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ABSTRACT

To determine if thermally stable elastomeric polymers can be

obtained from perfliuoroalkyl heterocyclic backbones derived from.
benzoxazoles and benzothiazoles, a study of related models (I, II

and III) was undertaken.

(II) 2,2'-bis(heptafluoropropyl)-5,5'-bibenzoxazole

/ , N\, oo
F7Ca-C\N O O //C—CsF7

(111) 2,2'—bis(heptafluoropropyl)—6,6'-bibenzothiaZOIe

. - - These models were synthesized and fully characterized. Chemi-~
cal reactivity studies indicated the models to be resistant to
strong acld hydrolysis and to attack by secondary and tertiary
amines. Models I and III are stable at 350°C., while Model II
begins to decompose at 250°C.

Procedures for preparing the models were optimiZed and
polymers congeneric to Models I and IIT have been prepared which
have a {CFz}s between the heterocyclic rings.

Each transmittal of this abstract outside the Department of
Defense must have prior approval of the Polymer Branch, MANP,
Non-metallic Materials Division, Air Force Materials Laboratory,

Wright-Patterson Air Force Base, Ohio 45433.
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SECTION I
INTRODUCTION

The purpose of this research is to synthesize heterocyclic
fluorine-containing polymers for use as high temperature elas-
tomers. Specifically, the program involves the synthesis of
“selected perfluoroalkyl heterocyclic model compounds and the
determination of their relative stabilities. Polymers congeneric
with the most attractive of these models are then prepared and
evaluated as elastomers.

The general area of research in thermally stable organic
materials has been dominated by the synthesis of polymers con-
taining aromatic heterocyclic rings formed by polycondensation
reactions. This area has been the subject of many recent re-
views (1,.2) and has been the subject of discussion at various
conferences on thermally stable materials (3, 4). Pioneers in
this field have been Dr. Carl Marvel and his co-workers, at the
University of Arizona, who have synthesized three groups of
polymers (I, II, III) which are based on the benzimidazole

structure (]). _ —_
7 N N r N
_</, - _</ O O \>Ap- ;_</; \>Ap_.
N N7 N7 ' ~
B I _|n B i i | n | B I H _|n

These polymers were prepared by the condensation of diphenyl
esters of aromatic diacids with aromatic tetramines (1). The
polymerization, which is a thermal reaction, normally gave clean
polymers of molecular weights between 50,000 and 100,000. Very
few of these polymers, however, showed a melting point, and above
400°C. they became insoluble in all solvents, indicating that
crosslinking had occurred before the polymer mélted. Before this
heat treatment, the polymers were quite soluble in dimethylform-
amide (DMF), dimethylsulfoxide (DMSO), and other dipolar aprotic
solvents. When cast from DMSO, these polymers gave quite re- -
markably stable films and flbers. It is notable that, when analyzed
thermogravimetrically in nitrogen, these polymers were stable to
500°C. The oxidative stability of these materials was also excel-
lent, based on the very little difference in their behavior in air
or. nitrogen at temperatures to about 550°C. ,

Prior to and concurrent with the polybenzimidazole research,
there have been several other aromatic heterocyclic polymers pre-
pared with similar thermal and oxidative properties. Polypyro-
mellitimides have been prepared by du Pont (5), and marketed as
"H-f11m", which is based on the following aromatic structure . (IV).
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Polyquinoxalines (Vﬁ prepared by polycondensation of ,
diaminobenzidines and 1 diglyoxalbenzene at the State University'
of Iowa, are stable in alr at 500 C., and lose less than 20% of
their weight when heated to 800°C. (5). o

fgyr'

Polybenzothlazoles (VI) have been prepared by several in—
vestigators at Narmco Research and Development Laboratories (5)

ptepee

Thermogravimetric analysis conflrms that these polymers are
also very thermally stable.

A recent Russian review artlcle presented a thorough pic- ;
ture of the many new heterocyclic polymers (2). However, as with
the polybenzimidazoles, the most stable members of the various
types of heterocyclic polymers were those with aromatic linkages
between the heterocyclic rings, thereby limiting these materials
to use in non-resilient systems.

- To 1mprove-the mechanical properties of these polymers, Marvel
prepared polybenzimidazoles with flexible, aliphatlc groups con-
necting the benzimidazole rings. This modification, however,
conslderably reduced the thermal and oxldative stability of the
polymers as compared to those with aromatic groups connecting the
heterocyclic rings. To improve the oxidative and thermal sta-
bility, Marvel then prepared polybenzimidazole polymers with
-C2F4~ and -C4Fg- groups connecting the heterocyclic rings. Both
of the polymers were not very thermally stable; however, these
stabilitles may not be representative, since both were low molecu-
lar weilght polymers (3). These low molecular weilghts may have
resulted from a complicating reaction reported by Lane (6), as

indicated on the following page.
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This reaction, which also occurs with the =C2Fs derivative,v

could reduce the molecular welght of a polymer chain by fission

or by disturbing the stoichiometry of the polymerization reac-
tion.

e p— e p— . L —

! ’ ’ ‘
- >: H2002 \R| -
CFoCFowRt- 4 ’ > + CHF>~R
N ® ° H2 // \ . +HF2 ‘
L :

b p— e

Lane has reported that this reaction does not ocecur with
N-methyl or N-phenyl substituted amines. '

H

S , "CHa ) o
; o
\ HN ‘
CCFs + -+ No Reaction.
N// HoN e
Marvel, however, has not reported an investigation of this

approach to obtain higher molecular welghts.

Using a similar ring condensation polymerization approach

‘H. C. Brown (7) nhas prepared perfluoroalkyl triazine polymers. of

the general structure:

;__'//I?\'ﬁf*-

RL n
These triazine polymers were stable at temperatures from 350°C.
to 410°C., and retained their properties after being heated in
refluxing fuming nitric acid for 2% hours. This work clearly

establishes that thermal and oxidative stability combined with
improved flexibility, as compared to the heterocyclic polymers
connected with an aromatic linkage, can be obtained by incor-

porating a perfluoroalkyl group between heterocyclic rings.

More recently, Brown (3) and hils co-workers have been con-
ducting work on the synthesis of models and polymers of per-
fluoroalkyl oxadiazoles, pyrazoles, and triazoles.




Thus, polymeric structures containing heterocyclic groups
connected by aromatic groups are among the most thermally stable
polymers known. Furthermore, it had been shown that aliphatic
fluorocarbon segments between triazine rings had good stability
and led to flexible polymers. However, this approach to the
synthesis of flexible polymers had been studied to only a limited
extent. For example, the effect on the resulting polymer prop-
erties of the variation of the type and size of the heterocyclic
group and the linking fluorocarbon segment- had not been inves-
tigated in any detail. ‘ ‘

Although it seemed possible from this approach that re-
silient materials with good mechanical, thermal, and chemical
properties might be obtained, many problems had to be satis-
factorily solved. These included determining the most desirable
heterocyclic rings and the fluorocarbon segment with the best
properties, and preparing polymers with sufficient molecular
welght for good mechanical properties. ‘ . ‘

In the preparation of thermally stable heterocyclic polymers
there were two criteria which had to be met which limited. the
number of heterocyclic rings for investigation. First, the
heterocyclic ring had to have good thermal and oxidative sta-
bility, and,secondly, the type of heterocyclic ring was limlted
by the fluorocarbon derivatives capable of undergoing ring-
forming polycondensation reactions. T

Heterocyclic rings which seemed to meet these requirements,
excluding triazoles, trlazines, oxadiazoles and thiadlazoles,
were imidazoles (VII), oxazoles (VIII), thiazoles (IX), and the benz
derivatives of each of these simple rings.

_ﬁm\%; | _io\%—‘ ; 5WS\%-
—c—NR/ 7 o -~
(vix) | (viiz) | (Ix)

In the past, the type and length of the fluorocarbon ‘seg-
ment has been rather limited, since the only dibasic perfluoro-
acids readily available had been (CFz) (CO2H)2, where n = 2 to 4.
However, more recently, 1imited'quant191es of longer chain di-
baslic perfluoroacids have been made avallable.

Our approach was to select two or three of the six proposed
systems from the model compounds, and, after evaluating the models,
optimize reaction conditions and prepare the congeneric polymers.
Two bibenzoxazoles and one bibenzothlazole were selected as the
initial systems and the following three models were chosen for
study. :

_h_
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~SECTION II
DISCUSSION

The synthesis of the models (I, II, and III) and polymers
by proposed methods required the preparation of three inter-
mediates, dihydroxybenzidine, diaminobiphenol and dimercapto—
‘benzidine. :

A. PREPARATION OF INTERMEDIATES

1. Dihydroxybenzidine

The following route was selected to prepare dihydroxy—
benzidines:

HsCO OCHs '
Ether >
HoN NH» Cleavage

The starting material, o-dianisidine, 1s commercially avail- -
able as the free base and was converted to the dihydrochloride
(hydrogen sulfide was liberated during this operation, indicating
that the dianisidine was prepared by sulfide reduction and the
sulfide was incompletely removed).

Initial attempts were made to cleave the ether linkage by
hydrolysis with hydrogen iodide by the method of Burkhardt and
Wood (8). The product was a black, tarry material from which
dihydroxybenzidine was isolated as a dark powder in only about
13% yield. Repeating the procedure, but removing the excess
hydrogen lodide by decanting rather than by distillation, re-
sulted in only a partially cleaved product (even after 48 hours
of refluxing at 127°C.). This method was abandoned in favor
of a modification of a patented procedure (9) which involved

~cleavage of o-dlanisidine dihydrochloridée with aluminum chloride
in toluene. This procedure gave a white powder with the proper
elemental analysis.

‘2. Diaminobiphenol

The scheme used to prepare 3, 3'—diaminobiphenol the posi-
tional 1isomer of dihydroxybenzidine, is as follows:

_HNOs 02N NOZ» NH OH HaN
HO OH HaCClz N328204




The blphenol was purchased from Dow and nitrated as received With
either nitric acid in acetic acid or with nitric acid in methy-
lene chloride. Both methods gave a solid which melted near the

- reported literature values; however, the yield using the methy-
lene chloride procedure was nearly quantitative. Recrystalli-
zation of the product from acetic acid proved to be tedious and
was not undertaken on large samples. The melting points and

the product color changed insignificantly upon recrystallization.
The elemental analysis was in good agreement with the theoretical
value.

Subsequent reduction to the amine was to be carried out
catalytically with hydrogen; however, the insolubility of the
dinitro compound in solvents suitable for the hydrogenation made
this route impractical. Reduction with sodium dithionite gave
a 90% crude yield of . the 3,3'-diaminobiphenol. This product was
purified by preparing the dihydrochloride and reprecipitation
from an aqueous solution by the addition of gaseous HCl1l to the
mixture. (The dihydrochloride was fairly insoluble in concen-
trated aqueous HCl.) The free base was prepared by the addition
of sodium acetate to an aqueous solution of the dihydrochloride.

5. Dimercaptobenzidine

The required intermediate for preparing Model III is
dimercaptobenzidine (or its dihydrochloride There are two
reported methods of preparation (10, 11) of this material,
but superficially the earlier one reported appeared to be more
convenient, since it did not require handling cumbersome quan-
tities of solvent. This procedure, which was therefore used
with only minor modification, is outllned below:




/

o Unfortunately, this method gave an impure product; which
was mostly in the form of a sulfide rather than the free mer- >

captan, indicating that oxidation occurs at some stage of the r

process.’' Workers at Koppers (12) believed that this oxidation -

occurred after treatment of the metal salt with acid, suggesting

that the final product was very sensltive to alr oxidation. :

However, a re-examination of the reaction.scheme established that

‘the intermediates, thiazolium chloride and thiazolium dioxide,

were deficient in sulfur, pointing to the possibility of coup-
ling to form the sulfide by loss of sulfur-containing specles

before the last step of this reaction was carried out. The

work at Koppers suggested that they were able to prevent the

oxidation from occurring after and during neutralization "by

a process outside the scope of this study." Although none of

the Koppers' process was disclosed, it 1s evident that it ‘does

not prevent oxidation, but actually involves a reduction of

the sulfide to the mercaptan. :

: . When this procedure ‘was carried to completion, the infrared
~ spectrum of\ the benzidine dihydrochloride did not show a mer-
captan band-at 3 9 u. .

Evidence that the oxidation did not occur after reaction

~ of the mercaptide with hydrochloric acid was obtained from the
preparation of the benzidine dihydrochloride by a second, 1ess

convenient route' ' ,

> | NCS, SCN
~ ‘ = | KSCN
< : v ' Bro
HA S X NH HoN 2
- | y HCl
K'sT =N sk -
i Iiilll Ei]lﬂ . KoH
| HaN" NTNH2

 C17HsN'

, These reactions all proceeded smoothly, although several
filtration operations were slow and very tlme-consuming. The

final product of thls scheme was dimercaptobenzidine dihydro-
chloride, as evidenced by the strong infrared band at 3.9 u




There was no evidence that this material oxidizes very rapidly
to the sulfide. However, for long-term storage the mercapto- -
benzidine was kept in the form of the dipotassium salt. After

several months, about 3% of the material was water insoluble and
was identified as dimercaptobenzidine disulfide. The free base -

dimercaptobenzidine was readily obtailned by dissolving the -~ ~
dipotassium salt in water, filtering to remove the disulfide,‘ L
and treating the filtrate with acetic acid o

B. PREPARATION OF MODEL COMPOUNDS

1. Two- Step Synthesis with Esters of. Perfluorobutyric ‘Acid

The following reaction scheme was chosen to synthesize
Model I:

O O 4 2 CHgOCCaF,
| NHo o

’ An attempt was made to prepare the fluorinated bis(butyramide)
from methyl perfluorobutyrate at room temperature, but the iso-
lated product was the starting free base. Another attempt to

"greﬁare the amide by heatin% an identical mixture at 100°C, for
ours resulted in an entirely water-soluble product. At tem-

peratures above 100°C., an unworkable black tar was obtained,
Although the reaction of methyl esters with amines is the stan-
dard method of preparing perfluoroacylamides, none of the de-
sired product could be found in any of the reactions. This ‘
reaction was repeated at 120°C. in polyphosphoric acid, but there
was no apparent reaction of the ester, only a tarry residue of
dihydroxybenzidine ;

2. Two-Step Synthesis with Perfluorobutyryl Chloride

Since the attempts to form the bis(butyramide)from methyl
perfluorocbutyrate were unsuccessful, the acid chloride was sub-
stituted for the ester. : ,




" HO ,, 1QH . 9 ' OH N OH
| +2 GaBrlOl —> O O o
: . , "
Ho NH> | ' CaFz7 C-Ij -CCaF
| | H - H

(x) B (xx)

-2Ha0

. / O\CC Fr |
CSF7_C\\N N(/ 3 F7
. Model I '

By using the acld chloride, the amlide was prepared and,
- although several products are theoretically possible (ester
as well as amide can form), the major product with either
gihydroxybenzidine or diaminobiphenol was the corresponding
amide. ‘

The preparation of the amide (XI) was most successfully
carried out by mixing a stoichiometric quantity of (X) with
the acld chloride in pyridine. The purple product appeared to
be two materials (from infrared analysis). When separation
was effected by extraction with benzene or methylene chloride,
one of the products was found to be a bis-ether resulting from
o0-dlanisidine in the starting materilal, (X1I1), *

CH30 O O OCHs
NH9C3F7

C3F7 CHN ,
0 (XII) 0]

and the other, the desired diamide (XI). The diamide, however,
retained the deep purple color. Upon heating, the color disap-
peared and the amlde was then readlly purified by recrystallizatlon.
Attempts were made to prepare (XI) either in DMAC, or triethyl- ’
amine and, although the purple color was absent, the ylelds were
consilderably lower. ‘ ' ‘

The diamide from diaminobiphenol was prepared in the same
manner, but 1t appeared to be a single product. It was purl-
fied by either sublimation or recrystalllzation from acetone.
The elemental analyses and the infrared spectrum were in agree-
ment with the proposed anmide structure. - o :

-10-




An attempt was made to prepare a perfluorobutyramide from
dimercaptobenzidine dihydrochloride, but thls reaction was un-
successful. , '

To effect cyclodehydration, each of the amldes was heated
with an excess of polyphosphoric acid at 200°C. Model I was
initlally obtained in low yleld as a white fuzz,which sublimed -
fyom the acid. Infrared analysis showed that -C=0,-0-H, and the
-N-H peaks whlch were present in the amlde were all absent, as
expgcted, in the model. In addition, a sharp ¢haracteristic
-N=C- band appeared at 6.23 p and the strong -C-F bands at
~8.3 u were still present. Mass spectral analysis (Table I)
showed the principal ion to be the parent, 572. This ion was
s8lightly more intense than the second most intense ion, 453
(the parent minus a 02F5~group). The parent 1s also greater
than five times the intensity of the third most intense peak,
553, (or the parent minus fluorine). These results indicated
that rupture-takes place initlally to give a stable carbonium
lon, such as (XIII) or (XIV), as a result of scission along the
"8lde chaln 1n preference to cleavage of the ring. .

ESSES O

(XI1I1)

Can- CF- m >-C:3F7

(XIV)

Olah (12) has regorted that fluorobenzyl carbonium ions
such as @PCF2 and @CF -g are very stable species. This may also
be true of the benzoxazole carbonium ions (XIII) and (XIV) in
which the ring 1s strongly aromatic.

An improved preparation involved use of a horizontal sublima-
tion apparatus which resulted in a crude yleld of 59% of Model I.
An attempt. to effect the cyclodehydration with sodium methoxide in
methanol yielded tars. _

Cyclodehydration to glve Model II was carried out in the
same manner at 200°C. and crude ylelds of 72% were obtained.
The infrared spectrum of Model II had essentially the same peaks
as did Model I; the -C=N- peak was shifted to slightly higher
wavelengths (6.39 u). Both models were white, crystalline solids
which were readily soluble in acetone and could be recrystallifed
from an acetone-water mixture or from methanol. Small amounts
of colored lmpurlitles were removed with charcoal, but much of the
model is apparently absorbed by. this treatment.




The benzothiazole model was not prepared by this method due
to the lack of the required 1ntermed1ate amide.' p

S One—Step Synthesis with Methyl Perfluorobutyrimidate

G. I. Braz et al. (14) have reported the preparation of
benzoxazoles from the reaction of e-aminophenols and imidate
esters. From the reaction of o-aminophenol with methyl per-
fluorobutyrimidate, Braz obtained a 55% yleld of the corresponding
benzoxazole.

_OH ' - NH 24 Hours
+ CFoCF2CF2C-0CHs —CHCla o
's ~G,F,COOH
H2 , - Room Temp.

Although, without optimization, the ylelds were not suf-
ficlently high to apply this reaction to the preparation of the
corresponding condensation polymers, it offered the possibility
of utilizing a one-step procedure for making either the model
or the corresponding polymer.

The methyl perfluorobutyrimidate was prepared cngeniently‘
from the reaction of perfluorobutyronitrile and methanol in the
presence of trimethylamine in a Fischer-Porter reactor.

To prepare Model I, the general procedure of Braz was
followed, but only a very poor yield of the model was obtalned.
The perfluorobutyric acid, used in the reaction, was added to
a slurry of the dihydroxybenzidine, the imlidate ester, and chloro-
form. The main product was a water-soluble salt. The procedure
was modified by adding a mixture of the imidate and the acld to
a chloroform slurry of the dihydroxybenzidine. Although this

- procedure improved the yield (from 12% to about 25%), the yields'

were too low to be of synthesis value.

When dloxane was used as a solvent and the reaction was '
carried out at 60°-80°C., a crude yileld (all one product by
infrared analysis) of Model I of greater than 90% was obtalned.

In additlion, it was found that the same high yleld of relatively
pure model could be attalned by using trifluoroacetic acid in-
stead of perfluorobutyric acid. Braz carried out his cyclization

- reactlons using perfluoro acids which were derivatives of the

imidates employed. Thls procedure would be very wasteful in
polymer preparation, where expenslve diacids would be consumed
without incorporation iInto the polymer. A low molecular weight
salt would be desirable, since ammonium salts of the aclds are
co-products of the reactlion and can be readily sublimed from the
polymer. ' Ammonium perfluorobutyrate sublimes readily and was




‘recovered in this manner from one preparation of the model.
Model II was prepared by this modified procedure in a crude yield
of greater than 86%, and it thus appears that this procedure ;
was directly applicable to synthesis of the polymers. t

When methyl perfluorobutyrimidate was treated with dimer-
captobenzidine following the procedure described above, Model III
was isolated in 67% yileld along with a compound, believed to be
the half-reacted mercaptan, (XV), in 11% yield

- s SH
N ; NHz
| o)

Although the analysis for this material (XV) 1s excellent,
the absence of an S-H band in the infrared spectrum casts some
doubt on the proposed structure.

A The structure of the model was fully supported by the ele-
mental analysis, the infrared. spectrum, .and NMR. It 1s a white
solid which 1s readily recrystallized from acetone. It 1s also
soluble in hot methanol and in hot benzene. The mass spectral
cracking pattern of Model II was essentially the same as Model I
and, while Model III gave the same general pattern, it showed a
greater susceptibllity for the central biphenyl bond to scisslon.
In all three cases, rupture of the side chains occurs in prefer-
ence to ring cleavage. However, the parent peak is the most
Intense, indicating the high stability of these materlals (Table I).

4, Optimization of Model Yields

To insure good yields, high purity, and high molecular welghts
for the proposed polymers, the imidate ester-dihydroxybenzidine -
reaction was further studied via the preparation of Model I. When
this reaction was run at the reflux temperature of dioxane for
5 hours, the crude yleld was only U46% and some dihydroxybenzidine
was recovered. Infrared analysis of the crude material indlcated
other 1mpur1ties were also present. When the reaction was re-
peated at 48-59°C. for 24 hours, a quantitative crude yield of the
model was obtained, and, although the infrared analysils substan-
tiated the structure, the material was colored. Reprecipltation
from a sulfuric acid solution, followed by recrystallization from
hexane, gave nearly pure Model I. The hexane-insoluble material
was a black tar which showed some carbonyl function by infrared
analysis and had the odor of perfluorobutyric acid. .The substi-
tution of tetrahydrofuran for dioxane in a 50°C. reaction resulted
in a much darker reactlion mixture which produced a rather dark,
crude product in 77% yleld. This material did not dry as easily
as previous materials and the infrared spectrum contained bands
characteristic of tetrahydrofuran along with the expected Model I.
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‘Table I

_COmparison:of_Mode1‘Maés Spectra(a)

o

C-CaFr
- FCeF

Relative Intensity

fon Model I (Yeo)(b) . Model III (Y>S)
_Parent . E | 'd © 100. oo, o : i 100,00“ 
Parent7M1nusn | B ‘ N o
CF2CF3 I - 8h.17 . . 82 05
Parent Minus F 1f, ; | "zo;ﬁz | R : . 13 56

' 1/2 Parent Minus L ; S
. "CFeCFs . 1316 . 30.45

N )
"Parenht Minus

_'2 CFgCFa | o 1 6.99 o ,~'e16.47

3pive most 1ntensive peaks.

 PModel II essentially identical with Model I

G. I. Braz et al. (14) also reported the preparation of

" benzoxazoles by reaction of o-aminophenols with imidate esters

in the free base form using hot dioxane as- the reaction medium.
This technique was applied to the preparation of Model.I and the
reaction was carried out at 80°C. for 72 hours. The crude yield
was 98%, but major impurities were shown to be present by infrared
analysis. Reprecipitation of this material from concentrated:
sulfuric acid gave a dark green product which appeared to be some
type of organic ammonium salt. There was no recovered model,
possibly indicating that ring closure occurred on only one side

-and sulfuric acid decomposed the resulting material

C. CHEMICAL STABILITY OF THE MODELS

All three'models were 1nsolub1e and unehanged after bolling

-in water for 24 hours. A refluxing ether-triethylamine solution

dissolved the models, but they were recovered unchanged. When

~Model I was refluxed 4 hours in dlethylamine, there was no ap-

parent reaction
\

Concentrated sulfuric acid at 25°C. or 100°C. dissolved all
three models, but dilution of the solution with water quantita-
tively reprecipitated Models I and III. Most of Model II was
also recovered in a pure state by this procedure, but'there was
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some weight loss, Indicating slight decomposition to water- ,
soluble products. Model III was not affected by refluxing with
concentrated hydrochloric acid, but all three were completely
decomposed to water-soluble products with 70% nitric acid at
100°C. In most strong aqueous aclds, the models, particularly
I and III, appear to be resistant to hydrolysis. The decom-
position in hot nitrlic acid may be due to nitration or oxi-
dation rather than hydrolysis. -

- D. THERMAL STABILITY OF THEvMODELS_,

As a gulde 1n selecting which of the three heterocyclic
systems might be stable as polymer units, the stability of each
of the three models was determined. Unfortunately, all three
materials are volatile and TGA analysis could not be used;
therefore, samples were heated in evacuated, sealed glass ampoules.

= Iniltlally, the three models were heated for 24 hours at
250°C., but there was no change in the melting points or in-

frared spectra. Although Model II was darkened slightly in

the melt, upon resolidification it resumed 1ts original color.

(It appeared to contain a small amount of charcoal, so subse- ;

quent studles have been performed on a clarified sample.) There

were trace amounts of volatile products from the two benzoxazoles,

one of which was identified as methanol and another as acetone,

whigh indicates that residual recrystallization solvents still

remained. However, the heated and devolatilized samples did

not differ in weight by more than 0.3% from the original sam-

ples.

Samples of the three models were heated for seven days
at 250°C. There was darkening in the two benzoxazole models
and no apparent change in the benzothiazole. The melting points
changed slightly, but there was no discernible change in the in-
frared spectra. There were still only traces of volatlles and
inslgnificant weight changes 1in all cases. » ‘

The two benzoxazoles were heated for 12 days at 250°C. and
for one day at 350°C. Model I had a slightly lowered melting
range, but exhibited no change In the infrared spectrum. There
was only a trace of volatlile product which was entirely CFsCFzCFzH.
~ Under the same conditlions, Model II degraded more severly, dark-
ening considerably and forming volatile products (COz, SiF., and
CFaCF2CFoH). However, in splte of the darkened appearance and
some apparent charring, the melting polnt was not severly lowered
(see Table II). '

The benzothlazole was heated for seven days at 250°C. and
then for one day at 350°C. There was only a slight graying of
the model and no apparent gassing. The melting point was not
depressed and the infrared spectrum was unaltered. The models .
thus appear to have good stability. The stabllity order appears .
to be: (III) > (I) > (II). Therefore, polymer systems based on
Models IITI and I were chosen for further study and those based on
Model II were excluded from further investigation.
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E. PREPARATION OF MONOMER iNTERMEDIATES

In order to prepare polymers congeneric to the model com-
pounds I and III, 1t was necessary to syntheslze several de-
rivatives of available difunctional perfluoroalkyl compounds.

1. Preparation of Perfluorosebaconltrile’

Impure perfluorosebacamide, as received from the Project
Engineer, was initially hydrolyzed with hydrochloric acid and
then treated with permanganate. This produced a white, hygro-
scoplc product which was then recrystallized from water. With-
out further purification, the acid was converted to the methyl
ester in an overall yleld from crude diamide of 66%.

The pure diamide ‘was prepared in quantitative yield from
the ester wilth ammonia. Dehydration of the dlamide with phos-
phorus pentoxlde, Pz0s, gave an excellent yield of very“pure per-
fluorosebaconitrile. ; :

2. Preparation of Derivatives of Perfluoroglutaric and Per—
fluoroadipic Acids. t

The first few reactions to prepare the polymer of Model I -
indicated that the preparation of polymers would be much more
difficult than the preparations of the model compounds and 1t
was felt that optimlzation of the ylelds should be carried out
on a polymer system. Because of the limlted supply of perfluoro-
sebaclc acld, the more avallable perfluoroadiplc and perfluoro-
glutaric acids were chosen for this study. <

A recently patented procedure (15) was used to prepare

'perfluoroglutaronitrile,vwhich Involved heating the dlamide

with bis-1,4-trichloromethylbenzene in trichlorobenzene. This'’
method 1s reported to avold cyclization of the amlde to the imlde;
however, the ylelds were found to be poor. In attempting to .

vacuum distill the methyl perfluoroglutarimidate, prepared from
‘the dinitrile, the principal product obtained was identified as

the lactam,
CHs

/
HsCO N

HoN
F

- From NMR and infrared analysis, none of the imidate was
observed. Perfluorocadipic acld was prepared by oxldation of
perfluorocyclohexene with potassium permanganate in aqueous

acetone, and esterified by reaction wlth ethanol in the presence

of sulfuric acld to produce diethyl perfluoroadipate in 66% yield.

The ester was converted to the amlde wlth-ammonla and then de- -
hydrated with Pz0s to obtaln a 65% yleld of perfluoroadiponitrile.
Methyl perfluoroadipimidate was prepared by reaction of the nitrile
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with methanol in the presence of triethylamine and purified
by distillation. The yield was 78% based on perfluoroadiponi—
trile.

F. PREPARATION OF BIBENZOXAZOLE POLYMERS

Polymers were flrst prepared by reaction of the bis(tri-
fluoroacetic acid) salt of dimethyl perfluorosebacimidate With
dihydroxybenzidine at 50°C. - -

0 n , HO OH D10xane
CHsOC(CF>)gC~0OCHs -2 CFsCOOH + —55°C ]

The imidate ester was prepared by reaction of perfluoro-
sebaconlitrile with methanol in the presence of triethylamine and
isolated by vacuum stripping the excess methanol and triethylamine.
It was used without further purification, since most higher molecu-

-lar weight imidate esters are unstable at their boiling points.
The first polymer was synthesized wlith a slight excess of

the imidate ester salt and the rest were made using stolchiometric
quantities of the reactants, but all products were essentially
1dentlical. The polymers had similar Infrared spectra contalning
carbonyl bands and broad absorption. indicative of organic amine
salts in the 3-4 y range. Heating the polymers 1n stages to 380°C.
dld not change the infrared spectra. A sample of polymer was re-
‘erystallized from tetrahydrofuran, but there was no change in =
the color, softening polnt, or infrared characteristics. Heating
the polymers beyond the softening point (232°C.) and cooling re-
sulted 1n somewhat brittle masses. Sulfuric acld solutlons of the
polymer were dark red and, after precipltation with water, both
the broad absorbance in the 3-4 u region and the carbonyl bands -
‘had increased. 1In addition, sulfuric acld treatment reduced the
percent carbon, fluorine and nitrogen, 1lncreased the percent hydrogen,r
and 1eft residual sulfur 1n the polymer. _

Although the elemental analyses would not support the presence
. of a large number of end groups, since they were close to theoretl-
cal, the brittle nature of these materlals and the infrared charac-
teristics were indlcative of low molecular welght polymers.
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.To determine why the polymer'moleonlar weights were apparently
low, whereas the models were formed 1n good yleld, the physical and
chemical characteristics of the imidate esters were investigated.

A small amount of dimethyl perfluorosebacimldate was prepared and

excessS reagents were stripped. ‘The neat materlial was then heated
" under vacuum at 120°C. for several hours. There was no discolor-
ation and no apparent decomposition, although a trace of methanol
was detected in the gases above the sample. The neat material was
then heated further to 140°C., where some reflux was noted but no
decomposition. Elemental analysis of the residual material was
excellent for pure Imidate ester. :

Since the imidate ester was stable at the temperatures re-
quired for cyclization, the salt was prepared for investigation
by adding a slight excess of trifluoroacetic acid to the dimethyl
perfluorosebacimidate. Within a few minutes, the mixture turned
s0l11d and the resulting products were found to be methyl tri- .
fluoroacetate and perfluorosebacamide. In contrast, the reaction :
of trifluoroacetlc aclid and methyl perfluorobutyrimidate was much
slower, but precipitation of the perfluorobutyramide began after
one hour at room temperature .

’ Thus, both polymer formation and model formation are accom-
panied by the competing reaction to form perfluoroacyl amides.
Since the models were produced in good ylelds, 1t was .expected k
that polymers of high molecular weight could be achieved. However,
when the polymer synthesls was carried out, early precipltation
was noted which probably slowed the polymerlzation process. This
could allow the competing amlde formation reaction to dominate
and, thus, result in low molecular welght polymers

. Brown and Wetzel (16) noted that perfluoroimidate hydrochlorides
also readily decomposed to give perfluoroamldes and alkyl chlorildes,
but no mention was made of salts of imldate esters and weaker acids.
When acetic acld was mixed with methyl perfluorobutyrimidate at
25°C., there was nelther salt nor amide formation after 2% hours.
Consequently, the following reaction was carrled out to determine
1f the Interaction of acetic acld and the imidate was sufficiently
strong to promote the formation of Model I:

2 CaF7COCHs +

- Acetic Acid >
50°C.
70 hrs.




. Model I was obtained in 94% yleld as a 1ight ‘tan solid, .
M.P., 146-147.5°C. (pure M.P. 147.5-148.0°C.). Infrared analysils
showed no extraneous absorbance and the product could be recovered
unchanged from sulfurlc acld solution in essentially theoretical
yleld. Thus, it appeared that acetic acld ‘would be useful for
polymer preparation. '

The blbenzoxazole polymer was prepared with methyl per—

fluorosebacimidate 1n acetlc acid at 50 C. for 2% hours, after

~ which the temperature was raised to 70°C. for another 24 hours.

-« The product was a grey solid obtained in quantitative yleld,

but the resolidified melt was agaln brittle. A small carbonyl
peak was detected by infrared analysis, but there was no infrared
absorption other than C-H in the 3-4 u range. Elemental analysis
was 1n good agreement with the proposed polymer, but, as with
previous polymers, there was some decomposition after repreclpli-
tation from sulfuric acid solution

From the appearance of the reaction, 1t is assumed that
there 1is a solubility problem which impedes the growth of the
‘polymer and results in short chalns. To overcome this, the poly-
'ﬁgrization was carrled out in refluxing acetlic acild (118 C.) for
' hours -

" Agaln the reaction mixture was not homogeneous and the re-~
‘sulting grey solid, M.P. 220-225°C., contalned carbonyl bands
i1n 1ts iInfrared spectrum. All of the blbenzoxazole polymers pre-
pared appear to be only moderate molecular weight materials, and
"no solvent has yet been found which wlll glive a homogeneous reac-
tion mixture. However, regardless of the method used, acetlc acid
or trifluoroacetlc acld, the elemental analyses correspond to a
polymer contalning a 1:1 ratio of perfluoroalkyl chain to bibenz-
oxazole group and the infrared analysis establishes that benzoxa—v»
zole rings are present.




SECTION ITI
SUMMARY

Three selected model compounds, I, II and III, which are
representative of proposed polymeric elastomers have been pre-
pared in falr yield by a two-step process by cyclodehydration
of an 1ntermediate bisanilide,

CsF7—<\: ( ) :>-03F-, c3F7-<N i‘]
CaF7-< Y —©/ } CaFr

(I11)

and in good yield by a one-step process from‘the reaction of imi-
date esters wilth properly substituted biphenyls.

Thermal degradation studies indicated that all three models
are very stable in the absence of air at 250°C. and that Models I
and III are stable at 350°C., showing no weight loss and only.a
slightly depressed melting point. Oxidative stability has not
been determined due to the volatile nature of the models. »

All three compounds were very resistant to strong acld, such
as concentrated sulfuric acid or concentrated hydrochloric acid,
and unreactive toward secondary and tertiary amines. The thermal
and chemical stability studies indicated that polymers based on
structures congeneric with Models I and III should be suffi-
~clently stable and unreactive for high temperature applications.

Polymers based on Model I were prepared by reaction of .
dihydroxybenzlidine with methyl perfluorosebacimidate in the pres-
ence of elther trifluorocacetic acid or acetic acid. Although
trifluoroacetic acid promotes a side reaction resulting in the
formation of perfluorosebacamide, polymers préepared by this sys-
tem were essentially identical to those prepared with acetlc acid.
.The proposed structure: }

CaPy




was established by elemental and ihfrared analysislp'Thése poly-
mers were somewhat brittle; and modifications, whilch may be
necessary to obtain elastomeric properties, will be undertaken

when it has been established that high molecular weights can be
or have been achileved. v

Bibenzothiazole polymers based on Model III were prepared
by the same reaction with dimercaptobenzidine using dimethyl-
acetamide as the solvent. In this solvent, the polymerization

reactions were homogeneous, but polydimercaptobenzidine disul-
fide was formed as a byproduct.

In addition, analyses indicate that a considerable amount

of degradatlon took place during the polymerization resulting
in a non-homogeneous product.




SECTION IV
EXPERIMENTAL

A. PREPARATION OF 3,3'-DINITROBIPHENOL

‘Biphenol, 94 g., and methylene chloride, 750 ml., were -
charged to a 2-1. resin flask equipped with a stirrer, thermom-
eter, and dropping fumnel. The resulting slurry was cooled to
-10°C., and 70% nitric acid, 260 ml., was gradually added at
this temperature over a period of 3.5 hours. The reaction mix-
ture was stirred at -10°C. for 0.5 hour longer and the tem-
perature was allowed to rise to 0°C. Approximately 750 ml. of
water was added and the reaction stirred overnight with the top
open to evaporate the methylene chloride. The product was fil-
tered on a Buchner funnel and vacuum -dried at 65°C. overnight
Yield was 131.5 g. (94.3%). The product was a yellow solid,
M.P. 270.5°C. (Lit M.P. 272°c.).

Analysis: Theory - C, 52 19%; H 2. 89%, N, 10. 14%
‘Actual - C, 52.04; H, 2.78%; N, 9.86%

Recrystallization from acetic acid did not 1mprove the purity of
the product.

B. REDUCTION OF 3, 3'—DINITROBIPHENOL

3, 3'—Din1trobiphenol 118.5 g., water, 1145 ml., and 28%
aqueous ammonia, 430 ml., were charged to a 3-1., 3-neck flask
equlpped with a stirrer, thermometer, and reflux condenser. .
Sodium dithionite, 500 g., was added in small portions over a
period of 0.5 hour and the reaction exothermed to 90°C. The mix-
ture was heated at 100°C. for one hour, cooled to 50°C. and :
treated with acetic acid to a pH of 4.6. After cooling to 20°C.,
the dark brown solid was filtered off by suctlon and alr dried
(8% g.). Crude 3,3'-diaminobiphenol, 83 g., water, 2500 ml.
and 28% HC1, 86 g., were charged to a 3-1. flask and heated to
85°C. where solution was essentially complete. Norit charcoal,
6.5 g., was added and the mixture was refluxed for one hour,
filtered hot to remove the charcoal and transferred to a 5-1.
flask where a nitrogen atmosphere was maintained. After cooling
to 50°C., a solution of 82 g. sodium acetate in 150 cc. of water
was added to precilpltate the 3, 3'—diam1nob1phenol The contents
of the flask were cooled to 15°C. filtered on a Buchner funnel,
washed with water and sucked as dry as possible using a rubber
dam. The wet cake, 228 g., was vacuum dried to 52.7 8. of a
grey solld which darkened rapidly in light. M.P. >300°C.
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Analysis: Theory - C, 66.7%; H, 5. 56%,'N' 12. 95%
Actual - C, 63.4%; H, 5.6%; N, 12.1%

The hydrochloride and free base were insoluble in other solvents;

C. PREPARATION OF o-DIANISIDINE DIHYDROCHLORIDE

o~-Dianisidine, 400 g., was slurried with 1.5-1l. of con-
centrated hydrochloric acid on a steam bath for one hour.
The ‘excess acld was filtered off with .a Buchner funnel and the
product was vacuum dried. .

D. PREPARATION OF DIHYDROXYBENZIDINE
Method 1 |

o-Dianisidine dihydrochloride (0.1 mole), 350 ml. of toluene
and one mole of alumlnum chloride were placed in a 1l-l1liter flask.
The mixture was refluxed with stirring for 25 min., cooled to
80°C., whereupon 0.05 mole of additional dianisidine dihydro-
chloride was added. After additional refluxing of 20 minutes,
another 0.05 mole of the dihydrochloride was added and the en- .
tire mixture was then refluxed for two hours. The toluene was
decanted and the black solid was mixed with ice. Concentrated
hydrochloric acid, 400 ml., was added to the slurry and the en-
tire mass was filtered. The filter cake was washed with 200 ml.;
of concentrated hydrochloric acid and the product was vacuum driled

overnight. s

The pulverized product was dissolved in 3-1. of water, Norit
charcoal was added, and the mixture was heated for 30 min. at
80°-90°C., and then filtered. To the clear filtrate was added
60 g. of sodium acetate in 150 ml. of water. The white solid
product was removed by filtration, vacuum oven dried and analyzed. -
M.P. > 300°C.

Analysis: Theory - C, 66.6%; H, 5.60%; N, 12.94%
' Actual - C, 66.8%; H, 5.96%; N, 12.55%

Method 2.

A slurry of 500 ml. of 57% hydriodic acid and o-dianisidine
~was heated at 110°C. for 20 hours. The excess acid was vacuum
distilled and the residue extracted with one liter of water,.leaving
a black, insoluble tar. The aqueous extract was flltered, treated
with Norit charcoal and then neutralized wlth 30 g. of sodium ‘
acetate. ' The plnk s0lld was recovered by flltration and dried in
alr, turning grey and then black upon standing. Only 12 g. of
product was recovered in thils manner. :
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This procedure was repeated by refluxing for 48 hours rather
than 20 hours and the excess hydriodic acld was decanted. The
product was dissolved in % 1. of water and sufficient sodium
acetate added to precipitate the free base. Infrared analysis
Indicated that cleavage was incomplete. : : '

E. PREPARATION OF 3,3'-DIMERCAPTOBENZIDINE DIHYDROCHLORIDE

Method 1

Benzidine, T4 g., and acetlic acid, 1000 ml., were charged
to a 3-1., 3-neck flask, equipped with a stirrer and a dropping
funnel. Ammonium thlocyanate, 240 g., was added with agltation
to form a very thick slurry which gradually thinned out. A ’
solution of bromine, 48 ml., 1in acetic acid, 480 ml., was added
via the dropping funnel over a perlod of 4.66 hours, forming a
very thick, yellow slurry which was extremely difficult to
filter. The flltered yellow paste, 970 g., was divided into
three parts, each of which was refluxed for 2 hours in 3 1. of
‘a 1% HC1 solution. The cooled portions were flltered and the com-
bined wet cakes were refluxed for 3 hours with a solution of
potassium hydroxide in 550 ml. of water. Upon coollng, the
dipotassium salt of 3,3'-dimercaptobenzidine precipiltated as
yellow needles. Thls salt was flltered, alr dried, and slurrled
with 350 ml. of ethanol for one hour. The slurry was filtered
and the cake washed slx times with alcohol. After alr drying,
the yleld of dipotassium benzidilne 3,3'~dimercaptide was 129.7 g.

Analysis: Theory - C, U44.4%; H,'3.1%; N, 8.63%;_3,»19.75%;TK, o4 1%
Actual - C, 36.2%; H, 3.84%; N, 7.13%; S, 16.2%; K, 19.8%

The carbon, hitrogén, sulfur and potassium ratios are, respect1Ve1y,
5.96:1:1:1, indicating that water 1s present 1n the analyzed sam-
ples. ‘ o

Dipotassium benzidine 3,3'-dimercaptide, 12 g., was dilssolved
in water, 176 ml., and the insoluble material, 0.8 g., was removed
by flltration. One half of thls solutlon was poured with stirring
into 28% HC1l, 25 ml., and vacuum dried at 50°C. to 5.8 g. Infrared
analysis clearly showed the presence of the S-H bond at 3.9 u.

- Dimercaptobenzidine as the free base was obtalned by dissol-
‘ving the dipotassium salt of 3,3'-dimercaptobenzidine, 40 g., in
delonized water, 588 ml., and filltering to remove 2.88 g. of in-
soluble materlal. The flltrate was then poured 1lnto a solution of
glacial acetic acld, 19.68 g., in delonized water, 19.7 ml., and
cooled to 0°C. The light tan solid was flltered, washed with
deionized water, and drled at 50°C. The yleld based on soluble
potassium salt was 20.39 g. (72%). ’
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Method > (Hertz Method)

‘Sulfur monochloride, 700 g., was charged to a 1-liter, 3—

neck flask equipped with a stirrer, a tube for adding solids,

and a reflux condenser connected through a drylng tube to vent
over the surface of a sodium hydroxide solution.  With agitation,
benzidine, 40.5 g., was gradually added over a period of 0.5 i
hour, but there was no indication of reaction. - The reaction was
warmed and a steady evolution of hydrogen chloride began at
102°C. Heating was continued at 119°C. for 22 hours, at which

‘time hydrogen chloride evolution had ceased. After cooling to
80°C., benzene 400 ml., was added and the mixture was cooled to

20°C. The material was filtered with nitrogen pressure through

a "frit" and the cake was washed with several portions of ben-
zene. The dark solid was dried in a nitrogen stream to 87 g. -
of 6 6'-bi(benzodiathiazol 2—ium) chloride. Heating this material
and water, 800 ml., to 50°-60°C. for several hours gradually
changed the color of the solid to green. The mixture was cooled

‘filtered, washed with water and vacuum dried to yleld 72 g. .of

6,6'-bi(benzodithiazole)-2,2'~-dioxide. However, the elemental
analysis ‘indicated that this product was 1ow Ain sulfur.- -

Analysis: Theory - C, 42 35%; H, 2.35%; N, 8. 258; S, 37. 65%
Actual - C, 4%0.8%; H, 2.77%; N, 7.8%; S, 26.57%

The'6,6'—bi(benzodithiazole)—2,2'—dioxide, 34 g., and water

‘50 ml., were charged to a 500 ml., 3-neck flask and treated with

a solution of sodium hydroxide, 17 g., sodium dithionite, 20 g.,
and water, 33 g. The reaction was exothermic to 50°C. and the -
mixture was heated at this temperature for 2 hours. After cool-"

ing, a solution of 50 g. sodium hydroxide in 400 ml. of water,

was added and the reaction continued under a nitrogen atmos-
phere. The mixture was heated to 80°C., filtered hot and cooled
in an ice bath. Acetic acid, 75 ml., was added gradually to a
pH of 6.8 and the solids were removed by filtration with a fritted

pressure filter and blown as dry as possible. The 3,3'-dimercapto-

benzidine was vacuum dried to 28 g. However, infrared‘analysis'

/showed no S-H bond at 3 9 u.
F. PREPARATION OF METHYIL PERFLUOROBUTYRATE

Perfluorobutyric acid, 165 g., and methanol, 80 g., were
placed in a 500 ml. flask. The flask was cooled in lce and con-
centrated sulfuric acid, 110 g., was added over a perlod of 3
or 4 min. with agitation. After standing overnight, the lower =
layer was separated and distilled, collecting the fraction boiling
at 79°-80°C. The yleld was essentially quantitative.

G. PREPARATION OF PERFLUOROBUTYRYL CHLORIDE =

Phosphorus pentachloride, 450 g., was charged to a 1- liter,
3-neck flask equipped with a stirrer, dropping funnel and a take-

off distillation column. Perfluorobutyric acld was added from a

dropping funnel while stirring and heating the flask at 50°-60°C.
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The perfluorobutyryl chloride ‘distilled as’ ‘it formed and was ,
collected in the receiver. Heating was continued at 50°-60°C.

- for one ‘hour after the addition of acid had been compléted. :
- The ‘crude perfluorobutyryl chloride was redistilled twice, col-
lecting the fraction bolling at 39 -41°C ‘The yield was about
TO% based on perfluorobutyric acid. . ,‘ R

H. PREPARATION OF METHYL PERFLUOROBUTYRIMIDATE

Anhydrous methanol, 50 ml., and triethylamine, 1 ml., were
charged to a 6 oz. Fischer-Porter bottle containing a magnetic
stirring bar. After cooling to -78°C., the bottle was evacuated
and heptafluorobutyronitrile, 100 g., was condensed into it.

The closed reactor was then allowed to warm gradually.and stir-
ring; initlated as soon as the reactants became liquld, was con-
tinued until the vapor pressure was equal to that expected of
methanol. The reaction mixture was washed with ice ‘water, se a—
rated, and distilled, collecting the fraction boiling at 72 5
The water-white 1iquid welghed 102.85 g. (88%).

I. PREPARATION OF MODELS - TWO-STEP REACTION - PERFLUOROBUTYRYL
- CHLORIDE -

1. Benzoxazole Model I

a. 'Preparation of bis(Perfluoroamidel

3, 3'-Dihydroxybenzidine, 1.95 g., and pyridine, 25 ml.,
were charged to a 50 ml. flask equipped with an adapter con-
taining a stopcock. The contents of the flask were cooled to
~196°C., and the flask was evacuated to <10 4 on the vacuum -
line. Perfluorobutyryl chloride, 4.34 g., was measured by ex-
pansion in the vacuum line and condensed into the cold reaction .
flask. The flask was closed and allowed to warm to room tem-
perature overnight. The resulting purple slurry was. stirred for
2 hours and poured into 150 ml. of delonized water. The solid
was filtered, washed with water and vacuum dried at 50°C The
yield of purple solid was 5.2 g. (95%), M.P. 270 -277°C.

Analysis Theory - C, 39.5%; H, 1.65%; F, 43 75%, N, 4. 6%
Actual - C, %0.4%; H, 1. 67%, F, 43.15%; N, 4. 6%
Infrared analysis indicated the presence of two compounds;

The purple solild was extracted with hot benzene 1n a Soxhlet -
extractor to remove one of the components, ldentified as:




' The remaining material was heated to 200°C. tovremovehthe
-purple c¢olor and recrystallized from acetone to obtain “the de—;r
sired bis(perfluoroamide). : , . B

b. Cyclodehxgration to Model I

-The purified bis(perfluoroamide), 1. 7 g., and about 10 g. of
commerclial polyphosphoric acid were charged to a- horizontal sub-
limer and heated under a nitrogen atmosphere to 200°C. for 20
hours. Large white crystals slowly collected in the cooling
chamber and the polyphosphoric acid turned black. The yleld was
1.09 g. (59%) and the infrared spectrum was identical to the same
model prepared by the one- step process.

2. Benzoxazole Model II

Preparation of bis(Perfluoroamide)

3, 3'—Diaminobiphenol 2.05 g., and pyridine, 25 ml., were.
rcharged to a 50 ml. flask equipped with an adapter containing
a stopcock. The flask was cooled to —196 C. and evaluated to
<10 1 on the vacuum line. Perfluorobutyryl chloride, 4.6 g.,
was condensed in via the vacuum line and the closed flask was
allowed to warm gradually. Stirring was initiated as soon as
possible and continued overnight. The dark slurry was poured
into 150 ml. of delonized water and the precipitate was flltered.
After washing and vacuum drying at 50°C., there was obtained
5.28 g. (91%% of light tan powder which melted at 256°-258°C.
Infrared and NMR analyses verified the structure and indicated
.only trace amounts of impurities.

h."*yclodehydration to Model II

The above bis(perfluoroamide), 5.0 g., and about 10 g. of
commercial polyphosphoric acid were charged to the horizontal sub-
limer and heated under a nitrogen atmosphere at 200°C. for 18 ,
hours. The sublimed product was a yellow solid weighing 3.4 g.
(72% yield) and infrared analysis indicated high purity. This °
material was combined with material prepared (see below) by the
one-step process for purification. . As with Model I, the poly-
phosphoric acid residue was very dark and dilution with water

produced no additional product. : ‘

J. PREPARATION OF MODELS, ONE-STEP REACTION |

1. - Benzoxazole Model I

3, 3'-Dihydroxybenzidine, 10.5 g., and dioxane, 200 ml., were .
charged to a 500 ml., 3-neck flask equipped with an addition tube,
" reflux condenser and stirrer. To this stirred mixture was added
-dropwise a mixture of perfluorobutyric acid, 21.5 g., and methyl
perfluorobutyrimidate, 25 g The contents of the flask were heated
at T70°C. for 0.5 hour, at 80°C. for 3.25 hours, and 91°C. for 0.25.
“hour wlth a nitrogen atmosphere being maintained throughout the -
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reaction. - Most of, the’ solids dissolved after the first 15 min—
utes of heating and the mixture darkened considerably. After -
stirring overnight at room temperature, the condenser was re="
placed by a still head and 100 ml. were distilled. This dis-
tillate contained only dioxane. The reaction flask was ‘cooled
to 20°C. and the solids were separated by filtration. After
washing with water, the solids were ‘vacuum dried at 50°C. to ;
give 15.95 g. of light yellow material. = The filtrate was poured
into 300 ml. of deionized water and the precipitate was filtered,
washed, and vacuum dried at 50°C. . The product was darker and -
weighed 10.56 g. The total crude yleld was 26.51 g. (95%) and '
the melting point of the first crop was 145°C. The infrared
spectrum contained no C=0, OH, or N-H absorption.,‘Crude benzo-
xazole, 13.7 g., and acetone, 220 ml, were charged to a 500 ml.

- Erlenmeyer flask and heated on the steam bath to give a clear-

amber solution. Norit charcodl, 3.4 g., was added and the mix-
ture was warmed for 15 minutes. The hot mixture was flltered
twice to ilnsure removal of the charcoal, and delonized water, 34
ml., was added to the bolling filtrate. After cooling to room
temperature, the crystals were filtered washed with cold 80%
acetone, and vacuum dried at 50°C. The product was a White solid,

-M.P., 147.5-148.0°C.

Analysis: Theory - C, 41.6; H, 1.04; F, 4645 N, 4.4
Actual - C, 41.5; H, 0.99; F, 46, 1; N, k.74

s Infrared NMR, and mass spectral analyses confirmed the
structure. The largest ilon detected by the last technique was.

572. (MW of benzoxazole I, 572).
2. . Benzoxazole Model II

3,31 -Diaminobiphenol, 10.5 g., and dioxane, 200 ml., were
charged to a 500 ml., 3-neck flask equipped with a stirrer, ad-

.dition tube and reflux condenser. A mixture of perfluorobutyric

acld, 22.2 g., and methyl perfluorobutyrimidate, 25 g., was added

- dropwilse to the contents of the flask and the resulting slurry was
" heated to 80°C. for 5.5 hours under nitrogen. After stirring at
. room temperature overnight, 100 ml. of the solvent were removed

by distillation. After cooling the residual liquid, the solids
were filtered off, washed with water and vacuum dried at 50°C.

to give 9.35 g. of product. The flltrate was poured into 300 ml.

deionized water and the precipitate was filltered, washed, and
vacuum dried. The second drop, 1l4.51 g., was dark brown, but the

-iAnfrared spectra of the two materlals were essentlally the same.

Total crude yleld was 23.66 g. (86%). The model was dissolved
in bolling benzene and separated from a small amount of tar. The
benzene was evaporated and the solld was recrystallized from

‘methanol and decoloring Norit charcoal. The solld was redls-

solved in acetone and filtered to remove traces of charcoal.

. Evaporation of the acetone gave a pure product, M. P, 94, 5 95. 1°C

Analysis: Theory - C, 41.9; H, 1.06; F, 46.5; N, 4.89
Found: - C, 41.6; H, 1.04; F, 46.4; N, 4.84




fInfrared.and NMR'analyses confirm the proposed structure.

' 3. Benzothiazole Model ITT

3 3'-Dimercaptobenzidine, 12. 08 g., and dioxane, 200 ml., -

fwere charged to a 500 ml., 3-neck flask equipped with stirrer,
addition tube, and reflux condenser. A mlxture of perfluoro~ ..

butyric acid, 21.5 g., and methyl perfluorobutyrimidate, 25 gi,
was-added‘dropwise wilth stirring, resulting in a mild exotherm
and slight discoloration of the reactlon mixture. ‘The contents
of the flask were heated under nitrogen at TO°C. for 0.75 hour,
80°C. for 4.5 hours, and 90°C. for 0.25 hour. . Shortly after
heating was initiated, all of the solids went into solution, and,
after three hours, solids began to precipitate. After stirring
overnight at room temperature, the solid material was filtered,
washed with a little diloxane and vacuum dried at 50°C. for two
hours. This grey solid weighed 12.7 g. Approximately 100 ml. of
the solvent were distilled from the filltrate and the cooled
residual mixture was poured into 300 ml. of deionized water. -

- The precipitate was filtered, washed with water, and vacuum. dried

at 50°C. for two hours. The yellow product weighed 13.65 g.,
giving a total crude weight of 25.35 g. (86%). The two crops -
were recrystallized separately using 90 ml. of methanol for 2 g.

. of the benzothiazole and re-using the mother liquor for the

succeeding recrystallization. No charcoal was used. In thils:

~way, 11.15 g. of pale yellow benzothiazole was obtained from the
' first crop and 8.95 g. of a more intense yellow solid from the
“second crop. The melting points of the two crystallized batches
- were the same, 157.5°-160.5°C. Another yellow solid, 3.4 g., which

‘had the following analysis, was also isolated from the second crop;

1Ana1vsis-'

'Theory - C, 44.6; H, 2.13; F, 31.3; N, 6.5

" Found - C, 45.2; H, 2.12; F, 31.2; N, 6.58

 The pure benzothlazole was obtained by a second recrystallization |
"from acetone using Norit charcoal. The crystals were white plates,
M. P.~l57 5°-160.8°C ?

,'Analysisz Theory - C, 39.75; H, 0.99; F, 44.1; N, 4. 63, S, 10.6

Found - C, 39.7; H, 0.9%; F, 44.1; N, 4.6; 'S, 10.09

The structure 1s supported by infrared analysis.

K. THERMAL DEGRADATION OF THE MODELS

Approximately’one gram (accurately welghed) of each model

~was sealed into a 5 ml. pyrex ampoule under high vacuum (<5'u).‘
“The ampoules were then placed in a muffle furnace for the pre-

scribed length of time (see Discussion). The ampoules were
cooled to -196°C. and opened under nitrogen. The gases in the
ampoule were then expanded 1nto a vacuum line and a gas infrared
cell. The so0lid residues were next accurately weighed and the '
and the melting points recorded. .
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- At 250 C., none of the samples lost more than 3 mg (~O 3%)
vof their original weight. » S : ,

At 350°C., only Model II had a significant weight loss due”
 t0 volatilization of degradation and reaction : roducts.» At 350° C. '
for twenty-four hours (after 12 days at 250°C.), it lost ~16 mg. -
(1.6%8), and at. 350°C .for three days, it lost 71 mg. (6.5%8) of its”
~original welght. The volatile products, as ldentified by infra-
red analysis, were SiF,, €Oz, and CFsCFCF2H. It was noted that
the ampoules were slightly etched when Model II was heated to
.350 C. ; : &

‘Model III has a peculiarly large melting range, indicating N
that there are two or more crystalline forms of the material -
which melt close together. “The:melting range of the pure model.
is 157.5°-160.8°C. However, upon melting and rapid resolidifie
cation, the melting range is 159.5°-160.5°C In studying the
thermal decomposition of the benzothiazole, the samples, after -~ =

'heating and slow cooling, still exhibited this dual melting range.t

L. PURIFICATION OF CRUDE PERFLUOROSEBACAMIDE

: Perfluorosebacamide, 200 2., concentrated hydrochloric acid
- 400 . ml., and water, 400 ml., were placed in a 2-l1liter, 2-neck
flask equlpped with a stirrer and reflux condenser. The mixture
was refluxed for three days and, after cooling, the water was de-
canted. More water, 400 ml., was added and the mixture was re-
fluxed for three more hours. The cooled mixture was filtered by
~suction and the filter :cake wasvreturned to the 2-1liter flask..
Water, 400 ml., sodium hydroxide, 40 g., and potassium perman-~
ganate, ~15 g., were added and the contents of the flask were
~refluxed, the purple color gradually becoming brown. More po-
tassium permanganate was added in small increments’ with refluxing
for two days until the purple color persisted. After cooling,
sodium bisulfite was added untll the purple color disappeared and
the manganese dloxlde was removed by filtration. The cake washes
were added to the filtrate and an excess of hydrochloric acid
was added to precipltate the perfluorosebacic acld. After drying
~and recrystallization from water, there was obtained ~120 g. of
‘perfluorosebaclc acid. - The melting range, 90 250 C., indicated
- some salt was also present. o . _

s The perfluorosebacic acid, 120 g., was dissolved in dry S

- methanol, ~100 ml., in a 500-ml. flask and treated with ~100 ml.
- of concentrated sulfuric acid. After stirring for two hours, ‘the .
‘material was transferred to a separatory funnel and allowed to

- 8tratify ‘overnight. The lower layer was washed with an equal’

" volume of water, separated and vacuum distilled, collecting the
fraction bolling at 129-145°C. (12 mm.). The water-whilte dimethyl
perfluorosebacate: weighed 112 g. (89. 5%) and was 99% pure by
V.P.C., analysis. ‘ _
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Dimethyl perfluorosebacate, llO g., was dissolved 1n dry
‘ether, 500 ml., in a one-liter flask and ammonia was bubbled - -
in with'stirring. The reaction was stirred overni ht, filtered
and washed with ~150 ml. of ether to yleld 109 g.: 99%) per-
fluorosebacamide, M.P. 240-241. 5°C The overall purification

- yleld was 55. 5%

- M. PREPARATION OF PERFLUOROSEBACONITRILE

Pulverized perfluorosebacamide, 74 g., and phOSphorus pen- .
vtoxide, 210 g., were charged to a 500 ml. round bottom flask and
thoroughly shaken to obtain an intimate blend.. The flask was o
then connected to a distilling head equipped with a downward
condenser and a receiving flask and the system was maintained
under a nitrogen blanket. The flask was heated for nine hours
to 250°C. and perfluorosebaconitrile slowly distilled. There
was obtained ~56 g. (82%) of water-white product which was com-
bined wilth several other runs for redistillation. The boiling
point of pure perfluorosebaconitrile was 105°C. 5 o

M. PREPARATION OF METHYL PERFLUOROSEBACIMIDATE

Perfluorosebaconitrile, 5 8., was charged to a 3 oz. Fischer-
Porter aerosol bottle and cooled to -78°C. The bottle was evacu-
ated and then flushed with dry nitrogen. Anhydrous methanol, 22
ml,, and trilethylamine, 0.5 ml., were added with a syringe and
the tube was evacuated at -78°C. The reaction mixture was allowed
-to warm and at 0-25°C. the remaining solids dissolved to form a -
clear, water-white solution. After stirring overnight, the vola-:
tile materials were removed under vacuum at room temperature, and
:white, solid methyl perfluorosebacimidate crystallized. Heating -
to 120-140°C. under full vacuum caused the liquefied product to
‘reflux, but only a trace of methanol was removed. Manipulations
of the temperature indicated the melting point to be in the range o
“of 25- 28°C S o

Analysis:’vTheory -’c 27.9; H, 1. 6 N, 5.4; F '58 9
1 ' Found - C, 28 1; H, 1. 7 N, 5. 45, F, 59 0

The structure 1s supported by 1nfrared analysis.~

‘0. -ATTEMPTED PREPARATION OF DIMETHYL PERFLUOROGLUTARIMIDATE

. bis- (l 4~ Trichloromethyl)benzene, 500 g., ‘zine chloride, 4 g.,
‘and trichlorobenzene, 400 ml., were charged to a 2-liter, 3-

neck flask equipped with a mechanical stirrer, dropping funnel .

‘and a reflux condenser leading to a series of three traps cooled

to -78°C. A nitrogen atmosphere was maintained throughout the
reaction to keep the system dry. The flask was heated to 145°C.

and a slurry of ‘perfluoroglutaramide, 76 g., in 200 ml. of tri- .
chlorobenzene was added over a period of 2.5 hours while increasing
‘the temperature to 210°C. Stirring and heating were,continued Ce
for 0.5 hour after the addition was complete., Most of the product .

-condensed in the first trap. This material‘was'transferred tola_‘
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small still and fractionated collecting ‘the fraction boiling at
-38-40° C. The water—white perfluoroglutaronitrile weighed 19. 8 g.‘

(31%)

Dry methanol, 35 ml., and triethylamine, O 75 ml., were .
charged to a 6 oz. Fischer-Porter aerosol bottle and cooled to
-196°C. Perfluoroglutaronitrile, 27.5 g., was transferred. by
vacuum to the bottle which was then sealed and allowed to warm
to room temperature overnight. ' The resulting colorless solution
was washed twice with 100 ml. portions of water and dried over
magnesium sulfate. Infrared analysis was indicative of dimethyl
perfluoroglutarimidate. However, vacuum distillation with the
pot temperature no higher than 70°C caused the material to
cyclize to .

Analysis: Theory - C, 31.6; H, 3.0; N, 10.5; ¥, 42.8
- Found - C, 31 75; H, 2.97; N, 10 2; F,‘ k2.7

The cyclic structure was confirmed by NMR and infrared analyses.~

P. PREPARATION OF DIETHYL PERFLUOROADIPATE

. . Potassium permanganate, 125 g., acetone, 1 .5 liters, and ‘
water, 150 ml., were charged to a 3-liter, 3-neck flask equilpped
wlth a stirrer, reflux condenser and dropping funnel. Perfluoro-
cyclohexene, 175 g., was gradually added to this stirred mixture
at a rate which did not ralse the temperature above 35°C. Some
‘external cooling was applied and the addition required ~2 hours.
. Stirring was continued for 0.5 hour after the addition was com-
plete and the mixture was then filtered to give a clear fil- ,
trate and a dark filter cake. The flltrate was evaporated on-a.
steam bath to remove the acetone and cooled.  Concentrated sul-
~furic acid, 75 ml., was then added to the remaining solution and
the resulting slurry was extracted twice with 250 ml. portions
of ether. . After drying with magnesium sulfate, the ether was
removed by evaporation on a steam bath to give perfluoroadipic
acid which was rather slushy.

The perfluoroadipic acld was dissolved in ethanol, 125 ml.,v
and the solution was treated with a sulfurilc acid, 200 ml., re-
‘1su1ting in the formation of “two layers. The lower layer -was

water washed, extracted four times with ether, and dried over
magnesium sulfate. Evaporation of the ether left 152 g. (66#8)
of crude dlethyl perfluoroadipate which still showed some free c
hydroxyl groups by infrared analysis. Another 10 g. of perfluoro-
adipic acid was recovered from the manganese dioxide filter cake
by acidification and ether extraction. r
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Q; PREPARATIQN OF DIMETHYL PERFEUOROADIPIMIDATE

, ‘A mixture of methyl and ethyl perfluoroadipate, 172 g., was
dissolved in one liter of ether contained in a 2-1iter, 3-neck .
jflask equipped with a stirrer, condenser, and a gas addition -
~tube which dipped slightly below the surface of the liquid. ' Dry
‘ammonia gas was bubbled through the solution with stirring for
4 hours, during which time a white solid gradually precipitated.
The slurry was stirred for 2.5 days before the solid was removed
by filtration and vacuum dried for 2 hours at 50°C. The yleld
“of pure white perfluoroadipamide was 14y g, 91%, M. P. 236 6-
' 237 c.

Perfluoroadipamide, 47 g., and phosphorus pentoxide, 22 g.,
were intimately mixed in a 500 ml. flask. The flask was attached
to a distilling head and heated to 250°C. with an oil bath un-
t1l no more material distilled. The product, perfluoroadiponil-
trile, B.P. 61-62°C., was obtained as a water—white 11quid in
- 84% yleld. , , .

Perfluoroadiponitrile, 26 9 g. and methanol, 25 ml., were
placed in a Fischer-Porter aerosol bottle under nitrogen and .
ycooled in ice water. Triethylamine, 1 ml., was added via syringe
‘and the two layer system was stirred under a nitrogen atmosphere. -
. A8 the mixture warmed to room temperature, a homogeneous solu- .

- tion was formed, and the reaction was stirred overnight. The
methanol and triethylamine were removed under vacuum and the
dimethyl perfluoroadipimidate was vacuum distilled at 52-54°C.
(1 mm. The water-white product was obtained in 78% yield.

R.  POLYMERIZATION OF METHYL PERFLUOROSEBACIMIDATE WITH DI-
~ HYDROXVBENZIDINE

_ At -78°C., dioxane, 40 ml., trifluoroacetic acid, 1.45 ml.,
“and- dihydroxybenzidine, 2.39 gm., were added to the methyl per- -
fluorosebacimidate in the above Fischer-Porter reactor. ‘The - =~
‘mixture was allowed to warm to room temperature and stirred over-
night. This thick slurry was then heated at 50°C. for four days,
‘poured into 400 ml. of deionized water, and the precipitated .~
solids were recovered by filtration. The yellow solid was vacuum
_,dried at 5o°c to 7.0 g. (100% yield). . S

Analysis: Theory - C, 41.7; H, 0.95; F, ¥7.9; N, 4.4
- Found -»C, 39.0; H, 1.27; F 47.85; N, 4.64 -
. One gram of the polymer was dissolved in sulfuric acid, 20 ml.,
to form a dark solution. The polymer was repreclpitated by pour-
ing the sulfuric acid solution into 300 ml. of water. After fil--

tration, the solid was vacuum dried to obtain 0. 95 g. of darker ,
,material.
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AnalysiS° Theory '- c, 41, 7, H, 0.95; F, 47 9, N, 4 y | .
, Found - C, 35.0; H, 1. 45; F, 44 75 N, 3 77, S, 2 05

When the polymer was prepared by the same procedure but with
a slight excess of methyl- perfluorosebacimidate, the results were
as follows-' c .

Analysis:. Theory - C, h. 75 Hy 0.95; F, 47.9; N, b
| Found - C, 40.2; H, 1.03; F, 48.15; N, 4.6

After the polymer was treated with H>S04, the following
nalysis of the product was obtained.

Found - C, 35.9; H, 1. u; 'F, 42.9; N, 3.97; S 2.32

S. POLYMERIZATION OF METHYL PERFLUOROADIPIMIDATE WITH DIMER-
© - CAPTOBENZIDINE

y
T

. Dimercaptobenzidine, 2. O g., was dissolved in dimethyl
acetamlde, 50 ml., contained in a 100 cc. Mini-lab reactor which
was fitted with a stirrer, thermometer, addition tube and a re-
flux condenser. The condenser outlet was connected to dry ni-~
trogen via a gas bubbler. Dimethyl perfluoroadipimidate, 2.56 g.,
~was added to acetic acid, 0.97 g., and the mixture was charged ;
to the addition tube. With a nitrogen atmosphere and stirring,
.the imidate ester salt was added to the flask and the solution -
was heated to 50°C. for 1 hour. The temperature was then raised
to 103°C. and held for 20 hours. After cooling, one half of the
‘solution was slowly added to 300 ml. of water, but the resul-
“tant colloidal system could not be filtered. This mixture was
~then transferred to a centrifuge where separation was ‘successful.
‘The clear liquid was decanted and the solids were dried in the
vacuum oven at 50°C. - The polymer was a tacky, yellow-brown solid. -

_Analysis.v Theory - C, 46.4; H, 1.29; F, 32. 6; N, 6.02; S, 13.75
SR Found -~ " C, ¥7.7; H, 3.53; F, 19.2; N, 9.%0; S, 15. 87
; The other half of the reaction mixture was placed in a still
and the solvent was removed at 32-36°C. (2 mm.). The residual
material was dissolved in acetone and filltered to remove a small
“Samount of solids which were identifiled as dimercaptobenzidine di-
‘sulfide. The acetone was evaporated from the product which was
then dried in the vacuum oven at 50°C The product was a tacky,
black solid. ) , , - o R
mnalysis: Theory - C, ¥6.4; H, 1.20; F, 32.6; N, 6.02; S, 13.75
. Found - C, 43.23; H, 3.32; F, 28.7; N, 8.65; S, 79.76

¥

T, HEAT TREATMENT OF BIBENZOTHIAZOLE POLYMER
One batch of polymer, prepared in‘thersame manner as the pre-

vious example, was placed in a cap bottle equipped with a stop-
cock and connected to the vacuum line. Under full vacuum (l u),
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,the bottle was’ heated in an 011 bath to 165°C. for two hours.~.
A white sublimate and a crisp black residue were obtained.f,,

Analysis ~ Theory - C, 46 4; H, 1. 29, F 32 6 N, 6 02 is; 13, 75 |

' {Found for

TOriginal Polymer ‘ : T
| ¢, 44.26; H, 3. 43, F, 25 1 ‘N,'9;16;~s, 10.17

.White Sublimate: R
¢, 47.68; H 3 20; F, 22. 75 N, 9.06; S, 12.75
| Black Residue: o R
| c, 55 H 3~1-‘ 'F, 25 8- N, 8.65; S, 10.65

Infrared analysis showed little difference in the three
materials, : T
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