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Abstract of AFOSR Program 73-2426

“Synthesis and Polymerization of Fluorobicyclobutanes

to Chemically, Dimensionally, and Thermally

Stable Polymers” .

Di- and te,trafluorocyclobutene esters and nItriles were
synthesized via w2 + it2 cycloaddition reactions . In general , they
did not homopolymerize but capolymerized readily with electron-rich
vinyl monomers and with bicyclobutane monomers. The copolymers were
fairly thermally stable.

A variety of routes to fluorinated bicyclobutanes, cyclopropenes,
and epoxides was explored without success.

A novel cyclopropane synthesis was found in the cycloaddition
of bromoketene acetal to acrylonitrile or methyl ci-cyanoacrylate.

Three publications have been based on this work.
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Synthesis and Polymerization of Fluorobicyclobutanes to

Chemically, Thermally, and Dimensionally Stable Polymers

by

H. K. Hall, Jr.
Department of Chemistry
University of Arizona
Tucson , Arizona 85721

Introduction

Fluoropolyaers have been extensively studied because of their

outstanding thermal stability and low adhesion. However, creep

behavior remains a problem. Gaskets and other shaped articles kept

under pressure for some time tend to flow to conform to the applied

stress, and this limits their usefulness in some applications.

We have published a series of articles dealing with the synthesis

and polymerization of a new family of monomers, the bicyclobutanes.



Their polymerization is exemplified by:

*

The high molecular weight polymers had many outstanding properties

as regards thermal and chemical stability. Very hi gh bulk Viscosities

were found , owing to the presence of rings in the main polymer chains .

During this work , a small amount of 1-fluorobicyclobutane was

prepared as follows :

O~~~~~~~ - OtBu 
SF4 

> F20....ot Bu 
PBr 3 

~ F2~~~~~~~Br -BrF ~

In preliminary work it appeared to polymerize readily.

We proposed to synthesize and polymerize a variety of fluorinated

bicyclobutanes in hopes of obtaining novel new materials possessing

high thermal stability, low adhesion , and low creep properties.
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Results

I. Attempted Fluorinated Bicyclobutane Syntheses

The problem is to synthesize the appropriate 1,3-disubstituted

cyclobutane precursors of the bicyclobutane monomers. We took

two approaches:

(1) fluorinate available cyclobutane intermediates;

(2) use ~2 
+ cycloadditions of fluoro-olefins.

(1) Fluorination of Cyclobutane Intermediates

O~~~~~~~CN 
SF4 

F2~~~~~~CN 
base 

~~ > F ~~~~~ CN

F m”c~’CN

Sulfur tetrafluoride converted the available 3-cyanocyclobutanone

to a mixture containing some of the desired 3,3-difluorocyclobutane-

carbonotrile. However, treatment of this witi- t~se gave none of the

desired bicyclobutane but gave 1,2-elimination .i.4~stead. This may be

due to the strong acidifying influence of the fluorine and cyano groups

on the 
~~2 

group.
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We tried various experiments to: (a) readd HCI or HBr to this

olefin and then do a 1,3-elimination.

F 01 + HX 
~~~~~~~~~~ CN — — — F

(b) Replace O=C with BrFC or C1FC:

F’~~°~ 

— _
~~~~~~~~~~ F-~~~ -- cN

We could not find a reagent to accomplish this task.

We abandoned an original idea of photofluorination of 3-benzenesulfonyl-

oxycyclobutane-Carbonitrile:

C6H5S020 CN ---
~) C6H5SO2O~~~~ CN ) (>CN

after discussion with Dr. J. Kollonitsch and Prof. D. H. R. Barton.

Successful fluorinations require a special Kel-? photoreactor

and electron-rich molecules.

chlorination or bromination, followed by fluoride replacement was tried:

o 2Q,.- CN 
NBS 

_~~~~~~~~ ____  

bicyclobutane

-4-
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Halogenation of 3-cyanocyclobutanone gave exceptionally unstable halides

which rapidly resinified by loss of HX:

> [ oz ~~,.ci.i] ) tar 

*

This was shown by halogenating the z-methyl nitrile to stable halides

(which cannot lose HX).

(2) No authentic cycloadditions giving 1,3-disubstituted cyclobutanes

were found in the literature, only l,2-disubstituted products being

formed instead. One case had been reported in the reaction of

vinyl acetate with chlorotrifluoroethylene. However this was later

reported to be a 1,2- adduct, and we independently confirmed this:

+ 

£1 
- 

F
2p

~~
l

OAc

The only cycloadditions giving 1,3- difunctional cyclobutanes are those

of bis(trifluoromethyl)ketene, according to Krespan and England.

CF3 CF3

CF3 RO

+

RO’
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However, only lengthy, impractical schemes could be devised to convert

these to bicyclobutanes. Also, the ketene is toxic itself, and its

precursor, perfluoroisobutylene, is exceptionally so.

Allene has also been reported to cycloadd to chiorotrifluoroethylene

to give a 1,3-difunctional compound:

CII 
______CH2 C CH2

+
F.. £1 

_________

F 2

We reinvestigated this reaction and found that, under all conditions we

tried, only trace yields are obtained. This . compound is not a useful

synthesis intermediate.

An attempt was made to carry out the following synthesis scheme:

OEt OEt
Br
~~C H C  

- --  

Br 1 1~OEt SF Br~

1 
(2 N

F2
_____ 

04 CN
‘
~CN

However , this scheme was frustrated by an interesting alternative course

of reaction displayed by the zwittenoinic intermediate:

~~~Br
Brt5 JEt OEt 0

~j_b
Et 

) ~~~
_
o~t 

~

The cyclopropane ester-nitrile was the only product isolated. (A manuscript

has been submitted to Tetrahedron Letters) . 
-
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II. Fluorocyclobutene Monomers and Polymers.

Thwarted in finding 1,3-cycloadditions, we decided to make use of the

available l,2-cycloadducts. Three fluoracyclobutene monomers were

synthesized as follows :

F 2C CHC1 > 
F~~~~~~:’ 

-HC1 
F2~~~~~~

CH2 CH01 
J,

HC1I H2O

H~, CH3OH

F2 

(

Cl 
-IIC1 

F
21 

~
F2C CF2 

COOCH~ COOCH3

-
~~ 

_______________
F
21 ç

F2

~~~~“COOCH3 
) I_I.COOCJ-13

Of these, only the difluoroester gave homopolymer, but in low yield.

All of these monomers copolymerized readily with electron-rich vinyl

monomers. The polymers were not alternating, but possessed varying

composition ratios. The copolymers disp layed decomposition exotherm s

ranging from 250° to 400° by differential scanning calorimetry. They

have not as yet displayed the high thermal stability we are seeking,

in part because of the presence of the required comonomers (Attached

reprint; a manuscript describing the fluoroesters has been submitted to

J. Polymer Sci.)

I I I .  Fluorocyclopropenes

Another fluorinated small-ring system we have investigated is the

difluorocyclopropene group . Perfluorocyclopropene has been synthesized

and polymerized by Jcrespan and Sargeant . The polymers were not as

-7-
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p thermally stable as expected, owing to an unexpe~....ed thermal isor~erization:

CF
2\

‘vv~,c _____ cpw’.. ‘VVI~.CF2 
CF’VV\s

We speculated that electron-attracting carbomethoxy or cyano groups

might slow this isomerization. More , once in hand, the fluorocyclopropenes

might react with carbenes to form fluorinated bicyclobutane monomers.

Difluorocarbene, generated by the Seyferth reagent phenyltrifluoro-

methylmercury, added to acetylenedicarboxylic ester in very low yield.

- CF-,

CH3COOC-C C-C00013 + C6H5HgC F3 > CH~OOC-C = C-COOCH
3

All attemps to generate CF 2 from a variety of other sources failed in

this reaction. The difluorocyclopropene did not homopolymerize , but it

copolymerized with p-methoxystyrene .

As an alternate possibility, we attemped to carry out the following reactions:

CII OOC CH ooç~~ cooc~3 .. 
- <

COOCH3 + CF2 3 ~ V7~ Br ~
Br CF2 

-
~~~~~

CH300C COOCH3
CH300C ~~~~~~~~ 

COOcH3 + CF2 3 cH300C COOCH
3

Only negative results were obtained.
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We concluded that CF2, as expected, is very electrophilic and is

very reluctant to add to electron-poor doubie or triple bonds .

Accordingly we tried analogous reactions of tolane with CF2:

C6H5C~~~C-C6H5

C6II5CHBr CHC6H5 XCF2
~~~ 

-HBr> C6H5C=C6H5

CF 2
c6~5~ C~~/ 

__ C6H5

However , only negative results were again obtained .

Lastly, we wished to make an unfluorinated cyclopropene diester

and add CF2 to it:
CH3OH

CH3ONaCH300CCHBrCH2CHBrCOOCH3 . 
CH300C .-j( 

COOCf-1
312 equiv L V

OOCH3CH300C 

\7IOCH3

• We did not isolate the cyclopropene diester,but were able to trap it

with diphenyl isobenzofuran :

C I I65 ii COOCH3CHOOC COOCH3 
+ 

C
~~~~~

6HS ~~~~~~~~H5~~~~~~0CH3

-9-
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IV. Fluoroepoxides

From the 1,2-cycloadduct of chlorotrifluoroethylene with vinyl

acetate (described above) we attempted to synthesize a new fluorinated

epoxide as follows :

F2 

1:Ac 
~2°> 

F
21 

r: 

F2

The fluoroalcohol was made, but could not be converted to epoxide .

A second proposed scheme involved a possible cycloaddition of

vinylenecarbonate to tetrafluoroethylene:

F C = CF2~~ 2 F2 F2 -CO2 
F2

However, even at 2100 for 16 hours, these compounds did not cycloadd.

Conclusions and Recommendations

A search for new small-ring fl uoromonomers has found several

fluorinated cyclobutanes to be suitable for synthesis and polymerization.

Further work with other substituents and degrees of fluorination on

the cyclobutane nucleus appears warr~~ted.

We were not successful in finding new fluorinated bicyclobutan e ,

cyclopropane , or epoxide monomers , owing to synthesis difficulties.

Future progress must await the appearance of new intermediates or

synthesis procedures.
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