  t h e  i n i t i a l  r e a c t i o n  of the amine with t h e  
complex, w i l l  dehydrochlorinate spontaneously and t h e  r e s u l t a n t  hydrogen 
ch lo r ide  w i l l  r e a c t  w i t h  t h e  chlorocarbonyl pyridinium ch lo r ide .  
of chlorocarbonyl pyridinium ehboride were required t o  react f u l l y  wi th  1 mole 
of t e t ra  f 1 uo r o  - p- pheny lened iamine . 

Thus, 4 moles 
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The 2 e x t r a  moles of chlorocarbonyl pyridinium c h l o r i d e  r e a c t  w i th  t h e  
hydrogen ch lo r ide  l i b e r a t e d  from the  in te rmedia te  dicarbamyl c h l o r i d e  without 
ca t a lyz ing  polymerizat ion of the d i i socyanate  formed wi th  unreacted diamine. 

0 QH + 2 c1-8-61 

Using t h i s  r a t i o  of r e a c t a n t s ,  te t raf luoro-p-phenylene d i i socyanate  was 
prepared i n  a crude y i e l d  of 78%. 
very pure d i i socyana te .  By improved r e a c t i o n  and workup procedure,  t he  y i e l d  
of pure d i i socyanate  was increased  t o  81%. 

P u r i f i c a t i o n  reduced t h e  y i e l d  t o  53% o f  

I n  a separate experiment,  chlorocarbonyl pyridinium ch lo r ide  was shown 
t o  r e a c t  r a p i d l y  and completely wi th  hydrogen ch lo r ide  y i e l d i n g  pyridinium 
ch lo r ide  and phosgene as proposed i n  the  above mechanism. 

9. Attempted Prepara t ion  of Pe r f luo rog lu ta ry l  Diisocyanate  

urethane polymer which has a f luo r ina t ed  methylene group ad jacent  t o  

group i n  t h e  carbamate l inkage e x h i b i t s  hydro ly t i c  i n s t a b i l i t y  wi th  
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loss  of HF and subsequent chain s c i s s i o n .  One poss ib l e  means of avoid ing  
t h i s  s i t u a t i o n  is  the  replacement of t h e  d i f l u o r o  methylene group, a t o  t he  
n i t rogen ,  w i th  a carbonyl group. 
with t h e  poss ib le  added b e n e f i t  of not  i nc reas ing  l i q u i d  oxygen incompa t ib i l i t y .  
To ob ta in  such a s i t u a t i o n ,  t he  a c y l  isocyanate  could be prepared and r eac t ed  
wi th  hydroxyl conta in ing  m a t e r i a l s  i n  t h e  usual  fash ion .  

T h i s  might cance l  any hydro ly t i c  i n s t a b i l i t y  

One method of prepara t ion  of t h e  d iacyl i socyanate  i s  by r e a c t i o n  of a 
diamide with phosgene. For Narmco's work, hexafluoroglutaramide was used as  
t h e  s t a r t i n g  material. T h i s  m a t e r i a l  i s  almost completely in so lub le  i n  t h e  
usual  so lven t s  which lend themselves t o  phosgenation r eac t ions .  
mixture of 3-methyl s u l f o l a n e  and dimethyl s a l fox ide  was found t o  be a good 
so lvent  and a l s o  had a f r eez ing  poin t  low enough t o  a l low condensation of 
phosgene. 

A 50/50 

I n  t h e  r e a c t i o n  of chlorocarbonyl  pyridinium ch lo r ide  wi th  per f luoro-  
glutaramide , none of t h e  des i r ed  product w a s  obtained al though a cons iderable  
amount of pyr id ine  hydrochlor ide w a s  i s o l a t e d .  The chlorocarbonyl  pyridinium 
ch lo r ide  appa ren t ly  r e a c t s  with t h e  so lvent  s i n c e  un iden t i f i ed  s u l f u r  con- 
t a i n i n g  m a t e r i a l s  were observed. 

10. 2,3,5,6-Tetrachloro-p-xylylene-a,d-diisocyanate 

The low degree of r e a c t i v i t y  of the  i socyanate  groups i n  t e t r a c h l o r o -  
p-phenylene d i i socyanate  and t h e  r e s u l t i n g  d i f f i c u l t y  i n  cu r ing  urethane 
prepolymers terminated with i t  have been descr ibed  previously i n  t h i s  r e p o r t .  
A new ch lo r ina t ed  d i i socyana te ,  2,3,5,6-tetrachloro-p-xylylene-a,a-diisocyanate, 
which should be more r e a c t i v e ,  has been prepared by Narmco's usual  phosgenation 
method. 2,3,5,6-Tetrachloro-p-xylylenediamine w a s  reac ted  wi th  chlorocarbonyl 
pyridinium ch lo r ide  i n  te t rahydrofuran  t o  g ive  the  des i r ed  d i i socyana te  i n  
68.5% y i e l d .  It w a s  cha rac t e r i zed  by conversion t o  t h e  di-N-methyl-anil ino 
d e r i v a t i v e  . 



Two s t e p s  I 
Various prepolymers and polyurethanes w i l l  be prepared from t h i s  d i -  

i socyanate .  

11. 4,4'-Diisocyanato-octafluorobiphenyl 

4,4' -Diisocyanato-octafluorobiphenyl was prepared i n  62.8% y i e l d  by 
r eac t ion  o f  4,4'~diamino-octafluorobiphenyl wi th  chlorocarbonyl pyridinium 
ch lo r ide  i n  d i e t h y l  ether us ing  Narmco's usual  procedure. I ts  i d e n t i t y  was 
e s t a b l i s h e d  by elemental  a n a l y s i s  , i n f r a r e d  spectrum , and i socyanate  
equivalency. The di-N-methylanilino d e r i v a t i v e  was prepared f o r  character- 
i z a t i o n  purposes. 

12. Attempted Prepara t ion  o f  Die thyl  3,3,4,4,5,5-Hexafluoropimelate 

Polyes te rs  prepared from pe r f luo r ina t ed  d i b a s i c  a c i d s  are q u i t e  hydro- 
l y t i c a l l y  uns tab le  and the re fo re  are unsa t i s f ac to ry  as prepolymers f o r  poly- 
urethanes.  Po lyes t e r s  prepared from nonfluorinated d i b a s i c  ac ids  and 
f l u o r i n a t e d  d i o l s  have been inves t iga t ed  dur ing  t h i s  program as polyurethane 
prepolymers. D i f f i c u l t i e s  encountered i n  t h e  prepara t ion  of po lyes te rs  from 
d i e t h y l  malonate and hexafluoropentanediol  have made them u n a t t r a c t i v e .  
(hexafluoropentamethylene ad ipa te )  has been shown t o  be LOX incompatible ,  
Polyes te rs  prepared from 3,3,4,4,5,5-hexafluoropimelic a c i d  and hexafluoro-  
pentanediol  should be  much more s t a b l e  t o  hydro lys is  than polyes te rs  of per- 
f l u o r i n a t e d  d i b a s i c  a c i d s ,  and might w e l l  be LOX compattble.  

Poly 
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Work has begun on t w o  s epa ra t e  r eac t ion  paths  lead ing  t o  the  prepara t ion  
of 3,3,4,4,5,5-hexafluoropimeZyl ch lo r ide .  

Path A 

C1-!-(CF2)3-!-C1 I- CH2N2 __j CH- -(CF2)3- - C W 2  I 3  

Path B 

NC-CH2(GF2)3CH2CN KCN I-CH2 (CF2) 3CH2 -I 

1) hydrolys is 

2) S 0 C l 2  

Following path A,  t h e  Arnd t -E i s t e r t  r eac t ion  was c a r r i e d  ou t  on per -  
f l u o r o g l u t a r y l  ch lo r ide  i n  order  t o  prepare d i e t h y l  e r f luoropimela te  
following the  procedure of Schweiker and coworkers. ($9) 

Two f r a c t i o n s  were obtained by f r a c t i o n a l  d i s t i l l a t i o n  of t he  r eac t ion  
product.  The elemental  a n a l y s i s  i n d i c a t e s  t h a t  t he  lower b o i l i n g  f r a c t i o n  
(bp 5l0-52 "C) i s  e i t h e r  methylethyl  perf  l u o r o g l u t a r a t e  (A) o r  dimethyl- 
2,2 ,3,3,4,4-hexafluoroadipate (B) , 
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and that the higher boiling fraction (bp 89O-9loC) (the infrared spectrum 
shows the presence of an acid group) is either monoethyl perfluoroglutarate 
(C), or one of the monomethyl-2,2,3,3,4-hexafluoroadipates (D and E). 

C D E 

13, Attempted Preparation of 3,3,4,4,5,5-Hexafluoropimelonitrile 

Attempts were made to prepare 3,3,4,4,5,5-hexafluoropimelonitrile by- 
reaction of the ditosylate with both potassium cyanide and cuprous cyanide 
in a variety of solvents. No reaction occurred in any of the cases studied. 

+O~OCH~ (CF~)~CH~OSO~+H~ -7 NC-CH~ (CF,>,CH,-CN CH3 3 /  
or 
CuCN 

14. Dibutoxymethane 

Dibutoxymethane was prepared by reaction of n-butanol with symmetrical 
trioxane in the presence of p-toluenesulfonic acid. 

0 
J \  

7 C H -0-CH2-0-C H 4 9  4 9  2 C4HgOH + 
0 0 
\ CH2/ 

15. 3,3,3-Trifluoro-1,2-epoxypropane 

3,3,3-Trifluoro-1,2-epoxypropane was prepared in 47.5% yield starting 
from l,l,l-trifluoroacetone by the following series of reactions described 
by McBee and Burton. (30, 31) 

51 CF -C-CH3 3 

0 
CF3-e-CH2Br 

CF3 -g-CH2Br 

Br I 2 > 
H2s04 

LiAlH 
? 

NaOH P 

91 
CF -C-CH2Br 3 

CF3 -&-CH2Br 

CF3-CH Io A H 2  
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16. Attempted Prepara t ion  of Perfluoro-1,2-epoxypropane 

The polyurethane prepared from the  polyether  of 3 ,3 ,3 - t r i f l uo ro -1 ,2 -  
epoxypropane and te t raf luoro-p-phenylene d i i socyanate  possessed very 
i n t e r e s t i n g  low-temperature p rope r t i e s  but  was LOX incompatible.  
t o  impart  LOX compa t ib i l i t y  t o  t h i s  type of polyurethane,  more h ighly  
f l u o r i n a t e d  polyethers  are r equ i r ed .  

I n  order  

Pe r f luo r ina t ed  epoxides have r e c e n t l y  been prepared and are repor ted  t o  
undergo Lewis a c i d  ca ta lyzed  polymerization. (32') An a t t e m p t  was made t o  
prepare perfluoro-122-epoxypropane using the  publ ished procedure and t o  con- 
v e r t  it without  i s o l a t i o n  t o  the  polyether  using an an ion ic  i n i t i a t o r ,  t he  
monosodium sa l t  of hexafluoropentanediol .  No polye ther  was obtained.  
Fur ther  s t u d i e s  w i l l  be conducted on t h e  prepara t ion  and polymerization of 
perfluoro-l,2-epoxypropane. 

1 7 .  Chloropentaf luoroisopropyl  Alcohol 

Polyurethanes prepared from t h e  polyether  of 2-hydro-pentafluoro-l,2- 
epoxypropane might w e l l  be LOX compatible.  A s tudy  on t h e  p repa ra t ion  of 
t h i s  epoxide by dehydrochlor inat ion of chloropentaf luoroisopropyl  a lcohol  
has begun. 

OH 
I 

CF3-CH-CF2CL -7 CP -CH- 3 

Chloropentafluoroisopropyl a lcoho l  w a s  prepared by l i t h i u m  aluminum 
hydride reduct ion  of chloropentafluoroacetone. 
product ,  hydropentafluoroisopropyl a l coho l  was a l s o  i s o l a t e d  from the  re- 
duc t ion .  

I n  a d d i t i o n  t o  the  des i red  

OH OH 

CF3 -CH-CF2C1 + CF2 -CH-CHF2 
I I 

0 

CF3 -h-CF2C1 + LiAlW- 

18. Attempted Prepara t ion  of Trihexafluoropentamethylene Glycol 

An atFempt t o  prepare trihexafluoropentamethylene glycol  by r e a c t i o n  of 
the  d i -p- to luenesul fona te  ester of hexafluoropentanediol  wi th  t h e  monosodium 
sa l t  of hexafluoropentanediol  i n  di-n-butyl  e t h e r  so lven t  was descr ibed  i n  
Annual Summary Report I (Ju ly  1964). Polyurethanes could be prepared from 
t h i s  d i e t h e r  o r  from t h e  polye ther  which might be formed by dehydrat ion of 
t h i s  d i e t h e r .  This  r e a c t i o n  was aga in  repeated unsuccessful ly  using 
d ie thylene  g lycol  a s  s o l v e n t .  
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19. 3,3,4,4-Tetrafluoro-tetramethylene Oxide 

2,2,3,3-Tetrafluorobutanediol was prepared by reduction of diethyl per- 
fluorosuccinate with lithium aluminum hydride. Dehydration of this diol 
resulted in a 67% yield of 3,3,4,4-tetrafluorotetramethylene oxide. 

? L iAlH HOCH2CF2 CF CH2 OH 
0 

C~H~O-&CF~CF~ -6 - O C ~ H ~  

HOCH2CF2CF2CH20H -I- H2SO4-, 7'2 ' O\YH2 
CF2 - CF2 

20. Attempted Preparation of 3,3-Difluorooxetane 

Polyethers have been prepared by polymerization of 2-perf luoroalkyl 
oxetanes . (33) These polyethers contain only hydrocarbon backbones. 

I- f" R -CH-0 f b2- cH2 ' - CH-C3-CH2-0 
Polymerization of 3,3-difluorooxetanes would yield hydroxyl-terminated 
ethers containing fluorine atoms in the polymer backbone. 

' - HO R-CH- 0 
I 
CF2- C 3  

f R 5 H o r R  

A study of the preparation of 3,3-difluorooxetane was begun. 2,2- 

(34) 
Difluoropropane-1,3-diol was prepared by reduction of diethyl-2,2-difluoro- 
malonate using lithium aluminum hydride according to the procedure of McBee. 

L iA1H4 0 0 
II  11 

C H 0-C-CF2-C-0-C2H5 HOCH2CF2CH20H 2 5  

An attempt was made to dehydrate this diol to prepare 3,3-difluoro- 
oxetane. A low-boiling liquid was obtained whose identity is under investi- 
gation. 
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21. Diether  of Hexafluorobenzene and Hexafluoropentanediol 

The preparat ion of  t h e  d i e t h e r  of hexafluorobenzene and hexafluoro- 
pentanediol was descr ibed i n  Annual Summary Report I ( J u l y  1964). The 
y i e l d  desc r ibed  w a s  q u i t e  low and an atkempt was made t o  improve t h e  y i e l d  
by ca r ry ing  out t h e  r e a c t i o n  of hexafluorobenzene with hexafluoropentanediol 
and potassium hydroxide i n  N-methylpyrrolidone, 

OCH2(CF2)3CH20H 

0 F I F  

HO-CH (CF ) CH OH + 
2 2 3  2 

F ,!,, ‘F 
E OCH2 (CF,>3CH20H 

Only a small amount of  d i e t h e r  product was obtained,  Apparently,  a 
g rea t  deal  of decomposition occurred i n  N-methylpyrrolidone . 
22. Study of t h e  Reaction Mechanism i n  t h e  Formation of Cyclic S u l f i t e  from 

Hexafluoropentanediol w i th  Thionyl Chloride i n  t h e  Presence of Pyridine 

The preparat ion of hexafluoropentamethylene s u l f i t e  was descr ibed i n  
Annual Summary Report I ( Ju ly  1964). 
as a so lven t  which caused d i f f i c u l t i e s  i n  t h e  i s o l a t i o n  of t h e  pure product. 
Due t o  t h e  ease of hydro lys i s  of t h e  c y c l i c  s u l f i t e ,  t h e  pyridine hydro- 
ch lo r ide  formed i n  t h e  r e a c t i o n  of  hexafluoropentanediol w i th  t h i o n y l  c h l o r i d e  
and the excess py r id ine  could not b e  removed by use of a c i d .  

The r eac t ion  was c a r r i e d  ou t  i n  pyridine 

Th i s  y e a r ,  a b r i e f  study on t h e  mechanism of the  formation of t h e  c y c l i c  
s u l f i t e  l e d  t o  an improved method o f  preparat ion.  I n  an at tempt  t o  determine 
i f  the intermediate  c h l o r o s u l f i t e  would l o s e  hydrogen c h l o r i d e  without t h e  
presence of  an accep to r ,  such as py r id ine ,  hexafluoropentanediol was added 
t o  an equimolar amount of preformed pyridine t h i o n y l  c h l o r i d e  complex i n  
ether s o l u t i o n .  
and s t a r t i n g  d i o l  w a s  obtained.  

A mixture  of  approximately equal  amounts of c y c l i c  s u l f i t e  

HO OH 
1 /2  E 1 + ‘1/2 S0Cl2 0 -7 

CH2 \ / “2 
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0 
II 

0 /H 0 P' 

+ 112 HC1 

S0Cl2  

The in te rmedia te  c h l o r o s u l f i t e  apparent ly  loses hydrogen ch lo r ide  so  
r e a d i l y  t h a t ,  as the  c y c l i c  s u l f i t e  forms, t h e  hydrogen ch lo r ide  e l imina ted  
consumes p a r t  of t h e  pyridine th iony l  ch lo r ide  complex. Therefore ,  on ly  
one-half  of t he  complex i s  a v a i l a b l e  t o  form c y c l i c  s u l f i t e  and one-half  of 
t h e  d i o l  remains unreacted.  

By using 1 e x t r a  
ch lo r ide  complex, t h e  
t h e  r e a c t i o n  t o  go t o  

mole of pyr id ine  along w i t h  t he  pyr id ine  th iony l  
e l imina ted  hydrogen ch lo r ide  i s  taken up, a l lowing  
completion. 
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0 
II 

Using t h i s  method, a 68% y i e l d  of hexafluoropentamethylene s u l f i t e  w a s  
obtained i n  pure form. No  problems were encountered i n  the  i s o l a t i o n  and 
p u r i f i c a t i o n  of t h e  product s i n c e  no pyridine was present  and t h e  pyridinium 
c h l o r i d e  could be f i l t e r e d  from t h e  e t h e r  s o l u t i o n  of t h e  product. 

23. Diester from Adipyl Chloride and Hexafluoroacetone Monohydrate 

A d i e s t e r  was prepared by r e a c t i o n  of hexafluoroacetone monohydrate wi th  
a d i p y l  ch lo r ide  which was t e n t a t i v e l y  i d e n t i f i e d  as the  des i r ed  product.  

The ex i s t ence  of two d i f f e r e n t  carbonyl absorpt ions a t  5.6 /A and 5.8 p 
i n  t h e  i n f r a r e d  spectrum of the  d i e s t e r  i s  c o n s i s t e n t  w i t h  the expected 
s t r u c t u r e  of t h e  product.  One of  the peaks can be assigned t o  t h e  carbonyl 
of t h e  es ter ,  and t h e  o t h e r  abso rp t ion  peak t o  t h e  a c i d  c h l o r i d e  carbonyl.  
Analysis f o r  c h l o r i d e  ion by both t h e  s i l v e r  n i t r a t e  gravimetr ic  method and 
elemental  a n a l y s i s  exh ib i t ed  good c o r r e l a t i o n  w i t h  the  c a l c u l a t e d  value.  
However, elemental  a n a l y s i s  f o r  t h e  o the r  elements reveals t h a t  the product 
may n o t  be the  d e s i r e d  d i a c i d  c h l o r i d e .  

24. 2,2-Diacetoxy-hexaf luoropropane 

The r e a c t i o n  of hexafluoroacetone hydrate  wi th  a d i p y l  ch lo r ide  i s  
descr ibed above. The subsequent r eac t ion  of t h e  product e w i th  hexafluoro- 
pentanediol was descr ibed i n  Sect ion 1II.C 
of t h e  products were ques t ionab le .  
po lyes t e r  of t h i s  n a t u r e ,  however, t h e  hydroxyl-equivalency must be d e t e r -  
mined. Thus, any po lyes t e r  must be s t a b l e  under t h e  condi t ions used f o r  t h e  

of t h i s  r e p o k .  The i d e n t i t i e s  
I n  o rde r  t o  use any hydroxyl-terminated 
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hydroxyl de te rmina t ion .  
d i e s t e r  of hexafluoroacetone hydra te .  An at tempt  was made t o  prepare 
2,2-diacetoxy-hexafluoropropane by r e a c t i o n  of hexafluoroacetone hydra te  
wi th  a c e t y l  c h l o r i d e  using t r i e thy lamine  as a c i d  accep to r ,  

It w a s  decided t o  tes t  the  s t a b i l i t y  of a simple 

OH 
I 

3 CF- C-CF 
3 1  

0 
I I  

2 CH -C-C1 3 4- 

OH 

8 0  
4- 2 (C2H5)3NH C 1  

Although a n e a r l y  q u a n t i t a t i v e  y i e l d  of t r ie thylamine  hydrochlor ide w a s  
ob ta ined ,  none of  t h e  des i r ed  d i e s t e r  was i s o l a t e d  on d i s t i l l a t i o n  of t he  
crude product.  It appears  t h a t  e i t h e r  t h e  a c e t y l  ch lo r ide  and t r i e thy lamine  
r eac t ed  wi th  the  water  from hexafluoroacetone hydra te ,  o r  t h a t  t he  des i r ed  
d i a c e t a t e  product , i f  formed, w a s  uns tab le  t o  hea t .  Therefore ,  e s t e r s  of 
hexafluoroacetone hydra te  apparent ly  are not  s u i t a b l e  f o r  use i n  polymer 
prepara t ion .  

25. Dihemiketal of Hexafluoroacetone and Hexafluoropentanediol 

The p repa ra t ion  of a dihemiketal  of hexafluoroacetone and hexafluoro-  
pentanediol  w a s  i nves t iga t ed .  

The i n f r a r e d  spectrum of t h e  product obtained ind ica t ed  t h a t  t he  d e s i r e d  
r e a c t i o n  had proceeded. I s o l a t i o n  of t h e  product was a problem caused by i t s  
apparent  i n s t a b i l i t y .  
of an  e t h e r  s o l u t i o n  of t h e  product wi th  p- toluenesulfonyl  c h l o r i d e .  
r e a c t i o n  took place, i n d i c a t i n g  t h a t  t h e  hydroxyl groups of t h e  dihemiketal  
are q u i t e  unreac t ive .  The dihemiketal  w a s I  however, reac ted  wi th  the  extremely 
r e a c t i v e  te t raf luoro-p-phenylene d i i socyanate  t o  y i e l d  a polyurethane as 
descr ibed  i n  Sec t ion  1 I I . B .  

An a t tempt  was made t o  t r a p  t h e  dihemiketal  by r e a c t i o n  
No 
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26. Attempted Prepara t ion  of p-Amino-tetrafluorobenzylamine (p-Amino- 
t e t r a f  l uo robenzon i t r i l e )  

A s  d i scussed  i n  Sec t ion  I I . B ,  i socyanate- terminated prepolymers pre- 
pared from tetraf luoro-p-phenylene d i i socyanate  are d i f f i c u l t  t o  cure  because 
of t h e  except iona l  r e a c t i v i t y  of t h e  terminal  isocyanate  groups. 
f e l t  t h a t  prepolymers prepared from p-isocyanato-tetrafluorobenzyl isocyanate  
would be less r e a c t i v e  and could be c u r e d w i t h  l e s s  d i f f i c u l t y .  

It was 

An at tempted prepara t ion  of t he  precursor ,  p-amino-tetrafluoroben ylamine 
by reduct ion of p-amino-tetrafluorobenzamide with  l i t h i u m  aluminum hyd ’I: i d e  
r e s u l t e d  i n  a 21% y i e l d  of p-amino-tetrafluorobenzonitrile. 

This  unprecedented dehydration of an  amide by l i t h ium aluminum hydride 
i s  q u i t e  i n t e r e s t i n g ,  bu t  no mechanism fo r  t h i s  dehydration can be proposed 
a t  t h i s  t i m e .  

27. 2-Imino-hexafluoropropane 

The need f o r  a l i q u i d  o r  low-melting s o l i d  cur ing  agent  has prompted a 
s tudy on the  prepara t ion  of t he  amino-terminated d i u d t h a n e  from hexafluoro- 
pentanediol  and 2-amino’2-isocyanato-hhexafluoropropane. 

r3 
OCN-C-NH2 + HO-CH2 (CF2)3CH2-OH ____I_=$ 

I 
CF3 

2 3  2 I 
) CH 0- 

6F3 CF3 

The p repa ra t ion  of t h e  amino-isocyanate was r ecen t ly  repor ted  by 
Middleton and K r e ~ p a n ( ~ ~ )  by the following series of r eac t ions .  

NH HNCO fTB2 PW13 II 
3 CF C-CF3 4 CF -C-CF 

3 1  3 3 1  3 
CF -C-CF3 R L- NH3 CF T C F 3  

3 
Nco “H2 
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2-Imino-hexafluoropropane w a s  prepared b u t  a t t e m p t s  t o  convert  it t o  the  
amino-isocyanate have been delayed due t o  t h e  d i f f i c u l t i e s  encountered i n  
prepar ing  i socyanic  a c i d ,  

28. E u t e c t i c  Curing Agents 

An a t t e m p t  was made t o  prepare a l i q u i d  cur ing  agent  by forming a e u t e c t i c  
mixture  of tetrafluoro-p-phenylenediamine w i t h  o the r  f l u o r i n a t e d  m a t e r i a l s .  
Nei ther  pen ta f luo roan i l ine  nor hydroxyl-terminated poly(hexafluoropentamethy1ene 
ad ipa te )  gave a l i q u i d  o r  low-melting so ldd  when mixed wi th  t e t r a f l u o r o - p -  
phenylenediamine. 

29. Monosodium S a l t  o f  Hexif luoropentanediol  

The prepara t ion  of t he  monosodium s a l t  of hexafluoropentanediol  by 

This  monosodium s a l t  
r e a c t i o n  of hexafluoropentanediol  wi th  sodium m e t a l  i n  di-n-butyl  e t h e r  was 
descr ibed  i n  Annual Summary Report I ( Ju ly  1964). 
w a s  prepared t h i s  year  i n  79% y i e l d  by r e a c t i o n  of hexafluoropentanediol  
with sodium hydride i n  e t h y l  e t h e r .  
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I V  . EXPERIMENTAL 

A .  LOX Compatibi l i ty  Resu l t s  

The r e s u l t s  of a l l  LOX c o m p a t i b i l i t y  tests are presented i n  Table 2. 

B. Polyurethanes 

1. From Hexafluoropentanediol 

a.  P repa ra t ion  of Poly(hexafluoropentamethy1ene tetrachloro-p-phenylene- 
dicarbarnat e) 

-OCH2 - 

Hexafluoropentanediol (10.6 g ,  0.05 mole) i n  25 m l  of e t h y l  acetate 
was charged t o  a l O O - m l ,  three-necked f l a s k  equipped w i t h  a s t irrer,  condenser, 
dropping funnel ,  thermometer, and d r y  n i t rogen  i n l e t .  Tetrachloro-p-phenylene 
d i i socyana te  (14.9 g ,  0.05 mole) i n  35 m l  of e t h y l  acetate w a s  added t o  t h e  
d i o l  s o l u t i o n  i n  5 minutes wi th  mixing under n i t rogen .  

The s l u r r y  w a s  s t i r r e d  f o r  4 hour a t  30"-35'6, then r e f luxed  a t  82°C 
f o r  If hours .  
w a s  added, The s l u r r y  w a s  mixed a t  130"-140"C under n i t rogen .  Triethylamine 
(5 drops) w a s  added and t h e  s l u r r y  heated f o r  3 hours a t  100°C. The s l u r r y  w a s  
then f i l t e r e d  and t h e  polymer r e s idue  d r i e d  i n  a vacuum oven a t  130"-140"C f o r  
4 hours t o  y i e l d  16.0 g of brown polymer, mp 190"-196"C. Samples of t h e  polymer 
were prepared f o r  LOX-compatibility t e s t i n g  by using a 11/16-in. diameter 
p e l l e t  mold a t  200°F and 40,000-lb p re s su re .  

The e t h y l  acetate w a s  removed and 40 m l  of o-dichlorobenzene 

b.  Preparat ion of  poly(pentamethy1ene tetrafluoro-p-phenylenedicarbamate) 
I 

F F  

P F  

J X  
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I n t o  a 100-ml t hree-necked f l a s k  equipped w i t h  a st irrer r e f  lux 
condenser, and a d d i t i o n  funnel w i t h  a n i t rogen  i n l e t  w a s  placed 1,5-pentanediol 
(2 .1  g ,  0.02 mole) d i s so lved  i n  10 m l  of e t h y l  acetate. The system was f lushed 
w i t h  n i t r o g e n  and t h e  polymerization run under a n i t rogen  atmosphere. Tetra- 
fluoro-p-phenylene d i i socyana te  (4.6 g ,  0.02 mole) dissolved i n  15 ml of e t h y l  
a c e t a t e  w a s  added s lowly w i t h  s t i r r i n g  over a per iod of 25 minutes.  Almost 
immediately, a white  p r e c i p i t a t e  came out of s o l u t i o n .  
a t  room tempedature f o r  1% hours,  t hen  a t  r e f l u x  (77°C) f o r  2% hours. The 
white s o l i d  w a s  f i l t e r e d  and d r i e d  i n  a vacuum oven a t  70°C y i e l d i n g  6 . 1  g 
(91%) of polyurethane melt ing a t  280"-281"C. The i n f r a r e d  spectrum of  t h e  
polymer i s  a t t ached  as Figure 5 ,  

The mixture was s t i r r e d  

c .  P repa ra t ion  of Poly(hexafluoropentamethy1ene hexafluoropentamethylene- 
dicarbamat e) 

0 0 
II It 

C1-C-O-CH2-(CF ) -CH - 0 - C - C l  + H N-CH -(CF ) CH -NH2 ____) 2 3  2 2 2 2 3  2 

I n t o  a 250-ml, three-necked f l a s k  equipped w i t h  a s t i r re r ,  condenser, 
dropping funnel ,  thermometer, and n i t rogen  i n l e t  w a s  added hexafluoropentane- 
diamine (4.20 g ,  0.02 mole), sodium hydr.oxide (1.76 g ,  0.044 mole) and 100 m l  
of water. Hexafluoropentamethylene bisehloroformate* (6.74 g ,  0.02 mole) i n  
50 m l  of methylene c h l o r i d e  was r a p i d l y  added t o  t h e  diamine s o l u t i o n  a t  0"-25°C. 
The methylene c h l o r i d e  s o l u t i o n  w a s  decanted, and t h e  polymer d r i e d  i n  a vacuum 
oven a t  40"-50°C f o r  4 hours t o  y i e l d  a viscous o i l .  
hydrolysis  of t h e  chloroformate i s  f a s t e r  t han  t h e  r e a c t i o n  w i t h  hexafluoro- 
pentanediamine. 

Apparently,  t h e  ra te  of 

d . Attempted P repa ra t ion  of Poly(hexafluoropentamethy1ene perf luoro-  
g l u t  a r y l  dicarbamate) 

'3 X 

) CH 0-C 2 3  2 

Hexafluoropentamethylene bischloroformate (10.8 g ,  0.032 mole) w a s  
added t o  a l O O - m l ,  three-necked, round-bottomed f l a s k  equipped w i t h  a st irrer,  
condenser, a d d i t i o n  funnel ,  thermometer, and d r y  n i t rogen  purge. Perf luoro-  
glutaramide [7.55 8 ,  0,032 mole as a 10.0% s o l u t i o n  i n  py r id ine  (75.5 m l ) ]  w a s  

* Prepa ra t ion  descr ibed i n  Sec t ion  1V.E. 
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.added slowly t o  t h e  s t i r r e d  bischloroformate.  Af t e r  approximately 20 m l  of  
t h e  diamide had been added, the r e a c t i o n  began t o  exotherm and a l a rge  mass 
of what appeared t o  be a polymeric material formed. ContinuQus mixing subse- 
quent ly  broke up t h e  m a s s .  The remainder of t h e  diamide s o l u t i o n  was added and 
t h e  temperature r a i s e d  t o  r e f l u x  (115°C). A l l  t h e  s o l i d s  went i n t o  s o  
The temperature w a s  held a t  r e f l u x  f o r  4 hours Eollowed by coo l ing  t o  room 
temperature.  The excess py r id ine  w a s  s t t i p p e d  o f f ,  y i e l d i n g  a c r y s t a l l i n e  
material of undetermined s t r u c t u r e .  None of t h e  d e s i r e d  material w a s  i s o l a t e d .  

2. From Hydroxyl-Terminated Po lyes t e r s  

a ,  From Poly(hexafluoropentamethy1ene ad ipa te )*  

(1) And Tetrafluoro-p-phenylene Diisocyanate 

(a) P repa ra t ion  of Polyurethane from Tetrafluoro-p-Phenylene 
Diisoeyanate and Poly(hexafluoropentamethy1ene a d i p a t e )  

F F  M,W. = 1450 

Poly(hexaf luoropentamethylene a d i p a t e )  (7 .3  g ,  0.005 mole) 
of 1450 molecular weight and te t raf luoro-p-phenylene d i i socyana te  (1.4 g ,  
0.0065 mole) were mixed a t  300°F under n i t rogen .  Stannous oc toa te  (2 drops)  
was added and the  polymer mixed f o r  15 minutes a t  300°F under n i t rogen .  The 
product was  then cured i n  a press  a t  250°F f o r  20 minutes, then hour a t  325°F. 
The polymer appeared t o  have bood adhesion, but w a s  not tough. 

(b) P repa ra t ion  of an Allophanate-Cured Fluorinated Polyurethane 

0 0 F F  
OCN#-0 $. H +CH2 (CF2)3CH20-C- II 

M,W. = 2000 F F  

\ 

* Prepa ra t ion  desc r ibed  i n  Sect ion I V . C ,  
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Poly(hexafluoropentamethy1ene a d i p a t e )  of 2000 molecular 
weight (10.0 g , 0.01 mole) and te t raf luoro-p-phenylene d i i socyana te  (4.6 g ,  
0.02 mole) were placed i n  a 5 0 - m l ,  three-necked f l a s k  equipped w i t h  a st irrer,  
condenser, thermometer, and n i t rogen  i n l e t .  
a t  80"-9O"C, then 5 hour a t  160"-15O0C under n i t rogen .  The polymer was cooled 
t o  80"C, t hen  two drops of stannous o c t o a t e  were added. The polymer was then 
mixed f o r  15 minutes a t  8O0-9O"C, followed by 30 minutes a t  14Oo-15O0C under 
n i t rogen .  The polymer w a s  cooled overnight t o  y i e l d  a tough, f l e x i b l e  polymer. 

The mixture w a s  s t i r r e d  f o r  25 hours 

(c) P repa ra t ion  of Amine-Cured Polyurethane of Tetraf luoro-p-  
Phenylene Diisocyanate and Poly(hexafluoropentamethy1ene 
ad i p a t  e)  

0 
II + HO CH2 (CF2)3CH20-C- H2 (CF2)3CH20H f 

F F  

O C N e O  

F F  

F F  .1 
- F F(- F F 4 

F F  F p J .  

Tetrafluoro-p-phenylene d i i socyana te  (4.6 g , 0.02 mole) i n  
10 m l  of  d r y  e t h y l  acetate was added t o  a l O O - m l ,  three-necked f l a s k  equipped 
w i t h  a condenser, s t irrer,  thermometer, and n i t rogen  i n l e t .  Poly(hexaf luoro- 
pentamethylene ad ipa te )  of 1450 molecular weight (14.5 g ,  0.01 mole) i n  10 m l  
of  d r y  e t h y l  acetate con ta in ing  t r i e thy lamine  (1 drop)  w a s  slowly added t o  t h e  
d i i socyana te  s o l u t i o n .  The s o l u t i o n  was mixed f o r  4 hours a t  80°C under n i t rogen .  
Triethylamine (2 drops)  i n  d r y  e t h y l  acetate (5 m l )  w a s  added. Af t e r  an addi-  
t i o n a l  f hour a t  80°C, t h e  i n f r a r e d  spectrum ind ica t ed  only traces of hydroxyl 
groups. The prepolymer w a s  cooled t o  about 40"C, t hen  tetrafluoro-p-phenylene- 
diamine (0.7 g ,  0.0039 mole) i n  d ry  e t h y l  acetate (5 m l )  was added. The solvent  
w a s  removed i n  a vacuum oven a t  7O"-8O0C. 
a press  a t  325°F f o r  S hour t o  y i e l d  a tough elastomer.  
from the  polymer f i lm  and submitted t o  MSPC f o r  LOX-compatibility t e s t i n g .  

A shee t  of t h e  polymer w a s  cured i n  
Samples were punched 
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(d) P repa ra t ion  of an Amine-Cured Fluorinated Polyurethane of 
Tetrafluoro-p-phenylene Diisocyanate and Poly(hexaf1uoro- 
pentamet hylene a d i p a t e )  without C a t a l y s i s  

Poly(hexafluoropentamethy1ene a d i p a t e )  of 1450 molecular weight 
(10.2 g ,  0.007 mole), benzoyl c h l o r i d e  (1 drop) ,  and te t raf luoro-p-phenylene 
d i i socyana te  (3.2 g,  0.014 mole) were charged t o  a 25-rn1, three-necked f l a s k  
equipped w i t h  a st irrer,  condenser, thermometer and n i t rogen  i n l e t .  The mixture 
was s t i r r e d  f o r  If hours a t  80"-100"C under n i t rogen .  Based on t h e  i n f r a r e d  
spectrum, most of t h e  hydroxyl groups were consumed. 
t o  150"C, then  tetrafluoro-pTphenylenediamine (0.5 g ,  0.0027 mole) w a s  added. 
The mass g e l l e d  immediately.. 
% hour. The cured polymer was tough and e l a s tomer i c ,  but l o c a l i z e d  amine-rich 
areas were apparent i n  t h e  f i lm .  

The prepolymer was heated 

The polymer w a s  cured i n  a p res s  a t  325°F f o r  

(e) P repa ra t ion  of a Highly F l e x i b l e  Amine-Cured Polyurethane of 
T e t  r a f  luoro-p-Phenylene Diisocyanat e and Poly (hexa f luoro- 
pentamethylene a d i p a t e )  

Poly(hexafluoropentamethy1ene ad ipa te )  of 3200 molecular weight 
(10.3 g ,  0.0032 mole) , te t raf luoro-p-phenylene d i i socyana te  (1.5 g ,  0.0065 mole) 
and benzoyl c h l o r i d e  (1 drop) were charged t a  a 25-ml, three-necked f l a s k  equipped 
with a s t i r re r ,  condenser,  thermometer, and n i t rogen  i n l e t  The mixture w a s  
s t i r r e d  f o r  f hour at 80°C under n i t r o g e n .  Based on t h e  i n f r a r e d  spectrum, t h e  
hydroxyl groups were consumed. 
p-phenylenediamine (8.3 g ,  0.00167 mole) w a s  added e The mass g e l l e d  immediately. 
The polymer was cured i n  a press  a t  325°F fo r  Ji hour,  which yielded an elastomer 
which was extremely f l e x i b l e ,  but lacked ,toughness 

The prepolymer w a s  heated t o  15OoC, and t e t r a f l u o r o -  

( f )  P repa ra t ion  of a Tetrachloro-xylylenediol-Cured Polyurethane 
of  T e t  r a f  luoro -p -p he ny lene D i  is ocyanat e and Poly (hexa f l u o r  o - 
pent amethylene a d i p a t  e )  

Te t r a f  luoro-p-phenylene d i i socyana te  (5.3 g ,  0.026 mole) i n  
d ry  e t h y l  a c e t a t e  (15 m l )  containing 1 drop of benzoyl c h l o r i d e  w a s  added t o  a 
50-ml, three-necked f l a s k  equipped wi th  a s t i r rer ,  condenser, thermometer, and 
ni t rogen i n l e t .  Poly(hexafluoropentamethy1ene a d i p a t e )  of 1450 molecular weight 
(11.1 g ,  0.0076 mole) d i s so lved  i n  6 m l  of d r y  e t h y l  acetate w a s  t hen  added. 
The s o l u t i o n  w a s  mixed f o r  4 hours a t  80°C under n i t rogen ,  t hen  cooled t o  room 
temperature.  Tetrachloro-xylylenediol (3.8 g ,  0.0137 mole) w a s  added as a s l u r r y  
i n  d r y  e t h y l  acetate (10 m l )  t o  t h e  prepolymer s o l u t i o n ,  The d i o l  did not appear 
t o  d i s s o l v e .  The e t h y l  acetate w a s  removed i n  a vacuum oven a t  80°C f o r  % hour. 
The polymer was then molded i n  a p res s  a t  325°F f o r  f hour. There w a s  only a 
s l i g h t  flow of  t h e  product The polymer w a s  tough and f l e x i b l e .  

(8) P repa ra t ion  of  a Hexafluoropentanediol-Cured Polyurethane 
of  Tetrafluoro-p-phenylene Diisocyanate and Poly(hexaf1uoro- 
pentamethylene a d i p a t e )  

Poly(hexaf luoropentamethylene a d i p a t e )  of 1450 molecular weight 
(14 .O g , 0.005 mole) , t e t r a f  luoro-p-phenylene d i i socyana te  (3.5 g ,  0.015 mole) 
and benzoyl c h l o r i d e  (1 drop) were placed i n  a 35-rn1, three-necked f l a s k  equipped 
with a s t i r rer ,  condenser,  thermometer, and n i t rogen  i n l e t  The ing red ien t s  were 
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mixed f o r  4 hours a t  75"-85"c', then f o r  2 hours a t  110°-115"C under n i t rogen .  
Based on t h e  i n f r a r e d  spectrum, most of  t h e  hydroxyl groups were consumed. 
Hexafluoropentanediol (1.9 g ,  0.009 mole) was then added t o  t h e  prepolymer a t  
1OO"-llO"C. The product w a s  a l i q u i d .  Stannous oc toa te  (2 drops)  w a s  then 
added. 
325°F f o r  f hour and yielded an extremely f l e x i b l e  polymer having poor tear  
r e s i s t a n c e .  

Within f minute, t h e  mass g e l l e d ,  The polympr was cured i n  a press  a t  

(h) P repa ra t ion  of a Polycarboeate-Cured Polyurethane 

Poly(hexafluoropentamethy1ene a d i p a t e )  of 2000 molecular 
weight (10.0 g ,  0.005 mole) and t h r e e  drops of benzoyl ch lo r ide  were charged t o  
a 25-ml, three-necked f l a s k  equipped w i t h  a s t i r rer ,  condenser, thermometer, and 
n i t rogen  i n l e t .  Tetrafluoro-p-phenylene d i i socyana te  (3.5 g, 0.015 mole) was 
then added and t h e  ing red ien t s  a g i t a t e d  f o r  If hours a t  90"-100°C under n i t rogen .  
Based on t h e  i n f r a r e d  spectrum, a l l  of t h e  hydroxyl groups had been consumed, 
Poly(hexafluoropentamethy1ene carbonate)* of 1025 molecular weight (9.2 g ,  
0.009 mole) w a s  then added and t h e  polymer mixed a t  50°C under n i t r o g e n ,  The 
polymer was then cured i n  a p re s s  a t  160"-178"C f o r  20 minutes; a s o f t ,  h ighly 
e l a s t i c  polymer was obtained.  

(i) Methylene -b i s  (o-chlor o a n i l i n e )  Cured Fluorinated Polyurethane 

Poly(hexaf1uoropentamethylene a d i p a t e )  of 2800 molecular weight 
(14.0 g, 0.005 mole), tetrafluoro-p-phenylene d i i socyana te  (2.3 g ,  0.01 mole) 
and benzoyl c h l o r i d e  (two drops)  were charged t o  a 25-ml, three-necked f l a s k  
equipped w i t h  a s t i r rer ,  condenser, thermometer, and n i t r o g e n  i n l e t .  The i s g r e -  
d i e n t s  were mixed a t  9O"- . l lO"C f o r  4 hours under n i t rogen .  
spectrum, a l l  of t he  hydroxyl groups had been consumed. The polymer w a s  cooled 
t o  100°C, then molten methylene b i s (o -ch lo roan i l ine )  (MOCA) (1.1 g ,  0.004 mole) 
w a s  added. The mass g e l l e d  immediately. The polymer was then cured i n  a p re s s  
at 160"-170"C f o r  f hour t o  y i e l d  a tough elastomer.  The product was not uni-  
form, as t h e r e  were loca l i zed  amine-rich areas. Apparently,  t h e  amine w a s  t o o  
r ap id  a cu r ing  agent f o r  t h e  f l u o r i n a t e d  polyurethane. 

Based on t h e  i n f r a r e d  

(j) Prepa ra t ion  of a Cured Polyurethane from t h e  Isocyanate- 
Terminated Poly(hexafluoropentamethy1ene ad ipa te )  of , 
T e t  r a f  luoro-p-phenylene Diisocyanat e and the  Amine -Terminated 
Poly(hexafluoropentamethy1ene a d i p a t e )  of Tetraf luoro-p-  
phenylenediamine 

Tetraflupro-p-phenylene d i i socyana te  (1.39 g ,  0.0060 mole) 
dissolved i n  3 ml of d r y  e t h y l  acetate was placed i n  a 25-1111, round-bottomed 
f l a s k  equipped wi th  a st irrer,  a d d i t i o n  funnel,  thermometer, condenser, and 
n i t rogen  i n l e t ,  Through t h e  d e l i v e r y  funnel  was added poly(hexaf1uoropenta- 
methylene a d i p a t e )  of 1680 molecular weight (5.04 g ,  0.0030 mole) i n  5 ml of 
d r y  e t h y l  a c e t a t e .  
t i o n  i n  t h e  i n f r a r e d  s p e c t r u a  disappeared (16 hours) .  
amino-tetrafluorophenyl amide) of poly(hexafluoropentarnethy1ene a d i p a t e )  of 
1640 molecular weight (3.93 g ,  0.0024 mole) i n  5 ml of  d r y  e t h y l  acetate was 

The mixture w a s  heated t o  r e f l u x  u n t i l  t h e  hydroxyl absorp- 
A s o l u t i o n  of bis{p- 

Jk Prepa ra t ion  descr ibed i n  1V.C.  



then added t o  t h e  polyurethane s o l u t i o n .  
f o r  10 minutes,  then t r a n s f e r r e d  t o  an evaporating d i s h .  The solvent  was 
removed under vacuum a t  60°C. 
and 325°F f o r  4 hour. 
t h e  p r e s s .  

The mixture was s t i r r e d  vigorously 

The polymer w a s  cured i n  a p res s  a t  20,000 p s i  
The cured polymer was crumbly and had f a i l e d  t o  f u s e  i n  

(2) And Toluene-2,4-&iisocyanate 

( a )  Allophanate-Cured Polyurethane 

I A 

(CH2)4-C 9 0-CH2 (CF2)3CH20 

Tol~ene-2~4-diisocyanate (TDI) (10.4 g ,  0.06 mole) w a s  added 
t o  a l O O - m l ,  three-necked f l a s k  equipped w i t h  a stirrer, condenser,  dropping 
funnel ,  thermometer, and n i t r o g e n  i n l e t .  Stannous oc toa te  (2 drops)  i n  
poly(hexafluoropentamethy1ene a d i p a t e )  of 1900 molecular weight (27 .O g , 
0.015 mole) w a s  added t o  t h e  TDL a t  80°C over a 45-minute period w i t h  mixing 
under n i t rogen .  
gen. The excess TDI  w a s  removed via  vacuum d i s t i l l a t i o n  a t  16Oo-180"C, a t  
which t i m e  t h e  polymer g e l l e d .  The i n f r a r e d  spectrum revealed t h e  polymer w s 
NCO terminated,  and contained l i t t l e  o r  no OH groups The polymer w a s  tpermo- 
p l a s t i c ,  extremely tough and e l a s t i c ;  i t  w a s  i n s o l u b l e  i n  DMF and py r id ipe ,  
but swelled considerably.  The NCO equivalent  weight was found t o  be 710. 

The r e a c t i o n  w a s  s t i r r e d  f o r  2 hours a t  8 O 0 - 1 O O 0 C  under n i t r o -  

a 

This  isocyanate-terminated prepolymer was pressed i n  t h e  
form of a shee t  i n  a p res s  a t  300°F t o  350°F f o r  % hour. The r e s u l t a n t  s h e e t  
was extremely f l e x i b l e  and contained no f r e e  isocyanate  groups. The polymer 
had appa ren t ly  cured by means of a l lophanate  formation. 
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(b) P repa ra t ion  of a Highly F l e x i b l e  Amine-Cured Polyurethane 

CH2(CF2)3CH20H 

X 

Poly(hexafluoropentamethy1ene a d i p a t e )  of 3200 molecular 
weight (10.3 g, 0.0032 mole) and to luene  d i i socyana te  (1.1 g ,  0,0065 mole) 
were added t o  a 25-ml, three-necked f l a s k  equipped w i t h  a s t i r rer ,  condenser, 
thermometer, and n i t rogen  i n l e t .  These ing red ien t s  were mixed and stannous I 

o c toa t e  (2 drops) was added. The mixture was s t i r r e d  f o r  15 minutes a t  80"- 
90°C under n i t rogen .  
had been consumed. 
phenylenediamine (0.4 g, 0.0026 mole) was added and mixed. The polymer was 
cured i n  a p res s  a t  325°F f o r  
and extremely f l e x i b l e .  

Based on the  i n f r a r e d  spectrum, a l l  of  t h e  hydroxyl groups 
The prepolymer was heated t o  150°C and t e t r a f l u o r o - p -  

hour. The r e s u l t a n t  polymer w a s  c o l o r l e s s  

(c) P repa ra t ion  of a Fluorinated Polyurethane Foam 

Poly(hexafluoropentamethy1ene a d i p a t e )  of 1450 molecular 
weight (4 .4  g ,  0,003 mole), stannous oc toa te  (2 d rops ) ,  and water (3 drops)  
were thoroughly mixed. Toluene d i i socyana te  (1.6 g, 0.009 mole) w a s  added 
and the  mass thoroughly mixed. The foam w a s  permitted t o  r ise  f o r  15 minutes 
a t  room temperature,  then cured a t  66°C f o r  2 hours. The foam was wh i t e  and 
extremely f l e x i b l e  . 
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b. From Poly(hexafluoropentamethy1ene malonate)* 

(1) Prepa ra t ion  of Polyurethane from Tetrafluoro-p-phenylene 
D i isocyanate  

0 0 
I 

OCH2(CF2)3CH20H + 
M.W. = 1779 

0 0 

Y 

C -N O C H ~  ( c F ~ ) ~ c H ~ o  

Poly (hexaf luoropent a m e  t hylene malonate) of 1779 molecular weight 
(40.9 g,  0,023 mole) w a s  d i s so lved  i n  20 m l  of anhydrous e t h y l  acetate and 
charged t o  a three-necked, round-bottomed f l a s k  f i t t e d  w i t h  a condenser,  s t irrer , 
a d d i t i o n  funnel ,  and thermometer. Tetrafluoro-p-phenylene d i i socyana te  (5 .4 g,  
0.023 mole), d i s so lved  i n  10 m l  of anhydrous e t h y l  acetate, w a s  added t o  t h e  
r e a c t i o n  f l a s k  and t h e  mixture  s t i r r e d  a t  room temperature under a n i t rogen  
atmosphere, overnight .  The progress of the react ion  w a s  followed by in f r a red  
spectroscopy during subsequent s t e p s .  
f o r  3 hours. The i n f r a r e d  spectrum ind ica t ed  t h a t  only a s l i g h t  r eac t ion  had 
taken p l ace .  Stannous oc toa te  (2 drops)  w a s  added and r e f l u x  continued f o r  
2 hours. F i l t r a t i o n  a t  t h i s  p o i n t  proved t o  be ve ry  d i f f i c u l t ,  s o  t h e  r e a c t i o n  
mixture was t r a n s f e r r e d  t o  an evaporat ing d i s h  and t h e  solvent  evaporated under 
reduced p res su re .  A tacky grease containing f r e e  OH was i s o l a t e d .  A por t ion  
of t h i s  r e s idue  (9.0 g )  i n  50 m l  of  d r y  e t h y l  a c e t a t e  was r eac t ed  w i t h  add i -  
t i o n a l  te t raf luoro-p-phenylene d i i socyana te  (2.7 g) i n  20 m l  of d r y  e t h y l  
a c e t a t e  a t  r e f l u x  temperature i n  t h e  presence o f  stannous oc toa te  (2 drops) f o r  
16 hours. The mixture w a s  t r a n s f e r r e d  t g  200 m l  of dry hexane, s t i r r e d  v i g -  
orously,  and f i l t e r e d .  The r e s i d u e  was d r i e d  2 hours i n  a vacuum oven a t  8 0 ° C  
and < l-mm Hg. A whi te ,  amorphoub , s o l i d  polymer (9.7 g ,  82.9%) was obtained,  
mel t ing a t  19O"-20O0C. 

The r e a c t i o n  w a s  s t i r r e d  a t  r e f l u x  (80°C) 

* Prepa ra t ion  descr ibed i n  Sec t ion  1V.C. 
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(2) Prepara t ion  and Curing of t he  Toluene-2,4-diisocyanate-Terminated 
Prapolymer 

M.W. = 1779 

F F  

0 0 

Y 

CH2(CP2)3CH20-C-N 

F F  

Toluene-2,4-diisocyanate (13.9 g ,  0.08 mole) was added t o  a 
lOO-ml, three-necked f lagk  equipped w i t h  a s t i r r e r  , condenser?  thermometer, 
dropping funnel  and n i t rogen  i n l e t .  Stanngus oc toa te  (2 drops)  i n  t h e  hydroxyl- 
terminated poly (hexa f luoropentamet hy lene malonate) of 177 9 molecular weight 
(36.9 g, 0.02 mole) were added t o  t h e  TDI a t  50"-80"C i n  40 minutes wi th  mixing 
under n i t rogen .  
n i t rogen .  The unreacted TDI was removed by vacuum d i s t i l l a t i o n  t o  160°C t o  
y i e l d  a viscous l i q u i d .  The prepolymer contained l i t t l e  or  no OH groups and 
was NCO t e rmina ted ,  as ind ica t ed  by t h e  in f r a red  spectrum which i s  a t t ached  as 
Figure 6. 

The s o l u t i o n  was then  s t i r r e d  f o r  1% hours a t  80"-100°C under 

The NCO equiva len t  weight w a s  found t o  be 838, 

Tetrafluoro-p-phenylene diamine (2.2 g ,  0.0123 mole) and t h i s  NCO- 
terminated prepolymer (24.0 g ,  0.015 mole) were mixed a t  150°C f o r  5 minutes,  
then pleced i n  a c a v i t y  mold. The polymer was cured f o r  15 minutes a t  120"C, 
followed by 4 hour a t  150°C. The cured polymer was f l e x i b l e  when w a r m ,  but 
tended t o  e m b r i t t l e  on coo l ing ,  
t h e  polymer and submitted f o r  LOX-compatibility t e s t i n g .  

Twenty specimens were punched from a shee t  of 
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Prepara t ion  and Attempted Cure of the Tetrachloro-p-phenylene 
Diisocyanate-Terminated Prepolymer 

0 
I 

H f OCH2(CF 2 3  ) CH 2 0-C-CH2- OCH2(CF2)3CH20H 

M.W.  = 1779 

Cl c 1  

OCN+O 

c 1  c1 

0 
I 

OCH2 (Clj'2)3Cf120-C -CH2 
L 

0 
I 

(CF2) 3CH2Q-C 

c1 C l  - q - N  0 
c1 

F F  

2 * 

Tetrachloro-p-phenylene d i i socyana te  (11 .9  g ,  0.04 mole) i n  d ry  
xylene (20 m l )  was placed i n  a l O O - m l ,  three-necked f l a s k  equipped wi th  a 
st irrer,  condenser,  dropping funnel ,  thermometer, and n i t rogen  i n l e t .  The 
hydroxyl-terminated poly(hexafluoropentamethy1ene malonate) of 1779 molecular 
weight (25 .2  g ,  0.02  mole) was added t o  t h e  d i i socyana te  a t  80"-1OO"C under 
n i t rogen  over a per iod of hour. The s l u r r y  was mixed f o r  1 hour a t  80"- 
100°C ynder n i t rogen ;  t h e r e  was no apparent  r eac t ion .  The s l u r r y  w a s  then 
s t i r r e d  f o r  1 hour a t  135"-140"C under n i t rogen .  There was only a s l i g h t  re- 
a c t i o n .  Stannous oc toa te  (2  drops)  w a s  added and t h e  r e a c t i o n  mixed f o r  If hours 
&t 135"-140°C under n i t rogen .  The xylene was removed v i a  vacuum d i s t i l l a t i o n  
t o  y i e ld  a viscous hazy l i q u i d .  The NCO equiva len t  was found t o  be 553.  The 
i n f r a r e d  spectrum ind ica t ed  t h a t  t he  prepolymer contained no OH groups and was 
NCO terminated.  

This prepolymer (6.6 g ,  0.006 mole) w a s  melted a t  150°C and tetra- 
fluoro-p-phenylene diamine (0.88 g,  0.0049 mole, 82% of t h e o r e t i c a l )  was s t i r r e d  
i n t o  t h e  melted prepolymer. The mixed m a t e r i a l  was cured i n  a heated p l a t en  
press f o r  15 minutes a t  250°F followed by 15 a d d i t i o n a l  minutes a t  300°F. 
r e s u l t i n g  polymer was s o f t  and gumlike. A s  an a l t e r n a t e  cure  c y c l e ,  t h e  pre-  
polymer and t h e  diamine cu r ing  agent were mixed as above and cured f o r  30 minutes 
a t  300°F followed by 90 minutes a t  350°F.  The r e s u l t i n g  m a t e r i a l  was a dark 
brown, t a r l i k e  gvm. There was no apparent  r e a c t i o n  i n  e i t h e r  case .  There was, 
however, evidence of sublimed diamine. 

The 
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3 ,  From Hydroxyl-Terminated Poly(hexafluoropentamethy1ene carbonate)* 

a .  A,nd Tetraf  luoro-p-phenylene Diisocyanate 

(1) Prepa ra t ion  of an Isocyanate-Terminated Polyurethane 

OCN gNc0 + 

OCN 'R-i-0 +H2 

HO H2 (CF2)3CH20H __jl 

X 

M.W. = 1025 

Poly(hexafluoropentamethy1ene carbonate)  of 1025 molecular weight 
(10.3 g ,  0.01 mole) was added t o  a 25-ml, three-necked f l a s k  equipped wi th  a 
s t i r rer ,  condenser, n i t r o g e n  i n l e t ,  and thermometer e Tetrafluoro-p-phenylene 
d i i socyana te  (3.5 g ,  0.015 mole) was then added t o  t h e  polycarbonate a t  room 
temperature under n i t r o g e n  w i t h  mixing. The temperature of t h e  mass rose from 
30°C t o  85°C w i t h i n  3 minutes,  w i t h  g e l a t i o n  occurr ing.  
molded i n  a p res s  a t  160°-1700C f o r  f hour; t h i s  y i e lded  a highly e l a s t i c  
thermoplast ic  prepolymer containing free.  isocyanate  groups. 

The prepolymer w a s  

(2) Prepa ra t ion  of an Amine-Cure Polyurethane 

* Prepa ra t ion  descr ibed i n  Sec t ion  1 V . C .  
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Poly(hexafluoropentametby1ene carbonate)  of 1075 molecular weight 
(21.5 g ,  0.02 mole) was d i s so lved  i n  d r y  e t h y l  a c e t a t e  (25 ml ) ,  then  charged 
t o  a 25O-rn1, three-necked f l a s k  equipped wi th  a stirrer, condenser,  thermometer, 
and n i t rogen  i n l e t .  Tetrafluoro-p-phenylene d i i socyana te  (6.2 g ,  0.027 mole) 
i n  dyy e t h y l  a c e t a t e  (25 m l )  w a s  added t o  t h e  polycarbonate polu t ion  wi th  mixing 
under n i t rogen .  The temperature rose  from 25°C t o  37°C. The s o l u t i o n  was then  
mixed f o r  1% hours a t  80°C under n i t rogen .  
a t r a c e  of hydrgxyl groups and the  absence of i socyanate  groups. Te t ra f luoro-p-  
phenylene d i i socyana te  (1,l g ,  0.0047 mole) i n  dry  e t h y l  a c e t a t e  (20 ml) was 
then added and t h e  s o l u t i o n  s t i r r e d  f o r  1 hour a t  8OPC under n i t rogen .  The 
in f r a red  spectrum showed the  presence of a t r a c e  of hydroxyl and i socyanate  
groups. 
Tetrafluoro-p-phenylene d i i socyana te  (1.1 g ,  0.0047 mole) i n  dry  e t h y l  a c e t a t e  
was than added t o  t h e  polymer s o l u t i o n .  
t i o n a l  2 hours a t  80°C under n i t rogen ,  a f t e r  which 40 m l  of e t h y l  a c e t a t e  was 
added t o  prevent g e l a t i o n .  The s o l u t i o n  was then cooled t o  room temperature 
and tetrafluoyo-p-phenylenediamine (0.4 g ,  0.0022 mole) i n  d ry  e t h y l  a c e t a t e  
(25 ml) added. The so lvent  was removed i n  a vacuum oven a t  100°C f o r  1 hour. 
The polymer was fhen  cured i n  a press  a t  16Oo-170"C f o r  % hour, which yielded 
a tough elastomer. The t e n s i l e  s t r e n g t h  of t h i s  polymer was i n  excess  of 
2209 p s i  a t  room temperature .  Samples were submitted t o  MSFC f o r  LOX..compati- 
b i l i t y  t e s t i n g .  

The i n f r a r e d  spectrum ind ica t ed  

An a d d i t i o n a l  25 m l  of e t h y l  a c e t a t e  w a s  added t o  f a a i l i t a t e  mixing. 

The s o l u t i o n  vas a g i t a t e d  f o r  an addi-  

(3) Prepa ra t ion  of an Allophanate-Cured Polycarbonate-Polyurethane 

OCN@NCO + H OCH2 (CF2)3CH20H 

M.W. = 1750 

Poly(hexafluor9pentamethylene carbonate)  of 1750 molecular weight 
(31.0 g ,  0.018 mole) was added t o  a 100-ml r e s i n  f l a s k  equipped wi th  a s t i r r e r ,  
n i t rogen  Cnlet ,  thermometer, and n i t rogen  o u t l e t .  The polycarbonate was then 
melted a t  7Oo-80"C wi th  mixing under n i t rogen .  Tetrafluoro-p-phenylene d i i socya -  
na t e  (5.1 g ,  0.022 mole) w a s  then  added w i t h  mixing under n i t rogen .  The s o l u t i o n  
was s t i r r e d  f s r  1 - 3 / 4  hours a t  8O"?9O0C followed by 1 hour a t  130"-140"C. 
Because t h e  polymer began t o  g e l ,  i t  w a s  removed from t h e  f l a s k  and molded i n  
a p re s s  a t  160"-175"C f o r  4 hour. 
f i lm.  
b i l i t y  t e s t i n g .  

The r e s u l t a n t  polymer was a tough, e l a s t q e r i c  
One-hundred samples were punched and submitted t o  MSFC f o r  LOX compati- 
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b.  And Toluene-2,4-diisocyanate 

(1) Prepara t ion  of a NCO-Terminated Polyurethane Prepolymer 

Tol~ene-2~4-diisocyanate (5.3 g ,  0.03 mole) and d ry  e t h y l  acetate 
(5 m l )  were charged t o  a l O O - m l ,  three-necked f l a s k  equipped w i t h  a s t i r rer ,  
condenser, dropping funnel ,  thermometer and n i t rogen  i n l e t .  Stannous oc toa te  
(2 drops)  , t h e  OH-terminated poly(hexaf luoropentamethylene carbonate)  of 1450 
molecular weight (21.7 g ,  0.015 mole) and d ry  e t h y l  a c e t a t e  (20 m l )  w a s  added 
t o  t h e  TDI s o l u t i o n  a t  70°C t o  8 0 ° C  over a 30-minute period with mixing under 
n i t rogen .  The s o l u t i o n  w a s  mixed f o r  1 hour a t  80°C under n i t rogen ,  then  t h e  
e t h y l  acetate was removed v i a  vacuum d i s t i l l a t i o n  t o  140°C. 
a whi te ,  tough, e las tomer ic  s o l i d ,  The in f r a red  spectrum revea led  t h a t  t h e r e  
was l i t t l e  o r  no OH groups,  and t h a t  t he re  w a s  NCO te rmina t ion .  Figure 7 i s  
the  in f r a red  spectrum of a f i l m  of t h e  polymer. 

The prepolymer w a s  

This prepolymer was molded i n  a p re s s  a t  300°F t o  350°F t o  form 
an  1 1 - m i l  shee t .  Twenty specimens of 11/16-in.  diameter were punched from t h e  
f i l m  and submitted t o  MSFC f o r  LOX-compatibility t e s t i n g .  

(2) Amine-Cured Isocyanate-Terminated Prepolymer 
NC 0 

cH3 I M.W. - 1450 

F F  

0 

CH 0-c 3 2  

I Ft_lF 

I H2N*2 \ 
F k  k 

' i o  I 

O C H ~ ( C F ~ ) ~ C H ~ O - C - $  

JX I 
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Hydroxyl-terminated poly(hexafluoropentamethy1ene carbonate)  
(10.8 g ,  0.00745 mole), toluene-2,4-diisocyanate (2.6 g ,  0.0194 mole) and d r y  
e t h y l  acetate (22 m l )  were placed i n  a 50-ml, three-necked f l a s k  equipped w i t h  
a stirrer, condenser, thermometer, and n i t r o g e n  i n l e t .  The s o l u t i o n  was mixed 
and stannous oc toa te  (2 drops)  w a s  added. The s o l u t i o n  was mixed a t  80°C f o r  
f hour under n i t rogen  during which t i m e  t h e  s o l u t i o n  became t u r b i d .  
red spectrum revealed t h a t  a l l  hydroxyl' groups had been consumed. The s l u r r y  
was cooled t o  room temperature,  and tetrafluoro-p-phenylene diamine (1.1 g ,  
0.006 mole) d i s so lved  i n  d r y  e t h y l  acetate (5 m l )  w a s  added. The e t h y l  acetate 
was removed i n  a vacuum oven a t  80°C f o r  1 hour and t h e  polymer formed i n t o  a 
shee t  i n  a p res s  a t  300"-350"F. The f i l m  tended t o  become b r i t t l e  and con- 
t a ined  f r e e  isocyanate  groups. Samples were punched from t h e  f i l m  and sub- 
m i t  ted t o  MSFC f o r  LOX-compat i b i l i t y  t e s t i n g  . 

The i n f r a -  

c .  P repa ra t ion  of a Polyurethane from Tetrachloro-p-phenylene Diisocyanate 

c1 c1 

OCN G N C O  - 
c1 c1 

M.W. = 2450 

3 2  CH O - ! p H 2  (CF2)3C€i20+y 

Poly(hexafluoropentamethy1ene carbonate) of 2450 molecular weight(4.1 g ,  0.0017 
d i s so lved  i n  10 m l  of d r y  e t h y l  a c e t a t e ,  w a s  charged t o  a three-necked, hole) , '  

round-bottomed f l a s k  equipped w i t h  st irrer,  condenser, thermometer, dropping 
funnel ,  and n i t rogen  i n l e t .  Tetrachloro-p-phenylene d i i socyana te  (1.9 g ,  
0,0063 mole),dissolved i n  20 m l  of d r y  e t h y l  acetate,  and 3 drops of t r i e t h y l -  
amine, were added t o  t h e  r e f lux ing  s o l u t i o n  over a 3-hour per iod.  Refluxing 
was continued f o r  1 hour a f t e r  t h e  f i n a l  a d d i t i o n .  The r e s u l t i n g  polymer was 
f i l t e r e d  and d r i e d  i n  a vacuum oven f o r  3 hours t o  y i e l d  a l i g h t  t a n  e l a s t i c  
polymer melt ing a t  125"-135"C. 

4 .  From Hydroxyl-Terminated Polyethers  

a .  P repa ra t ion  of a Polyformal-polyurethane 

F F  

M.W. = 600 

(CF2)3CH20H - 
F F  

F F  

(CF ) C H  2 3  2 
-O+ 
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Poly(hexafluoropentamethy1ene formal)* of 600 molecular weight (7 .O g ,  
0.0117 mole) was charged t o  a 40-ml g l a s s  beaker and heated t o  80"C, 
fluoro-pcphenylene d i i socyana te  (3.0 g,  0.013 mole) was then melted i n  a Teflon 
beaker under n i t rogen .  
isocyanate  a t  80°C wi th  mixing under n i t rogen .  
immediately, was quick ly  molded i n  a p res s  a t  160"-175"C f o r  h hour. 
polymeq showed only s l i g h t  flow and was f l e x i b l e  and extremely tough. Samples 
were punched gnd submitted t o  MSFC f o r  LOX compa t ib i l i t y  t e s t i n g .  

Te t ra -  

The polyformal a t  80°C was added t o  t h e  molten d i -  
The polymer, which g e l l e d  

The 

b .  -.~ Prepa ra t ion  of a Polyurethane from t h e  Polyether  of 3,3,3- 
Trifluoro-1,2-epoxypropane 

(I) Using Polye ther  Xn i t i a t ed  wi th  the  Monosodium S a l t  of 
Hexaf luoropentaned i o 1  

+ HOCH2(CF2)3CH2-0 CH-CH2-0 H ____.+ PF3 
M.W. = 970 

Tetrafluoro-p-phenylene d i i socyana te  (2.9 g ,  0.0124 mole) was placed 
i n  a 100-ml r e s i n  got equipped wi th  a stirrer, n i t rogen  i n l e t ,  thermometer, and 
n i t rogen  o u t l e t .  The d i i socyana te  was then  melted a t  90"-100"C, Poly(3,3,3- 
t r i f luor9-1-propyleee  oxide)* of 970 molecular weight (8.0 g ,  0.00825 mole) 
was heated t o  60"-70°C and then added t o  t h e  warm d i i socyana te  wich mixing under 
q i t rogen .  
The i n f r a r e d  spectrum ind ica t ed  t h a t  t h e r e  was s t i l l  a cons iderable  gmount o$ 
hydroxyl groups p re sen t .  The s o l u t i o n  was mixed f o r  an a d d i t i o n a l  125 minutes 
a t  80"-90°C dur ing  which t i m e  t h e  polymer ge l l ed .  
p ress  a t  160"-175"C f o r  f hour t o  y i e l d  a s o f t ,  e l a s t i c  f i lm.  The polymer was 
l e f t  exposed t o  atmospheric moisture  f o r  20 minutes ,  then remolded i n  a press 
a t  160Q-175"C f o r  f hour. 
exposed t o  atmospheric moisture  f o r  an addi t ional ,  20 minutes ,  then remolded i n  
a press  t o  y i e l d  a c l e a r ,  tough e l a s t i c  f i lm.  Samples of t he  f i b  were sub- 
mi t ted  t o  MSFC f o r  LOX compa t ib i l i t y  t e s t i n g .  

The s o l u t i o n  was mixed f o r  40 minutes a t  80"-90°C under n i t rogen .  

It was then heated i n  a 

The product flowed excess ive ly .  The polymer was l e f t  

* Prepara t ion  descr ibed  i n  Sec t ion  1V.C.  
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(2) Using Polyether  Prepared by I n i t i a t i o n  w i t h  Aluminum Chloride 

F l 7  

F M.W. = 2700 

t -i& 
F FJc 

Tetrafluoro-p-phenylene d i i s s c y a n a t e  (1.6 g ,  0.007 mole) w a s  
added t o  a 100-ml r e s i n  f l a s k  equipped 'w i th  a n i t rogen  i n l e t  , thermometer , 
n i t r o g e n  o u t l e t ,  and s t i r rer .  
n i t rogen .  Poly(3,3,3-trifluoro-l-propylene oxide) of 2700 molecular weight 
(9.5 g ,  0.0035 mole) a t  80"-90°C w a s  added t o  t h e  molten d i i socyana te  w i t h  
mixing under n i t rogen .  The s o l u t i o n  was mixed f o r  1 hour a t  80"-90°C under 
n i t rogen .  Based on t h e  in f r a red  spectrum, only a s l i g h t  r e a c t i o n  had occurred,  

The d i i socyana te  was melted a t  80"-90°C under 

The mixture w a s  t hen  s t i r r e d  a t  130"-140°C f o r  3 hours under 
n i t rogen .  A l a rge  po r t ion  of t h e  polyether  remained unreacted. Stannous 
o c t o a t e  (1 drop) w a s  then added and t h e  mixture s t i r r e d  f o r  3 /4  hours a t  
130"-140°C under n i t r o g e n .  
g i b l e  amount of hydroxyl groups remained. Tetrafluoro-p-phenylefie diamine 
(0.3 g ,  0.0017 mole) w a s  added t o  t h e  prepolymer, a f t e r  which t i m e  t h e  mass 
became a s o f t  semisol id .  The polymer was cured i n  a press a t  160"-175"C f o r  
f hour t o  y i e l d  a s o f t  semisol id .  

The i n f r a r e d  spectrum ind ica t ed  t h a t  only a n e g l i -  
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5. P repa ra t ion  of a Polyurethane of Tetrafluoro-p-phenylene Diisocyanate and 
t h e  Dihevlikefal of Hexafluoroacetone and Hexafluoropentanediol 

a .  P repa ra t ion  of an Isocyanate-Terminated Prepolymer 

To a n  a l i q u o t  of t h e  dihemiketal  of hexafluoroacetone and hexafluwo- 
p e n t m e d i o l  was qdded enough te t raf luoro-p-phenylene d i i socyana te  t o  cap t h e  
ends.  This e t h e r e a l  s o l u t i o n  became cloudy a f t e r  1 hour. Stannous w t o a t e  
was added as c a t a l y s t  and t h e  r e a c t i o n  mixture was s t i r r e d  a t  room temperature 
f o r  1 week. A t  t h e  end of t h i s  t i m e ,  t h e  i n f r a r e d  spectrum of t h e  e t h e r  so lu -  
t i o n  showed t h a t  t h e  hydraxyl groups had disappeared. 
prepolymer i n  e t h e r  was used without f u r t h e r  i s o l a t i o n .  

The suspension of t h i s  

b .  Prepa ra t ion  of t h e  Tetrafluoro-p-phenylenediamine Cured Polymer 

F F  "I 3 

One-half of t h e  e t h e r e a l  suspension of t h e  isocyanate-terminated pre-  
polymer was t r a n s f e r r e d  t o  a 25-ml f l a s k ,  and tetrafluoro-p-phenylenediamine 
(80% of t h e m e t i c a l )  w a s  added w i t h  s t i r r i n g .  The s o l u t i o n  became a cloudy 
pi& +fter a few minutes,  and w a s  warmed t o  r e f l u x .  The e t h e r  so lven t  was 
replaced w i t h  e t h y l  acetate and t h e  s o l u t i o n  was maintained near  75°C f o r  
16 hoqrs. The so lven t  w a s  then removed, leaving a l i g h t  brown, s o l i d  polymer. 
An attempt was made t o  form a sheet of t h e  polymer i n  a p r e s s ,  but only a 
f l aky ,  t h i n  f i l m  r e s u l t e d .  
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C. Prepolymers 

1. Prepa ra t ion  of Poly(hexafluoropentamethy1ene ad ipa te )  

0 0 
I r 

C1-C- (CH2)4-C-C1 + HO-CH2-(CF2)3CH20H - 
0 

OCH2(CF2)3CH20H 
X 

I n t o  a 500-ml, three-necked f l a s k  equipped w i t h  a thermometer, n i t r o g e n  
i n l e t ,  stirrer, and r e f l u x  condenser a t t ached  t o  a water t r a p  were introduced 
hexafluoropentanediol (95 -4 g 4  0.45 mole) and f r e s h l y  d i s t i l l e d  adipoyl  c h l o r i d e  
(54.9 g ,  0.32 mole). The mixture was heated a t  55°C f o r  1 hour,  115°C f o r  
44 hours,  and f i n a l l y ,  under f u l l  vacuum, a t  210°C f o r  1 hour. The c lear ,  
viscous yellow l i q u i d  was heated i n  a r o t a r y  evaporator a t  80"-90°C f o r  3 hours.  
The y i e l d  w a s  108.3 g (84.4%). The molecular weight ,  based on hydroxy end 
group determinat ion,  w a s  1900. 

2 .  P repa ra t ion  of Poly(hexafluoropentamethy1ene malonate) 

0 0 

HOCH2 (CF2I3CH20H 4- C2H50-C-CH2-C!-OC2H5 II PbO 

-IX 
L 

The gene ra l  method f o r  preparing po lyes t e r s  of hexafluoropentanediol 
and d i e t h y l  malonate was as follows: I n t o  a three-necked f l a s k  were placed 
the  d i e t h y l  malonate, hexafluoropentanediol,  and a s m a l l  amount of lead (11) 
oxide. The f l a s k  was equipped w i t h  a st irrer,  n i t rogen  i n l e t ,  a d i s t i l l i n g  
column, and a thermometer. Vapors passing out of t h e  top  of t h e  column were 
condensed and c o l l e c t e d  i n  a d r y  ice-acetone t r a p .  The f l a s k  w a s  heated t o  
170°C wi th  s t i r r i n g  under n i t r o g e n ,  wbere a clear c o l o r l e s s  l i q u i d  c o l l e c t e d  
i n  t h e  t r a p .  The f l a s k  w a s  maintained near 170°C f o r  s e v e r a l  hours when no 
more low-boiling l i q u i d  w a s  c o l l e c t e d .  The viscous l i q u i d  and s o l i d  hexafluoro- 
pentanediol  i n  t h e  r e a c t i o n  f l a s k  were taken up i n  e t h e r  and f i l t e r e d  t o  remove 
lead (11) oxide,  The f i l t r a t e  w a s  s t r i p p e d  of  e t h e r  and heated n e a r  160°C 
under vacuum t o  remove remaining hexafluoropentanediol.  The po lyes t e r  i s o l a t e d  
was c lear ,  golden-yellow, \ and v i scous .  

The r e s u l t s  of two t y p i c a l  runs are summarized i n  Table 3 .  
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TABLE 3 

PREPARATION OF POLY (HEXAFLUOROPENTAMETHYLEM MALONATE) 

* Calculated by end-group de termina t ion  f o r  -OH 

The elemental  a n a l y s i s  of t he  po lyes t e r  of 1779 molecular weight was a s  
follows : 

% F  - % H  - % C  - 
Calculated : 33.56 2.23 42.27 

Found : 33.90 2.33 42.12 

The, i n f r a r e d  spectrum i s  a t tached  as  FCgure 8 .  

3 .  Prepara t ion  of Poly(hexaf luoropent amet hylene carbonate)  

H2O 
0 
1 I 

HOCH2(CF2)3CH20H 4- C1-C-OCH2(CF 2 3  ) CH 2 0 - C - C 1  - __IC, 

CH2 CH2 (CF2)3CH20H 

M.W. = 1450 

Hexafluoropentanediol (42.4 g ,  0.2 mole) was d isso lved  i n  100 ml of dioxane 
and charged t o  a 250-1111, three-necked, round-bottomed f l a s k  equipped wi th  an 
argon purge i n l e t ,  add i t ion  funnel ,  s t i r r e r ,  r e f l u x  condenser,  and s t i r r e r .  
Pyridine (32 m l ,  0.41 mole) was then  added t o  t h e  d i o l  s o l u t i o n .  Hexafluoro- 
pentamethylene bischloroformate* (56.1 g ,  0.166 mole) was d isso lved  i n  30 m l  
of dioxape and added t o  t h e  r e a c t i o n  mixture  of t he  rate of 0.75 ml/minute 
under n i t rogen  wi th  mixing, during which the  r e a c t i o n  temperature increased t o  
40°C. The last  15 m l  of bischloroformate s o l u t i o n  w a s  added a t  45°C a t  t h e  rate 
05 4 drops per  minute. A t  t h e  conclusion of t h e  bischloroformate a d d i t i o n ,  t h e  
temperature was increased t o  r e f l u x  (101°C) and held 3 hours under n i t rogen  w i t h  
mixing. A f t e r  cool ing t o  room temperature ,  t he  mixture was poured i n t o  300 m l  

* The p repa ra t ion  i s  descr ibed  i n  Sec t ion  1V.E. 
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of d i s t i l l e d  water  and bo i l ed  10 minutes.  The mixture was cooled and t h e  
aqueous l a y e r  decanted,  
t o  the  polymeric res idue  and boi led  aga in  f o r  15 minutes ,  Af t e r  cool ing  t o  
room temperature ,  t h e  water was decanted,  and t h e  polymer d r i e d  i n  a vacuum 
oven f o r  1 hour. 
e t h e r  gnd t h e  s o l u t i o n  d r i e d  overnight  over magnesium s u l f a t e .  
s u l f a t e  was filtered and the e t h e r  s t r i p p e d  under reduced p res su re  y i e ld ing  
61.5 g (66.7%) of a wh i t e ,  opaque semisol id .  The i n f r a r e d  spectrum of the  
polycarbonate is a t t ached  as Figure 9. 

An a d d i t i o n a l  300 ml of d i s t i l l e d  water was added 

The p a r t i a l l y  d r y  polymer was taken up i p  400 ml of d i e t h y l  
The magnesium 

4 .  P repa ra t ion  of Po lyes t e r  from t h e  Dies t e r  of Adipyl Chlor ide and 
Hexafluoroacetone Monohydrate and Hexafluoropentanediol 

0 0 CF3 0 0 
C l - C -  1 (CH ) -C-Q-y-O-(!- 1 I (CH2)4-C-C1 1 3. HOCH2(CF2)3CH20H - 

2 4  
CF3 

I n t o  a 250-ml, three-necked f l a s k  f i t t e d  wi th  thermometer, p i f rogen  gas 
i n l e t ,  stirrer, and condenser a t tached  t o  a water t r a p  were placed t h e  d i e s t e r  
of adi,pyl ch lo r ide  and hegafluoroacetone monohydrate (43.3 g ,  0.0907 mole),  and 
hexafluoropentanediol  (25.0 g ,  0.118 mole).  The f l a s k  was heated slowly t o  
50°C and held a t  t h a t  temperature f o r  2 hours.  N o  hydrogen c h l o r i d e  w a s  evolved. 
The f l a s k  was heated t o  90°C and maintained a t  t h a t  temperature fo r  about 64 
a d d i t i o n a l  hours ,  dur ing  which t i m e  hydrogen ch lo r ide  was evolved. 
had become q u i t e  v i scous ,  b r o w  i n  c o l o r ,  apd contained a s m a l l  amount of s o l i d .  
T i t r a t i o n  of the water t r a p  revealed t h a t  74% of the  t h e o r e t i e q l  amount of 
hydrogen c h l o r i d e  had been c o l l e c t e d .  The r e a c t i o n  mixture was d isso lved  i n  
ether and f i l t e r e d  through a s i n t e r e d  g l a s s  funnel .  The e t h e r  and unreacted 
s t a r t i n g  ma te r i a l s  were s t r ipped  o f f ,  leaving 45.9 g (74.4% y i e l d )  of a hazy 
brown viscous l i q u i d  t e n t a t i v e l y  i d e n t i f i e d  by i t s  i n f r a r e d  spectrym (Figure 10) 
a s  t he  d e s i r e d  po lyes t e r .  

The l i q u i d  

5. Amine-Terminated Prepolymer Curing Agents 

a ,  P repa ra t ion  of an Amine-Terminated Prepolymer 

0 

H OCH2(CF2)3CH20H 3- 2 
X 

M.W. = 3200 

F F  

OCN g 4 c o  

F F  
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I F F  

H2N 

I n  a three-necked mic ro f l a sk  equipped wi th  a st irrer,  condenser thermo- 
meter, a d d i t i o n  funnel  and n i t r o g e n  i n l e t  were placed te t raf luoro-p-phenylene 
d i i socyana te  (0.928 g,  0.004 mole) and 1 m l  of e t h y l  acetate.  A s o l u t i o n  of 
hydroxyl-terminated poly(hexaf luoropentamet hylene a d i p a t e )  of 3200 molecular 
weight (6.4 g ,  0.002 mole) d i s so lved  i n  7 m l  of e t h y l  acetate w a s  added slowly, 
w i t h  constant  s t i r r i n g ,  a t  room temperature.  When t h e  a d d i t i o n  w a s  completed, 
t h e  mixture was heated t o  r e f l u x  (80°C) f o r  approximately 3 hours.  A t  t h i s  
t i m e ,  a n  in f r a red .  spectrum i n d i c a t e d  t h a t  most o f  t h e  hydroxyl groups had 
r eac t ed .  
fluoro-p-phenylene diamine (0.720 g, 0.004 mole) i n  approximately 1 m l  of  
e t h y l  acetate was then  introduced i n t o  t h e  r e a c t i o n  f l a s k .  The material  imme- 
d i a t e l y  turned t o  a semisol id ,  s t i c k y  mass. An i n f r a r e d  spectrum showed no f r e e  
amino groups. 

The mixture w a s  cooled t o  room temperature and a s o l u t i o n  of te t ra-  

Removal of  solvent  yielded a s o l i d  which d i d  not m e l t  up t o  3OOOC. 

b. Prepa ra t ion  of t h e  Amine-Terminated Diamide of Tetraf luoro-p-  
phenylenediamine and Poly(hexafluoropentamethy1ene a d i p a t e )  

0 0 
Il 

4 C1-C- (CH2)4-l-C1 4 3 HOCH2 (CF2)3CH20H ____) 

0 0 0 0 
11 n 

ClT! (CH2)4 -k!-OCH, (CF2 I3CH2+C- (CH2)4-C-C 1 4- 6 HC 1 
L 

H2N& 

F F  

F F  

3 
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Hexafluoropentanediol (50.9 g ,  0.24 mole) was charged t o  a r e a c t i o n  
f l a s k  f i t t e d  wi th  a r e f l u x  condenser,  n i t rogen  i p l e t ,  e f f l u e n t  vapor water 
t r a p ,  thermometer, and s t i r r i n g  motor. Fresh ly  d i s t i l l e d  ad ipy l  ch lo r ide  
(58.6 g ,  0.32 mole) was added, forming a white  s l u r r y ,  t h e  temperature being 
increased t o  45°C when hydrogen c h l o r i d e  gas (which w a s  t rapped out and subse- 
quent ly  t i t r a t e d )  began coming o f f .  Af t e r  30 minutes a t  50"C, the s l u r r y  
became a clear, viscous l i q u i d ,  The temperature  was held at  50°C f o r  4 hours ,  
then  r a i s e d  t o  100°C. Af te r  3% hours a t  100°C, t h e  material dsrkened cons iderably ,  
s o  f u r t h e r  hea t ing  was d iscont inued .  The dark brown viscous l i q u i d  was taken  
up i n  te t rahydrofuran  (THF) (100 ml).  Decolor iz ing charcoa l  f a i l e d  t o  d i s p e l  
t h e  co lo r  
(16.2 g ,  0,16 mole) d i s so lved  i n  100 m l  of THF were charged t o  a r e a c t i o n  f l a s k  
f i t t e d  wi th  a r e f l u x  condenser,  a d d i t i o n  funnel ,  s t i r r i n g  motor, and n i t rogen  
i n l e t .  The ac id  c h l o r i d e  terminated po lyes t e r  s o l u t i o n  i n  THF was added wer 
a 2-hour per iod .  
temperature was r a i s e d  t o  r e f l u x  (66°C) and held overn ight ,  The s o l i d  t r i -  
ethylamine hydrochloride was f i l t e r e d  o f f  and t h e  f i l t r a t e  s t r i p p e d  f r e e  of 
so lven t ,  y i e ld ing  115.7 g of  dark  brown viscous polymer contaminated wi th  un- 
d isso lved  f r e e  tetrafluoro-p-phenylenediamine. The contamipated polymer w a s  
ex t r ac t ed  (3 times) by b o i l i n g  i n  200-ml of hexane. The hexane l aye r  was 
decanted while  ho t .  The pure product was a brown v iscous  l i q u i d .  

Tetrafluoro-p-phenylenediamine (28,8 g,  0.16 mole) and t r i e thy lamine  

The temperature  of  t h e  r e a c t i o n  mixture rose  t o  33"C, The 

6, Hydroxyl-Terminated Polyace ta l s  

a .  Prepara t ion  of Poly(hexaf1uoropentamethylene formal) 

(1) From Dibutoxy Methane 

Dibutoxymethane (11.2 g ,  0.07 mole),  hexaflvoropentanediol  
(16.3 g ,  0,077 mole), and f e r r i c  ch lo r ide  were charged t o  a 50-ml, three-necked 
f l a s k  equipped wi th  a stirrer, condenser,  dean-s ta rk  t r a p ,  thermometer, and 
n i t rogen  i n l e t .  The mixture was s t i r r e d  a t  160% t o  170°C f o r  3 hours under 
n i t rogen ,  dur ing  which t i m e  2.0 m l  of bu tanol  (15.8% of theory)  was  removed.. 
The  black s o l u t i o n  w a s  heated f o r  12  a d d i t i o n a l  hours a t  160"-170"C, followed 
by 24 hours a t  230"-240°C under n i t rogen  with mixing. The product was vacuum 
d i s t i l l e d  t o  230°C. The b lack  r e s idue  was then d i s sa lved  i n  e t h e r ,  washed 
wi th  d i l u t e  ammonium hydroxide,  then  w i t h  water. 
wi th  magnesium s u l f a t e  and the  e t h e r  removed t o  y i e l d  a 1 ,2  g (5.4%) of black 
polyformal. Figure 11 i s  t h e  i n f r a r e d  spectrum of t h e  polymer. 

The e t h e r - l a y e r  was d r i e d  
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(2) From Trioxane and Hexafluoropentanediol 

Hexafluoropentanediol. (53.0 g,  0.25 mole), sym. t r i o x a n e  (7.5 g ,  
0.083 mole) and p- ta luenesulfonic  a c i d  (1.5 g)  were mixed a t  11Oo-12O0C f o r  
17 hours under n i t rogen  i n  a lOO-ml;-T%ree-necked f l a s k  equipped with a st irrer,  
condensep, thermometer, and n i t r o g e n  i n l e t .  Benzene was then added and t h e  
water removed by azeo t rop ic  d i s t i l l a t i o n  t o  y i e l d  3.8 m l  (84.5%) of water. 
The crude product was d i s so lved  i n  e t h e r ,  washed w i t h  5% hydrogen peroxide 
s o l u t i m  containing 10 m l  of 10% sodium carbonate ,  then washed w i t h  water. The 
e t h e r  extracts were d r i e d  w i t h  potassium carbonate and t h e  e t h e r  removed t o  
y i e l d  a clear,  nea r ly  c o l o r l e s s  o i l .  The 15 g of o i l  was d i s t i l l e d  t o  y i e l d  
12.6 g (56.7%) of poly(hexafluoropentamethy1ene formal) .  The molecular weight 
as determined by vapor phase osmometry was 835 +20, while  by end group d e t e r -  
mination (hydroxyl e q u i v a l e n t s )  t h e  value was 950. The elemental  a n a l y s i s  
f o r  t h e  polymer of X=3 was as fol lows:  

% C  

. .  

% F  

Calculated : 31.3 2.7 51.6 
- % H  - _c 

Found: 31.30 2.76 51.34 

b . From Perf luoroaldehydes 

(1) From Perf luorobutyraldehyde 

(36)  (37) (a) P repa ra t ion  of Perfluorobutyraldehyde 

OH 0 
rl I 

'2'5 CF3CF2CF2-C-H - CF3CF2CF2 -C -H 

bH 

Perfluorobutyraldehyde hydrate  was slowly added t o  a f l a s k  
containing phosphorus pentoxide.  The vaporized perfluorobutyraldehyde was 
passed through a r e f l u x  condenser and c o l l e c t e d  i n  a f l a s k  cooled w i t h  d r y  
ice - acetone and equipped w i t h  a Dewar condenser. 
butyraldehyde was chromatographically pure. 

The c o l l e c t e d  perf luoro-  
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(b) Polymerization of Perf luorobutyraldehyde 

F i r s t  Method - Perfluorobutyraldehyde (2.1 g ,  0.0105 mole) 
p lus  concentrated s u l f u r i c  a c i d  (1 drop) were placed i n  a stoppered v i a l .  
A f t e r  hour, t h e  polymer had become a semisol id .  A f t e r  3 / 4  hour, t h e  product 
had s o l i d i f i e d .  Af t e r  3 days,  t h e  polymer w a s  a b r i t t l e  s o l i d  having a mp of 
280"-300°C with vaporizat ion.  The polymer w a s  i n s o l u b l e  i n  water chloroform, 
DMF, acetone and e t h e r .  The i n f r a r e d  spectrum i s  a t t ached  as Figure 12. 

Second Method - Perfluorobutyraldehyde (1.5 g ,  0.0075 mole) 
and acetic anhydride (1 drop) were placed i n  a stoppered v i a l .  There w a s  no 
apparent r e a c t i o n  a f t e r  2 hours. Af t e r  3 days,  t h e  polymer had s o l i d i f i e d .  

Third Method - Perfluorobutyraldehyde (2.3 g ,  0.0116 mole) 
con ta in ing  cumene hydroperoxide (1 drop) was charged t o  a stoppered v i a l .  
Af t e r  3 days,  t h e r e  was no apparent r e a c t i o n .  

( c )  Attempted P repa ra t ion  of Low Molecular Weight 
Per fluorobutyraldehyde Polymer 

The polymerization of perfluorobutyraldehyde was conducted 
f o r  10, 20, 30, and 35 minutes. Perfluorobutyraldehyde (2.1 g ,  0.0105 mole) 
containing concentrated s u l f u r i c  a c i d  (1 drop)  w a s  placed i n  each of  f i v e  v i a l s .  
The polymerization was terminated by d i s so lv ing  t h e  polymer i n  e t h e r  and 
washing t h e  e t h e r  s o l u t i o n  w i t h  d i l u t e  sodium bicarbonate  s o l u t i o n .  The e t h e r  
s o l u t i o n  was d r i e d  w i t h  anhydrous magnesium s u l f a t e ,  then t h e  e t h e r  w a s  evapo- 
r a t e d .  I n  a l l  c a s e s ,  no low molecular weight polymer was formed; only t h e  
hydrate  of pe r f  luorobutyraldehyde r e s u l t e d .  

(2) Attempted Polymerization of Trif luoroacetaldehyde Hydrate 

H H2S04 ~ 

y 3  
HO -C-OH 

B 
Trif luoroacetaldehyde hydrate  (2% m l )  w a s  added t o  concentrated 

s u l f u r i c  a c i d  (5 m l )  i n  a stoppered v i a l .  A f t e r  3 days,  t h e  s o l i d  which had 
formed w a s  washed w i t h  water. A l l  of t h e  product d i s so lved .  E i t h e r  no polymer 
was  formed or t h e  polymer decomposed immediately on a d d i t i o n  of water. 

(3) Polymerization of Perfluorobutyraldehyde Hydrate 

HO -C -OH % H H 
(73'7 H2S04 
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Perf luorobutyraldehyde hydrate  (2% m l )  was added t o  concentrated 
s u l f u r i c  a c i d  (5 m l )  i n  a stoppered v i a l ,  The s o l u t i o n  became t u r b i d  imme- 
d i a t e l y .  Af t e r  3 days,  t h e  s o l i d  polymer w a s  washed twice w i t h  water, once 
wi th  d i l u t e  sodium bicarbonate  s o l u t i o n ,  t hen  t w i c e  w i t h  e thano l .  The polymer 
was d r i e d  a t  room temperature under vacuum. The melt ing point  of t h e  polymer 
w a s  80"-90°C w i t h  vaporizat ion.  
and i n d i c a t e s  t h e  polymer is  OH terminated. 

The i n f r a r e d  spectrum i s  a t t ached  as Figure 13 

c .  Attempted P repa ra t ion  of  t h e  Po lyke ta l  from Hexafluoroacetone 

0 and Hexafluoropentanediol 

c H 3 .  -OH a/. 0 
11 

CF3-C-CF3 3- HO-CH2 (CF2)3CH2-OH 

I n t o  a Carius  tube was placed hexafluoropentanediol (10.6 g ,  0.05 mole) 
and p- toluenesulfonic  a c i d  (8.6 g ,  0.05 mole). The tube w a s  cooled i n  a l i q u i d  
n i t rogen  ba th  and hexafluoroacetone (8.3 g ,  0.05 mole, 6 m l )  w a s  condensed i n .  
The tube was evacuated, s e a l e d ,  and l e f t  i n  a 100°C oven f o r  24 hours. It was 
then removed, cooled i n  d r y  i c e  - acetone,  and opened, The light-brown s o l i d  
recovered w a s  a mixture of unreacted s t a r t i n g  materials. 

d .  Attempted P repa ra t ion  of t he  Polyformal of Perfluorobutyraldehyde 
and Hexafluoropentanediol 

C F  
P I3 7, 

CH2(CF2)3CH20H 

X 

HOCH2 (CF2)3CH20H 4 C3FJCH0 

Perfluorobutyraldehyde (2 .O g, 0.01 mole, prepared by d i s t i l l a t i o n  
of t h e  hydrate  from phosphorus pentoxide) ,was condensed a t  -50°C i n t o  a l O O - m l ,  
three-necked f l a s k  equipped w i t h  a s t i r rer ,  n i t rogen  i n l e t ,  thermometer, and 
d r y  ice - acetone condenser. Hexafluoropentanediol (2.1 g,  0 , 0 1 m o l e ) ,  d i -  
b u t y l  e t h e r  (35 m l ) ,  and p- toluenesulfonic  ac id  (0.1 g) were then added t o  t h e  
f l a s k  with mixing under n i t rogen .  The s o l u t i o n  was mixed a t  -50°C f o r  f hour,  
t hen  t h e  temperature r a i s e d  t o  room temperature over a 2-hour period under 
n i t r o g e n .  The d r y  ice - acetone condenser w a s  t hen  replaced w i t h  a water con- 
denser  and t h e  s o l u t i o n  mixed f o r  18 hours a t  120"-13O"C, then cooled. The 
mixture was washed w i t h  d i l u t e  sodium carbonate ,  t hen  wi th  water. The s o l u t i o n  
w a s  then d r i e d  w i t h  potassium carbonate and t h e  b u t y l  e t h e r  removed. Only 
hexafluoropentanediol  w a s  recovered 
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7. Hydroxyl-Terminated Polyethers  

a .  Attempted Preparat ion o f  Poly(hexaf luoropentamethylene oxide) from 
Poly (hexaf luoropentamethylene carbonate)  

Poly(hexaf luoropentamet hylene carbonate)  of 1075 molecular weight 
was heated a t  280"-300°C f o r  f hour.  
s l i g h t  darkening of t h e  c o l o r  o f  t h e  polymer. 
material a f t e r  hea t ing  was i d e n t i c a l  t o  t h a t  begore hea t ing .  

There w a s  no decarboxylat ion and only a 
The i n f r a r e d  spectrum of t h e  

b.  Polymerization of 3,3,3-Trifluoro-1,2-epoxypropane 

(1) Using Boron T r i f l u o r i d e  C a t a l y s i s  

3,3,3-Trifluoro-1,2-epoxypropane (3 - 0  g,  0.0267 mole) and hexane 
The (3 m l )  were charged t o  a v i a l  which had been cooled i n  d r y  i c e  - acetone. 

e t h e r  w a s  not s o l u b l e  i n  the  hexane. Boron t r i f l u o r i d e  gas was then passed 
slowly i n t o  t h e  e t h e r  f o r  f minute while  being cooled i n  a d r y  ice - acetone 
ba th .  
f roze .  The s l u r r y  w a s  warmed t o  j u s t  above i t s  f r eez ing  point  and boron 
t r i f l u o r i d e  was passed through t h e  epoxide f o r  an a d d i t i o n a l  f minute. 
s tanding f o r  % hour, t h e  product w a s  warmed t o  approximately O"C, and boron 
t r i f l u o r i d e  passed through the  viscous material f o r  1 minute,  then l e f t  s tanding 
f o r  1 hour. The polymer w a s  d i s so lved  i n  e t h e r ,  then washed w i t h  d i l u t e  sodium 
bicarbonate  s o l u t i o n .  The e t h e r  l a y e r  was removed and d r i ed  w i t h  magnesium sul- 
f a t e .  The e t h e r  w a s  evaporated and t h e  product s t r i p p e d  on a r o t a r y  evaporator 
a t  115°C t o  y i e l d  1.7 g of a v i scous ,  l i g h t  t a n  polymer. Two drops of an i m -  
p u r i t y  , immiscible w i t h  t h e  p r i n c i p a l  product w a s  a l s o  observed. An i n f r a r e d  
spectrum of t h e  polymer (see F igure  14) appeared t o  be a hydroxyl-terminated 
polyether .  The molecular weight by vapor phase osmometry w a s  1150 +70. The 
hydroxyl value,  using 3,5-dini t robenzoyl  c h l o r i d e ,  was 1013 g per  hydroxyl 
group. It w a s  found by i n f r a r e d  spectrometry t h a t  3 ,5-dini t robenzoyl  c h l o r i d e  
d id  not react w i t h  a l l  t h e  hydroxyl group. The secondary hydroxyl groups prob- 
ably remained unreacted.  An i n f r a r e d  spectrum of t h e  impurity (see Figure 15) 
ind ica t ed  the  compound probably contains  t e rmina l  unsa tu ra t ion  . 

The mixture w a s  l e f t  s t and ing  f o r  f hour,  during which t i m e  t h e  product 
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(2) Using Aluminum Chloride C a t a l y s i s  

Prepara t ion  No. 1 - 3,3,3-Trifluoro-1,2-epoxypropane (3.0 g ,  
0.027 mole) and aluminum ch lo r ide  (0.1 g ,  0.0008 mole) were reac ted  f o r  
114 hours a t  room temperature  i n  a g l a s s  b d t t l e .  
d i sso lved  i n  e t h e r ,  washed wi th  d i l u t e  ammonium hydroxide, f h e  t h e  e t h e r  d r i e d  
wi th  magnesium s u l f a t e .  The e t h e r  was removed t o  y i e l d  1.4 g (46.7%) af viscous  
t a n  polymer. The i n f r a r e d  spectrum was i d e n t i c a l  t o  t h a t  obtained by t h e  poly-'  
mer iza t ion  using boron t r i f l u o r i d e  c a t a l y s i s ;  t h e r e  gas no unsa tu ra t ion ;  The 
molecular weight by vapor phase osmometry (VPO) w a s  1240 +-SO. 

The b lack  v iscous  o i l  was 

Prepara t ion  No. 2 - 3,3,3-Trifluoro-1,2-epoyypropane (45 g, 
0.4 mole) was placed i n  a test tube  and cooled t o  -78°C. 
(1.3 g ,  0.1 mole) was then added i n  sma l l  amounts w i th  a d d i t i o n a l  cool ing.  
The mixture was kept  a t  -78°C f o r  1 hour ,  an a d d i t i p n a l  22.5 g (0.2 mole) of 
t h e  epoxide added, and the mixture allowed t o  come t o  room temperature over a 
period of 24 hours. The tube w a s  t hen  shaken f o r  120 hours a t  room temperature.  
The conten ts  were washed out W t h  i sopropyl  e t h e r  and t h e  e t h e r  s o l u t i o n  washed 
wi th  water. The water was a c i d i f i e d ,  t h e  layers  separa ted ,  and t h e  e t h e r  l aye r  
d r i e d  Qver anhydrous magnesium s u l f a t e .  The s o l u t i o n  was t r e a t e d  w i t h  charcoa l  
and the  so lvent  removed under reduced p res su re ,  l eav ing  35 g of a c l e a r ,  viscous 
o i l .  

Aluminum ch lo r ide  

The polymer had a molecular weight of 2800 k70; a s  determined by VPO. 

(3) Using Potassium Hydroxide C a t a l y s i s  

3,3,3-Trifluoro-1,2-epoxypropane (3.4 g ,  0.03 mole) and potassium 
hydroxide (0.15 g,  0.0027 mole) were charged tQ a Carius  combustion tube and 
sea l ed .  
pipe.  The polymerizat ion was conducted a t  90"-95"C f o r  84 hours, then  the  tube 
was cooled. The polymer was d i s so lved  i n  e t h e r ,  washed wi th  d i l u t e  hydrochlor ide 
ac id  then wi th  water ,  and the ether d r i e d  wi th  magnesium s u l f a t e .  The e t h e r  
was removed and the  polymer p u r i f i e d  by hea t ing  under vacuum a t  90"-100°C. 
The polymer remaining was a c o l o r l e s s  viscous o i l  weighing 2 .1  g (61.7%). The 
in f r a red  spectrum (see  F igure  16) i n d i c a t e s  hydroxyl termination, w i th  some 
unsa tu ra t ion  having a d i f f e r e n t  s t r u c t u r e  from t h e  unsa tu ra t ion  i n  the  impuri ty  
obtained along wi th  the  bqron t r i f l u o r i d e  prepared polymer. 
by VPO was 4300 +300. 

The tube was then  wrapped i n  g l a s s  c l o t h  and placed i n  a sea l ed  metal  

The molecular weight 

(4) Using t h e  Monosodium S a l t  of Hexafluoropentanediol* as the  
I n i t i a t o r  

Prepara t ion  No. 1 - 3,3,3-Trifluoro-1,2-epoxypropane (6.5 g ,  
0.058 mole) and the  monosodium sa l t  of hexafluoropentanediol  (0.48 g ,  0.0021 mole) 
were charged t o  a Carius  combustion tube and sea l ed .  The polymerizat ion condi- 
t i o n s  and workup Was i d e n t i c a l  t o  t h a t  using potassium hydroxide c a t a l y s i s .  The 
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polymer obtained was a yellow viscous o i l  weighing 2.5 g (38.5%). The i n f r a r e d  
spectrum ind ica t ed  hydroxyl te rmina t ion  w i t h  no unsa tura t ion .  
weight by VPO was 2570 +50; 

The molecular 

3"2'-- 

Prepara t ion  No. 2 - The monosodium sal t  of hexafluoropentanediol  
(11.7 g ,  0.05 mole) was placed i n  a pressure  tube  followed by 3 ,3 ,3 - t r i f l uo ro -  
lJ2-epoxypropane, (45 g,  0.4 mole) a t  -78°C. The tube  was s e a l e d ,  placed i n  a 
c losed  $ran pipe and l e f t  i n  an oven a t  88"-89°C f o r  88 hours.  The tube was 
then  opened a t  room temperature and t h e  conten ts  r in sed  out w i th  e t h e r .  ?he 
e t h e r  s o l u t i o n  was washed w i t h  water  and d r i e d  over anhydrous magnesium s u l -  
f a t e .  The e t h e r  w a s  removed by d i s t i l l a t i o n  leaving a yellow viscous l i q p i d .  
This was d isso lved  i n  d i i sop ropy l  e t h e r  and t r e a t e d  wi th  charcoa l .  Again, t h e  
so lvent  was removed under reduced p res su re ,  l eav ing  41 g (72.3% y i e l d )  o f '  
c l e a r ,  yel lowish polye ther .  The molecular weight of t h e  polyether  determined 
by VPO wa8 970 225 and by end group a n a l y s i s ,  1000. 

D .  Other Polymers 

1. Prepara t ion  a f  Poly(hexafluoropentamethy1ene tetrachloroterephthalate) 

c1 4 

c 1  Cl 

Tetrachloroterephthaloyl ch lo r ide  (17.1 g ,  0.05 mole) was d i s so lved  i n  
50 m l  of N-methyl pyro l l idone  and added t o  a 250-ml, three-necked, round-bottomed 
f l a s k  f i t t e d  w i t h  s t i r re r ,  dropping funnel ,  n i t rogen  i n l e t ,  condenser,  and 
thermometer. ,Hexafluoropentanediol (10.6 g ,  0.05 mole) d i sso lved  i n  50 m i  of 
N-methyl pyr rs l idone  was added over a 10-minute per iod under a n i t rogen  purge. 
There was no exotherm. The temperature w a s  increased  t o  190°C and held fo r  
10 minutes w i t h  no apparent  r e a c t i o n .  
a c t i o n  mixture s t i r r e d  a t  180"-190"6 f o r  18 hours.  Again, there was no apparent 
r eac t ion .  The pyridine and N-methyl pyrrol idone w a s  s t r i p p e d  o f f  under reduced 
pressure ,  l eav ing  a b lack  r e s idue .  None of  t he  d e s i r e d  material was i s o l a t e d .  

Pyr id ine  (10 ml) was added and t h e  re- 

I n  a r epea t  experiment,  hexafluoropentanediol  (10.6 g ,  0.05 mole),  te t ra-  
ch lo ro te reph tha loy l  c h l d r i d e  (17.6 g ,  0.05 mole) and o-dichlorobenzene (25 ml) 
w a s  added t o  a 250-ml, three-necked f l a s k  equipped w i t h  a st irrer,  condenser, 
n i t rogen  i n l e t  and thermometer. 
1 hour a t  100°C, 1 hour a t  130"-140"C, and 4 days a t  170"-180"C, a l l  under 
n i t rogen ,  
res idue  s t i r r e d  a t  210°C t o  220% f o r  1 7  hours under n i t rogen ,  dur ing  which t h e  
polymer ge l l ed .  
150°C t o  y i e l d  14.1 g (59%) of b lack  polymer, mp >3804C. The  i n f r a r e d  spectrum 
is  a t tached  as Figure 1 7 .  

The mixture w a s  s t i r r e d  f o r  1 hour a t  3Oo-40"C, 

The o-dichlorobenzene w a s  removed v i a  vacuum d i s t i l l a t i o n  qnd t h e  

The r e s idue  was d r i e d  i n  a vacuum oven f o r  4 hours a t  140"- 
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2. Polycarbonates 

a. P repa ra t ion  of Poly(hexafluoropentamethy1ene carbonate) 

Procedure A - Phosgene was condensed i n t o  t h e  p a r t i c u l a r  solvent  under 
study a t  0°C i n  a three-necked, round-bottomed f l a s k  f i t t e d  w i t h  a D e w a r  r e f l u x  
condenser, a d d i t  ion funnel ,  s t irrer n i t r o g e n  i n l e t  and phosgene i n l e t .  A 
s o l u t i o n  of hexafluoropentanediol and py r id ine  i n  t h e  same solvent  was added t o  
t h e  phosgene s o l u t i o n  over a 30-60 minute per iod.  The r e s u l t a n t  s o l u t i o n  was 
s t i r r e d  4 hours a t  room temperature and then poured i n t o  a d i l u t e  s o l u t i o n  of 
hydrochlor ic  acid (pH 3 ) .  The mixture w a s  t hen  b d i l e d  f o r  30 minutes,  cooled, 
and t h e  water decanted, The b o i l i n g  procedure w a s  repeated.  Af t e r  s e p a r a t i o n  
from t h e  water l a y e r ,  t h e  r e s i d u a l  so lven t  ( i f  any) was s t r i p p e d  o f f  under re- 
duced p res su re .  The polymer was then taken up i n  e t h e r ,  d r i e d  over anhydrous 
magnesium s u l f a t e ,  f i l t e r e d ,  and t h e  e t h e r  s t r i p p e d  o f f  under reduced pressure.  

I 

PrQcedure B - Hexafluoropentanediol was dissolved i n  t h e  p a r t i c u l a r  
solvent  under s tudy (o r  e t h e r l s o l v e n t  mixture where t h e  i n s o l u b i l i t y  of hexa- 
f luoropentanediol  was a problem) and charged t o  a three-necked, round-bottomed 
f l a s k  f i t t e d  w i t h  a s t i r re r ,  n i t rogen  i n l e t ,  Dewar r e f l u x  condenser, and an 
a d d i t i o n  funnel  f i t t e d  w i t h  a phosgene bubbler i n l e t .  Pyridine was dissolved 
i n  the  so lven t  and charged t o  the  a d d i t i o n  funnel.  Phosgene was then  bubbled 
i n t o  t h e  py r id ine  s o l u t i o n  a t  room temperature.  Following a 15-minute d r y  
ni t rogen purge of t h e  phosgene l i n e ,  t h e  r e s u l t a n t  s l u r r y  was added t o  the  
hexafluoropentanediol s o l u t i o n  over 30-60 minute per iod.  Af t e r  a d d i t  ion,  t h e  
s o l u t i o n  was s t i r r e d  f o r  4 hours. The workup of t h e  r e s u l t a n t  polymer w a s  
accomplished i n  t h e  same manner as i n  Procedure A.  

b .  Attempted P repa ra t ion  of Poly(hexafluoropentamethy1ene t e t r a c h l o r o -  
p-xylylene carbonate)  

0 0 
11 II 

c1 

C H ~ O H  3- C ~ - C - O C H ~ ( C F ~ ) ~ C H ~ O - C - C ~  c___, 

61 c1 

(CF 2 3  ) CH 2 O - ~ . ~ ,  
X ci. ‘ci 

114 



Pyridine (200 m l )  and 2,3,5,6-tetrachloro-p-xylylene-a,a’ d i o l  (13.8 g, 
0.05 moles) were charged t o  a three-necked, round-bottomed f l a s k  f i t t e d  w i t h  a 
stirrer r e f  lux condenser, thermometer, add i t  i on  funne l ,  and d r y  n i t rogen  purge. 
Hexafluoropentamethylene bischloroformate (16.9 g ,  0.05 moles) was added over 
a per iod of 1 hour a t  a c o n t i n u a l l y  diminishing rate w i t h  mixing under n i t rogen .  
The temperature was increased t o  r e f l u x  (106°C) and s t i r r e d  f o r  16 hours under 
n i t rogen .  Af t e r  cool ing t o  room temperature,  t h e  r e a c t i o n  miyture  was poured 
i n t o  400 m l  of d i s t i l l e d  water. When the  r e s idue  was worked up, only s t a r t i n g  
materials were recovered. 

3, Polyethers  

a.  Attempted P repa ra t ion  of Poly(hexafluoropentamethy1ene oxide) 

B F 3 ’ ~ I  

An attempt w a s  made t o  i n i t i a t e  t he  r i n g  opening of hexafluoropenta- 
methylene oxide w i t h  var ious r eagen t s .  Small samples of hexafluoropenta- 
methylene oxide were allowed t o  s tand a t  room temperature i n  t h e  da rk  w i t h  (1) 
t r i e thy lamine ,  (2) s o l i d  potassium hydroxide, (3) aqueous potassium hydroxide, 
( 4 )  phosphorus pen ta f luo r ide  - t e t r ahydro fu ran  complex, (5) phosphorus penta-  
f l u o r i d e  (bubbled i n ) ,  (6) hydrogen c h l o r i d e  p lus  hexafluoropentamethylene 
s u l f i t e ,  (7) boron t r i f l u o r i d e ,  (8) aluminum c h l o r i d e ,  (9) boron t r i f l u o r i d e  - 
e t h e r a t e  plus hexafluoropentamethylene s u l f i t e ,  and (10) rubidium f l u o r i d e .  
Af t e r  a t o t a l  of 30 days,  none of t h e  samples showed any v i s i b l e  s i g n  of  
r e a c t i o n .  The i n f r a r e d  spectrum of  each was i d e n t i c a l  t o  t h a t  of unreacted 
hexaf luoropent amet hylene oxide e 

(*) Hexafluoropentamethylene s u l f i t e  
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b. Attempted Polymerization of Tetrafluorotetramethylene Oxide 

(1) Aluminum Chloride C a t a l y s i s  

Tetrafluorotetravethylene oxide (5,8 g,  0.04 mole) and aluminum 
c h l o r i d e  (0.3 g ,  5 mole pe rcen t )  were charged t o  a 20-ml f l a s k  equipped with a 
r e f l u x  condenser. The mixture w a s  t hen  ref luxed f o r  64 hours a t  70°C. There 
was no r e a c t i o n .  

(2) Boron T r i f l u o r i d e  C a t a l y s i s  

A two-necked f l a s k  equipped with r e f l u x  condenser and gas i n l e t  
was charged with a small sample of 3,3,4,4-tetrafluorotetramethylene oxide. 
It was cooled t o  0°C and boron t r i f l u o r i d e  was bubbled i n  f o r  1 hour. A t  t h e  
end of t h i s  pe r iod ,  some s o l i d  had formed and t h e  l i q u i d  had darkened. A t  t h e  
end of one week a t  room temperature,  more s o l i d  had deposi ted and t h e  clear 
l i q u i d  was golden I n  c o l o r ,  The s o l i d  was i n  t h e  form of s e p a r a t e ,  c l ea r ,  cobor- 
less diiunoad-shaped c r y s t a l s .  This i s  probably t h e  c y c l i c  e t h e r  - boron t r i -  
f l u o r i d e  complex. 

(3) Phosphorus Pen ta f luo r ide ,  Sodium Methoxide, and Phosphorus Penta- 
f l u o r i d e  - Tetrahydrofuran Complex C a t a l y s i s  

A small sample of 3 ,3 ,4 ,4 - t e t r a f  luoro-tetramethylene oxide was 
placed i n t o  a two-necked f l a s k  equipped w i t h  a r e f l u x  condenser and a gas i n l e t .  
Phosphorus pen ta f luo r ide  gas was bubbled i n t o  t h e  l i q u i d  f o r  90 minutes. Af t e r  
1 day, t h e  s o l u t i o n  had deposi ted b o t h  an o i l  and a s o l i d  on t h e  bottom of t h e  
f l a s k ,  The white s o l i d  d i d  not m e l t ,  but decomposition began a t  250°C. The 
brown o i l  w a s  t e n t a t i v e l y  i d e n t i f i e d  as the  complex of t h e  c y c l i c  e t h e r  w i th  
phosphorus pen ta f luo r ide .  Clear l i q u i d  remaining i n  the  f l a s k  w a s  unreacted 
3,3,4,4-tetrafluorotetramethylene oxide. Sepa ra t e  so lu t ione  of t h e  c y c l i c  
e t h e r  were allowed t o  s t and  w i t h  (1) sodium methoxide and (2) t h e  complex formed 
by r e a c t i o n  of THF w i t h  phosphorus pen ta f luo r ide .  After 2Q days,  t h e r e  was 
no change from unreacted 3,3,4,4-tetrafluorotetramethylene oxide.  

4 . Po 1 y (hexa f luoro pen t ame t hy lene s u 1 f i t  e) 

f 
0 /\ 0 
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A 50-ml, two-necked f l a s k  w a s  f i t t e d  wi th  a r e f l u x  condenser and a gas 
bubbler.  The f l a s k  was t a r e d ,  charged w i t h  hexafluoropentamethylene s u l f i t e  
(19.1 g, 0.074 mole), and cooled t o  1°C w i t h  an ice bath.  Addition of phos- 
phorus pen ta f luo r ide  gas w a s  followed by weight i nc rease .  Over a 2-hour pe r iod ,  
15% phosphorus pen ta f luo r ide  w a s  added and t h e  l i q u i d  had become a deep red- 
brown g e l .  This was s t r i p p e d  of unreacted hexafluoropentamethylene s u l f i t e  by 
vacuum d i s t i l l a t i o n  and a sample of t h e  polymer subjected t o  elemental  a n a l y s i s .  
Its i n f r a r e d  spectrum is shown i n  Figure 18. 

% P  - % S  - % F  - % H  - % C  Analys i s  : - 
Found: 24.30 2.57 45.46 8.95 1.09 

The remainder of t h e  material  w a s  warmed f o r  1% hours i n  a s o l u t i o n  of 
sodium b ica rbona te ,  The co lo r  l ightened considerably,  and t h e  v i s c o s i t y  
appeared t o  decrease.  Evidence f o r  evo lu t ion  of s u l f u r  d iox ide  was noted by 
manganese dioxide p r e c i p i t a t i o n  i n  a s o l u t i o n  of  potassium permanganate. 
sample of t h e  material  w a s  d i s so lved  i n  e t h e r ,  d r i e d ,  s t r i p p e d  of s o l v e n t ,  and 
analyzed . 

A 

% S  % P  - -  % C  % H  - % F  - - Analysis:  

Calculated f o r  CloH10F12S05:* 25.5 2.1 48.5 6.8 0 

Found : 28.25 3.00 48.19 6.96 0 

Molecular weight determinat ion by VPO w a s  472 g/mole. The remaining 
material was hydrolyzed f u r t h e r  i n  t h e  sodium bicarbonate  s o l u t i o n  f o r  4 hours. 
Further  evo lu t ion  of  s u l f u r  d iox ide  w a s  noted,  and t h e  polymer had become so lub le .  
Evaporation of t h e  a c i d i c  aqueous s o l u t i o n  y i e lded  only hexafluoropentanediol.  

5 .  Polyamides 

a .  From P e r f l u o r o g l u t a r y l  Chlor ide 

(1) Poly(ethy1ene perf luoroglutaramide)  

LOX-Impact Test ing Specimens - Twenty LOX-compatibility tes t  
specimens (11/16-in. diameter ,  20.mils  t h i c k )  were prepared from pofy(ethy1ene 
perf luoroglutaramide) .  These samples were prepared i n  a p e l l e t  mold a t  15,000-lb 
pressure a t  room temperature.  

Q * Poss ib l e  s t r u c t u r e :  HOCH2 (CF2)3CH20-S-OCH2 (CF2)3CH20H 
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(2) Poly(tetraf1uoro-p-phenylene perf luoroglutaramide)  

0 
If 

4- Cl-C-(CF2 

0 
II  

-c -c 1 

F F  
A 

Tetrafluoro-p-phenylenediamine (11.3 g,  0.063 mole), potassium 
hydroxide ( 7 . 1  g ,  0.126 mole) and water (4.5 l i t e r )  were added t o  a 1 2 - l i t e r ,  
three-necked f l a s k  equipped w i t h  a s t i r re r ,  thermometer, and dropping funnel .  
Pe r f luo rog lu ta ry l  c h l o r i d e  (10.0 g ,  0.036 mole) i n  o-dichlorobenzene (1 l i t e r )  
was r a p i d l y  added t o  t h e  v igorous ly  s t i r r e d  diamine s o l u t i o n  a t  60°C. The 
s l u r r y  was mixed f o r  an a d d i t i o n a l  f hour,  t hen  f i l t e r e d .  The res idue  w a s  d r i ed  
i n  a vacuum Oven a t  60"-70°C f o r  3 hours t o  y i e l d  0.9 g of polyamide. The 
polymer formed was of apparent low molecular weight , mp 135 "- 140 "C 

b . From Hexaf luoropent anediamine 

(1) Poly(hexafluoropentamethy1ene adipamide) 

0 0 
I \  I I  

H2NCH2 (CF2)3CH2~2 3. C1-C-  (CH2)4-C-C1 ___+ 

X 

Hexafluoropentanediamine (10.6 g ,  0.05 mole), potassium hydroxide 
(6.2 g ,  0.11 mole) and water (500 ml) were charged t o  a 1- l i ter ,  three-necked 
f l a s k  equipped wi th  a s t i r rer ,  thermometer, and dropping funnel .  D i s t i l l e d  
adipoy1,chlor ide (9.2 g ,  0.05 mole) i n  benzene (300 m l )  w a s  r a p i d l y  added t o  
t h e  diamine s o l u t i o n  a t  20°C wi th  vigorous mixing. 
s t i r r e d  f o r  an a d d i t i o n a l  15 minutes ,  then  f i l t e r e d .  The r e s idue  was d r i e d  
i n  a vacuum oven a t  60"-80°C f o r  2 hours t o  y i e l d  6.3 g (37.6% of l i g h t  t a n  
polymer, mp 130"-140"C. The i n f r a r e d  spectrum i s  a t tached  as F igure  19. 

The s l u r r y  w a s  r a p i d l y  

(2)  Attempted Prepara t ion  of Poly(hexafluoropentamethy1ene 

c1 c1 t e t r a c h l o r o t  erephthalamide) 

H ~ N - C H ~ ( C F ~ ) ~ C H ~ - N H ~  + ____z 

c1 c1 
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I n t o  a 1 2 - l i t e r  , three-necked f l a s k  equipped w i t h  a s t i r rer ,  thermo- 
meter, and dropping funnel  were charged hexafluoropentanediamine (13.2 g ,  
0.063 mole),  potassium hydroxide (7.10 g ,  0.126 mole) and 4.5 l i t e r  of water. 
Tetrachloroterephthaloyl c h l o r i d e  (12.3 g , 0.036 mole) i n  methylene c h l o r i d e  
(1 l i te r )  was r a p i d l y  added w i t h  vigorous mixing t o  t h e  diamine s o l u t i o n .  The 
mixture w a s  a g i t a t e d  vigorously f o r  % hour a t  30°C. There w a s  no r e a c t i o n .  

6 .  Polyureas 

a .  Po 1 y (t e t  ra f l u o r  D - p - p heny l e  ne u rea )  

Phosgene (- 100 m l ,  1 mole) was condensed a t  0°C i n  t h e  r e a c t i o n  f l a s k  
of t h e  usua l  phosgenation apparatus .  Pyridine (15.8 g ,  0.2 mole) was d i s so lved  
i n  84 m l  of d r y  e t h e r  and added t o  the phosgene, followed by an a d d i t i o n a l  
100 m l  of e t h e r .  Tetrafluoro-p-phenylenediamine (18.0 g ,  0 .1  mole) was dissolved 
i n  200 m l  of d r y  e t h e r  and added over a period of 1 hour. The r e a c t i o n  mixture 
w a s  held a t  0°C f o r  1% hours,  followed by 1 hour a t  room temperature.  The s l u r r y  
was f i l t e r e d  and t h e  residue washed twice w i t h  e t h e r  and twice w i t h  water. The 
in so lub le  p o l f r k e a  w a s  d r i ed  overnight i n  a vacuum oven, y i e ld ing  a b r i t t l e  
material  melting a t  305"-315"C w i t h  decomposition. 

% F  Elemental Analysis : - - % H  %N - %C 

Calculated f o r  C7H2N20: 40.7 1.0 13.6 36.8 

Found : 39 -2  1 . 7  13.1 33.6 

b .  Poly(hexaf luoropentamet hylene tetrafluoro-p-phenylene urea)  

F F  

F F  

0 
II 

NH-C-NH-CH2- (CF2)3CH2-NH f- X 

.. *. 
I n  a l O O - m l ,  three-necked f l a s k  equipped w i t h  a s t i r rer ,  r e f l u x  conden- 

ser,  and a d d i t i o n  funnel w i t h  a n i t rogen  i n l e t ,  was placed hexafluoropentanedi- 
amine (2.1 g ,  0.01 mole) d i s so lved  i n  30 m l  of N,N-dimethylforrnami.de. The 
system w a s  under an atmosphere of n i t rogen  throughout t h e  r e a c t i o n .  To t h i s  
s o l u t i o n  was added tetrafluoro-p-phenylene d i i socyana te  (2.3 g ,  0.01 mole) 
d i s so lved  i n  10 m l  of DMF over a 5-minute pe r iod .  The r e a c t i o n  mixture w a s  
s t i r r e d  a t  room temperature f o r  2 hours,  then a t  100°C f o r  24 hours.  Ten drops 
of t i n  oc toa te  were added and t h e  mixture s t i r r e d  a t  150°C f o r  3 hours. The 
clear s o l u t i o n  w a s  poured i n t o  water with vigorous s t i r r i n g .  The f l u f f y ,  white 
p r e c i p i t a t e  w a s  f i l t e r e d  and d r i e d  i n  a vacuum oven a t  80°C. The polyurea obtained 
was a t a n  s o l i d  weighing 2.0 g (45%) mp 280"-290°C (with decomposition). Figure 20 
i s  t h e  i n f r a r e d  spectrum of t h e  polymer. 
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7 .  Polyimides 

a .  Prepara t ion  of Poly(hexafluoropentamethy1ene pyromelli t imide) 
0 0 
It 1 

0 0 

I\  'I  
0 0 

Hexafluoropentanediamine (4.20 g ,  0.02 mole) i n  DMAC (30 m l )  was added 
t o  a 100-ml; three-necked f l a s k  equipped wi th  a s t i r rer ,  condenser thermometer, 
dropping funnel ,  and n i t rogen  i n e l t  e Recrys t a l l i zed  py romel l i t i c  dianhydride 
(4.40 g ,  ^Q.02 mole) i n  DMAC (30 m l )  was slowly added t o  t h e  s t i r r e d  diamine 
s o l u t i o n  over a If hour per iod a t  0°C t o  1 0 ° C  under n i t rogen .  The s o l u t i o n  was 
mixed f o r  2 hours a t  70"-80°C under n i t rogen ,  then  poured i n t o  water. The 
s l u r r y  was f i l t e r e d  and t h e  polymeric res idue  d r i e d  i n  a vacuum oven a t  8Oo-90"C 
fo r  24 hours t o  y i e l d  4.0 g of product (mp 347"-355°C) wi th  darkening. The 
inherent  v i s c o s i t y  i n  concentrated s u l f u r i c  a c i d  was 0.049 a t  25"C, ind ica t ing  
t h e  product was of apparent low molecular weight. The in f r a red  spectrum i s  
a t tached  as Figure 21. 

E .  Monomers 

1. Prepara t ion  of Hexaf luoropentamethylene Bischloroformate 

0 0 0 
\I 1 

HOCH2 (CF2)3CH20H -I- Q+-$-C1 - Cl-C-O-CH2(CF 2 3  ) CH 2 -0-C-C1 
C 1- 

Phosgene (56 .0g ,  0.55 mole) w a s  condensed a t  -20°C i n  d r y  e t h e r  (500 m l )  
i n  the r eac t ion  f l a s k  of t h e  phosgenation appara tus .  Pyr id ine  (39.0 g ,  0.5 mole), 
d i sso lved  i n  d r y  ether (80 m l )  w a s  added t o  t h e  mixed phosgene s o l u t i o n  over a 
10-minute per iod The yellow p r e c i p i t a t e  of chloro-carbonyl pyridinium ch lo r ide  
was s t i r r e d  f o r  an a d d i t i o n a l  15 minutes a t  -20°C. Hexafluoropentane d i o l  (42.4 g ,  
0.2 mole) i n  d r y  e t h e r  (250 m l )  w a s  added t o  t h e  s t i r r e d  s l u r r y  over a 30-minute 
per iod.  The mixture w a s  allowed t o  warm t o  room temperature and held f o r  3 hours 
w i t h  cons tan t  a g i t a t i o n .  The s o l i d s  were f i l t e r e d  under argon and t h e  e t h e r  
s t r i p p e d  from t h e  c lear  f i l t r a t e d  under reduced pressure  t o  y i e l d  56.1 g (83.2%) 
of product .  The c rude  product w a s  f r a c t i o n a l l y  d i s t i l l e d  under reduced pressure  
through an 8- in .  g l a s s  h e l i x  packed column. The p u r i f i e d  bischloroformate 
d i s t i l l e d  a t  74"-76°C a t  2-3 mm. 
71.5%. The in f r a red  spectrum i s  a t tached  as Figure 22. 

The o v e r a l l  y i e l d  of p u r i f i e d  material  w a s  
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% F  - % C  - % H  % C 1  - Analysis : 

Calculated f o r  C7H404C12F6: 24.92 1.19 21.03 33.83 

Found: 24.59 1.21 21.00 34.05 

No tests have been run on the degree 9f t o x i c i t y  of t h e  bischloroformate,  
but  i t  is  bel ieved t h a t  t h i s  material may be a t  least as t o x i c  as phosgene. 

The hexaf luoropentamethylene biscarbamate d e r i v a t i v e  was prepared by 
passing ammwia i n t o  a hexane s o l u t i o n  of hexafluoropentamethylene b i sch lo ro -  
formate, t hen  r e c r y s t a l l i z i n g  t h e  product from water. The melting. point  of 
t h e  biscarbamate was 135.5O-137 O C .  

% H  % N  % F  
y -  Elemental Analysis :  - % C - 

Calculated f o r  C7H8F6N204: 28.1 2.7 9.4 38.3 

Found: 27.94 2.61 9.1 37.6 

2. P repa ra t ion  of Hexafluoropentamethylene Diisocyanate 

a .  From Phosgenation of Hexafluoropentamethylenediamine 

H2NCH2 (CF2)3CH2NH2 4- Q-! -CA 1-- OCN-CH2 (CF2)3CH2 -NCO 

Phosgene (0.5 mole) was condensed i n  t h e  r e a c t i o n  f l a s k  o f  t h e  phwgena- 
t i o n  apparatus con ta in ing  d r y  e t h e r  (300 m l )  a t  - 3 O O C .  Pyridine (35.5 g ,  
0.45 mole) i n  d r y  e t h e r  (50 m l )  was added t o  t h e  s t i r r e d  phosgene s o l u t i o n  over 
a 10-minute period. The mixing was continued f o r  an a d d i t i o n a l  15 minutes. 
Hexafluoropentanediamine (21.0 g ,  0.1 mole) i n  dry e t h e r  (150 m l )  was added t o  
t h e  s t i r r e d  chlorocarbonyl pyridinium c h l o r i d e  s l u r r y  over a 30-minute period. 
The r e a c t i o n  mixture was warmed t o  room temperature and held f o r  3 hours with 
mixing. The s o l i d s  were f i l t e r e d  and t h e  e t h e r  skr ipped o f f  from t h e  f i l t r a t e .  
The r e s idue  w a s  f r a c t i o n a l l y  d i s t i l l e d  under peduced pressure t o  y i e l d  16.0 g 
(61%) of crude d i i socyana te ,  bp 62"C/1 mm. 
t h e  crude hexafluoropentamethylene d i i socyana te .  

Figure 23 is  an i n f r a r e d  spectrum of  

b .  Attempted P repa ra t ion  from D i t o s y l  Ester of Hexafluoropentanediol 

0 0 

cH3+!-o-cH2 mco > OCN-CH2 (CF2)3CH2-NC0 

0 

The d i t o s y l  ester o f  hexafluoropentanediol (26.6 g ,  0.05 male) was 
added t o  t r i g l i m e  (150 m l )  i n  a three-necked, round-bottomed f l a s k  f i t t e d  w i t h  
a st irrer,  r e f l u x  condenser,  and d r y  n i t rogen  gas i n l e t .  Potassium cyanate 
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(8.1 g ,  0.10 moles) was added and the  temperature r a i s e d  t o  r e f l u x  and maintained 
a t  r e f l u x  (196°C) f o r  24 hours.  The s o l u t i o n  was cooled,  t h e  s o l i d s  f i l t e r e d  
o f f ,  and t h e  l i q u i d  d i s t i l l e d  under reduced pressure.  None of t h e  d e s i r e d  
material  was obtained. 

0 0 'C 
\I  
n 

3 .  P r e p m a t i o n  of t h e  D i t o s y l a t e  of  Hegafluoropentanediol 

0 

(I t 

0 0 

cH3 O : - O C H 2 ( C F  II 2 3  ) CH 2 O - J O C H 3  11 - 
0. 0 

To a 1 2 - l i t e r ,  three-necked f l a s k  equipped w i t h  a thermemeter, r e f l u x  con- 
denser ,  s t irrer,  and a d d i t i o n  funnel,  were added hexafluoropentanediol (914.4 g, 
4.31 mole) and f r e s h l y  d i s t i l l e d  py r id ine  (1274 g ,  16,2 mole, 1300 m l ) .  To t h i s  
w a s  added t h e  complex formed from mixing p- toluenesulfonyl  c h l o r i d e  (1809.2 g ,  
9.49 mole) and pyridine (2940 g ,  37.2 mole, 3000 m l )  . Addition w a s  c a r r i e d  out 
over a 2-hour pe r iod ,  w i t h  s t i r r i n g ,  and thq r e a c t i o n  temperature was maintained 
between 10°C and 15'6. 
t h e  add i t ion .  When t h e  a d d i t i o n  was complete, t h e  s o l u t i o n  was s t i r r e d  f o r  an 
a d d i t i o p a l  hour a t  15°C. The r e a c t i o n  mass was then poured i n t o  4 l i t e r s  of 
s t i r r e d  ice-water, An orange p r e c i p i t a t e  immediately f e l l  out of s o l u t i o n .  
The s o l i d  was f i l t e r e d ,  washed w i t h  water (which removed the  orange c o l o r ) ,  and 
d r i e d ,  The y i e l d  of crude white d i t o s y l a t e  was 1731.6 (77.3%). The melting 
point  was 82"-91.5"C; l i t e r a t u r e ( 3 8 )  value 92"-94'C. 
r e c r y s t a l l i z e d  from e t h a n o l ,  The melt ing point was 96.5"-97.S°C (uncorrected).  

The orange r e a c t i o n  s o l u t i o n  became t u r b i d  midway through 

The crude product was 

1 
0 
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The d i t o s y l  ester of hexafluoropentanediol (10.4 g ,  0.02 mole) an4 potassium 
phthalimide (11.1 g ,  0.06 mole) i n  N-methyl pyrrol idone were mixed a t  202°C f o r  
16 hours .  The r e a c t i o n  mixture was poured i n t o  water, f i l t e r e d  and d r i e d .  There 
was no r e a c t i o n .  

5 .  Attempted P repa ra t ion  of Hexafluoropentamethylene S u l f a t e  

0 
II 

OH s 
" \ C H 2  

/ 
OH 
I I 

I I CH2 0 I CH2 7H2 4- 5 O 2 C l 2  ____3 

cF2 \ /  
CF2 

CF2 CF2 CF2 

CF2 
\ '  

I n t o  a 250-ml, three-necked f l a s k  equipped w i t h  a s t i r rer ,  Condenser, 
thermometer, and dropping funnel w a s  added hexafluoropentanediol (42.4 g ,  
0.2 mole) i n  50 m l  of py r id ine .  S u l f u r y l  c h l o r i d e  (40.5 g ,  0.3 mole) was added 
t o  t h e  pyridine s o l u t i o n  a t  8"-16"C over a 25-minute period w i t h  mixing. 
a d d i t i o n a l  50 m l  of py r id ine  was required t o  f a c i l i t a t e  mixing. The s l u r r y  w a s  
then s t i r r e d  f o r  f hour a t  7"-15"C, then 3 hours a t  room temperature,  t hen  f i l -  
t e r e d .  
could not  be p u r i f i e d .  

An 

Af te r  d i s t i l l i n g  t h e  f i l t r a t e  t o  270"C, a black semisol id  remained which 

a .  P repa ra t ion  of 1,2-Dichloro-octafluorocyclohexene 

Hexachlorobenzene (681 g ,  2.39 mole) w a s  charged t o  a 3 - l i t e r ,  t h r e e -  
necked, round-bottomed f l a s k  f i t t e d  with a s t i r r i n g  motor > a d d i t i o n  funne l ,  d ry  
n i t rogen  purge, thermometer and r e f l u x  condenser i n  series w i t h  a Vigreaux 
column and a d r y  Lee - acetone packed Dewar condenser. 
(2270 g ,  10.04 moles) w a s  added, forming a s l u r r y  which gradual ly  turned a sky- 
blue c o l o r  e The heavy s l u r r y  was s t i r r e d  overnight (by t h i s  t i m e  t h e  c o l o r  had 
deepened t o  a da rk  b l u e ) .  The temperature was increased t o  100°C (by means of 
an o i l  b a t h )  and held f o r  2 hours.  The c o l o r  turned a dark r o y a l  purple .  The 
condenser was  changed t o  a d i s t i l l i n g  arrangement and t h e  r e c e i v e r  f i t t e d  w i t h  
a d ry  ice - acetone f i l l e d  Dewar f l a s k .  The temperature of t h e  s l u r r y  was i n -  
creased t o  1 3 0 ° C  at  which point  t h e  s l u r r y  s o l i d i f i e d .  
increased t o  155"-16OoC when mater ia l  slowly began d i s t i l l i n g ,  The d i s t i l l a t i o n  
w a s  continued u n t i l  no more d i s t i l l a t e  was c o l l e c t e d  ( 4  hours). The d i s t i l l a t e  
was then  s t e a m - d i s t i l l e d ,  t h e  pink organic l a y e r  s epa ra t ed  and washed t w i c e  w i th  

Antimony pen ta f luo r ide  

The temperature w a s  
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250-ml po r t ions  of 17% hydrochloride ac id .  (The pink c o l o r  was discharged upon 
a d d i t i o n  of t h e  ac id . )  The organic l a y e r  w a s  again sepa ra t ed  and d over - 
anhydrous magnesium s u l f a t e .  Af t e r  f i l t r a t i o n ,  t h e  crude 1,2-dichlorooctaf luoro-  
cyclohexene w a s  d i s t i l l e d  thrqugh a 12-in. h e l i x  packed column 
b o i l i n g  a t  110"-113"C being c o l l e c t e d ,  (.$it. value l l l"-113"Cf27)) .  The y i e l d  
was 325.2 g (46.1%). The i n f r a r e d  spectrum i s  given i n  Figure 24. 

t h e  f r a c t i o n  

% c1 
Calculated f o r  C6C12F8: 24.4 51.5 24.1 

Found: 23.9 51.4 24.5 

- % F  - % C  
7 

b ,  Attempted P repa ra t ion  of Pe r f luo road ip ic  Acid Dihydrate 

/ CF2 
'COOH 

COOH 
. 2 H20 

\ /  
F 2 1  CH3COCH3 cp2 

F2 CF2 

Acetone was p u r i f i e d  by r e f l u x i n g  i n  the  presence of potassium per- 
manganate u n t i l  a pink co lo r  remainedJ followed by d i s t i l l a t i o n  over anhydroys 
magnesium s u l f a t e .  Potassium permanganate (3.65 g, 0.023 mole) w a s  added t o  
100 m l  of p u r i f i e d  acetone i n  a 250-rn1, three-nekked, round-bottomed f l a s k  
f i t t e d  wi th  a d r y  ice - acetone f i l l e d  D e w a r  condenser3 st irrer,  thermometer, 
d r y  n i t rogen  purge, and a d d i t i o n  funnel .  1,2-Dichlorooctafluorocyd 
(6.5 g ,  0.022 mole) was slowly added t o  the stirrer permqnganate s o l u t i o n .  

Af t e r  2 m l  of t h e  o l e f i n  had been added, t h e  temperature of t h e  r e a c t i o n  m i x -  
t u r e  had r i s e n  t o  40°C along w i t h  the  formatlon of  a brown p r e c i p i t a t e ,  
ice-water coo l ing  ba th  was placed under t h e  r e a c t i o n  f l a s k  and t h e  slow a d d i t i o n  
continued. 
o l e f i n .  
f o r  45 minutes a t  room temperature.  Upon add i t ion  of  water (25 m l ) ,  a f l occu len t  
brown p r e c i p i t a t e  of manganese d iox ide  formed. The s o l i d s  were f i l t e r e d  o f f  and 
t h e  acetone removed from t h e  s t rong ly  a c i d i c  f i l t r a t e  by d i s t i l l a t i o n .  The ex- 
cess water was azeotwped w i t h  benzene and t h e  r e s u l t i n g  c l e a r  s o l u t i o n  s t r i p p e d  
of solvent  under reduced p res su re .  
recovered. This material  melted w i t h  decomposition a t  226"-242"C. Ex t rac t ion  
i n  a Soxhlet-Allihn apparatus wi th  d i - i sop ropy l  e t h e r  f o r  16 hours was unsuccess- 
f u l  (no t r a n s f e r  of material t o  t h e  s o l v e n t ) .  T i t r a t i o n  of t h e  r e s i d u e  w i t h  
aqueous potassium hydroxide r e s u l t e d  i n  an a c i d  equivalent  of 554 g/mole-COOH 
( t h e o r e t i c a l  f o r  pe r f luo road ip ic  ac id  d ihydra t e  = 163 g/mole-CQOH). 

An 

The mixture w a s  held a t  0°C f o r  f hour following a d d i t i o n  of t he  
The temperature w a s  r a i s e d  t o  25°C and t h e  s o l u t i o n  allowed t o  s tand 

A wh i t e  c r y s t a l l i n e  material (6.0 g) w a s  

c. P repa ra t ion  of Perf luoroadipyl  Chloride 
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1,2-Dichloro-octafluoro cyclohexene (475.5 g ,  1.61 mole) was charged t o  
t h e  1 - l i t e r ,  three-necked, round-bottomed f l a s k  f i t t e d  as i l l u s t r a t e d  i n  Figure 25. 
The o l e f i n  w a s  c i r c u l a t e d  through t h e  illumilaated Vycor column a t  approximately 
10 ml/minute aga ins t  a counter-current  flow of oxygen gas (+- 10 ml/minute) and 
ch lo r ine  gas (10 ml/minute) at  a temperature of 25"-30"C, The r e a c t i o n  was  con- 
t inued f o r  a t o t a l  of 20 hours.  The r e a c t i o n  mixture w a s  d i s t i l l e d  through a 
vacuum-jacketed, helix-packed, 1-cm x 30-in.  column t h e  f r a c t i o n  b o i l i n g  a t  
130"-132"C being c o l l e c t e d  [ l i t e r a t u r e  value 131°C(h8)]. The y i e l d  of perT 
f luo road ipy l  ch lo r ide  was 56.7 g (10.6%). 
i n d i c a t e s  a 99+% p u r i t y .  Its i n f r a r e d  spectrum 3.8 shown i n  Figure 26. 

Analysis by vapor phase chromatography 

d . Preparat  ion of Perf  Xuoroadipalnide 

0 0 0 0 
It I t  4 11 

C1-C-(CF2)4-C-C1 + NH3 B2N-C-(CF ) -C-NH2 2 4  

A 250-ml, round-bottomed f l a s k  equipped w i t h  a st irrer thermometer, 
Ammonium hydroxide a d d i t i o n  funnel ,  and Dewar condenser was cooled t o  -30°C. 

(50 m l  of 15 N %OH, 0.75 mole of NH3) and approximately 20 m l  of l i q u i d  ammonia 
(1 mole) were introduced t o  t h e  cooled f l a s k .  Perf luoroadipyl  c h l o r i d e  (32.7 g ,  
0.1 mole) w a s  added dropwise w i t h  continuous s t i r r i n g .  Af t e r  a l l  t h e  ac id  
ch lo r ide  had been added, the Dewar  condenser w a s  removed and t h e  excess'ammonia 
allowed t o  evaporate.  The s l u r r y  was f i l t e r e d  and t h e  crude diamide d r i e d  i n  a 
vacuum oven a t  90°C. The weight of crude diamide was 24.1 g (84% y i e l d ) .  A 
s m a l l  amount of crude diamide was r e c r y s t a l l i z e d  from water. The ure  diamide 
had a melt ing point  of 24J0-244."C (lit. value 237°C uncorrected)  ( 25)) The i n f r a -  
r ed  spectrum i s  at tached as Figure 27.  

7. Improvement i n  t h e  Process f o r  the P repa ra t ion  o f  Tetraf luoro-p-  
phenylenediamine 

Tetrafluoro-p-phenylenediamine w3s prepared as descr ibed on Page 59 of 
Annual Summary Report I ( J u l y  1964) w i t h  The f o l l w i n g  change: The crude 1,4- 
diphthalimidotetrafluorobenzene was rmcr:ecd wi th  6 moles of hydrazine per mole 
of diphthal imide.  The previous r a t i o  had been 3 : l .  This increased t h e  y i e l d  
from 47% t o  64%. Ether e x t r a c t i o n s  of  the f i l t r a t e  r a i s e d  t h e  y i e l d  t o  68%. 

8,  Tetraf  luaro-p-phe;ylene UiisocyanaTe 
..,. .".- - 

-- 
a .  Impr ovement i n  Prep ar  a t i on 
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To Dry I c e  -Acetone 
Trap 

c1 

1 24-in. x 1-in.  
Vycor Column 

=J -Dry I c e  -Acetone Condenser 

1 R e f l e c t o r  Sh ie ld  

\ 
F 1 owme t er 

@-- Flow R e g  :ula t o r  Valve 

F igure  25. Phot o-oxidat ive Cleavage Apparatus 
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Phosgene (65 g ,  0.64 mole) was condensed i n t o  200 m l  of d r y  e t h e r  a t  
0°C i n  a 2 - l i t e r ,  three-necked,  round-bottomed f l a s k  f i t t e d  w i t h  a d ry  i c e  - 
acetone f i l l e d  :Dewar condenser,  two a d d i t i o n  funnels  f i t t e d  wi th  pressure  
equa l i z ing  .arms under argon purge, s t i r r i n g  motor, and gas (COCl2) i n l e t  tube.  
Pyr id ine  (49 g ,  0.62 mole) was added t o  t he  phosgene s o l u t i o n ,  and a yellow 
p r e c i p i t a t e  of chlorocarbonyl  pyridinium c h l o r i d e  formed. Te t ra f luoro-p-  
phenylenediamine (19;4 8 ,  0.11 mole) d i s so lved  i n  250 m l  of d ry  e t h e r  was added 
over a 15wminute per iod t o  t h e  r e a c t i o n  mixture  which w a s  cooled i n  an i c e  
b a t h ,  The cool ing ba th  was removed and the  s o l u t i o n  s t i r r e d  a t  room temperature 
f o r  3 hours. The white  p r e c i p i t a t e  was f i l t e r e d  from the  e t h e r  s o l u t i o n  and 
t h e  e t h e r  evaporated from the  f i l t r a t e  t o  y i e l d  18.1 g (78%) of crude d i i s o -  
cyanate .  The crude d i i socyana te  was e x t r a c t e d  f o r  3 hours wi th  d r y  hexane i n  a 
Soxblet  extracter under argon. 
y i e ld ing  13 .O g (53%) of t e t r a f  luoro-p-phenylene d i i socyana te .  

The hexane was evaporated under reduced pressure  

b .  Study of  Dimerizat ion and Tr imer iza t ion  

Three s o l u t i o n s  of te t ra f luoro-p-phenylene  d i i socyanate  (0.5 g) i n  
t r i ch lo roe thy lene  (10 ml) were prepared.  Three drops of stannous oc toa te  was 
added t o  So lu t ion  No. 2 and t h r e e  drops of t r i e thy lamine  t o  So lu t ion  No. 3 .  
Nothing was added t o  So lu t ion  No. 1, Immediately a f t e r  p repa ra t ion ,  t h e  i n f r a -  
red s p e c t r a  of t h e  s o l u t i o n s  were i d e n t i c a l  and showed no absorp t ion  bands 
between 4.5 p and 6,35 p,. Afte r  100 hours at  room temperature ,  t h e  spec t r a  of 
Solu t ions  Nos. 1 and 2 were unchanged, but t he  spectrum of So lu t ion  No. 3 ,  con- 
t a i n i n g  t r i e thy lamine ,  showed new abso rp t ion  bands a t  5.75 p and 7.15 p.  These 
bands @re  i n d i c a t i v e  of d imer i za t ion  o r  t r i m e r i z a t i o n  of t he  i socyanate  group. 
The in f r a red  s p e c t r a  of t h e s e  s o l u t i o n s  a r e  Shown i n  Figure 28 (immediately a f t e r  
prepara t ion)  and Figure 29 ( a f t e r  100 hours ) .  

c Hydrolysis of Tetrachloro-p-phenylene Diisocyanate ,  Toluene-2,4- 
Diisocyanate  and Tetrafluoro-p-phenylene Diisocyanate  

Tetrachloro-p-phenylene d i i socyana te  was f i n e l y  pulver ized and sus  ended 
i n  bo i l ing  water f o r  231 hours ,  Based on t h e  i n f r a r e d  s p e c t r a ,  t h e r e  was on P y 
s l i g h t  hydro lys is .  Under t h e  same cond i t ions ,  toluene-2,4-diisocyanate hydrolyzed 
w i t h i n  10 minutes t o  the  diamine, and te t raf luoro-p-phenylene d i i socyana te  
hydrolyzed w i t h  extreme r a p i d i t y .  

Tetrachloro-p-phenylene d i i socyana te  was d isso lved  i n  te t rahydrofuran .  
When water was added, t h e r e  was slow evo lu t ion  of carbon d ioxide .  Under t h e  
same cond i t ions ,  toluene-2,4-diisocyanate hydrolyzed quick ly  wi th  rap id  evo lu t ion  
of carbon d iox ide ,  and te t raf luoro-p-phenylene d i i socyana te  hydrolyzed almost 
i n s t a n t l y  . 
9. Attempted Prepara t ion  of Pe r f luo rog lu ta ry l  Diisocyanate  

0 0 0 0 0 

Phosgene (0.3 mole) was condensed i n t o  200 m l  of a 50/50 mixture of d i -  
methylsulfoxide and 3-methyl su l fo l ane  a t  0°C i n  t h e  r e a c t i o n  f l a s k  of the 
phosgenation apparatus .  Pyr id ine  (19.7 g,  0.25'mole) i n  50 m l  of t h e  same 
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solvent  was added over a 10-minute i n t e r v a l  w i t h  mixing. N o  p r e c i p i t a t e  formed. 
Perfluoroglutaramide (14.5 g ,  0.061 mole) w a s  d i s so lved  i n  100 m l  of the above 
solvent  mixture and added over a 15-minute period w i t h  s t i r r i n g .  The mixture 
was allowed t o  come t o  room temperature and held f o r  3 hours w i t h  constant  a g i t a -  
t i o n .  The clear yellow-brown s o l u t i o n  was d i s t i l l e d  w i t h  an argon purge; t h e  
f i r s t  f r a c t i o n  b o i l e d  a t  70°C. Sublimation of a white c r y s t a l l i n e  material 
(pyridine hydrochloride) occurred a t  80°C. The head temperature continued t o  
rise t o  140°C. The d i s t i l l a t i o n  w a s  discont inued overnight and continued t h e  
following day. The d i s t i l l a t e  w a s  c o l l e c t e d  i n  a r e c e i v e r  c h i l l e d  w i t h  a d r y  
ice - acetone mixture.  Upon warming t h e  d i s t i l l a t e ,  a very low b o i l i n g  material 
(less than -10°C) began coming o f f  which had a s u l f u r l i k e  odor. 
des i r ed  product was obtained. 

None of t h e  

10. Preparat ion of 2,3,5,6-Tetrachloro-p-xylylene-a,a' -di isocyanate  

c1 c1 

0 

2 Steps 

Phosgene (45 g ,  0.45 mole) was condensed (at  -30°C) i n t o  THF (which had 
been d r i e d  over sodium) i n  t h e  r e a c t i o n  f l a s k  of t h e  phosgenation apparatus .  
Pyridine (31.69 g ,  0.40 mole) i n  THF (50 m l )  was added t o  t h e  phosgene s o l u t i o n .  
The yellow s l u r r y  of chlorocarbonyl pyridinium c h l o r i d e  formed. The tempera- 
t u r e  w a s  allowed t o  r ise t o  25 "6. and 2,3,5 ,6-tetrachloro-p-xylylene-a~a'-di~mine 
(27.4 g ,  0.1 mole) d i s so lved  i n  THF (500 ml) was s lowly added t o  t h e  r e a c t i o n  
mixture .  The s l u r r y  w a s  s t i r r e d  a t  room temperature fo$ 40 hours ,  The yellow 
p r e c i p i t a t e  slowly faded t o  a yel lowish gray. 
The r e s idue  w a s  s o l u b l e  i n  water only wi th  d i f f i c u l t y .  The f i l t r a t e  was s t r i p p e d  
of so lven t  y i e l d i n g  36.1 g of parchmentlike material. 
added and the  mixture  ref luxed (139°C) f o r  2 hours ,  w i th  evo lu t ion  of hydrogen 
c h l o r i d e .  The in so lub le  r e s i d u e  (0.5 g)  w a s  f i l t e r e d  from t h e  hot s o l u t i o n  
and t h e  c lear  f i l t r a t e  allowed t o  s t and  overnight a t  room temperature,  during 
which a semisolid g e l  formed. The g e l  was broken w i t h  hexane (200 m l )  e An i n -  
so lub le  r e s idue  (5.7 g ) ,  very s imi l a r  i n  appearance t o  t h e  parchmentlike material 
descr ibed above, was f i l t e r e d  o f f .  The f i l t r a t e  s tood f o r  40 hours a t  room 
temperature du r ing  which t i m e  0.2 g of a d d i t i o n a l  polymeric material formed and 
p r e c i p i t a t e d .  The p r e c i p i t a t e  w a s  removed by f i l t r a t i o n ,  followed by s t r i p p i n g  
of t h e  f i l t r a t e  a t  reduced p res su re  t o  y i e l d  22.3 g (68.5%) of t a n  c r y s t a l l i n e  
material, mp 101"-105"C. E x t r a c t i o n  of t h e  crude material  w i t h  l i g r o i n e  i n  t h e  
Soxhlet e x t r a c t i o n  apparatus ,  followed by s t r i p p i n g  o f f  t h e  so lven t  under re- 
duced p res su re  yielded 13.8 g (42.3% o v e r a l l  y i e l d )  of p u r i f i e d  2 ,3 ,5 ,6 - t e t r a -  
chloro-p-xylylene-a,a'-diisocyanate, mp 106"-108"C. The i n f r a r e d  spectrum i s  
presented as Figure 30. 

The s o l i d s  were f i l t e r e d  o f f .  

Xylene (200 m l )  was 
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a.  Prepara t ion  of Di-N-methylanilino Der iva t ive  of 2,3,5-6- 
Tetrachloro-p-xylylene-a,a'-diisocyanate 

2,3,5,6-Tet rachloro-p-xylylene-a,a' -d i i socyanate  (0.69 g , 0.0018 mole) 
was d isso lved  i n  dry  benzene (10 ml). Excess N-methylaniline (1.0 g ,  0.01 mole) 
was added and the  s o l u t i o n  re f luxed  f o r  15 minutes.  The whi te  c r y s t a l l i n e  s o l i d  
was f i l t e r e d  o f f  and washed t w i c e  w i t h  hexane. The mel t ing  poin t  of t h e  d i -  
a n i l i n o  d e r i v a t i v e  w a s  236"-238"C. The i n f r a r e d  spectrum i s  shown a s  F igure  31. 

F F F  

11. Prepara t ion  of  4,4'-Diisocyanato-octafluorobiphenyl 

c1 

/. 2 s t e p s  

F F F  F 

OCN W O  

F F  

Phosgene (50 g ,  0.5 mole) was condensed i n  500 m l  of anhydrous e t h e r  a t  
-40°C i n  the  f l a s k  of  t h e  phosgenation appara tus .  Pyridine (31.6 g ,  0.40 mole) 
i n  100 ml of e t h e r  w a s  added and t h e  r e s u l t i n g  yellow s l u r r y  was allowed t o  
s lowly warm t o  room temperature a s  4,4'-diamino-octafluorobiphenyl (32.8 g ,  
0.1 mole) i n  400 ml of e t h e r  was added over a 45-minute per iod.  The yellow 
co lo r  of t h e  chlorocarbonyl pyridinium ch lo r ide  s l u r r y  slowly faded, being re- 
placed by the  white  p r e c i p l t a t e  of pyridinium ch lo r ide .  
s t i r r i n g  a t  room temperature ,  t h e  s o l i d s  were f i l t e r e d  o f f  and t h e  e t h e r  
s t r i p p e d  from t h e  f i l t r a t e  y i e ld ing  32.7 g of crude 4 ,4 ' -d i i socyanato-oc ta-  
f luorobiphenyl .  The crude product w a s  ex t r ac t ed  wi th  dry  l i g r o i n e  i n  t h e  
Soxhle t t  appara tus .  The so lvent  was s t r i p p e d  under reduced pressure  y i e ld ing  
23.3 g (62.8% y i e l d )  of 4 , 4 '  -diisocyanato-octafluorobiphenyl as  a whi te  
c r y s t a l l i n e  s o l i d ,  mp 68.5 "-69.5 "6 
equivalency) was determined t o  be 374 ( t h e o r e t i c a l  M.W. = 380). 
spectrum i s  shown as Figure  32. 

A f t e r  2 hours of 

The molecular weight (based on isocyanate  
The i n f r a r e d  

Element a 1  analys  i s  of 4 94 ' -Diisocyanato-Octaf luorob iphenyl 

% C  - % F  - % N  - 
Calculated f o r  C14N202F8: 44.23 39.98 7.12 

Found : 44.73 39.85 7.22 

141 



142 



h 
aJ 

k 
0 
rl 
G u 
tu 
k 
U 
a, 
U 

2 

P 
k 
tu u 

143 



12. A t  tempted P repa ra t ion  of  D ie thy l  3 3,4 ,4,5,5-Hexaf luoropimelat e 

lItoH I Ag20 
O J .  0 
It I t  

E t  0 - C  -CH2 (CF3) 2CH2-C -0E t 

(39) a .  P repa ra t ion  of Diazomethane 

R e d i s t i l l e d  c a r b i t o l  (2-ethoxy-ethoxy e thano l ,  1 l i t e r )  , d i e t h y l  e t h e r  
(300 m1)pater (300 ml), and potassium hydroxide (168 g) were charged t o  a 12- 
l i t e r  , three-necked, round-bottomed f l a s k  f i t t e d  w i t h  an a i r - d r i v e n  s t i r r i n g  
motor, a d d i t i o n  funnel ,  and d i s t i l l a t i o n  head f i t t e d  w i t h  a water-cooled con- 
denser.  The o u t l e t  of t h e  condenser was fed i n t o  two series connected c o l l e c t i o n  
f l a s k s  a t  0°C ( ice-bath cooled) .  The i n l e t  tube o f  t h e  second r e c e i v e r  dipped 
below the  s u r f a c e  p f  200 m l  of anhydrous e t h e r ,  The a l k a l i n e  s o l u t i o n  was heated 
t o  7O"-8O0C on a steam b a t h  and N-methyl-N-nitroso-p-toluenesulfonamide ((Diazald) 
(602 g, 2.80 mole) i n  4 l i ters  of e t h e r  was added over a 16-hour period. 
e t h e r  d i s t i l l a t e s  were combined, d r i e d  over potassium hydroxide, and t h e  diazo-  
methane content  determined by r e a c t i o n  of .an a l i q u o t  w i t h  benzoic ac id  and back 
t i t r a t i o n  of t h e  excess w i t h  potassium hydroxide, y i e l d :  4500 m l  of 0.46 M 
diazomethane s o l u t i o n  (74%). 

The 

b . Preparat  i on  of B i s  -diazo (3,3 ,4,4,5 5 -hexaf luorohept ane -2,6-dione) 

The e t h e r e a l  s o l u t i o n  of diazomethane w a s  charged t o  a 1 2 - l i t e r ,  
three-necked, round-bottomed f l a s k  f i t t e d  with a r e f l u x  condenser,  air-driven 
stirrer motor, d r y  n i t r o g e n  i n l e t ,  and a d d i t i o n  funnel ,  The s o l u t i o n  was 
cogled t o  5°C (ice b a t h ) .  P e r f l u o r o g l u t a r y l  c h l o r i d e  (121  g ,  0.68 mole) i n  
400 m l  of anhydrous e t h e r  was added t o  t h e  cooled s o l u t i o n ,  w i t h  s t i r r i n g ,  over 
a 3-hour pe r iod .  Following a d d i t i o n ,  t h e  ice ba th  was removed and the s o l u t i o n  
s t i r r e d  f o r  3 hours a t  room temperature.  The e t h e r  was s t r i p p e d  o f f  under 
reduced p res su re  y i e l d i n g  a da rk  r ed  o i l .  

c. P repa ra t ion  of Diethyl-3,3,4,4,5,5-hexafluoropimelate 

Without f u r t h e r  p u r i f i c a t i o n ,  t h e  crude diazoketone was dissolved i n  
300 m l  of anhydrous e thano l  and charged t o  a 1- l i ter ,  three-necked f l a s k  f i t t e d  
wi th  a s t i r r i n g  motor, r e f l u x  condenser, and a d d i t i o n  funnel .  The s o l u t i o n  w a s  
heated t o  65OC and a s l u r r y  of s i l v e r  oxide (7.0-g) i n  250 m l  of e thano l  was 
added over a l-hour p e r i o d ,  The s o l u t i o n  was r e f luxed  f o r  24 hours,  deco lo r i z ing  
charcoal  added, and the  mixture f i l t e r e d  hot .  The f i l t r a t e  was f r a c t i o n a l l y  
d i s t i l l e d  under reduced p res su re ,  y i e l d i n g  two f r a c t i o n s  b o i l i n g  a t  5lo-52"C/ 
2 mm and 89"-91°C/3 mm. None of t h e  d e s i r e d  product was obtained.  
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13. Attempted P repa ra t ion  of 3,3,4,4,5,5-Hexafluoropimelonitrile 

Solvent System , 
ml 

A c e t o n i t r i l e  (250) 

A c e t o n i t r i l e  (125) 
+ methyl c e l l o s o l v e  

0 0 

Ref lux 
Temp a 

" G  
88 

96 

( C J ? , ) , C H , - O - ~ ~ 3  CuCN KCN > NC-CH2 (CP2)3CH2-CN 
8 

V 

The d i t o s y l  ester of hexafluoropentanediol w a s  charged t o  a 500-ml, t h ree -  
necked, round-bottomed f l a s k  f i t t e d  wi th  a st irrer,  r e f l u x  condenser, and d r y  
n i t rogen  gas i n l e t .  Following a d d i t i o n  of t h e  appropr i a t e  s o l v e n t ,  t h e  o t h e r  
r e a g e n t ( s )  was(were) added. The mixture w a s  ref luxed f o r  24 hours.  The so lu -  
t i o n s  were cooled and t h e  s o l i d s  f i l t e r e d  o f f .  The s o l i d  material was examined 
fo r  r e a c t i o n  products by i n f r a r e d  spectroscopy. The l i q u i d  po r t ion  was f r a c t i o n a l l y  
d i s t i l l e d  under reduced p res su re .  I n  no case w a s  any of t h e  d e s i r e d  product 
obtained.  

4 

Table 4 l ists  t h e  q u a n t i t i e s ,  r e a c t a n t s ,  and s o l v e n t s  u t i l i z e d .  

(125) 

Methyl c e l l o s o l v e  
(250) 

TABLE 4 

REACTIONS OF DITOSYL ESTER OF HEXAFLUOROPENTANEDIOL 
WITH METAL CYANIDES 

190 

Di tosy l  Ester of  
Hexafluoropentanedio1, 

moles 

D i e t  hylacetamide (150) 

Diethylacetamide(l50) 

Diethylacetamide (150) 

N-methyl pyrrol idone 

170 

170 

170 

202 0.02 

Cuprous 
Cyanide , 
moles 
-- 
-- 

-- 

-- 

0.02 

0.10 

-- 

* Sodium cyanide 
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14. Prepa ra t ion  o f  Dibutoxymethane 

/O\ 

2 C4HdOH 4- CH2 1 TH2 CH3Q S03H * C 4 9  H -0-CH2-0-C4H9 
0 0 

Symmetrical t r i oxane  (30.0 g, 0.33 mole), n-butanol .(87.5 g ,  2.53 mole) 
and p- toluenesulfonic  a c i d  (5.0 g )  were charged t o  a 500-ml, three-necked f l a s k  
equipped w i t h  a st irrer,  thermometer, and condenser f i t t e d  w i t h  a drying tube.  
The s o l u t i o n  was ref luxed and s t i r r e d  a t  100"-llO°C f o r  17 hours. The s o l u t i o n  
was then cooled t o  room temperature and washed w i t h  a 2% s o l u t i o n  of sodium 
carbonate t o  remove t h e  a c i d .  The impure product was then washed w i t h  a so lu -  
t i o n  of  5% hydrogen peroxide containing 10 m l  a f  10% sodium carbonate t o  remove 
t h e  unreacted aldehyde, It was then washed w i t h  water and d r i e d  w i t h  anhydrous 
potassium carbonate .  The crude formal w a s  then f r a c t i o n a t e d  t o  remove t h e  pure 
dibutoFymethane, bp 180.5 "C ( l i t .  value 181°C). (40) 
at tached as Figure 33, 

The i n f r a r e d  spectrum i s  

15. Prepa ra t ion  of 3,3,3-Trifluoro-1,2-epoxypropane 

a.  Bromination of  l , l , l - T r i f l u o r o a c e t o n e  (30) 

A 500-ml, round-bottomed f l a s k  was equipped wi th  a s t i r rer ,  thermometer, 
a d d i t i o n  funnel ,  and Dewar  condenser and cooled us ing  a d ry  ice - acetone b a t h ,  
I n t o  t h i s  f l a s k  were introduced l , l , l - t r i f l u o r o a c e t o n e  (141.5 g ,  1.26 mole) and 
230 m l  of concentrated s u l f u r i c  a c i d .  The mixture was allowed t o  reach room 
temperature,  then bromjne (100 g ,  0.625 mole) w a s  added dropwise wi th  constant  
s t i r r i n g  over a period of 4% hours.  
mixture was t r a n s f e r r e d  t o  a sepa ra to ry  funnel .  
p r i n c i p a l l y  t h e  3-bromo-l , 1,l-t r i f luo roace tone  was removed. 
was d i s t i l l e d  and t h e  f r a c t i o n  b o i l i n g  t o  90°C was combined wi th  t h e  top port ion.  
The crude product was then  f r a c t i o n a l l y  d i s t i l l e d  us ing  a 6 - f t  column. 
product,  3-bromo-l,l,l-trifluoroacetone, was c o l l e c t e d  a t  85"-86.5"C ( l i t e r a t u r e  
value 85O-86.8"C). The y i e l d  was 74%; a vapor phase chromatograph showed t h e  
product t o  be 99+% pure. An i n f r a r e d  spectrum is  shown as Figure 34. 

When a l l  t h e  bromine had been added, t h e  

The bot tom layer  
The t o p  po r t ion  containing 

The 

b. P repa ra t ion  of 3-Bromo-l,l,l-~rifluoro-2-propapol 

LiA 1% OH 
I 

0 
tl 

CF3-C-CH B r  __c__3 CF3-CH-CH B r  2 2 

A 1- l i te r ,  three-necked2 round-bottomed f l a s k  was  equipped w i t h  a 
s t i r rer ,  thermometer, condenser, and a d d i t i o n  funnel.  The apparatus  was flushed 
wi th  n i t r o g e n  f o r  15 minutes,  then cooled using a d r y  ice - e t h y l  acetate ba th .  
Lithium aluminum hydride (10.6 g ,  0,78 mole) and 400 m l  of anhydrous d i e t h y l  
e t h e r  were introduced. The dry i c e  - e t h y l  acetate b a t h  was removed and 3- 
bromo-l,l,l-trifluoro-2-propanone (169 g p  0.89 mole) d i s so lved  i n  150 m l  of 
e t h e r  was added dropwise a t  such a ra te  as t o  produce a g e n t l e  r e f l u x .  
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Approximately 15 minutes a f t e r  t h e  a d d i t i o n  of t h e  ketone, s u f f i c i e n t  water was 
added t o  des t roy  t h e  excess l i t h i u m  aluminum hydride ( e x t e r n a l  cool ing w a s  
necessary)  followed immediately by 400 m l  of 20% s u l f u r i c  a c i d .  
was then t r a n s f e r r e d  t o  a sepa ra to ry  funnel  and t h e  s u l f u r i c  a c i d  l a y e r  separated 
and washed w i t h  e t h e r .  
The e t h e r  s o l u t i o n  was then d r i e d  over anhydrous magnesium s u l f a t e  and f r a c t i o n -  
a l l y  d i s t i l l e d  using a 2 - f t  column. The 3-bromo-l,l,l-trifluoro-2-propanol 
d i s t i l l e d  a t  124"-126"C. ( L i t .  value 124.2"-124.5°C)(31) The t o t a l  y i e l d  w a s  
84.5%. The i n f r a r e d  spectrum i s  at tached as Figure 35. 

The mixture 

The e t h e r  washings were combined w i t h  t h e  e t h e r  l a y e r .  

c .  P repa ra t ion  of 3,3,3-Trifluoro~~,2-epoxypropane 

CH2 

OH 

CF3-CH - CF3 -hH-CH2Br NaOH 

A s o l u t i o n  of sodium hydroxide (230 g) i n  215 g of water was placed 
i n  a 500-ml, three-necked, round-bottomed f l a s k  equipped w i t h  a s t i r rer ,  
a d d i t i o n  funnel,  thermometer, and Claisea head. The r ece iv ing  f l a s k  equipped 
w i t h  a D e w a r  condenser, was  cooled i n  a dry i c e  - acetone ba th .  The s o l u t i o n  
*bas heated t o  98°C and 3-bromo-l,l,l-trifluoro-2-propanol (55.0 g ,  0.284 mole) 
was added dropwise. 
39.3"C). (31) The d i s t i l l a t i o n  w a s  continued f o r  15 minutes a f t e r  t h e  a d d i t i o n  
of t h e  a l coho l .  
removed by f i l t r a t i o n  t o  ob ta in  pure product.  The y i e l d  was 76%. The i n f r a r e d  
spectrum i s  shown i n  Figure 36. 
epoxypropane from l , l , l - t r i f l u o r o a c e t o n e  was 47.5%. 

16. Attempted P repa ra t ion  of Perfluoro-1,2-epoxypropane 

The product d i s t i l l e d  a t  35"-38"C ( l i t .  value 39.1"- 

The r ece iv ing  f l a s k  was then  cooled t o  -60°C and t h e  ice 

The o v e r a l l  y i e l d  of 3 ,3 ,3- t r i f$uoro-1,2-  

/O\ 
CF2 CF3-CF=CF2 - (0) CF3-CF - 

Methanol (375 m l ) ,  potassium hydroxide (42.0 g ,  0.75 mole) and water (75 m l )  
were charged t o  a l - l i t e r 9  three-necked f l a s k  equipped w i t h  a st irrer,  gas i n l e t ,  
thermometer and d r y  ice - acetone condenser. The condenser o u t l e t  l ed  t o  two 
consecut ive d ry  ice - acetone t r a p s .  The mixture was cooled t o  -40'6, then 
hydrogen peroxide (262.5 m l  of 30%) was added. Perfluoropropene (60.0 g ,  
0.4 mole) was  added t o  t h e  s t i r r e d  mixture below t h e  l i q u i d  level over a 15- 
minute period. 
w a s  heated t o  -25"C, and t h e  off-gases were c o l l e c t e d  i n  t h e  t r a p s .  The product 
was then t r a n s f e r r e d  d i r e c r l y  t o  a metal c y l i n d e r  con ta in ing  1.0 g of t h e  mono- 
sodium sal t  of hexafluoropentanedio1. The bomb was held a t  room temperature f o r  
24 hours.  On p u r i f i c a t i o n ,  no polymeric material was i s o l a t e d .  

The s o l u t i o n  was s t i r r e d  f o r  If hours a t  -40°C. The s o l u t i o n  

17 .  P repa ra t ion  of Chloropentaf luoroisopropyl  Alcohol 

0 OH 
I I  

CF3-C-CF2C1 =k CiA1H4 
CF3 -CH-CF2C I 1 
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Ether  (300 ml) and l i t h i u m  aluminum hydride (19.0 g ,  0.5 mole) were charged 
t o  a 1-l i ter ,  three-necked f l a s k  equipped wi th  a s t irrer,  D e w a r  condenser,  thermo- 
meter and gas i n l e t .  Chloropentafluoroacetone (148 g ,  1.0 mole) w a s  then introduced 
i n t o  the  f l a s k  a t  -78OC.  The s l u r r y  was mixed f o r . %  hour a f t e r  t h e  f i n a l  a d d i t i o n  
of t he  ketone. Water was added cau t ious ly  u n t i l  t h e  evo lu t ion  of hydrogen ceased,  
then  200 m l  of 15% s u l f u r i c  ac id  was added. The l aye r s  were sepa ra t ed ,  t h e  water 
l aye r  washed wi th  ether ,and t h e  e the r  l a y e r s  combined and d r i e d  wi th  magnesium 
s u l f a t e .  The e t h e r  was then removed and the  crude r e a c t i o n  product f r a c t i o n a t e d ,  
then  separa ted  i n  a p repa ra t ive  gas chromatograph, The r e a c t i o n  products con- 
s i s t e d  of t h e  des i r ed  ch loropentaf luoro isopropyl  q l coho l ,  hydropentafluoro- 
i sopropyl  a l coho l ,  and an un iden t i f i ed  m a t e r i a l .  

18. Attempted P repa ra t ion  of Trihexafluoropentamethylene Glycol 

0 0 
C H 3 O h - C H 2  (CF2)3CH2 -0 -S " - P H 3  3. Na + OiH2(CF2)3CH20H 3__t 

- IJ I/ 
0 0 

C H 3 0 $ - O - C H 2  (CF2)3CH2 -0 -S " - P H 3  3. Na + OiH2(CF2)3CH20H 
- II I/ 

0 0 

i 7 
HO C H ~  ( G F ~ ) ~ c H ~ - o ~ H  

3 
t 

The d i t o s y l  ester of hexafluoropentanediol  (10.4 g ,  0.02 mole),  the  mono- 
sodium sa l t  of hexafluoropentanediol  (9.4 g ,  0.04 mole) and d ie thylene  g lyco l  
(125 g) were added t o  a 25O-ml, three-necked f l a s k  equipped wi th  a s t i r r e r ,  
thermometer and condenser. 
f o r  16 hours.  The mixture was cooled,  poured i n t o  wa te r ,  f i l t e r e d  and d r i e d .  
There was no r e a c t j o n .  

The mixture was heated wi th  s t i r r i n g  a t  195"-2OO0C 

19 P repa ra t ion  of 3 ,3 ,4 ,4-Tetraf  luoro-tet ramethylene Oxide 

a .  Prepara t ion  of 2,2,3,3-Tetrafluorobutanediol 

/c OoC 2H5 

LiA1H4 
/ 

/CH20H 

T e t r a f  luarobutanedio l  was prepared according t o  the  procedure a$ 
McBee. (34) 
l i t e r a t u r e  va lues  of 85°C(34) and 80°-80.6"C.(41) 

I t s  melt ing poin t  was 83 . O o - 8 4  .O°C (uncorrected)  as compared t o  

(41) b. Prepara t ion  of 3,3,4,4-Tetrafluorotetrapethylene Oxide 

HOCH2CF2CF2CH20H 3. H2S04 ___jr 

CF2 - CF2 
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A l O O - m l ,  three-necked f l a s k  equipped w i t h  st irrer and d i s t i l l i n g  head 
was placed i n t o  an o i l  ba th .  The f l a s k  was charged w i t h  t e t r a f l u o r o b u t a n e d i o l  
(9.8 g ,  0.0605 mole) and concentrated s u l f u r i c  a c i d  (15 g ,  0.15 mole). S t i r r i n g  
w a s  begun and t h e  o i l  b a t h  heated t o  185°C. 
40°C, a c l e a r  l i q u i d  d i s t i l l e d .  The d i s t i l l a t e  was d r i e d  w i t h  Drier i te ,  f i l t e r e d ,  
and r ed  is  t i 1 led . C le a r , c o 1 o r  l e  s s 3 , 3 4 ,4 - t e t  ra f l u  o r  o - t et rame t hy le ne ox i d  e w a s  
c o l l e c t e d  from 45O-47OC. The y i e l d  was 5.9 g (67%). The i n f r a r e d  spectrum is  
shown as Figure 37. 

A t  a head temperature of about 

20. Attempted P repa ra t ion  of 3,3-Difluorooxetane 

a .  P repa ra t ion  of 2,2-Difluoropropane-1,3-diol 

COOC 2H5 
I 

CH20H 
I 

COOC 2H5 ~ H ~ O H  

3- LiA1H4 y 2  

A 2 - l i t e r 3  three-necked f l a s k  f i t t e d  w i t h  a n i t rogen  gas i n l e t ,  
a d d i t i o n  funnel ,  s t i r re r ,  and r e f l u x  condenser w a s  purged w i t h  n i t rogen .  To 
t h e  f l a s k  was added l i t h i u m  aluminum hydride (32,O g ,  0.843 mole) i n  250 ml of 
anhydrous d i e t h y l  e t h e r .  On adding d i e t h y l  2,2-difluoromalonate (103 g ,  
0.525 mole) t o  e t h e r  (200 m l ) ,  a white  p r e c i p i t a t e  formed, which was poss ib ly  
a complex of t h e  f l u o r i n a t e d  es ter  w i t h  e t h e r .  This s l u r r y  w a s  added from an 
a d d i t i o n  funnel over a 6-hour per iod t o  t h e  e t h e r  s o l u t i o n  of l i t h ium aluminum 
hydride w i t h  continuous mixing under n i t r o g e n ,  During t h e  6-hour a d d i t i o n  , 
250 ml of e t h e r  were added. When t h e  a d d i t i o n  w a s  complete, t h e  r e a c t i o n  mass 
was s t i r r e d  f o r  16 hours a t  room temperature.  Water (36 g ,  0.2 mole) w a s  then 
added dropwise over a period of 1% hours,and t h e  s l u r r y  was s t i r r e d  f o r  1 
a d d i t i o n a l  hour. The r e a c t i o n  mixture  was poured i n t o  1 l i t e r  of 10% s u l f u r i c  
a c i d  s o l u t i o n ,  t h e  e t h e r  l aye r  s epa ra t ed ,  and t h e  aqueous l aye r  e x t r a c t e d  t h r i c e  
w i t h  e t h e r .  The e t h e r  extracts were combined and the  e t h e r  removed by d i s t i l l a -  
t i o n .  Benzene w a s  t hen  added and d i s t i l l a t i o n  continued t o  remove water. When 
no more water was evident  i n  t h e  d i s t i l l a t e ,  t h e  hot benzene s o l u t i o n  w a s  poured 
i n t o  a beaker.  No d i o l  c r y s t a l l i z e d .  Upon removal of  t h e  s o l v e n t ,  t h e  crude 
2,2-difluoropropane-1,3-diol w a s  recovered as a n  orange o i l .  Attempts t o  sublime 
s o l i d  product from t h e  o i l  f a i l e d .  Other a t tempts  t o  p u r i f y  t h i s  compound 
have been unsuccessful  t o  d a t e .  

b e  Attempted P repa ra t ion  of 3,3-Difluorooxetane 

CH20H 

I 
CF2 

I 
CH,OH 

H2S04 ~ 

w 

/ CH2 
' 0  

\ /  
cH2 

CF2 

L 

A l O O - m l ,  three-necked f l a s k  w a s  f i t t e d  w i t h  a n i t rogen  gas i n l e t  , 
stirrer,  and d i s t i l l i n g  head a t t a c h e d  t o  a receiver immersed i n  a d ry  ice - 
acetone bath.  I n t o  t h e  r e a c t i o n  f l a s k  w a s  placed crude 2,2-difluoropropane- 
1 ,3 -d io l  (10.9 g ,  0.097 mole). 
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Concentrated s u l f u r i c  a c i d  (40 g ,  0.41 mole) was added w i t h  s t i r r i n g  and t h e  
mixture w a s  heated i n  an o i l  b a t h  t o  185°C. A clear,  c o l o r l e s s  l i q u i d  which 
boi led below room temperature w a s  c o l l e c t e d  i n  t h e  r ece ive r .  Vapor phase 
chromatography showed two major peaks. The crude product was p u r i f i e d  by 
d i s t i l l a t i o a  y i e l d i n g  7.8 g of l i q u i d .  None of t h e  d e s i r e d  product was obtained.  

21. P repa ra t ion  of t h e  Diether  of Hexafluorobenzene and Hexafluoropentanediol 

F 

2 HOCH2 (CF2)3CH20H 4- F&F =b KOH 

F l  

OCH2 (CF2l3 -CH20H 

I n t o  a 1 - l i t e r ,  three;necked f l a s k  f i t t e d  w i t h  a n i t rogen  gas i n l e t ,  
thermometer, s t i r re r ,  and r e f l u x  condenser were placed hexafluoropentanediol 
(46.6 g ,  0.22 mole), hexafluorobenzene (18.6 g ,  0.1 mole), and potassium 
hydroxide (11.2 g ,  0.2 mole).  The r e a c t a n t s  were d i s so lved  i n  250 m l  of N- 
methylpyrrolidone a The r e a c t i o n  mixture darkened considerably during t h e  f i r s t  
few minutes of hea t ing .  
t hen  increased t o  180°C f o r  30 hours ,  during which t i m e  a c lear ,  c o l o r l e s s  
l i q u i d  ref luxed from 125"-150"C. The f l a s k  was cooled and t h e  black r e a c t i o n  
mixture was poured i n t o  water. A b lack  semisol id  was  f i l t e r e d  off  and washed 
wi th  e t h e r .  Ether  and sodium c h l o r i d e  were added t o  the  l i q u i d ,  and t h e  
aqueous phase (pH 5 )  s epa ra t ed .  The black e t h e r e a l  s o l u t i o n  was washed 
twice w i t h  water, sodium c h l o r i d e  being used i n  each wash t o  break up t h e  almost 
t o t a l  emulsion i n  t h e  funnel ,  The da rk  e t h e r e a l  s o l u t i o n  w a s  d r i e d  over magne- 
sium s u l f a t e  f o r  3 days and f i l t e r e d .  The bulk of t h e  solvent  was s t r i p p e d  o f f  
and the  r e s idue  w a s  d i s t i l l e d  under vacuum. Two f r a c t i o n s  were c o l l e c t e d .  One 
f r a c t i o n ,  4.1 g ,  w a s  c o l l e c t e d  from 98"-134°C at  < 2 mm, s o l i d i f y i n g  i n  t h e  
r ece iv ing  f l a s k .  Less than 1 g of a green l i q u i d  w a s  c o l l e c t e d  from 134"-170"C 
a t  < 2 mm. The s o l i d  w a s  i d e n t i f i e d  by i t s  i n f r a r e d  spectrum as hexafluoro- 
pentanediol .  An i n f r a r e d  spectrum of t h e  l i q u i d  compared favorably w i t h  t h e  
spectrum of t h e  d e s i r e d  product obtained by another  rou te  ( reported i n  Annual 
Summary Report I ,  J u l y  1964). 

The pot temperature w a s  maintained a t  100°C f o r  8 hours;  
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Pyridine,  I 
YH2 4- SOC12 

22. Study of t h e  React ion Mechanism i n  t h e  Formation of Cycl ic  S u l f i t e  f r o m  
Hexafluoropentanediol w i th  Thionyl Chlor ide i n  t h e  Presence of Pyridine 

'/ 
0 '0 OH OH 

I 

, bF2 ' CF2 

a .  F i r s t  Method of Prepara t ion  

Pyridine (7.9 g ,  0 .1  mole) w a s  d i sso lved  i n  25 m l  of d ry  e t h e r  and 
charged t o  a three-necked, round-bottomed f l a s k  f i t t e d  wi th  a condenser, s t i r rer ,  
add i t ion  funnel ,  and thermometer. Thionyl ch lo r ide  (11.9 g ,  0 .1  mole) w a s  
dissolved i n  25 m l  of e t h e r  and combined wi th  the  pyridine s o l u t i o n .  The m i x -  
t u r e  was s t i r r e d  and c h i l l e d  t o  0°C w i t h  an ice water ba th .  Hexafluoropentane- 
d i o l  (21.2 g ,  0.1 mole) w a s  d i sso lved  i n  200 m l  of d r y  e t h e r  and charged t o  t h e  
addi t ion  funnel .  The d i o l  s o l u t i o n  w a s  introduced dr'opwise i n t o  t h e  pyridine-  
t h iony l  ch lo r ide  s o l u t i o n .  The a d d i t i o n  r a t e  was slow due t o  t h e  exothermic 
nature  of t he  r eac t ion .  A white p r e c i p i t a t e  formed. Upon addi t ion  of approxi- 
mately one-half  t he  d i o l  s o l u t i o n ,  t he  exotherm ceased and no a d d i t i o n a l  pre-  
c i p i t a t e  w a s  formed wi th  subsequent a d d i t i o n  of t he  remaining d i o l  s o l u t i o n .  
However, t h e  p r e c i p i t a t e  became a g r e a s e l i k e ,  ge la t inous  mass and t h e  r eac t ion  
so lu t ion  was allowed t o  s tand overnight a t  room temperature.  The greasy pre-  
c i p i t a t e  w a s  broken up by t h e  add i t ion  of 200 m l  of e t h e r .  The p r e c i p i t a t e  
w a s  f i l t e r e d  and the  f i l t r a t e  evaporated under reduced pressure .  A viscous 
o i l  remained. The i n f r a r e d  spectrum and vapor phase chromatograph ind ica t e  the  
res idue  t o  be a mixture of approximately equal  amounts of unreacted hexafluoro- 
pentanediol  and hexaf luoropentamethylene s u l f i t e .  

b.  Improved Method of Prepara t ion  

The r eac t ion  w a s  c a r r i e d  out  i n  a similar fashion as i n  i t e m  a .  above 
wi th  t h e  same order  of a d d i t i o n ,  temperatures ,  t i m e s ,  e t c .  The only except ion 
w a s  t h a t  t h e  amount of pyr id ine  w a s  increased t o  15.8 g (0.2 mole). This t i m e ,  
no g rease l ike  material was formed and the  r eac t ion  proceeded smoothly. Af te r  
s tanding overnight a t  room temperature , the  p r e c i p i t a t e  w a s  f i l t e r e d  , t h e  
f i l t r a t e  washed twice wi th  water, t h e  e t h e r  layer  s epa ra t ed ,  and d r i e d  over 
anhydrous magnesium s u l f a t e .  The magnesium s u l f a t e  w a s  f i l t e r e d  and t h e  f i l -  
t r a t e  d i s t i l l e d  under reduced pressure .  Hexafluoropentamethylene s u l f i t e  
(17.4 g,  68% y i e l d )  d i s t i l l e d  a t  60"-64°C a t  3-5 mm Hg. 

23. Diester from Adipyl Chlor ide and Hexafluoroacetone Monohydrate 

a .  Prepara t ion  of Hexafluoroacetone Monohydrate 

0 OH 
I 
I 
OH 

C F ~ - ~ - C F ~  + H ~ O  _____) C F ~ - C - C F ~  

I n t o  a c a l i b r a t e d  250-ml, three-necked f l a s k  f i t t e d  wi th  dry  i c e  - 
acetone condenser , n i t rogen  gas i n l e t ,  thermometer , s t i r r e r  , and add i t ion  
funnel w a s  condensed an excess (g rea t e r  than 0.5 mole) of hexafluoroacetone. 
A d ry  i c e  ba th  was used t o  conta in  t h e  hexafluoroacetone i n  t h e  f l a s k .  To 
t h i s  was added, w i th  s t i r r i n g ,  water  (9 g ,  0.5 mole) i n  50 ml of THF. During 
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t h e  a d d i t i o n ,  t h e  s o l u t i o n  became da rk  orange i n  co lo r .  
been added, t h e  d r y  ice ba th  was removed and and unreacted hexafluoroacetone was 
allowed t o  r e f l u x .  A f t e r  1 hour of s t i r r i n g  a t  room temperature,  t h e  d r y  ice 
i n  t h e  condenser was not r ep len i shed ,  allowing evaporat ion of t h e  excess hexa- 
f luoroacetone . The s o l u t i o n  was s t i r r e d  f o r  an a d d i t i o n a l  16 hours,  when an 
i n f r a r e d  spectrum showed no carbonyl absorpt ion.  The hexafluoroacetone hydrate  
w a s  used without i s o l a t i o n .  

A f t e r  t h e  water had 

b .  Diester 

0 0 
It I/ 

\ /CF3 
0 0 C 1-C - (CH2)4-C -0 

1 C1-C-(CH ) 4 - 0  

I I  I /  

CF3 

HO-C-OH 3. 2 C1-C-(CH2)4-C-C1 ,-> 
2 4 I (  

CF3 8 0 

(1) F i r s t  Attempt 

I n t o  a 500-rn1, three-necked f l a s k  equipped w i t h  a n i t rogen  gas 
i n l e t ,  thermometer, a d d i t i o n  funne l ,  stirrer, and r e f l u x  condenser a t t ached  t o  
a water t r a p  was placed ad ipy l  c h l o r i d e  (91.5 g ,  0.5 mole). Hexafluoroacetone 
monohydrate (46 g ,  0.25 mole) i n  50 m l  of THF was added slowly; no no t i ceab le  
exothermic r e a c t i o n  occurr ing.  Af t e r  t h e  a d d i t i o n  was complete, t h e  water t r a p  
was checked f o r  evolved hydrogen c h l o r i d e ,  but no s i g n i f i c a n t  amount w a s  de t ec t ed .  
Twelve drops of t r i e thy lamine  was added t o  t h e  r e a c t i o n  f l a s k  t o  c a t a l y z e  t h e  
r e a c t i o n .  
gen c h l o r i d e  gas began t o  pass i n t o  the  water t r a p  which contained sodium 
hydroxide. 
acetone cool ing b a t h  w a s  app l i ed  t o  cool  t h e  r e a c t i o n .  Due t o  t h e  absence of 
an underpressure dev ice ,  t h i s  cool ing caused suck-back of t h e  con ten t s  of t h e  
water t r a p  i n t o  t h e  r e a c t i o n  f l a s k .  Less than a second l a t e r ,  t he  con ten t s  of 
t h e  r e a c t i o n  f l a s k  detonated.  The cause of t h i s  de tona t ion  has not been 
explained.  

An exothermic r e a c t i o n  ensued, generat ing a fuming cloud,and hydro- 

A s  t h e  temperature of  t h e  r e a c t i o n  mixture r o s e  t o  45"C, a d r y  ice  - 

(2) Second Attempt 

This r e a c t i o n  was r epea ted  using a n  equivalent  amount of t r i -  
ethylamine t o  react w i t h  t h e  hydrogen c h l o r i d e  generated i n  t h e  r e a c t i o n .  
The following procedure was used. I n t o  a 500-ml, three-necked f l a s k  equipped 
w i t h  a n i t rogen  gas i n l e t ,  thermometer, s t irrer,  condenser, and two a d d i t i o n  
funnels was placed a d i p y l  c h l o r i d e  (91,5 g ,  0.5 mole) i n  50 m l  of THF. I n t o  
one of t h e  d e l i v e r y  funnels was placed hexafluoroacetone monohydrate ( 4 6 , g ,  
0.25 mole) i n  50 m l  of THF. I n t o  t h e  other  d e l i v e r y  funnel was placed t r i e t h y l -  
amine (50.5 g ,  0.5 mole, 69.9 m l )  i n  50 m l  of THF. The t r i e thy lamine  s o l u t i o n  
w a s  added dropwise w i t h  s t i r r i n g  t o  t h e  a d i p y l  ch lo r ide .  The hexafluoroacetone 
monohydrate s o l u t i o n  was added s imultaneously,  care being exe rc i sed  s o  t h a t  t h e  
volume of monohydrate added never exceeded t h e  volume of t r i e thy lamine  i n  t h e  
r e a c t i o n  f l a s k .  
means of a d r y  ice - acetone ba th .  The t r i e thy lamine  formed a yellow s o l i d  
immediately upon a d d i t i o n ,  followed slowly by replacement w i t h  a white  s o l i d  
when t h e  hexafluoroacetone monohydrate was added e Afte r  t h e  add i t ions  were 
complete, t h e  con ten t s  were s t i r r e d  a t  room temperature f o r  almost 72 hours.  
Then t h e  white  s o l i d  was f i l t e r e d  o f f  through a s i n t e r e d  g l a s s  funnel  under 
n i t rogen .  

The exothermic r e a c t i o n  was maintained between -10°C and -20°C by 

It weighed 66.4 g (95 -5% of t h e o r e t i c a l  t r i e thy lamine  hydrochlor ide) .  
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The f i l t r a t e  was s t r i p p e d  of  so lvent  and unreacted s t a r t i n g  materials y i e ld ing  
81.2 g (68% y i e l d )  of l i q u i d  t e n t a t i v e l y  i d e n t i f i e d  by i t s  i n f r a r e d  spectrum 
as t h e  d i - ac id  chlor ide- terminated d i e s t e r  of ad ipy l  ch lo r ide  and hexaf luoro- 
acetone monohydrate (Figure 38 .). 

% H  %,Cl - % F  - % C  
7 

Ana lys  4s : 

Calcula ted  f o r  CI5Hl6O6Cl2F6: 37.7 3.4 14.9 23.9 

Found : 49.6 5.5 15.3 6 90 

Chloride a n a l y s i s :  An excees of s i l v e r  n i t r a t e  s o l u t i o n  w a s  added t o  
5.6862 g of t h e  d i a c i d  dichloride. 
and ,a f t e r  d ry ing ,  weighed 3.2808 g (96,6% y i e l d  based on s t r u c t u r e ) .  

White s i l v e r  c h l o r i d e  immediately p r e c i p i t a t e d  

a .  P repa ra t ion  of  Hexafluoroacetone Monohydrate 

0 OH 

CF3-C-CF3 -& !d 0 CF3-C-CF3 
II I 

2 I 
OH 

I n t o  a c a l i b r a t e d  l O O - m l ,  three-necked f l a s k  equipped w i t h  d ry  ice 
condenser,  n i t rogen  gas  i n l e t ,  s t irrer,  and add i t ion  funnel  was condensed hexa- 
f luoroacetone (42 g,  0.25 mole, 29.0 cc> . 
means of  a d r y  ice - acetone ba th .  To t h e  f l a s k  w a s  added w i t h  s t i r r i n g ,  water 
(4.5 g,  0.25 mole),  
of  e t h e r  were added t o  main ta in  a f l u i d  s o l u t i o n .  The e t h e r e a l  s o l u t i o n  was 
used below without f u r t h e r  i s o l a t i o n .  

Hexafluoroacetone was contained by 

A s o l i d  immediately formed i n  t h e  f l a s k .  F i f t y  mi l l i l i t e r s  

b .  Prepara t ion  of 2,2-Diacetoxy-h~xafluoropropane 

E t  her  

(C2H5 ) 3N 

0 
II 

0-c -C% 

cF3\ / + 2 (C2H5)3N.H01 

/ c\ 0-C-CH3 
CF3 I/ 

0 
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The e t h e r e a l  s o l u t i o n  of hexafluoroacetone monohydrate from t h e  previous 
r eac t ion  was t r ans fe r r ed  t o  a 500-ml, three-necked f l a s k  equipped wi th  n i t rogen  
gas i n l e t ,  thermometer, s t i r re r ,  and two de l ive ry  funnels .  I n t o  one of t he  
de l ive ry  funnels  w a s  placed a c e t y l  ch lo r ide  (39.3 g,  0.5 mole, 35.5 m l ) .  The 
o ther  addi t ion  funnel was charged w i t h  t r ie thylamine  (50.5 g ,  0.5 mole, 69.9 m l ) .  
The f l a s k  was maintained near  O°C. Triethylamine was added s lowly,  w i th  s t i r r i n g ,  
followed by simultaneous add i t ion  of a c e t y l  ch lo r ide .  White fumes evolved, and 
a s o l i d  formed i n  t h e  f l a s k .  Another 150 m l  o f  e t h e r  were added t o  maintain 
so lu t ion .  The r e a c t i o n  mixture was s t i r r e d  fo r  3 days a t  room temperature.  The 
white  t r ie thylamine  hydrochloride w a s  f i l t e r e d  o f f ,  washed wi th  e t h e r ,  and d r i e d .  
The y i e ld  w a s  64.2 g (93.4%). The bulk  of e t h e r  so lvent  was s t r i p p e d  o f f  from 
t h e  b r i g h t ,  deep pink s o l u t i o n  and t h e  remaining l i qu id  d i s t i l l e d .  One f r a c t i o n ,  
co l l ec t ed  from 35"-7OoC w a s  a c l e a r ,  c o l o r l e s s  l i q u i d ,  t h e  i d e n t i t y  of which has 
not yet  been e s t ab l i shed .  The second f r a c t i o n ,  a clear yellow l i q u i d  bo i l ing  
a t  87"-l10°C was i d e n t i f i e d  as being mostly a hydrate  of hexafluoroacetone. The 
res idue  yielded no f u r t h e r  d i s t i l l a t e  upon f u r t h e r  hea t ing .  

25. Prepara t ion  of Dihemiketal from Hexafluoroacetone and Hexafluoropentanediol 

CF3 I CF3 
1 

0 

CF3-C-CF3 4- HOCH2(CF ) CH OH ___f HO-C-OCH2 (CF2)3CH20-y-OH 
I 2 3  2 

CF3 CF3 

A 500-ml, three-necked f l a s k  f i t t e d  wi th  s t i r re r ,  d r y  i c e  - acetone condenser,  
and an add i t ion  funnel w a s  placed i n t o  a dry  ice ba th .  Hexafluoroacetone (66.4 g ,  
0.4 mole) w a s  passed in  and condensed. Hexafluoropentanediol (42.4 g ,  0.2 mole) 
i n  250 m l  of d i e t h y l  e t h e r  was slowly added wi th  s t i r r i n g .  The r eac t ion  mixture 
w a s  s t i r r e d  fo r  17 hours a t  room temperature.  Evaporation of t h e  e t h y l  e t h e r  a t  
reduced pressure  yielded a viscous l i q u i d .  The in f r a red  spectrum of t h i s  l i qu id  
showed no carbonyl absorp t ion  and a d e f i n i t e  s h i f t i n g  of t he  hydroxyl absorp t ion  
t y p i c a l  of hemiketal  formation. On hea t ing  the  l i qu id  or exposing i t  t o  moisture ,  
only hexaf luoropentanediol  w a s  i s o l a t e d .  

a .  Attempted Prepara t ion  of t h e  p-Toluenesulfonate from t h e  Dihemiketal 
from Hexaf luoroacetone and Hexafluoropentanediol 

CF3 I CF3 

CF3 CF3 

HO-C-OCH2(CF2)3CH20-F-OH 1 4 2 CH3 

CF3 0 

.. CF3 0 

HC 1 
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The e t h e r  s o l u t i o n  of t h e  hemiketal  was t r a n s f e r r e d  t o  a 1-l i ter ,  t h r e e -  
necked f l a s k  equipped w i t h  a d d i t i o n  funnel,  thermometer, s t i r rer ,  and r e f l u x  
condenser. Pyridine (31.6, 0.4 mole) was added w i t h  s t i r r i n g .  p-Toluenesulfonyl 
c h l o r i d e  (76.2 g ,  0.4 mole) d i s so lved  i n  30 m l  of e t h e r  w a s  added and t h e  r e a c t i o n  
mixture heated a t  r e f l u x  f o r  20 hours.  Unreacted p- toluenesulfonyl  c h l o r i d e  
and hexafluoropentanediol (from decomposition of t h e  dihemiketal)  were recovered. 

26. Attempted P repa ra t ion  of p-Amino-tetrafluorobenzylamine 

F F  

Tetrahydrofuran (THF) (300 m l )  was added t o  a l - l i ter9 three-necked f l a s k  
equipped w i t h  an a i r  s t i r rer ,  condenser n i t r o g e n  i n l e t  , and thermometer. 
Lithium aluminum hydride (LAH) (8-5 g ,  0.225 mole) was added t o  t h e  e t h e r  w i th  
mixing under n i t r o g e n .  Tetrafluoro-p-aminobenzamide (20.8 g, 0.1 mole) i n  
200 ml of THF was added t o  t h e  LAH s l u r r y  over a 1-hour per iod a t  15"-25"C 
under n i t rogen .  The s l u r r y  w a s  mixed f o r  an a d d i t i o n a l  4 hours a t  2Oo-25OC. 
It w a s  then cooled t o  10°C, 10 m l  of water was slowly added w i t h  mixing under 
a r ap id  stream of n i t rogen  over a 45-minute pe r iod ,  then l e f t  s t and ing  over- 
n i g h t .  The mixture w a s  then f i l t e r e d  and the  f i l t r a t e  d r i e d  w i t h  magnesium 
s u l f a t e .  The THF s l u r r y  w a s  f i l t e r e d ,  then t h e  THF removed on a r o t a r y  evapo- 
r a t o r  t o  y i e l d  11.8 g of crude product.  The crude product w a s  sublimed t o  
y i e l d  21% of te t raf luoro-p-arninobenzoni t r i le ,  mp 77"-80°C. I t s  i n f r a r e d  spectrum 
i s  shown as Figure 39. 

% H  % F  - % N  - - % C  Elemental a n a l y s i s :  - 
Calculated f o r  C7H2F4N2: 44 -2 1.1 40.0 14.7 

Found: 44.49 1.30 39.67 14.51 

2 7 .  P repa ra t ion  of 2-Imino-hexafluoropropane 

NH 
tl NH3 OH I P O C ~ ~  'I 
0 

CF3-C-CF3 I CF3-C-CF3 *-> CF3-C-CF3 
I 

Hexafluoroacetone (1.0 mole) w a s  condensed i n t o  a three-necked f l a s k  a t  
-20°C. The f l a s k  w a s  f i t t e d  w i t h  a d r y  ice  - acetone f i l l e d  Dewar condenser, 
addi t ion.  funnel ,  g a s  i n l e t  and Magbar stirrer. . Ammonia gas (1.1 mole) w a s  
slowly fed i n t o  t h e  cold l i q u i d ,  forming a white  powder. Any unreacted material 
was allowed t o  escape a t  room temperature.  The f l u f f y  white  powder (60 g )  w a s  
t hen  dissolved i n  1 l i t e r  of d i s t i l l e d  pyridine.  The pyridine s o l u t i o n  of 
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* 2-amino-2-hydroxyhexafluoropropane w a s  c h i l l e d  t o  -70°C and phosphorus oxy- 
c h l o r i d e  (140 m l ,  1.4 mole) w a s  s lowly added. The s o l u t i o n  was  slowly allowed 
t o  come t o  room temperature.  A f t e r  1 hour at  room temperature,  t h e  s o l u t i o n  
w a s  d i s t i l l e d  through an 18-in. ,  helix-packed, vacuum-jacketed column. The 
f r a c t i o n  b o i l i n g  a t  19"-20"C w a s  c o l l e c t e d .  The y i e l d  was  40.0 g (25%). 

28 e Attempted P repa ra t ion  of a Curing Agent f o r  F luo r ina t ed  Polyurethanes 

a. Attempted P repa ra t ion  of a bow-Melting Amine Curing Agent 

A mixture of  tetrafluoro-p-phenylenediamine (1.15 g, 0.0064 mole) and 
pen ta f luo roan i l ine  (0.60 g s  0.0032 mole) was  prepared. The mixture c r y s t a l l i z e d  
a t  125 "C. 

b.  Attempted P repa ra t ion  of a n  Amine-Diol Mixed E u t e c t i c  
Curing Agent 

Tetrafluoro-p-phenylenediamine (2.0 g,  0.011 mole) and hydroxyl- 
terminated poly(hexafluoropentamethy1ene a d i p a t e )  of 1450 molecular weight 
(2.0 g ,  0.014 mole) were mixed. The diamine w a s  i n so lub le  i n  the  po lyes t e r .  

2 9 .  Prepa ra t ion  of Monosodium S a l t  of Hexafluoropentanediol 

a 
HOCH2 (CF2)3CH20H 4 NaH Et 2o > HOCH2(CF2)3CH2 ONa 3. H2 I 

Hexafluoropentanediol (85 g ,  0.4 mole) w a s  dissolved i n  d i e t h y l  e t h e r .  
A d i s p e r s i o n  of sodium hydride i n  mineral  o i l  (20 g of mixture containing 9.6 g ,  
0.4 mole of NaH) w a s  d i s so lved  i n  e t h e r  and added t o  t h e  d i o l  s o l u t i o n .  When 
t h e  a d d i t i o n  was  completed, t he  s o l u t i o n  was s t i r r e d  f o r  45 minutes and t h e  
s o l i d s  f i l t e r e d .  The p r e c i p i t a t e  w a s  washed w i t h  e t h e r  and b o i l i n g  hexane, 
f i l t e r e d  aga in ,  and d r i e d  under vacuum. The s a l t  i s o l a t e d  weighed 74d2  g 
(79%) y i e l d  and i t s  n e u t r a l i z a t i o n  equivalent  w a s  250 ( t h e o r e t i c a l  234). 
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V. CONCLUSIONS 

LOX Compatibi l i ty  

C e r t a i n  conGlusions can be drawn from t h e  LOX compa t ib i l i t y  tests ob- 
t a ined  on those  polymers s e n t  t o  MSFC f o r  t e s t i n g .  Urethane l inkages f lanked 
on the a l coho l  s i d e  by a 1,l-dihydroperfluoroalkyl chain are &OX compatible 
i f  t he  n i t rogen  is a t t ached  t o  a d i f  luoromethylene, te t raf luoro-p-phenylene , 
o r  te t rachloro-p-phenylene group, Urethane amide, and ester groups do n o t ,  
i n  themselves,  impart LOX i ncompa t ib i l i t y .  Polyurethanes i n  which the  d i o l  
por t ion  i s  a p a r t i a l l y  f l u o r i n a t e d ,  hydroxyl-terminated polycarbonate ,  con- 

t a i n i n g  the  -CHZ-O-!-O-CH2- s t r u c t u r e ,  a polyformate conta in ing  t h e  C%-O-CH2- 

O-CH2- s t r u c t u r e ,  o r  a polyether  conta in ing  t h e  -CH-CH -0-CH-CH2- s t r u c t u r e  

a r e  LOX i ncpnpa t ib l e ,  

P f 
2 

P f 

P rope r t i e s  s f  Materials Inves t iga t ed  

Certain conclusions can be drawn from the  p r o p e r t i e s  of t h e  materials 
prepared dur ing  t h i s  i n v e s t i g a t i o n .  

An adhesive system cannot be prepared from hexafluoropentanediol  and an 
aromatic  o r  s h w t  chain a l i p h a t i c  d i i socyanate  because t h e  r e s u l t i n g  poty- 
urethanes a r e  b r i t t l e .  

Although they are not  LOX compatible,  polyurethanes prepared 
p a r t i a l l y  f l u o r i n a t e d  hydroxyl-terminated p o l y e s t e r s ,  po lye thers ,  
carbonates  could be developed i n t o  adhesive systems because these  
a r e  extremely f l e x i b l e .  

from 
and poly- 
polymers 

Dihemiketals prepared from hexafluoroacetone,  such a s  the  dihemiketal  of 
hexafluoroacetone and hexafluoropentanediol ,  are not usable  as prepolymers 
s i n c e  t h e  polyurethanes formed from them are b r i t t l e ,  

Tqtrafluoro-p-phenylene d i i socyanate  and the  isocyanate- terminated pre- 
polymers prepared from it a r e  much more r e a c t i v e  than their  nonf luor ina ted  
ana logs .  

Tetrachloro-p-phenylene d i i socyanate  and i t s  prepolymers are much less 
r e a c t i v e  than t h e i r  nonhalogenated analogs.  

Hydroxyl-terminated polyes te rs  of hexafluoroacetone are not  s u i t a b l e  f o r  
t he  prepara t ion  of polyurethanes because they are uns tab le  even fo gen t l e  
h e a t i n g  . 

Polyace ta l s  prepared from perf  luoroaldehydes show l i t t l e  promise as 
prepolymers due t o  t h e i r  c r y s t a l l i n e  na ture  and l a c k  of s t a b i l i t y  t o  hea t .  
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Poly (hexa f 1 uoro pent ame thy len e carbonate) exhi b its an unexpectedly high 
degree of thermal stability. 

Hexafluoropentamethylene oxide and tetrafluoro-tetramethylene oxide are 
extremely stable to ring scission and cannot be polymerized to polyethers. 

Chlorocarbonyl pyridinium chloride is a very useful reagent for the 
phosgenation of amines and alcohols. 
preparation of highly halogenated isocyanates and chloroformates. 

This type of salt is necessary for the 
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V I .  RECOMMENDATIONS FOR FUTURE WORK 

The scope of t h e  program should be narrowed t o  t h e  p repa ra t ion  of poly- 
urethanes from t h r e e  types of d i o l s :  more h ighly  f l u o r i n a t e d  polye thers ,  
considerably longer  chain f l u o r i n a t e d  d i o l s ,  and hydroxyl-terminated poly- 
esters of  u,u,a' ,ut -tetrahydro-perfluoro-dicarboxylic a c i d s .  
types of d i o l s  are considered,  on t h e  b a s i s  of t he  conclusions presented i n  
t h i s  r e p o r t ,  t o  be t h e  most promising systems. 

These t h r e e  

Although LOX incompatible ,  t h e  polyurethane prepared from po ly ( t r i f1uoro -  
propylene oxide) showed i n t e r e s t i n g  low-temperature p rope r t i e s ;  because of 
t h i s ,  po lye thers  conta in ing  more f l u o r i n e ,  e s p e c i a l l y  i n  the  polymer back- 
bone, should be prepared. 

The polyurethanes prepared from hexafluoropentanediol  a r e  LOX compatible 
but are b r i t t l e  s o l i d s .  Therefore ,  considerably longer  chain f l u o r i n a t e d  
d i o l s  should be prepared f o r  use i n  the  prepara t ion  of f l e x i b l e  polyurethanes.  

Poly(hexafluoropentamethy1ene per f luo rog lu ta ra t e ) ,  a l though h y d r o l y t i c a l l y  
uns t ab le ,  was LOX compatible.  Hydroxyl-terminated po lyes t e r s  of u,a,a',u'- 
tetrahydroperfluoro-dicarboxy1j.c a c i d s  should be prepared and polyurethanes 
made from them, 

E f f o r t  w i l l  be d i r e c t e d  toward the  development of t h e  most promising 
polymer i n t o  a LOX-compatible adhes ive  system. 
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