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Synthesis of Tetrafluorocyclobutanes by Cycloalkylation
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Introduction

Recent publications!®?<4 have described a new
reaction which involves the addition of a fluoro-
olefin to itself, e. g., the dimerization of tetrafluoro-
ethylene® or of chlorotrifluoroethylene,!® and to
certain olefin derivatives such as chlorotrifluoro-
ethylene,!® acrylonitrile! and methyl methacry-
late," to give cyclobutane derivatives. This new
reaction has now been studied in considerable de-
tail, and has been extended to the addition of tet-
rafluoroethylene to a wide variety of olefins.
The general nature of this cycloalkylation method
of preparing cyclobutane derivatives has been es-
tablished. Thus, with ethylene, tetrafluoroethyl-
ene gives tetrafluorocyclobutane (I).

CF; CH, CF,—CH,

o+ . — | 1 I
CF, CH, C¥,—CH,
Analogous reactions of tetrafluoroethylene with
various unsaturated compounds have given the
corresponding  tetrafluorocyclobutanes substi-
tuted by halogen, vinyl, ethynyl or other groups.

Generality of the Cycloalkylation

The cycloalkylation of tetrafluoroethylene with
unsaturated compounds occurs at a lower tem-
perature and apparently with greater facility than
does the dimerization of tetrafluoroethylene.!®
Under the conditions employed, the synthesis
yields 4-membered ring compounds without the
competitive dimerization of tetrafluoroethylene to
octafluorocyclobutane and without the appreci-
able formation of 6-membered or larger rings and
open-chain polymers. Qualitatively, the ease of
reaction varies with the unsaturated reactant.
Reactants containing a terminal methylene group
combine more readily than do 1,2-disubstituted
ethylenes such as 2-butene or trichloroethylene,
while reactants having conjugated unsaturation,
for example, 1,3-butadiene, acrylonitrile, methyl
methaerylate and styrene, are even more reactive.

Reactions with Vinyl Compounds.—The cyclo-
alkylation with vinyl and vinylidene compounds
is illustrated by the formation of tetrafluoro-
cyclobutane (I) from tetrafluoroethylene and
ethylene, and by the substituted tetrafluorocyclo-
butanes formed in the reaction of tetrafluoroethyl-
ene with monolefins such as styrene, with chloro-
olefins typified by vinyl chloride, and with vinyl
acetate, acrolein, allyl alcohol and the related un-
saturates listed in Tables I, II, III.

Evidence for the tetrafluorocyclobutane struc-

(1) (a) J. Harmon, U. 5. Patent 2,404,374 (July 23, 1946); (b)
A. L. Henne and R. . Ruh, THIS JoUurRNAL, 69, 279 (1847); (o)

P. L. Barrick, U, S. Patent 2,427,116 (September 9, 1947); (d) P. L.
Barrick and R. D. Cramer, UI. S Patent 2,441,128 (May 11, 1948).

ture is found in the mode of formation, the com-
position, and the properties of the products. The
product from tetrafluoroethylene and a monoélefin
has an empirical composition corresponding to
that of one molecule of tetrafluoroethylene plus
one molecule of olefin. The product is stable to
aqueous permanganate, does not react with a solu-
tion of bromine in carbon tetrachloride, is unaf-
fected under the usual conditions of catalytic hy-
drogenation, and its infrared absorption spectra
show no absorption bands characteristic of the
carbon—carbon double bond. The fluorohydro-
carbon is resistant to oxidation as indicated by
incomplete combustion in attempts to analyze the
cyclobutanes from ethylene, propylene, isobutyl-
ene and 2-butene.

Further proof of structure is found in the trans-
formations of products from acrylonitrile and
from butadiene. Tetrafluoroethylene and acrylo-
nitrile combine to form in good yield a nitrile
which corresponds in composition to cyanotetra-
fluorocyclobutane (II). On acid hydrolysis, the
nitrile gives the saturated tetrafluorocyclobutane
carboxylic acid (III). The same acid (III) is ob-
tained by the nitric acid oxidation of the unsatu-
rated product (IV) formed by the addition of one
molecule of tetrafluoroethylene to 1,3-butadiene.
These transformations establish the identity of
(IT1) as 2,2,3,3-tetrafluorocyclobutane carboxylic
acid and of (IV) as 1-vinyl-2,2,3,3-tetrafluorocy-
clobutane formed by the 1,2-addition of butadiene
to tetrafluoroethylene.

CF—CH,
mo H:0

CF;—CH—CN v

CF,—CH,
| III

CFy—CH; CF,—CH—COH

- HNO, A
O |

CPF,—CH—CH=CH;

Reactions with 1,3-Dienes.—As already indi-
cated, cycloalkylation occurs in the reaction of
tetrafluoroethylene with terminally unsaturated
dienes. The initial 1:1 products are tetrafluoro-
cyclobutanes containing an unsaturated side
chain. By further reaction with another molecule
of tetrafluoroethylene, a bicyclic product contain-
ing two tetrafluorocyclobutane rings is formed.
The simplest cases are the products from 1,3-bu-
tadiene and from allene. 1,3-Butadiene and tet-
rafluoroethylene form 1-vinyl-2,2,3,3-tetrafluoro-
cyclobutane (IV) and not the tetrafluorocyclohex-
ene that might have been expected by a Diels-
Alder reaction. By hydrogenation, IV was con-
verted to l-ethvl-2,2,3,3-tetrafluorocyclobutane.
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Reaction of IV with another molecule of tetra-
fluoroethylene gave 2,2,2°,2',3,3,3’,3’-octafluoro-
bicyclobutyl (V). Similarly, in reactions with
tetraflucroethylene, allene gave the 1-methylene-
2,2,3,3-tetraflucrocyclobutane (VI) and 1,1,2,2,5,-
5,6,6-octafluorospiro[3.3]heptane (VII).

CF—CH, CF,—CH; CHr—CF

v | | Vo | |
CF—CH—CH=CH, CFi—CH—CH—CF,
CF;—CH; . CH; CF,

vi | VII CF2< >c< CF,
CF—C—=CH, CR/  \CH;

Isomeric products are obtained from tetrafluo-
roethylene and unsymmetrical dienes. Thus 2-
chloro-1,3-butadiene gave the isomers VIII and
IX.

CF—CH, CF,—CH,
VIII | | IX |
CF,—(|:—CH=CH2 CF,—CH—C=CH,
cl cl

The structures of compounds VIII and IX are be-
lieved to be those shown in view of (1) their com-
positions which correspond to a 1:1 tetrafluoro-
ethylene/2-chloro-1,3-butadiene mole ratio; (2)
their molecular refractivities which are in agree-
ment with that for a tetrafluorocyclobutane deriv-
ative; (3) the conversion of IX to 1-ethyl-2,2,3,-
3-tetrafluorocyclobutane by hydrogenation; and
(4) inability to obtain a chlorine-free product by
the hydrogenation of VIII. Two isomeric 1:1
adducts were also obtained from tetrafluoroethyl-
ene and 2-fluoro-1,3-butadiene.

Reactions with Enynes.—Cycloalkylations
with tetrafluoroethylene and an enyne proceed
with participation of
both the ethylenic and
the acetylenic groups of

SYNTHESIS OF TETRAFLUOROCYCLOBUTANES

491

XI. The structure XI was established as 1-vinyl-
3,3,4,4-tetrafluorocyclobutene by its polymeriz-
ability, by its hydrogenation to 1l-ethyl-2,2,3,3-
tetrafluorocyclobutane, and by reaction with a
second molecule of tetrafluoroethylene to obtain
2',27,3',3’ - tetrafluorocyclobutenyl - 2,2,3,3 - tetra-
fluorocyclobutane (XII). By hydrogenation, XII
gave 2,2,2',2'.3,3,3’,3’-octafluorobicyclobutyl (V),
which was also synthesized from butadiene and
two molecules of tetrafluoroethylene. The fourth
product obtained from tetrafluoroethylene and
monovinylacetylene was 1-phenyl-2,2,3,3-tetra-
fluorocyclobutane XII1, identical with the adduct
of tetrafluoroethylene and styrene. The forma-
tion of XIII suggests that under the reaction
conditions monovinylacetylene dimerized to sty-
rene? which combined with tetrafluoroethylene.
Physical Properties.—The physical properties
of selected tetrafluorocyclobutane derivatives are
given in Tables I to IV, inclusive. In general,
the introduction of fluorine in the cyclobutane
ring lowers the refractive index and increases the
density of the products. The observed molecular
refractivity was calculated by means of the Lo-
renz-Lorentz equation. The atomic refraction of
fluorine was determined by subtracting the sum of
the commonly used values (Eisenlohr’s) of all the
other increments from the experimental value and
dividing the difference by the number of fluorine
atoms. The atomic refraction of fluorine in these
compounds, A RF, varied from 1.04-1.64 and aver-
aged about 1.16.% The tetrafluorocyclobutanes
containing only carbon, hydrogen and fluorine in
Table I have an average ARF of 1.08 which agrees
with the reported value for a fluorohydrocarbon

Fig. 1.—Products from enynes and 1,3-dienes,
CF;==CF; + CH~=CH—C=CH

CFy=CF; + CH,—CH—CH=CH,

the enyne. The prod- l
ucts include the iso-
meric 1:1 tetrafluoro- = (|:F’—CH’

2H,

ethylene/enyne ad- CF,—CH—C=CH —————
ducts and also the bi- l{
cyclic 2:1 adduct. CFCH o, CRCH R CH

. . — _ H _
Foué— clea}l;ly 1%ent1ﬁ%d <1 | 2 3 | 2 * v | b 2
products have been ob- CFr—C—CH=CH, CF—CH—C,H; CFr—CH—CH=CH,
tained from monovinyl- ‘
acetylene. The first of .
these is 1-ethynyl-2,2,- CF,—CH CH~—CF, H, CF,—CH; CHy—CF,
3,3 - tetrafluorocyclobu- XIT | [ > v
tane (X) Fig. 1, formed CF—C——CH—CF, CF;—CH—CH—CF:
by reaction of tetra- XIII (|3F2—CH2

fluoroethylene at the
: ethylenicy linkage of CR—CH—CGH,

monovinylacetylene. Compound X contained an
acetylenic hydrogen as shown by reaction with
aqueous silver nitrate. By hydrogenation, X was
converted to the 1l-ethyl-2,2,3,3-tetrafluorocyclo-
butane independently synthesized from tetra-
fluoroethylene and 1,3-butadiene. Monovinyl-
acetyléne also reacted by 1,2-addition at the acet-
ylenic linkage with the formation of compound

containing four fluorine atoms per molecule.*
The introduction of other atoms such as chlorine,
oxygen, and/or nitrogen, and special configura-
tions such as present in unsaturated substituents

(2) H. B. Dykstra, THIS JoURNAL, §6, 1625 (1934).

(3) Weissberger, "Physical Methods of Organic Chemistry,”
Volume I, Interscience Publishers, Inc., New York, N. Y., 1945, p.
679.

(4) Grosse and Cady, Ind. Eng. Chem., 89, 373 (1947).
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Reacrion Propucrs FROM TETRAFLUOROETHYLENE AND MONO-OLEFINS

B n.,
Tetrafiuorocyclobutane °C. Mm. #%Dp J 2y
T
CH:CF:CF:CH: 50-80.7 1,3046 1.2752
T
CH3;CHCF:CF:CH: 68.5-68.8 1.8193 1.1961
CH,CH:CHCF:CF.C b 01 1.3370 1.1506
i
{CH3)CCTCF:CIT 82-83 1.3395 1.1446
Ry
CH;CH:CH:CHCF:CFyCH.,b 113 1.3516 1.1190
gy
CH;CH:(CHy) CCF:CF:CHab 107.8 1.3529 1.1285
Ty
CH:CHCF:CF:CHCH. 87.5
‘—“—'——“‘
CsH;CHCFiCF:CH: 62 5 1.4512 1.2714
I{zCM(lZHy
HC——CH:-(‘ZH 97-101 200 3.43532
(CHa)z CCF.CF:CH:
| PR
frm—
CHCHCFCFCFCH, b 89--00 1.3285 1.2570

s The reactants were agitated at 150° under autogenous pressure for about eight hours.

Vol. 71
Yield
Y
Reactants®  based
Analyses (g. CeFy/g. on
MRp ARp Caled.for C =~ H F monoblefin) CuFs
18.8 1.06 CiH«F¢ 37.50 8.13 59.37 35/75 40
Found ¢ ¢ 59.44 ethylene
23.5 1,08 CsHeFe 42.25 4.22 353,53 50/125 72
Found ks 4 53.73 propylene
28.0 1.06 CsHsFa 46.15 5.13 48.72
Found 48.25
23,4 1.15 CeHsFy 46.15 5.13 48.72 50/123 30
Found e £ 49.21 isobutylene
32.62 1.05 C/HpFe 49.40 5.90 44.70
Found 51.97 6.22 44.00
32,57 1.04 C:HnF: 49.40 5.00 44.70
Found 54.23 6.83 45.98
CeHsFs  46.153 5.13 48.72 50/123 5
Found ¢ ¢ 50.35 butene-2
43.15 1.12 CoHsFe 58,83 3.92 37.25 50/125 &5
Found 58.7 4,24 39.34 styrene
CieHisPe 61 02 6.83 32,18 70/95 7
Found 651.38 7.08 31.0 camphene
28,1 1.08 CeHrFs 41,4 4,02 54.6
Found B ¢ 54.79

b These products were pre-

pared by hydrogenation of the 1:1-reaction products of tetrafluoroethylene with 1,3-butadiene, 1,3-pentadiene, 2-methyl-

1,3-butadiene and 2-fluoro-1,3-butadiene,
tion of the compounds.

appear to cause some variation in the values for
the atomic refraction of fluorine.  For example, the
tetrafluorocyclobutanes from chlorotlefins (Table
11} have an average A Rp value of 1.30, while the
products of Table III and IV have average ARr
values of 1.20 and 1.12, respectively.

Experimental

Preparation of Tetrafluorocyclobutanes.—The procedure
for carrying out the cycloalkylation of tetrafiuoroethylene
with most of the unsaturated compounds listed in Tables I
through IV consisted in charging 100 to 150-g. of the un-
saturated compound containing a small amount of poly-
merization inhibitor, such as hydroquinone or ‘“Terpene
B’ hydrocarbon,®into a 400 ml. high-pressure shaker tube
lined with silver or stainless steel. A tube capable of
withstanding operating pressures up to 500 atm. should be
used when the unsaturated compound to be treated with
tetrafluoroethylene is a gas at room temperature. The
tube was cooled and evacuated to remove oxygen, and 50
g. of tetrafluoroethylene was added. The reaction mix-
ture was heated under autogenous pressure with agitation
at 150° for about eight hours. The pressure varied with
the different reactants, but was initially about 45 atni.
when the unsaturated comipound was a liquid, and de-
creased as the reaction proceeded. After cooling and re-
leasing any pressure, the liquid product was removed and
steam distilled to separate the monomeric products from
any non-volatile residue. The steam-volatile tetrafluoro-
cyclobutane derivatives were fractionated.

A detailed study of synthesis conditions was not made.
Accordingly, the yields given in the tables are not neces-

(5) A terpene fraction consisting principally of dipemtene and
terpenolene boiling at 176-196° and having réfractivity and density
values of #2°p 1.470-1.478, and 4153 0.855-0.870.

¢ BExtremely low C and H values were obtained due to incomplete combus-

sarily optimum. The yields are based on the amount of
tetrafluoroethylene charged and are not corrected for the
amotint of tetrafluoroethylene which did not react. In
general where low yields have been reported, reaction was
incomplete and for the most part unaccompanied by poly-
merization of the individual reactants. Typical prepara-
tions are described in the following paragraphs.

Caution.—Information is not available concerning the
toxicity of the various fluorine-containing products de-
seribed. Acordingly, the products should be regarded with
suspicion and handled with appropriate care.

Analysis.—It will be noted that the values obtained for
carbon in the combustion analyses were frequently higher
than the theoretical values. The apparently high carbon
values for products containing appreciable proportions of
fluorine result from the absorption of hydrogen fluoride
formed during combustion and carried over into the As-
carite carbon dioxide abserber. - Spongy silver placed in
the absorption train preceding the Ascarite is beneficial in
minimizing the carry over of hydrogen fluoride, but the
silver must be replaced frequently.

1,1,2,2-Tetrafluorocyclobutane.—A silver-lined, high-
pressure shaker tube was evacuated and charged with 35
g. of tetrafluoroethylene and 75 g. of ethylene. The
sealed reactor was then heated under autogenous presstre
at 150° with agitation for eight hours. After cooling the
tube and bleeding off the gases slowly, there was obtained
17.9 g. of condensate (409, of theory). Characterization
showed the condeunsate to be 1,1,2,2-tetrafluorocyclobu-
tane which had the following properties: b. p. 50-50.7°,
n%p 1,3046, d25 1.2752, M RD 18.8.

Anal.  Caled. for C.HFy: F,59.37. Found: F, 59.44.

Warning.-——Care should be exercised in preparing and
heating mixtures of ethylene and tetrafluoroethylene since a
violent explosion occurred when a mixture of 50 g. of
tetrafluoroethylene and 125 g. of ethylene was heated at
160° and 480 atm. No difficulty was experienced with
the other unsaturated compounds. Particular precau-
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TaBLE II
REAcTiON PRODUCTS FROM TETRAFLUOROETHYLENE AND CHLOROOLEFINS
Vield,
Reactants? bas‘éa
B. p., Analyses (g. CeFu/g. on
Tetrafluorocyclobutane °C. Mm. #xip d®»y  MRp ARF Calced. for [o] H F C1 chlorodlefin) CsFy
ClHCCFzCFz_éHa 73-74 1.3462 1.4251 24.15 1.18 CiH;CIFd  29.53 1.84 46.8 21.85 50/132 vinyl 23
Found 30.43 1.86 47.56 21.78 chloride
[ sy .
CICH:CHCF:CF:CH: 115-116 1,3745 1.3971 28.8 1.19 C:HsCIF: 34.0 2.84 43.05 20.11 50/125 allyl 42
Found 33.91 3.15 44.25 20.11 chloride
M
ClCHz(CHJ)éCFzCFzCHz 122-124 1.3846 1.3161 33.85 1.30 CsH;CIF« 37.8 3.87 39.9 18.65 46/150 methallyl 45
Found 36.98 4.51 39.97 20.41 chloride
ClzCCFzCanH: 84-84.7 1.3702-1.5298 29.05 1.19 CsH.CleF« 24.35 1.01 38.6 36.05 50/125 vinyli- 46
Found 27.13 0.91 38.84 35.82 dene chlorideb
[ pupe| .
CLCCF:CF:CHCI 109-110.5 1.3995 1.5720 35.7 1,64 C4HCLF4 32.82 46.00 60/100 trichloro- 18
Found 33.80 44.90 ethylene®
| powpsena— R
CH;COCCICF:CF:CHjy 56.7 36 1.3850 1.4478 35.75 1.36 CsHsO:CIF432.65 2.28 34.5 16,15 75/100 methyl 21

a The reactants were agitated at 150° under autogenous pressure for about eight hours.

quinone as polymerization inhibitor. ¢ Heated at 225°,

tions should be taken to exclude all oxygen from tetra-
fluoroethylene and the reaction system.

Propylene, isobutylene and styrene reacted readily,
yielding the methyl-, 1,1-dimethyl- and 1-phenyl-2,2,3,3-
tetrafluorocyclobutanes, respectively, as given in Table I,
whereas butene-2 and camphene were less reactive.

1-Chloro-2,2,3,3-tetrafluorocyclobutane.—A stainless
steel-lined shaker tube was flushed with nitrogen, evacu-
ated, cooled in a Dry Ice-methanol mixture, and then 132
g. of vinyl chloride and 50 g. of tetrafluoroethylene were
added. The sealed tube was heated under autogenous
pressure at 150° for eight hours. The tube was cooled
and excess gas bled off slowly. The condensate amounted
to 19 g. (239, yield) of 1-chloro-2,2,3,3-tetrafluorocyclo-
butane which had the following properties: b. p. 73-74°,
n2p 1,3462, d%, 1.4251, M Rp 24.15.

Anal. Caled. for C,H,CIF,: C, 20.53; H, 1.84; F,
46.8; Cl, 21.85. Found: C, 30.43; H, 1.86; F, 47.56;
Cl, 21.78.

Allyl chloride, methallyl chloride, vinylidene chloride,
trichloroethylene and methyl a-chloroacrylate reacted
with tetrafluoroethylene to yield the corresponding tetra-
fluorocyclobutanes listed in Table II. '

1-Cyano-2,2,3,3-tetrafluorocyclobutane.'*—A 400 ml.
stainless steel-lined shaker tube was flushed with nitrogen
and charged with 125 g. of freshly distilled acrylonitrile,
The tube was cooled and evacuated. After adding 50 g. of
tetrafluoroethylene which contained approximately 0.1 g.
of ‘“Terpene B’’ hydrocarbon,® the sealed tube was heated
at 150° with agitation under autogenous pressure for
about eight hours. The reaction mixture was steam dis-
tilled, and the steam-volatile, lower, water-insoluble layer
was separated, dried, and distilled. After separating a
foreshot of unreacted acrylonitrile, an 849, yield (64 g.)
of 1l-cyano-2,2,3,3-tetrafluorocyclobutane was obtained
which had the following properties: b. p. 148°, #%p
1.3568, d%, 1.3909. Anal. Caled. for C:H3;NF,: C,
39.2; H, 1.96; F, 49.7; N, 9.15. Found: C, 37.0;
H, 2.07; F, 49.19; N, 9.24, There was also obtained a
non-volatile residue (1.2 g.) that contained about 79,
fluorine.

The tetrafluorocyclobutanes which contain functional
substituents undergo transformations characteristic of
such substituents as illustrated by the hydrolysis of 1-
cyano - 2,2,3,3 - tetrafluorocyclobutane to 2,2,3,3 - tetra-
fluorocyclobutane carboxylic acid and by the conversion of
this acid to simple carboxylic acid derivatives.

2,2,3,3-Tetrafluorocyclobutanecarboxylic Acid."9—Ten
grams of l-cyano-2,2,3,3-tetrafluorocyclobutane was hy-
drolyzed by warming with 30 ml. of 70% sulfuric acid on a
steam-bath for ome-half hour. The upper oily layer was
separated, and the lower sulfuric acid layer was diluted

Found 36.41 3.66 33,18 18.81  a-chloroacrylate

b Added 0.5 g. of hydro-

with cold water and extracted with ether. The combined
oil and ether extracts were dried, and the ether was re-
moved. An 879% yield (9.8 g.) of 2,2,3,3-tetrafluoro-
cyclobutane carboxylic acid was obtained having the
following properties: b. p. 100-100.5° at 24 mm., #%Dp
1.3684,% d?5, 1.5103.8 The acid solidified on cooling. It
melted at 61.5-63°.

Anal. Caled. for C;HO.F,: C, 34.9; H, 2.33; F,
44.2; neut. equiv., 172, Found: C, 35.62; H, 2.60;
F, 43.91; neut. equiv., 174.8.

2,2,3,3-Tetrafluorocyclobutanecarboxylic acid formed
the customary acid derivatives such as the anhydride, the
chloride, the amide, and the anilide.!d
Methyl 1-Methyl-2,2,3,3-tetrafluorocyclobutanecar-
boxylate.!?—A stainless steel-lined shaker tube was flushed
with nitrogen and charged with 125 g. of methyl metha-
crylate containing 0.5 g. of hydroquinone as polymeriza-
tion inhibitor. The tube was cooled in Dry Ice~methanol
mixture, evacuated, and 50 g. of tetrafluoroethylene con-
taining about 0.2 g. of ‘““Terpene B’’ hydrocarbon® was
added. The sealed tube was heated under autogenous
pressure at 150° for eight hours. At the end of this time,
there was no appreciable gas pressure in the tube. The
reaction mixture was steam distilled, and the volatile,
water-insoluble material was dried over anhydrous sodium
sulfate and fractionated. The first fraction was unreacted
methyl methacrylate (b. p. 32-36° at 57 mm.). Methyl
1-methyl-2,2,3,3-tetrafluorocyclobutanecarboxylate (64 g.
or a 64% yield) was obtained next, boiling at 70° at 56 mm.
and having the following properties: #»2p 1.3656, d%,
1.2890, M Rp 34.6.

Anal. Caled. for C;HO:F,: C, 42.0; -H, 4.00; F,
38.0; saponification number, 280.5. Found: C, 35.18;
H, 4.24; F, 37.34; saponification number, 280.5. There
was also obtained 5 g. of higher boiling liquid (b. p. 135-
‘1152 °. at 52 mm.), and 11 g. of polymer containing 6.8%,

uorine,

Saponification of methyl 1-methyl-2,2,3,3-tetrafluoro-
cyclobutane carboxylate with alkali gave the corresponding
carboxylic acid!d melting at 41-43°,

A wide variety of ethylenically unsaturated oxygen-con-.
taining compounds including acrolein, methacrolein, vinyl
acetate, allyl alcohol, methyl vinyl ketone, methyl vinyl
ether, 2-vinylfuran, safrole and butadiene monoxide have
been treated with tetrafluoroethylene to obtain the corre-
sponding tetrafluorocyclobutane derivatives listed in
Table III.

1-Vinyl-2,2,3,3-tetraftuorocyclobutane.—A stainless
steel-lined high pressure shaker tube was flushed with
nitrogen, evacuated, and charged with 125 g. of 1,3-buta-

(6) Values were determined on the supercooled liquid.
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TasLE III
REACTION PRODUCTS FROM TETRAFLUOROETHYLENE WITH UNSATURATED NITRILES AND OXVGEN COMPOUNDS
Yield,
Reactants® %,
(g. C:F4/g. based
B.p., Analyse: un- on
Tetrafluorocyclobutane °C. Mm, 2D di% MRp ARy Caled. for C H F N saturant) C:F.
| peprpmga |
CNCHCF:CF:CHa: 148 1.3568 1.3909 24.07 1.29 C:HaNF« 39.2 1.96 49.7 9.15 75/100 84
Found 37.0 2.07 49.19 9,24 acrylo-
nitrile
e . N
CNCH:CHCF.CF:CHz2 192-195 1,3748 1.3459 28.2 1.16 CsHsNF¢ 43.1 2.99 45.5 8.38 50/125 15
Found 43.01 3.59 44.89 8.60 allyl
cyanide
IICZOé_HCFzCFz Hz 117-117.5 1.3768 1.5089 23,7 1.13 C;H«OF, 38.5 2.56 48.75 50/125 12
Found 40.5 2.57 47.67 acroleind
]
HC=0(CHi))CCF:CF:CHz 121-122 1.3625 1.3113 28.8 1.25 CsHeOF« 42.35 3.53 44.7 50/125 50
Found 45.44 4.25 43.27 meth-
acrolein?
Sap.
[ No.
CH.0C=0(CH;)CCF:CF:CHa 70 56 1,3656 1.2890 34.6 1.13 CrHsO:F« 42.0 4.00 38.0 280.5 100/125 84
Found 35.18 4,24 37.34 280.5 methyl
metha-
acrylateb
|
CH3:C=00CHCF:CF:CH: 138.5-139.5 1.3660 1.3310 31.2 1.44 CeHeO:F« 38.7 3.23 40.8 50/125 27
Found 36.23 3.50 41.68 viny!l
acetate
HOCHzéHCFeCF;CHz 155-157 1.3670 1.3998 25.17 1.12 CsHsOF¢ 38.0 3.80 48.1 50/125 45
Found 39.34 3.95 47.86 allyl
alcohol
S
CH3C==OCHCF2CF1—C|:H2 134-135.5 1.3582 1.3114 28.35 1.14 CeHsOF¢ 42.35 3.53 44.7 50/125 18
Found 41.95 4.12 43.78 methyl
vinyl
ketone
CH;0CHCF,CF,.CH: 88-91.8 1.3380 1.2612 26.0 1.30 C;HOF: 38.0 3.80 48.1 50/125 13
Found 38.72 3.46 48.05 methyl
vinyl
etherd
OCH=CHCH==CCHCFiCFiCH; 86.5 80 1.4073 1.3341 35.75 1.06 CsHsOF: 49.5 3.09 39.2 50/125 77
Found 47.26 3.93 38.59 2-vinyl-
furanb
—— T
o-OrCH20CoH4CHzCHCF2CF2CHa 133.5-135.5 11 1.4770 CieH100:F¢ 54.99 3.85 29.00 70/110 18
Found 54.61 3.89 29.2 safrole
psumms N
OCH:CHCHCF:CF:CHs 74-76 67 1.3730 CsHsOF( 42.36 3.56 44.7 70/37 Q@
Found 43.45 3.96 42.7 butadiene
monoxide¢

@ The reactants were agitated at 150° under autogenous pressure for about eight hours.
¢ Heated at 135° for ten hours.

quinone as polymerization inhibitor.

diene and 100 g. of tetrafluoroethylene. The tube was
heated under autogenous pressure at 125° with agitation
for eight hours. After cooling to room temperature and
releasing the pressure, the reaction mixtiire was steam dis-

tilled. - The volatile water-insoluble liquid was dried and.

fractionated to give 140 g. (90%) of 1-vinyl-2,2,3,3-tetra-
fluorocyclobutane having the following properties: b. p.
83-85°, n%¥p 1.3489, d%%, 1.1866; M Rp 27.87.

Anal. Caled. for CHzF,: C, 46.76; H, 3.92;
49.32. Found: C, 46.45; H, 4.11; F, 50.02.

The nitric acid oxidation of 1-vinyl-2,2,3,3-tetrafluoro-
cyclobutaneld gave a dense,.green oil only sparingly soluble
in water. By extraction with sodium bicarbonate solu-
tion and acidification, there was obtained 18.g. of an oil
denser than water. Distillation gave a colorless product
which boiled at 100° at 25 .mm. and was identified as
2,2,3,3-tetrafluorocyclobutane carboxylic acid.

Anal. Caled. for C;HO.F,: C,34.9; H, 2.33; F,44.2;
neut. equiv., 172, Found: C, 36.9; H, 2.60; F, 44.2;
neut. equiv., 180.

2,2,2',2%,3,3,3",3’-Octafluorgbicyclobutyl.—A stainless
steel-lined shaker tube was charged with 90 g. of 1-vinyl-
2,2,3,3-tetrafluorocyclobutane. - - After cooling the tube in
Dry Ice~methanol mixture and evacuating, 50 g. of tetra-
fluoroethylene was added and the mixture was heated at
150° under autogenous pressure for eight hours. The tube

F,

b Added 0.5 g. of hydro-

was cooled to room temperature, and the pressure released.
The liquid reaction mixture was fractionated to remove the
unchanged 1-vinyl-2,2,3,3-tetrafluorocyclobutane, and
then about 14 g. (11% conversion) of 2,2,2°,2°,3,3,3%,3’-
octafluorobicyclobutyl distilling at 150-158° was obtained.
The material solidified on cooling to room temperature and
appeared to melt at 49-50°, but the boiling and melting
points were not sharp.
Anal. Caled. for CsHeFs: F,59.84. Found: F,59.87.
A mixed melting point with the 2,2,2/,2/,3,3,3",3’~octa-
fluorobicyclobutyl obtained from the hydrogenation of
2',27,37,3" -'tetrafluorocyclobutenyl - 2,2,3,3 - tetrafluoro-
cyclobutane (a tetrafluoroethylene/monovinylacetylene re-
action product) showed no depression.
1-Vinyl-1,2,2,3,3-pentafluorocyclobutane and 1-(1-
fluorovinyl)-2,2,3,3-tetrafluorocycobutane.—A  stainless
steel-lined ‘shaker tube was evacuated and charged with
128 g. of 2-fluoro-1,3-butadiene and 100 g. of tetrafluoro-
ethylene. It was then heated at 125° with agitation for
eight hours. After opening and discharging the tube,
the reaction mixture was steam distilled to yield 142 g. of
volatile, water-insoluble liquid. - Fractionation gave equal
amounts (each about 60 g.) of two isomeric products
boiling at 85 and 95°, respectively, and 20 g. of a com-
plex mixture of higher boiling products. The two iso-
meric products had the following properties: b. p. 85°,
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TaBLE IV
THE 1:1 REACTION PRODUCTS FROM TETRAFLUOROETHYLENE AND DIENES
Yield,
B Anal l(leacct.si;:>s° bn:e'd
. p. nalyses . ;
Tetrafluorocyclobutane °C. Mm. ntp 4% MRp ARy Caled. for C~ H F giene)‘ & Cg%l:
| p—
CH;=CHCHCF:CF;CHa 83-85 1.3489 1.1866 27.87 1.14 CsHsF4 46.76 3.92 49.32 100/125 1,3~ 90
Found 46.45 4,11 50.02 butadiene
—— _
CHz=CH(CH:)CCFa:CF:CHa 103 1.3649 1,1655 32.15 1.05 CiHsF4 50.0 4.79 45.21 100/68 2-méthyl- 83
Found 51.34 5.26 44.86 1,3-butadiene
CHaCH==CHCEHCFzCF2CH: 111 1,3698 1.1607 32.8 1.21 CrHsF4 50.0 4.79 45.21 100/68 1,3-pent- 68
Found 49.19 5.23 45.15 adiene
Cl1
CHz==C(CI)éCF2CF2CH: 108 1.3838 1.3483 32.8 1.15 CeHsCIFy 38.21 2.67 40.30 18.80 100/88.5 2- 51
Found 39.46 3.19 40.03 18.84 chloro-1,3-
butadiene?
| p— 1
CH:=CCICHCFi:CF:CHs 122-124 1.3868 1.3654 32.4 1.05 CsHsCIF« 38.21 2.67 40.30 18.80 10
Found 37.37 40.03 18.69
"
CH;=CHCFCF:;CF:CHa 85 1.3405 1,2941 27.9 1,14 CsHsFs 41.85 2.91 55.24 100/128 2-fluoro- 35
Found 44.01 3.30 55.63 1,3-butadiene
| e
CHy=CFCHCF:CF:CH: 95 1,3458 1.3193 27.5 1.05 CsHsFs 41.85 2.91 55.24 35
Found 42.90 3.14 56.36
T
CH:==CCF:CF:CH: 64-66 1.3318 1.2288 23.4 1.17 CsHiF: 42.87 2.88 54.25 75/30 allene® 14
Found 43.08 3.71 53.2 .
e ———
CH=CHCH;CH:CHCHCF:CF1 147-149 1.4019 CsHsF4 53.3 4.45 75/30 dihydro- 50
—_ Found 54.35 4.98 benzeneb
R ——
CH:CH=CHCHCHCF:CF: 120-123 1.3865 CrHsF4 50.61 3.64 45.75 70/46 dicyclo- 23
— Found  51.25 3.87 44.9 pentadiened
Iodine
No.
CH=(CH;)CH:0- 70-72 19 11,3918 CoHuOFs 53.2 6.18 33.6 112.3 50/150 di- 20
" Found 54.47 6,71 32.72 120.2 methallyl ether

| oy
CH:(CH;)CCF:CF:CHs

@ The reactants were agitated under autogenous pressure for about eight hours at 100-125°,
¢ Heated at 190°.

quinone as polymerization inhibitor. ¢ Heated at 150°,
(17 mm.), n%Dp 1.4570, was also obtained.

N?%p 1.3405, d25, 1.2941, MRp 27.9; and b. p. 95°, n2D
1.3458, d%, 1.3193, M Rp 27.5. ’

Anal. Caled. for CeH;F5: C, 41.85; H, 2.91; F, 55.24.
Found for 85° fraction: C, 44.01; H, 3.30; F, 55.63.
Found for 95° fraction: C, 42.90; H, 3.14; F, 56.36.

Tetrafluorocyclobutanes from tetrafluoroethylene and
other dienes are listed in Table IV.
1-Ethyl-1,2,2,3,3-pentafluorocyclobutane —Fifteen
grams of 1-vinyl-1,2,2,3,3-pentafluorocyclobutane (boil-
ing at 85°) was dissolved in 100 g. of absolute ethyl acohol,
and was hydrogenated using 4 g. of Raney nickel catalyst
and 1500 1b./sq. in. hydrogen pressure at 80°, After re-
moving the catalyst, the solution was diluted with water,
the water-insoluble layer was separated, dried over calcium
chloride and distilled. 1-Ethyl-1,2,2,3,3-pentafluorocy-
clobutane was obtained boiling at 89-90° and having the
following properties: #2p 1.3295, d?5, 1.2570, M Rp 28.1.

Anal. Caled. for CéH;Fs: F, 54.6. Found: F, 54.79.

The structure of 1l-ethyl-1,2,2,3,3-pentafluorocyclo-
butane was assigned because of the resistance of fluorine
atoms substituted in the cyclobutane ring to elimination
by hydrolysis.

Hydrogenation of 1-(1-fluorovinyl)-2,2,3,3-tetrafluo-
rocyclobutane (boiling at 95°) under similar condi-
tions gave a product which was hydrolyzed by water.
Hydrolysis with loss of fluorine is evidence that a fluorine
atom was present in an aliphatic side chain. The fluorine
atoms in a tetrafluorocyclobutane ring are quite resistant
to hydrolysis.

1-Vinyl-1-chloro-2,2,3,3-tetrafluorocyclobutane and 1-
(1-chlorovinyl)-2,2,3,3-tetrafluorocyclobutane. —A silver-
lined shaker tube was charged with 100 ml. of water, 88.5g.
of 2-chloro-1,3-butadiene and 1 g. of hydroquinone.
After cooling and evacuating, 100 g. of tetrafluorcethylene
was added, and the tube was heated with agitation at 100°

b Added 1.0 g. of hydro-
A 99, yield of C;F+-2CsH,, b. p. 102-107°

for about eight hours. The recovered mixture was steam
distilled to yield 115 g. of volatile liquid and 11 g. of non-
volatile material. Fractionation of the liquid gave two
distinct products: (1) 1-vinyl-l-chloro-2,2,3,3-tetra-
fluorocyclobutane (96 g.): b. p. 108°, »%p 1.3838, d%,
1.3483, MRp 32.8, and (2) 1-(1-chlorovinyl)-2,2,3,3-
tetrafluorocyclobutane (19 g.): b. p. 122-124°, 2%p
1.3868, d?5,, 1.3654, M Rp 32.4.

Anal. Caled. for C;H;CIF,: C, 38.21; H, 2.67; F,
40.30; Cl, 18.80. Found: (1) C, 39.46; H, 3.19; F,
40.03; Ci, 18.84. (2) C, 37.37; F, 40.03; Cl, 18.69.

The hydrogenation of fraction (1) in absolute ethyl
alcohol using Raney nickel catalyst at 80° and 1500 1b./
sq. in. pressure gave a product boiling at 113° which
analyzed for nearly the theoretical amount of chlorine but
which still contained a little unsaturated material as evi-
denced by oxidation with aqueous permanganate solution.
The physical properties of the compound were #2p 1.3690,
d®%; 1.2954, MRp 33.2. The increase in the molecular
refraction of 0.4 checks with that expected from saturation
of a double bond by two hydrogen atoms.

Anal. Caled. for CaH;ClF,: F, 39.9;
Found: F, 40.17; Cl, 15.25.

The hydrogenation of fraction (2) in absolute ethyl
alcohol using Raney nickel catalyst at 80° and 1500 1b./
sq. in, pressure resulted in practically complete removal of
the chlorine to yield 1l-ethyl-2,2,3,3-tetrafluorocyclobu-
tane boiling at 90-91.5°.

The assignment of the structures for fractions (1) and
(2) involves the assumption that chlorine in an aliphatic
side chain is more readily eliminated during hydrogenation
than is chlorine substituted in the ring.

1-Ethyl-2,2,3,3-tetrafluorocyclobutane —QOne mole (154
g.) of l-vinyl-2,2,3,3-tetrafluorocyclobutane was hydro-
genated at 80° using about 10 g. of Raney nickel catalyst

Cl, 18.65.
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TaBLE V
Reacrion PRODUCTS FROM TETRAFLITOROETHYLENE AND MONOVINYLACETYLENE
Product "(LBl p”Mm. nuD d%% MRp ARw Luflg;(‘ [ 11 1
X C|1F2—(|:H~; 82-84 1.35663  1.2488 24.5 1.18 CgH.Fy 47.47 2,83 50.0
CFy—CH—C==CH Found: 51.65 3.63 49.99
X1 CF»~—|(|:H 98-99 1.3742  1.2588 27.5 1.16 CeHuly 47,37 2.63 50.0
CF—C—CH=CH, Found: 46.66 2.81 51.13
XII (1:F2_CH $H2'—(J:F2 49-500 13 1.3596 1.5147 36.6 1.27 (CH.F; 38.1 1.58 60.3
| I :
CF,—C——CH~CF; Found: 539.52 3.31 59.02
XIII CFg-—(|:H2 LOH 60-85 Q 1.2703 CpHiEy  58.8 3.92 37.25
i PN
CFy—CH--C e Vound: 58.71 4.41 4035
i |
CH CH
e
X. This product reacted with dilute agqueous silver XII. Hydrogenation of XII gave a product identical with
nitrate, did not polymerize readily, and on hydro- the 2,2,2’,2°,3,3,3',.3" octafluorobicyclobutyl ob-
genation gave 1-ethyl-2,2,3,3-tetrafluorocyclobu- tained from butadiene and two molecules of tetra-
tane, fluoroethylene.
XI. This product did not react with aqueous silver =~ XIII. This compound was identical with the 1-phenyl-

nitrate, polymerized readily, and on hydrogena-
tion gave l-ethyl-2,2,3,3-tetrafluorocyclobutane.

and 1000-1500 1b./sq. in, hydrogen pressure. The hydro-
genation was exothermic. About otie mole of hydrogen
was absorbed, and 150 g. (967, yield) of 1l-ethyl-2,2,3,3-
tetrafluorocyclobutane was obtained boiling at 90-91°
and having the following properties: #%p 1.3370, d%,
1.1506, M Rp 28.0.

Anal. Caled. for CHgFs: F, 48.7 Found: F, 48.25.

1-Ethyl-2,2,3,3-tetrafluorocyclobutane was also ob-
tained by hydrogenation of the two isomeric products from
tetrafluoroethylene and monovinylacetylene, namely, 1-
ethynyl-2,2,3,3-tetrafluorocyclobutane and 1-vinyl-3,3,-
4,4-tetraflucrocyclobutene,

1-Ethynyl-2,2,3,3-tetrafluorocyclobutane and 1-Vinyl-
3,3,4,4-tetrafluorocyclobutene.—A 4060-ml. shaker tube
was flushed with, nitrogen, evacuated, and charged with
50 g. of monovinyldcetylene and. 50 g. of tetrafluoro-
ethylene (containing less than 20 p. p. m. of oxygen).
The sealed tube was heated at 100° for sixteen hours, and
was then cooled to room temperature. After releasing
the pressure, the light yellow liquid reaction product (82
g.) was removed and steam distilled to obtain about 60
g. of steam-volatile,” colorless liquid which was heavier
than water, and aboit 20 g. of light yellow, non-steam-
volatile polymer. Analysis of the polymer indicated 269,
fluorine, corresponding to a tetrafluoroethylene/mono-
vinylacetylene mole ratio of 1:3.7. Fractionation of the
lignid products through a precision column yielded the
four products listed in Table V in about a 45:45:5:5 ratio,
respectively. There was also a small amount of higher
boiling material which was not identified.

1-Methylene-2,2,3,3-tetrafluorocyclobutane and 1,1,-
2,2,5,5,6,6-Octafluorospiro|3 .3 Jheptane . —Thirty grams of
allene and 75 g. of tetrafluoroethylene were heated in a
silver-lined shaker tube at 150° under autogenous pres-
sure for eight hours. The excess gas was bled through a
Dry Ice-trap, and’ 18 g. of liquid was obtained from the
tube. Fractionation of the liquid gave two  distinét
produets: (1) 1-methylene-2,2,3,3-tetrafluorocyclobu-

2,2,3,3-tetrafluorocyclobutane obtained from sty-
rene and tetrafluoroethylene (see Table I).

tane (14 g.), b. p. 64-66°, »*p 1.3318, d2%, 1.2288, MRp
23.4, and (2) 1,1,2,2,5,5,6,6-octafluorospiro{3.3]heptane
(4g.), b. p. 107-109°, n%n 1.3325, d?%, 1.5137, M Rp 32.7,
4 Rr, 1.30.

Anal. (1) Caled. for C;H,Fy:
F, 54.25. Found: C, 42.98; H, 3.72; F, 52.9.
Caled. for C;H,F: C, 35.01; H, 1.68; F, 63.31.
C, 35.69; H, 2.35; F, 61.8.

Fraction (1) instantly decolorized neutral permanganate
solution, whereas fraction (2) did not. Ozonolysis of
fraction (1) in carbon tetrachloride gave formaldehyde.
When 10 g. of fraction (1) was heated with 30 g. of tetra-
Auoroethylene in a bomb for eight hours at 150° an 189
conversion to fraction (2) was obtained.

Acknowledgment.—The authors are indebted
to Dr. Paul R. Austin and Dr. W. E. Hanford
for helpful suggestions and te Dr. J. W. Still-
man under whose supervision the analyses were
carried out.

C, 42.87; H, 2.88;
(2)

Found:

Summary

A new family of substituted tetrafluorocyclobu-
tanes has been synthesized by the cycloalkylation
of tetrafluoroethylene under non-polymerizing
conditions with terminally unsaturated ethylenic
and acetylenic compounds, and with 1,3-dienes.
Typical members of the family include 2,2,3,3-
tetrafluorocyclobutane and this fluorohydrocar-
bon substituted in the 1 position by alkyl, halo-
gen, cyano, carboxy, carbalkoxy, and other groups.
As a class, the tetrafluorocyclobutanes are resist-
ant to ring cleavage.
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