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1 . 

This invention relates to a new class of poly 
merizable ?uorine-containing organic com 
pounds, and more particularly to new cyclic 
?uorine-containing organic compounds and their 
polymers. 

This application is a continuation-in-part of 
‘ application Serial No. 484,239, ?led April 23, 1943, 
and of application Serial No. 501,146, ?led Sep 
tember 3, 1943, now abandoned. 
The usual methods of preparing organic ?uo 

rine compounds have been to replace chlorine 
or bromine with ?uorine by means of various 
inorganic ?uorinating reagents such as anti 
mony ?uorides, silver ?uoride, mercuric ?uoride, 
and hydrogen ?uoride. These methods are dis 
advantageous in that they are hazardous and 
expensive, give mixtures of products, and are 
adapted only to certain types of halogenated hy 
drocarbons. The unsaturated ?uorine-contain 
ing organic compounds which have heretofore 
been prepared comprise, for the most part, the 
?uoroethylenes. 

It is an ‘object of the present invention to pre 
pare new, unsaturated, ?uorine-containing or 
ganic compounds and their polymers. A further 
object is the production of compounds contain 
ing a ?uorine-substituted ring and an unsatu 
rated side chain. A further object is the prepara 
tion of polymerizable compounds having low 
?ammability and thermally stable ring struc 
tures. A still further object is the preparation 
of polymeric materials useful in the coating, 
plastics, and electrical insulation arts. Other 
objects appear hereinafter. 
These objects are accomplished by reacting a 

monomeric poly?uoroethylene, wherein any sub 
stituents besides ?uorine atoms are other halo 
gen atoms, with a terminally unsaturated diene 
or enyne of the kind more fully described herein 
after, and, when polymers are desired, by subject 
ing the resulting unsaturated ?uorocyclic com 
pound, alone or in the presence of other poly 
merizable unsaturated compounds, to conditions 
generally known for effecting polymerization of 
vinyl and vinylidene compounds. The mono 
meric compounds of the invention are charac 
terized by a poly?uorocyclobutane or -cycio 
butene ring. having a terminally unsaturated side 
chain, and the polymeric products by repeating 
structural units which are analogous thereto 
except for the disappearance of the terminal 
unsaturation. ‘ 

More speci?cally, the poly?uoroethylenes em 
ployed in the practice of the invention have the 
formula CXz=CX2, wherein at least two K5 are 
?uorine and any X’s which are not ?uorine are 
hydrogen or other halogen. Dienes and enynes 
suitable for the practice of the invention are 
characterized generically a's compounds having 
two terminal carbon-to-carbon multiple bonds, 
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one 01' the unsaturated terminal carbons being 
that of a methylene group and the other being 
that 01' a methylene or methinyl group; i. e., 
the additional valences of the terminal unsatu 
rated carbons are satis?ed only by hydrogen. By 
a “terminal carbon" is meant the carbon at the 
end of a carbon chain; it will be acyclic and 
joined to only one other carbon. By “terminal 
unsaturation” is meant a carbon-to-carbon 
multiple bond between a terminal carbon and 
the carbon adjacent thereto. ‘ . 

As an illustration of the above mentioned re 
actants and of the structure 01' the resulting 
products, reaction of tetra?uoroethylene at 
elevated temperatures with l,3-butadiene’.§yiel§s 
l-vinyl-2,2,3,3-tetra?uorocyclobutane, according 
to the equation? 

This is an unusual result since the normal ex 
pectation would be either extensive polymeriza 
tion of some kind or a Diels-Alder type con 
densation. ‘ 

The tetra?uoroethylene can be replaced by 
other monomeric poly?uoroethylenes provided 
the atoms other than ?uorine which are attached 
to the ethylenic carbons are hydrogen and/or 
other halogen atoms, as has been indicated 
above. The atoms, ?uorine or otherwise, which 
are joined to the ethylenic carbons will be 
found attached to the cori‘espondingpair of 
carbon atoms in the resulting ring compound, 
these carbons constituting ring positions‘z and 
3 when the carbon having the terminally un 
saturated side chain is regarded as constituting 
ring position 1. One 01' the remaining pair of 
carbons in the ring, viz., that constituting ring 
position 4, will be unsubstituted since it is one 
of the unsubstituted terminal unsaturated 
carbons in the diene or enyne. The nature of 
the atoms or radicals attached to the carbon 
atom which is adjacent to the methylene or 
methinyl carbon just mentioned (and which in 

. the product becomes the remaining ring carbon, 
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viz., that constituting ringposition 1) has not 
been found on extended investigation to a?ect 
the course 01' the reaction in the formation of 
the four-carbon ring compound described herein 
and in my previously mentioned applications. In 
the invention claimed in the present application, 
the second terminally unsaturated linkage pres 
ent in the companion reactant to the-poly?uoro 
ethylene, while in some instances forming a 
second ring if the poly?uoroethylene is employed 
in excess, is generally unaffected in the primary 
ring-forming reaction and is present in the prod 
uct at the outer end of a side chain attached at 
ring position 1. This unaffected terminal un 



aaeasev ' 
3 . 

saturated linkage in such side chain constitutes 
the element of structure by means of which this 
poly?uorocyclic compound can be polymerized. 

It will be seen from the foregoing that the 
monomeric compounds of this invention have 
a ring of four atoms consisting of carbon atoms 
which comprise a pair of adjacent saturated car 
bon atoms (ring positions 2 and 3) having as 
the sole substituents thereon from two to four 
halogen atoms of which at least two are ?uorine 
atoms, that one of the two other ring carbon 
atoms is unsubstituted (ring position 4), and that 
the remaining ring carbon atom (ring position 1) 
has attached thereto a substituent having a termi 
nal unsaturated carbon joined only to carbon 
and hydrogen. When the reactant used in forming 
the iour-carbon-ring compounds is an enyne 
instead of a diene and reaction takes place at 
the triple bond, ring carbon atoms-1 and 4 are 
joined by a double bond and the compound 
is a cyclobutene rather than a cyclobutane as 
illustrated in the foregoing formula. 
The monomeric compounds of this invention 

are best prepared by heating the poly?uoroethy 
lene and an excess of the diene or enyne to re 
action temperature, which will usually be in the 
range of about 50 to 250° C., in a closed stainless 
steel or glass-lined vessel for periods of time on 
the order of 2 to 18 hours, precise times and 
temperatures depending on the reactivity of the 
particular materials chosen. In instances in 
which the chosen reactants tend to polymerize 
individually or with each other at temperatures 
required for the cyclization reaction, or in which 
the desired product itself tends to polymerize 
under the reaction conditions, it is advisable to 
employ oxygen-free materials and/or to include 
polymerization inhibitors such as hydroquinone 
in small amounts, e. g., 0.2% to 2.0% based 
on the weight of the reactants; in other instances, 
these measures are unnecessary, the reactants 
appearing to have a mutual inhibitory action on 
each other. The crude reaction product is 
separated from any polymer present by steam 
distillation, then washed, dried, and redistilled 
under appropriate conditions, e. g., in vacuo if 
the product is of such high molecular weight it 
cannot be distilled at atmospheric pressure, or 
through a suitable fractionating column if the 
reactants are such that the formation of isomers 
is possible. 4 
The ?uorine-substituted f o u r-c a r b o n-ring 

compounds described herein yield valuable poly 
meric products when these compounds are poly 
merized, alone or with other polymerizable com 
pounds having at least one ethylenic double bond. 
Such polymerizations may be effected by means 
generally suitable for polymerization of vinyl 
and vinylidene compounds, preferably by heating 
to polymerizing temperatures in an aqueous 
emulsion, and in the presence of a peroxy catalyst. 
‘Speci?c typical embodiments of theinvention 

are illustrated by the following examples, in 
which parts are by weight. 

EXAMPLE I 

Monomeric 1 -vinyl-2,2,3,3 -tetra?uorocyclobutane 

A silver-lined reaction vessel was evacuated 
and charged with 54 parts of butadiene and 100 
parts of tetra?uoroethylene. The vessel was then 
closed and heated at 100° C. for 12 hours. The re 
actor was cooled, bled of excess gas, opened and 
the product discharged. There was obtained 123 
parts of colorless organic liquid which on distilla 
tion yielded 102 parts of 1-vinyl-2,2,3,3-tetra?u0 
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4 
rocyclobutane boiling at 83-85” C. and having the 
following refractlvity and density: 11”", 1.3489; 
d4”, 1.1866. The structure of the product was 
substantiated‘ by oxidation with 50% nitric acid 
to obtain tetra?uorocyclcbutanemonocarboxylic 
acid which distilled at 101° C./25 mm., and by 
hydrogenation with nickel catalyst to yield' 
.1-ethyl-2,2,3,3-tetra?uorocyclobutane boiling at 
90-91° C.; 111,”, 1.3370; d415, 1,1506. 

Exunu: II 

Polymeric 1wing/Z-2,2,3,3-tetra?uorocyclobutane 
A stainless-steel autoclave was charged with 

150 parts of- 1-viny1-2,2,3,3-tetra?uorocyclobu 
tane (obtained as in Example I) and 1.5 parts of 
benzoyl peroxide. The autoclave was closed and 
heated for 7 hours at 100° C. After removing 
unchanged monomeric vinyltetra?uorocyclobu 
tane, 32 parts of polymeric material remained 
which set to a hard resin on cooling‘ to room 
temperature. This polymer was soluble in 
acetone, dioxane, benzene, and butyl acetate. 
Analysis showed 47.88% ?uorine. The percen 
tage of ?uorine calculated for polymeric vinylte 
tra?uorocyclobutane (C6F4HB) n is 49.3%. 

ExAmLa III 

1 - vinyl - 2,2,3,3 - tetra?uorocyclobutane/methyl 

methacrylate copolymer 
A mixture of 35 parts of 1-vinyl-2,2,3,3-tetra 

fluorocyclobutane (obtained as in Example I) 
and 665 parts of methyl methacrylate were placed 
in a stainless steel autoclave with 1400 parts 
water, 1.75 parts benzoyl peroxide, 14 parts diso 
dium phosphate, and 1.2 parts of the sodium salt 
of polymethacrylic acid. The autoclave was 
sealed and the mixture heated with stirring at 
125° C. for one hour, the resulting autogenous 
pressure being about 60 lb./sq. in. The autoclave 
was then cooled and opened, additional water 
added, and the suspended granular‘ polymer 
filtered off, washed and dried. This polymer is 
suited for injection molding into bars, rods, and 
the like. Such bars had a softening temperature 
of 88° C. as compared to 71° C. for a similarly 
prepared and molded unmodi?ed methyl meth 
acrylate polymer (determined as described in 
Example I of Howk and Johnston Serial No. 
479,894, filed March 20, 1943 now U. S. Patent 
No. 2,450,000). Similar results are obtained if 
the amount of 1-vlny1-2,2,3,3-tetra?uorocyclo 
butane is reduced to 14 parts, i. e., from 5% to 
2%, except that the softening temperature is 
80° C. These results show that the softenins 
point of methyl methacrylate polymer is con 
siderably raised by copolymerization with only 
very small proportions of 1-vinyl-2,2,3,3-tetra 
?uorocyclobutane, a result which could not be 
predicted on the basis of the properties of the 
homopolymers. 

Exam“ IV 

Monomeric 1-methyl-1-methallulozumethyl 
2,2,3,3-tetra?uorocyclobutane 

One hundred and twenty (120) parts of di 
methallyl ether and 1.5 parts of benzoyl peroxide 
were charged into a silver-lined autoclave. After 
cooling, evacuating, and adding 50 parts of 
tetra?uoroethylene, the autoclave was closed and 
heated 8.25 hours at 110° C. with agitation. After 
cooling to room temperature, the pressure was 
released and the product discharged. The reac- I 
tion mixture was steam-distilled and the steam 
volatile, water-insoluble organic layer was sepa 
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rated. dried, and‘fractionated through an em 
cient packed column. After‘ removing the un 
reacted dimethallyl ether, l-methyl-l-methallyl 
oxymethyl-2,2,3,3-tetra?uorocyclobutane was ob 
tained, boiling at I‘IO-‘72° C./19 mm. and having 
a refractivity, 12D”, 0! 1.3918. 

Analysis 

Per 
cent 
H 

Per 
cent 
0 

Per 
celnt Iodine Number 

120.2, 121.6. 
112.3 (for one ethyl 

nic bond). 

32. 72 Found ................. _ _ 54. 47 6. 71 
Calcd. for CmF|H|4O ._.- _ 33. 6 53. 2 0. 18 

6 

A small amount (4.4 parts) of a soft. sticky, 
?uorine-containing. polymer, not steam-volatile, 
was also obtained. 

EXAMPLE V 
Monomeric 1~vinyl~1-chloro-2,2,3,3-tetra?uoro 

cyclobutane and l-(a-chlorovinyl)-2,2,3,3-tetl 
ra?uorocyclobutane 
A silver-lined reaction vessel was charged with 

88.5 parts of chloroprene, 100 parts of water, and 
one part of hydroquinone. The vessel was closed, 
cooled, and evacuated. It was then further 
charged with 100 parts of tetra?uoroethylene. 
The temperature of the reaction vessel was main 
tained at about 100° C. for 9.75 hours. At the 
end of this time the reactor was cooled to room 
temperature and the product discharged. The 
reaction mixture, consisting of a water layer and 
an organic liquid layer heavier than water, was 
steam-distilled and the organic layer separated. 
The resulting 115 parts of colorless liquid product 
was dried over calcium chloride and was then 
carefully fractionated through a packed column, 
whereby a principal fraction boiling at about 
108° C., and a small amount of a second fraction 
boiling at about 122—124° C., were obtained. The 
?uorine and chlorine analyses of both products 
corresponded to those for CcF4C1H5. The prin 
cipal product was 1-viny1-1-chloro-2,2,3,3-tetra 
?uorocyclobutane, while the smaller fraction was 
1- <a-chlorovinyl) -2,2,3,3-tetra?uorocyclobutaneL 

Boiling 
Point 

Fraction 4,2: Structure 111325 

° C. 
108 1.3838 1.3483 

122-124 1. 3654 

Boiling 
Fraction Point 
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EXAMPLE VI 

Monomeric 1 vinyl - 1,2,2,3,3 - pentc?uorocuclo 
butane and 1 -(a-?uorovinyl) -2,2,3,3-tetra?uo 
rocyclobutane - 

A stainless-steel autoclave was ?ushed with 
nitrogen, evacuated, and charged with 128 parts 
of ?uoro-z-butadiene-l? and 100 parts of tetra 
?uoroethylene containing less than 20 P. P. M. 
of oxygen. The autoclave was closed and heated 
for about 8 hours at 125° C. It was then cooled 
to room temperature and the product discharged. 
The reaction mixture was steam-distilled, 142 
parts of steam-volatile, colorless -liquid products 
being thereby separated from a small amount of 
a, residual, non-volatile, rubbery polyiner. The 
liquid products were dried and carefully fraction 
ated through a packed column. Two principal 
products, boiling at about 84-86° C. and 93-95.5° 
0., were obtained in about equal amounts. These 
products were identi?ed as 1-vinyl-1,2,2;3,3 
penta?uorocyclobutane and 1~(a-?uorovinyl) - 
2,2.3,3-tetra?uorocyclobutane. ‘ 

13:: $131]? cell’?rFl \ m)“ 114“ Structure 

° C. - 

1 .... -_ 85 55.63 1.3405 1.2941 CFrgiHz 

F z-(F -—~C H=C H g 

F 

11"... 95 56.36 1. 3458 1.3193 CFz-CH: F 

(‘)FI-C H~C=CH2 

1 Calcd. for CsFsHsZ 55.2%. 

Examu: VII 

Monomeric 1-ethinyl-2,2,3,3-tetra?uorocyclobu 
tune and 1-vinyl-2,2,3,3-tetra?uorocyclobutene 

A stainless-steel reactor was flushed with ni 
trogen, evacuated, and charged with 50 parts of 
monovinylacetylene and 50 parts of tetra?uoro 
ethylene (containing less than 20 P. P. M. of 
oxygen). The autoclave was heated at 100° C. 
with agitation for 16.5 hours and then cooled to 
room temperature and opened. Eighty-two (82) 
parts c119, light yellow liquid reaction mixture 
was obtained. When this liquid was steam 
distilled, about 60 parts of steam-volatile, color 
less liquid heavier than water passed over, leaving 
about 20 parts of a non-volatile, light yellow 
polymer containing about 26% ?uorine. Frac 
tional distillation of the steam-volatile material 
through a precision still yielded two products 
as follows: 

Analysis 1 

Per Cent 
F 

d4" Structure 
Per Cent Per Cent 

0 H 

51.65 3.63 1.3589 1.2498 

46. 66 2. 81 1. 3800 

1 Calcd. for C‘H‘Fl: F, 50.0%; C, 47.37%; H, 2.63%. 



2, 482,347 

Fractions I reacts with aqueous silver nitrate 
in the manner typical of acetylenic compounds. 
and its infra red absorption spectrum shows the 
presence of a carbon-to-carbon triple bond. 
Upon hydrogenation, both fractions I and H give 
l-ethyl-2,2,3,S-tetra?uorocyclobutane having the 
same properties as and being indistinguishable 
from the l-ethyl-2,2,3,3-tetra?uorocyclobutane 
obtained by hydrogenating the product of Ex 
ample I. Based on their analyses, reactions, and 
physical properties, fraction I is 1-ethinyl-2,2,3,3 
tetra?uorocyclobutane and fraction II is l-vinyl 
2,2,3,3,-tetra?uorocyclobutene, the structural for 
mulae being as shown above. On standing at 
room temperature, fraction II polymerizes to a 
clear, transparent polymer. 

EXAMPLE VIII 

Polymeric 1mingl-2,2,3,3-tetra?uorocyclobutene 
. A glass pressure vessel was ?ushed with nitro 
gen and charged with 0.21 part sodium hydrox 
ide, 28 parts of distilled water, 0.8 part of oleic 
acid, 0.2 part of a condensation product of form 
aldehyde and sodium naphtalene sulfonate (pre 
pared as described in U. S. Patent 1,336,759), 
0.2 part of potassium persulfate, and 20 parts 
of 1 - vinyl-2,2,3,3 - tetrafluorocyclobutene ob 

tained as in Example VII. The vessel was closed 
and shaken in a constant-temperature water 
bath at 37° C. for 48 hours. The latex thereby 
formed was treated with a few drops of dilute 
acetic acid, and the resulting polymer was sepa-° 
rated, washed with water, and dried in an oven 
at 65° C., 17.2 parts being thus obtained. This 
polymeric vinyltetra?uorocyclobutene was read-° 
ily moldable, was soluble in butyl acetate, and 
was found on analysis to have a ?uorine con 
tent of 49.21%. 

EXAMPLE IX 

1 -oinyZ-2,2,3,3-tetra?u0rocyclobutene/ methyl 
methacrylate copolymer 

A glass pressure vessel was flushed with-nitro 
gen and charged with .05 part of sodium hy 
droxide, 7 parts of water, 0.2 part of oleic acid, 
0.05 part of a condensation product of formalde 
hyde and sodium naphthalene sulfonate, 0.05 
part of potassium persulfate, 3 parts of methyl 
methacrylate, and 2 parts of 1-viny1-2,2,3,3 
tetra?uorocyclobutene, obtained as in Example 
VII. The reactor was closed, and the mixture 
was emulsi?ed by shaking. It was then heated 
at 37° C. with agitation in a constant-tempera 
ture water bath for 48 hours. The resultant 
latex was acidi?ed with dilute acetic acid and 
coagulated with brine, the coagulated product 
washed thoroughly with water and alcohol, and 
the polymeric material dried in an oven at 65° C. 
An 82% yield (4.1 parts) of a colorless methyl 
methacrylate/vinyltetra?uorocyclobutene copol 
ymer was thus obtained. This copolymer was 
soluble in dioxane, butyl acetate, and chloroform, 
and was insoluble in alcohol. It was found on 
analysis to have 24.39% ?uorine, which indicates 
a methyl metacrylatelvinyltetra?uorocyclobu 
tene mole ratio of 1.621 in the copolymer. 

Exmu: X 

1-vi11.yl-2,2,3,3-tetra?uorocyclobutene/styrene 
copolymer 

The copolymerization of 3 parts of l-vinyl 
2,2,3,3-tetra?uorocyclobutene with 2 parts of 
styrene according to the procedure described in 
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Example 1X for methyl methacrylate yielded 
4.4 parts of a colorless copolymer which was sol 
uble in alcohol, dioxane, butyl acetate, and chlo 
roform. It had a ?uorine content of 30.84%, 
indicating a styrene/vinyltetra?uorocyclobutene 
mole ratio of 0.91:1 in the copolymer. 

Exmu: XI 

1-vinyl-2,2,3,3-tetra?uorocyclobutenelacrylo 
nitrite - copolymer 

The copolymerization of 3 parts of l-vinyl 
2,2,3,3-tetra?uorocyclobutene with 2 parts of 
acrylonitrile according to the procedure de 
scribed in Example IX for methyl methacrylate 
yielded 3.5 parts of polymer which was insoluble 
in alcohol, toluene, and chloroform but was 
swelled by warm butyl acetate. It had a ?uo 
rine content of 35.79%, indicating an acryloni 
trile/vinyltetra?uorocyclobutene mole ratio in the 
copolymer of 1.14:1. 

EXAMPLE XII 

1-vinyl-2,2,3,3-tetra?uorocyclobutene/buta 
diene copolymer 

A pressure vessel was charged with 56 parts of 
water, 0.4 part of potassium persulfate, 0.4 part 
of condensation product of sodium naphthalene 
sulfonate and formaldehyde, 0.42 part of sodium 
hydroxide, and 1.6 g. of oleic acid. After these 
ingredients had dissolved, the vessel was cooled 
and4 parts of a 1% solution of potassium ferri 
cyanide, 0.24 part of n-dodecanethiol, 32 parts of 
butadiene, and 8 parts of 1-vinyl-2,2,3,3-tetra 
?uorocyclobutene were added. The vessel was 
closed and heated at 40° C. for 39 hours with 
agitation. A small portion of the latex was coag 
ulated by means of alcohol and brine and the 
coagulum washed and dried. It had a ?uorine 
content of 14.81%, which indicates that the co 
polymer contains 29.6% polymerized l-vinyl 
2,2,3,3-tetra?uorocyclobutene. To the remain 
der of the latex was added 4 parts of a 50% aque 
ous dispersion of a mixture consisting of 55% 
phenyl-beta-naphthylamine and 45% of diphen 
ylamine as an antioxidant. This emulsion was 
acidi?ed with acidic acid, then treated with 
a saturated sodium chloride solution, an elas 
tomer being thereby obtained which after wash 
ing and drying amounted to 36.4 parts. Thirty 
(30) parts of this washed and dried elastomer 
was compounded with 15 parts of carbon black, 
1.5 parts of zinc oxide, 0.6 part of stearic acid, 
0.6 part of sulfur, and 0.375 part of 2-mercapto 
thiazoline, and this composition was then cured 
by heating for 30 minutes at 153° C. The result 
ing vulcanizate had a tensile strength of 1250 
lbs/sq. in. at 210% elongation, good hardness, 
and fair resilience. 

EXAMPLE XIII 

1 -methylene-2,2,3,3-tetra?uorocyclobutane 
Thirty parts of allene and 75 parts of tetra 

?uoroethylene were heated in a silver-lined pres~ 
sure reaction vessel at 150° C. for 14 hours. The 
reaction vessel was cooled, bled of excess gas, 
opened and the product discharged. There was 
obtained 18 parts of a liquid product which on 
distillation through a packed column yielded 
1-methylene-2,2,3,3etetrafluorocyclobutane, 



boiling at 64-66° C., having a'r'efractivity. an", 
of 1.3318, and a density, d4", of 1.2288. 

Per Cent Per Cent Per Cent 
0 H F 

Anal sis: 
(Yalc'd for Oil'lil? ............ ._ 42. 87 2. 88 54. 25 
Found ........................ - - 42. 98 3. 72 52. 9 

The invention has been illustrated in the ex 
amples with tetra?uoroethylene since it is com 

10 
' diene-1,3; 1-vinyl-2,2-dichloro~3,3-difluorocyclo 

l0 

butane and 1-vinyl-2,2-di?uoro-3,3-dichlorocy 
clobutane, obtained from l,l-dichloro-2,2-di?uo 
roethylene and butadlene-1,3; and 1-vinyl-1,2 
~dichloro - 2,3,3 - trlfluorocyclobutane and other 
structural isomers, obtained from chloroprene 
and chlorotrifiuoroethylene. 
The following additional polyfluorocyclobu 

tanes and -butenes are obtained from tetra?uo 
roztgylene and the diene or enyne reactant indi 
ca. e : 

Fluorocyclic Compound Diene or Enyne 

1-Phenyl-l-vinyl-2,2,3,3-tetra?uoroeyclobutane_ - _ _ 

1-Methyl-l-vinyl-2,2,3,3-tetra?uorocyclobutane. ._ _ 

l-C ano-l-vinyl-2,2,3 3-tetra?uorocyclobutane ...... .. lvinyl)-2,2,3,3-tetra?uorocyclobutane. 
1-Allyl-2,2,3,3-tetrailuorocyclobutenc _________________ __ 
l-Bromo-l-vinyl-2,2,3,3-tetra?uorocyclobutane.. 
l-E thoxy-l-vinyl-2,2,3,3-tetra?uorocyclobutane. . 
1-Allyl-Z,2,3,3-tetra?uorocyclobutane ............ -. 

2ePhenylbutadlene-l,3. 
2-Methylbutadieue-l,3. 
2-Cyanobutadiene-l,3. 
2,3-Dimcthylbutadiene-l,3. 

. ._ Allylacetylene." 

. 2-Bromobutadienc-l,3. 

. 2-Eth0xybutadicne-i,3. 
Peutadiene-l,4. 1-Vinyloxy-2,2 3,3-tetra?uorocyclobnfnne _ _ __ D ivinyl ether, 

l-Allylox ethyl-2,2,3,3-tetra?uorocyclobutane .............................. -_ Diallyl ether. 
l-(p-viny phenyl)-2,2,3,3-tetra?uorocyclobutane_ _ Divinylbenzene. 
l-Methylene-2,2,3,3-tetra?uorocyclobutane ____ _. _ Allene. 

l-Vinglethinyl-2,2,3,3-tetra?uorocyclobutzme_ _ _ _ Divinylacetylene. l-Oar ovinyloxy-2,2,3,3-tetra?uoroc clobutane and". vi 1 l t 
1-Acrylyloxy-2,2,3 3-tetra?uorocyclo "farm _ ny acry a 9' 
l-Ohloro-l-carboallyloxy-Z 2,3,3-tetra?uorocyclobutane::I ______ __ 

lorry-2,2,3,S-tetra?uorocyclobutane ____ _. 
l-Methyl-l-carbomethacrylyloxy-2,2,3,3-tetra?uorocyclobutane_ _ - 

l-Methyl-l-carbomethally Allyl al ha-cbloroacrylate. 
_ Metha yl methaerylate. 

Methacrylic anhydride. 

mercially available and .will normally be em 

invention may be practiced with any polyfluoro 
ethylene of the hereinbefore mentioned type, 
with formation therefrom of other poly?uoro 
cyclobutanes and -butenes having a terminally 
unsaturated side chain, e. g., a vinyl, vinylidene, 
or ethinyl radical, all of which products are em 
braced by the invention. Other poly?uoroethyl 
enes which may be used are tri?uorochloroethyl 
ene, 1,1-dii'luoro-2,2-dichloroethylene, 1,2-di?u0 
ro-1,2-dichloroethylene, 1,2-di?uoro-1,2-dichlo 
roethylene, tri?uoroiodoethylene, 1,1-di?uoro-2 
chloroethylene, tri?uorobromoethylene, 1,1-di 
?uoroethylene, and tri?uoroethylene. The tetra 
halogenoethylenes, especially those having at 
least three ?uorine atoms, and, in particular, 
tetra?uoroethylene, are preferred because of their 
greater reactivity. 
With respect to the companion reactant, any 

compound having two terminal carbon-to-carbon 
multiple bonds, one of which is the carbon of 
a methylene or methinyl group, may be employed 
in the practice of this invention. The remainder 
of the molecule is immaterial, the reaction pro 
ceeding irrespective of molecular size, ‘ chain 
length, con?guration, or other atoms or groups. 
While, as shown in Example IV, the unsatura 
tion in such compounds may be unconjugated, the 
preferred compounds contain conjugated unsatu 
ration, and of these the most useful may be ex 
pressed by the general formula 

wherein Z and Z’ are hydrogen, halogen, cyano, 
alkyl, aryl, or alkoxy. 
Other examples of particular di-, tri-, or tetra 

?uoro four-carbon ring compounds which can be 
obtained by the practice of this invention com 
prise: l-methyl- 1- (alphamethylvinyl) -_2,3,3-tri 
?uorocyclobutane and 1-methyl-1-(alphameth 
ylvinyl) -2,2,3-tri?uorocyclobutane, obtained from 
tri?uoroethylene and. 2,3-dimethylbutadiene-1,3; 
l-vinyl-2-chloro-3,3-di?uorocyclobutane and 1 
vinyl-2,2-di?uoro-3-chlorocyclobutane, obtained 
from 1-chloro-2,2-di?uoroethylene and buta-, 
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The enynes and many dienes of the kind em 
. ployed for that and other reasons. However, the '30 ployed in this invention are “unsymmetrical" in 

that different residual molecular con?gurations 
are attached to the two terminal unsaturated car 
bons. With such compounds, two structural 
isomers are formally possible, and they are gen 
erally obtained through reaction of the poly?uo— 
roethylene with ‘part of the diene or enyne at 
one of its multiple bonds, and with the remainder 
of the diene or enyne at its other multiple bond, 
as is shown in Examples V, VI, and VII. Many 
of the reactants in the foregoing table are also 
“unsymmetrical," and they give like results al 
though all the isomeric products are not shown. 
Normally predominating is the isomer obtained 
by reaction at the unsaturated carbons having 
activating atoms or groups (e. g., halogen, phenyl, 
cyano, alkoxy, carbonyl) attached thereto, and 
these are preferentially shown in the table. 
Isomeric products may likewise be obtained when 
‘the poly?uoroethylene is “unsymmetrical,” as is 
shown in the paragraph preceding the table. 
From the formulae in the above table and in 

I the examples, and from other explanation here 
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inbefore given, it will be seen that these mono 
meric cyclic compounds have a ring of four atoms 
(all of them carbon) which include a pair of 
adjacent saturated carbons having as the sole 
substituents thereon from two to four halogen 
atoms of which at least two are ?uorine, a car 
bon which is unsubstituted, and another carbon 
which has attached thereto the "residue” of the 
diene or enyne after ring formation, 1. e., the 
part of the molecule remaining after removal of 
onev of the terminal carbons and all atoms directly 
attached thereto. One of the valances of the 
last-mentioned ring carbon thus must be satis 
‘?ed by a radical having a terminal unsaturated 
carbon joined only to carbon and hydrogen. 
The practice of this invention is not necessarily 

con?ned to methods given in the examples and 
the paragraphsv immediately preceding them. 
Thus, in the cyclization‘ reaction, it is often ad 
vantageous to include an inert solvent such as 
benzene or toluene, and/or an inert liquid me 
dium such as water, particula'rly when the reac 
tion tends to become exothermic after having 
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been initiated. While the reaction normally 
proceeds satisfactorily at the 'autogenous pres 
sure generated by the reactants at reaction tem 
perature, externally applied pressures up to as 
high as 1000 atm. are possible and may assist 
the reaction in some instances. On the other 
hand, the reaction can on occasion be carried 
out in an open system by mixing the vapors of 
the reactants and passing them through a hot 
tube. With some of the more highly reactive 
combinations, reaction may begin at tempera 
tures below 50° C., and there is no absolute upper 
limit for the more sluggish reactants except that 
at which they or the desired products decompose. 
The monomeric products of this invention can 

be prepared by other procedures such as by de 
halogenation, dehydrohalogenation, deactylation, 
and dehydration, etc., of selected substituted 
fluorocyclobutanes and fluorocyclobutenes, as 
illustrated by the following equation: 

CF2~CH2 c1 c1 orkcm 

dri-rlnkdn-clun alcohol CFz-CH—CH=CII¢ 
When the reactants are not themselves par 

ticularly sensitive to polymerization, the mono 
meric compounds of this invention may be pre 
pared and polymerized to at least some degree in 
one operation by inclusion of polymerization 
catalysts. However, such procedure is likely to 
give a complex polymeric mixture and is not 
recommended, it being preferable as illustrated 
in the examples to e?fect the cyclization reaction 
under conditions which prevent or minimize poly 
mer formation, the cyclic monomer then being 
separated and polymerized under controlled con 
ditions. Any polymer which might still be 
formed along with the cyclic monomer in the 
primary reaction does not affect the utility of the 
latter compound, which may readily be separated 
by steam distillation. 
The examples illustrate emulsion polymeriza 

tion, which is generally the best method. These 
polymerizations may, however, also be effected in 
“bulk” or in solution in an organic solvent. 
Whatever the medium or method, they are pro 
moted by ultraviolet light and by the usual cata 
lysts, e. g., oxygen, peroxy compounds generally, 
amine oxides, hydrazines, active halogen com 
pounds, and the newly discovered azo compounds, 
in the usual amounts of about 0.01% to 5.0%. 
These polymerizations may advantageously be 
carried out in aqueous emulsion by the so-called 
“activated persulfate” and “activation-reduc 
tion” methods, involving, respectively, a combi 
nation of a persulfate catalyst with a long-chain 
hydrocarbon sulfate or sulfonate, and a combina 
tion of a peroxy catalyst with a salt of sulfurous 
acid, e. g., sodium bisul?te. Temperatures may 
be varied as necessary, e. g., from as low as 0° C. 
in the more active systems to up to 150° C. in 
others. Closed systems, and therewith autog 
enous pressures, will be employed if the poly 
merization temperature is above the atmospheric 
boiling point of the monomer or monomers used. 
Acidic, neutral, and alkaline aqueous media are 
contemplated. Dispersing agents chosen will vary 
according to the nature of the aqueous medium: 
in neutral media, polyvinyl alcohol, agar, gelatin, 
methylstarch, sodium polymethacrylate, and 
modi?ed polyethylene oxides may be used; in 
alkaline media, the alkali metal or amine salts of 
longchain fatty acids, e. g, sodium oleate, potas 
sium laurate, or triethanolamine stearate, are 
suitable; and in acid media, salts of long-chain 
alkyl sulfates and sulfonates, e. g., sodium cetyl 

zinc 

12 
sulfate, the sodium salt of sulfonated para?ln 
white 011, or the sodium salt of sulfonated oleyl' 
acetate, may be employed. 
As has been indicated, one phase of the inven 

tion includes copolymers of the unsaturated poly 
?uorocyclic compounds with other unsaturated, 
readily polymerizable compounds, among them 
the following: vinyl esters, such as vinyl acetate, 

. vinyl chloride, and vinyl ?uoride; acrylic and 
methacrylie acids and their esters, anhydrides, 
amides, and nitriles; hydrocarbons having ole 
?nic unsaturation, such as ethylene, propylene, 
isobutylene, styrene, butadiene, and isoprene; 
haloprenes, such as chloro-2-butadiene-1,3 and 
?uoro-2-butadiene-L3; vinylidene halides, such 
as vinylidene chloride; fumarlc and maleic esters, 

_‘ such'as diethyl fumarate; unsaturated ketones, 
I, such as methyl vinyl ketone; and (vinylalkynyl) 
\ carbinols, such as dimethyl(vinylethinyl)car 
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‘ binol. The unsaturation in the co-monomer is 
preferably terminal. As will be seen from Ex 
ample III, the e?ect of the ?uorocyclic compo 
nent of these copolymers is apparent even when 
the amount is quite small, and the invention 
therefore comprehends polymers in which the 
fluorocyclic compound is present in amounts of 
5-100%. Preferably, however, the amount ex 
ceeds 50%. ' 
- The products of this invention contain a high 
percentage of ?uorine and are particularly advan 
tageous in view of their superior stability and 
decreased ?ammability. The monomers are use 
ful as chemical intermediates and solvents. The 
polymeric products are useful in making plastics, 
coatings, ?lms, foils, ?bers, electrical insulation, 
and adhesives. For any of these purposes, the 
polymer may be combined with or prepared in 
the presence of plasticizers, stabilizers, ?llers, 
pigments, dyes, softeners, natural resins, or other 
synthetic resins. 
As many apparently widely different embodi 

ments of this invention may be made without 
departing from the spirit and scope thereof, it is 
to be understood that I do not limit myself to the 
speci?c embodiments thereof except as de?ned 
in the appended claims. 

I claim: 
1. A process for preparing organic ?uorine 

compounds containing a four-carbon ring, said 
process comprising heating to reaction tempera 
ture within the range of about 50° C. to 250° C. 
reactants consisting of (1) a monoethylenic 
compound of two and only two carbon atoms hav 
ing attached thereto from two to four halogen 
atoms of which at least two are ?uorine, and 
(2) a compound having two terminal carbon-to 
carbon multiple bonds of which at least one is 
ethylenic, the remaining valences of the terminal 
unsaturated carbons of said last-mentioned com 
pound being satis?ed by hydrogen. 

. 2. A process for preparing organic ?uorine 
compounds containing a four-carbon ring, said 
process comprising heating to reaction tempera‘ 
.ture within the range of about 50° C. to 250° C. 
and under superatmospheric pressure reactants 
consisting of (1) a tetrahalogenoethylene con 
taining at least two ?uorine atoms and (2) a com 
pound having two conjugated terminal carbon 
to-carbon multiple bonds of which at least one is 
ethylenic, the remaining valences of the terminal 
unsaturated carbons of said last-mentioned com 
pound being satis?ed by hydrogen. 

3. A compound having a ring of four atoms con 
sisting of carbon atoms, said atoms comprising 
a pair of adjacent saturated carbon atoms hav 
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ing as the sole substituents thereon from two to 
four halogen atoms of which at least two are 
?uorine atoms, the carbon atom in one of the 
two remaining positions in said ring being unsub 
stituted, and the carbon atom in the other of the 
two remaining ring positions having attached 
thereto a substituent having a terminal unsat 
urated carbon joined only to carbon and hydro 
gen. 

4. A compound having a ring of four atoms 
consisting of carbon atoms, said atoms compris 
ing a pair of adjacent saturated carbon atoms 
having as the sole substituents thereon from two 
to four halogen atoms of which at least two are 
?uorine atoms, the carbon atom in one of the 
two remaining positions in said ring being unsub 
stituted, and the carbon atom in the other of 
the two remaining ring positions having attached 
thereto a substituent having a terminal methylene 
group. 

5. A compound having a ring of four atoms 
consisting of carbon atoms, said atoms compris 
ing a pair of adjacent saturated carbon atoms 
having attached thereto four halogen atoms of 
whic‘- at least two are ?uorine, the carbon atom 
in one of the two remaining positions in said ring 
being unsubstituted, and the carbon atom in the 
other of the two remaining ring positions having 
attached thereto a substituent having a terminal 
unsaturated carbon joined only to carbon and 
hydrogen and separated from the ring by a single 
chain carbon. 

6. The compound de?ned in claim 3 in which 
four ?uorine atoms are attached to said ?rst 
mentioned pair of adjacent carbon atoms. 

7. The compound de?ned in claim 4 in which 
four ?uorine atoms are attached to said ?rst 
mentioned pair of adjacent carbon atoms. 

8. The compound de?ned in claim 5 in which 
four ?uorine atoms are attached to said ?rst 
mentioned pair of adjacent carbon atoms. 
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9. The compound de?ned in claim 5 in which 

said substituent is the vinyl radical. 
10. The compound de?ned in claim 5 in which 

said substituent is the vinyl radical, and in which 
four ?uorine atoms are attached to said ?rst 
mentioned pair of adjacent carbon atoms. 

11. A ?uorocyclobutane consisting of the com 
pound de?ned in claim 3. 

12. l-vinyl-2,2,3,3-tetra?uorocyclobutane. 
13. A polymer of the compound de?ned in 

claim 3. 
14. A polymer 

claim 4. 
15. A polymer 

claim 5. 
16. A polymer 

claim 6. 
17. Polymeric 1-vinyl-2,2,3,3-tetra?uorocyclo 

butane. ' 

18. A process for preparing monomeric organic 
?uorine compounds containing a four-carbon 
ring, said process comprising heating, in contact 
with a polymerization inhibitor, to reaction tem 
perature within the range of about 50° C. to 250° 
C., reactants consisting of (1) a monoethylenic 
compound of two and only two carbon atoms 
having attached thereto from two to four halogen 
atoms of which at least two are ?uorine, and (2) 
a compound having two terminal carbon-to 
carbon multiple bonds of which at least one is 
ethylenic, the remaining valences of the terminal 
unsaturated carbons of said last-mentioned com 
pound being satis?ed by hydrogen. 

19. l-vinyl-l-chloro - 2,2,3,3 - tetra?uorocyclo 
butane. 

20. 1-vinyl-2,2,3,3-tetra?uorocyclobutene. 

of the compound de?ned in 

of the compound de?ned in 

of the compound de?ned in 

PAUL L. BARRICK. 

No references cited. 


