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Abstract - The reversible isomerization of cis-1,1,2,2-tetrafluoro-3,4-
dime thylcyclobutane L to tranes-1,1,2,2-tetrafluoro-3,4-dimethyl-
cyclobutane 6 at 435°-483° has been investigated: (Log A=14.810.2,

E,=61.120.5 kcal/mol). The irreversible cleavage of the cyclobutane ring
leading to the formation of 1,{-difluoropropene is competitive with the
isomerization, occurring at a relative rate of 0.12 at 435°C.

Cyclobutane thermolyses are considered to proceed via 1,4-tetramethylene diradical species
such as 1. Such diradicals are known to generally exhibit a much greater propensity to undergo f-
scission to form two ethylenic moieties than to undergo geometric isomerization via bond-rotation

and z'ocycll.j.zation,1 thus making it difficult to obtain details as to the kinetic behavior of such

diradicals,
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However, through studies of cyclobutane t.horrnolyloa,1 azo compound deeompositionaz and [2+2]

-
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cycloaddition reactims,3 it has been possible to derive significant insight into the nature of
1,4-tetramethylene species. The extent of effort in this area relative to that in probing its
sister diradicai, 1,3-tzuethylenc,4 can likely be attributed to this problem of R-cleavage.

With the knowledge that a Cl'z-cr'2 single bond 1ia strengthened relative to its H,-CH,
countotpett,s it was hoped that thermolyses of molecules of the basic structure 2 might
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exhibit significant inhibition of the second, cleavage step 80 as to allow easy mechanistic probing

of the respective tetramethylene diradicals. 1If a clean geometric isomerization process could be

kinetically observed, there would be significant potential to gain insight into substituent effects

on bond rotations, similar to those studies which have been carried out extensively on comparable
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cyclopropane systens.

Such a study would allow us moreover to teat the overall effect of p-fluorine substituents on
the bond dissociation energy of cyclobutane. It should be remembered that a crz group in
cyclopropane has been shown to exert a dramatic bond-weakening effect upon the opposite carbon-
carbon bond, while having little effect upon the strength of adjacent bonds.®

Frey's kinetic studies on overall cleavage processes of 1,1-difluoro-cyclobutane, 3, and
1,1,2,2-tetrafluorocyclobutane, 4, certainly indicate a significant inhibition of the overall
process, but provide no specific insight into the individual bond fragmentation .tcpo.7
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3 Log A = 15.6, E, = 69.2 keal/mole A Chy=0H,
RESULTS

Cis- and trans-1,1,2,2-tetrafluoro-3,4-dimethylcyclobutane, 5 and 6, were prepared in an
autoclave reaction via the [2+2) cycloaddition of cis- or trans-2-butene with tetrafluorocethylene
(TPE) at 195°C. Coffman et al first reported this reaction, among others of TFE in 1949, while

Faof
195°,24 h  F F,
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Bartlett et al later studied the stereochemistry of the reaction under such autoclave

conditions.? The cycloaddition could also be carried out under more controlled conditions in the
gas phase.‘o
(
229°C
CIs2-BUTEME  + THE S + 6
gas phase
1 2.2
229°%
TRANS-2-BUTENE  + TFE — 5 + 6
gas phase
1 5.0

At temperatures >430°C, 5 and 6 were found to interconvert at a rate ~8.4 times that of

cleavage to 1,1-difluoropropene. While constituting a dramatic improvement

k
1 over the kinetic picture for the hydrocarbon system, kinetic analyses of the

6

————
\ kz / 5 6 equilibration data nevertheless still required utilization of the Simplex
3 ke

k
nethod of optimization. Using gas chromatographic analyses of the reaction
mixtures, rates were obtained at eight temperatures between 434-483°C.

2 (Fy =\
2 Reactions were carried out in the gas phase, starting from pure 5, in a well-

conditioned pyrex vessel ilmmersed in a molten salt bath.1! Using the basic

mechanistic scheme below, the rate constants shown in Table I were obtained. Using these rate

Table 1. Rate Constants for the thermolysis of cis-1,1,2,2-tetrafluoro-3,4-dimethylcyclobutane.

(°C) k1(loc") kz(lec’1) k3(soc'1) k4(uc'1)
434.75 9.19x10~3 3.5x107° 1.09x10™° 4.19x10°¢
444.7 1.63x1074 5.92x10"5 2.13x10°3 8.24x10"%
450.2 2.305x10~4  8.056x1073 2.89x1073 1.16x10"
461.3 4.26x1074 1.68x10™4 5.67x10~5 1.83x1073
467.25 6.15x10™4 2.46x10"% 9.4x1073 2.55%10"
472.2 7.74x10™4 2.97x10™4 1.07x10~4 3.7x10™5
479 1.17x10"3 4.60x10™4 1.62x1074 6.5x10"

483 1.48x1073 6.10x10™4 1.90x10™4 1.01x10~4
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2able II. Arrhenius Parameters for the 1,1,2,2-tetrafluoro-3,4-dimethylcyclobutane Thermolysis

System.
Rate Constant E® Log A sp*a.b ps*aib acasb
X, 61.1(0.5) 14.8(0.2) 9.6 5.5 55.6
X, 63.3(1.2) 15.1(0.4)  61.9 6.6 57.0
K3 63.8(1.5) 14.8(0.4) 62.4 5.2 58.6
X 65.8(3.8) 14.9(1.1)  64.3 5.9 60.0

2kcal/mole Duean temperature=462.8°C

constanta, the Arrhenius parameters in Table II were calculated. The relatively large errors
observed for the k3 and k4 Arrhenius determinations can at least partially be attributed to the
fact that the Simplex method of approximation has increasing difficulty in precise determination of
rate constants which are much smaller than others in a scheme, as is the case with ky and k4 with
respect to k1 and k2
DISCUSSION

It can be seen that the activation parameteras for geometric isomerization of 5 (Log
A=14.840.2, E,=61.1+0.5 kcal/mole) are similar to those reported for the unfluorinated analog, cis-
1,2-dimethylcyclobutane, 7 (Log A=14.0, Ba-so.i kcal/nole).”

These results are moreover consistent with the related observation by Al-FPekri'2 that the

activation energies for the thermal endo-exo isomerizations of fluorinated and unfluorinated!3
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bicyclopentanes, 8 and 9, were also virtually identical.
Such geometric isomerizations are generally considered to proceed via 1initial homolytic

cleavage of the cyclobutane ring into a tetramethylene diradical system {(i.e. 10), followed

7) _ F2 ' —_ ~ F.
S 10 6

by bond rotation and/or conformational interconversions within the system of diradicals 10, leading
finally to recyclization to either 5 or 6 or irreversible cleavage to 1,1-difluoro-propene.

The activation energies for such isomerizations of 5 and its unfluorinated analog 7 are
therefore considered to be a good measure of the bond-dissociation energies of their respective Cq-
C4 bonds. Hence one should conclude, probably rightfully, that the presence of the four fluorine
substituents has little net effect upon the C-C bond in question.

One must be careful however not to interpret the above results to nhecessarily indicate that
the strain of the two molecules is identical, Indeed, the strain of S could be greater than or
less than that of 7 and still give rise to the observed results. In fact 1t appears that
perfluorocyclobutane is 8.5-12 kcal/mole leas strained than cyclobutane 1teerr. 14 1t
tetrafluorocyclobutanes such as 5 and 6 were to also reflect a surely reduced but analcogous
diminishment of strain, then a specific compensatory weakening of the (:3_c4 bond of 5 and 6 would
need to be invoked to explain our kinetic results. 15,16

At this time, vith no specific thexmodynamic data on the tetrafluorocyclobutane system or on
the C(P)z(c)(crz) group equivalent, it is best to defer making definitive conclusions until such
data is available.

It should finally be mentioned that the energy required for C3.C4 bond homolysis of 5 is
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substantially less than the 64.2 kcal/mole that 4is required for the perfluoro-1,2-dimethyl-
cyclobutane syston,” a result which is consistent with expectations.
EXPERIMENTAL

All preparative GC separations were accomplished on a VARIAN AEROGRAPH 90-P chromotograph with
helium as a carrier gas and fitted with a 20 ft. x 1/4 in. 208 SE-30 on CHROM-P60 column at 80°C.

All product ratio and kinetic data were obtained by GLPC using a Hewlett-Packard 5710A
chromotograph fitted with flame ionization detector and gas injecting system, and coupled to a
Hewlett-Packard 3380 integrator. In this case a 20 ft. x 1/8 in. 20% SEC-30 on CHROM-P60 column
was used at 80°C.

NMR spectra were obtained in gc13 at ambient temperature by using a VARIAN XL-100 instrument;
100.1 MHz for 'Enmr and 94.06 MBz for '9F nmr; and JEOL FX90; - 25.2 MHz for 13¢ proton decoupled
spectra. The internal etandard for 'H and 13C was (CH3)451 and for 19 nmr CFC13.

Masg spectra were obtained on a AEI-MS30 spectrometer at 70eV.

Cis and trans-1,1,2,2-tetrafluoro-3,4-dimethylcyclobutanes (5 and 6) were prepared by
procedure similar to that described previocusly.'' A five hundred mL autoclave was charged with
44.2g( .442)moles) of tetrafluorcethylene. The autoclave was then placed in a bomb rocker and this
mixture was then heated at 195°C for 24 hours. Pressures up to 2,000 1b/in were observed. The
autoclave was then cooled to room temperature and opened to a dry ice trap, which was connected to
a drying tower. After the autoclave pressure was close to atmoshperic, but slightly greater, the
bomb was closed and then connected to a vacuum line. The bomb was then reopened and its contents
transferred to a 200 mL round bottom flask equipped with a magnetic stirring bar. The round bottom
flask was disconnected from the line and quickly stoppered and then connected to a distillation
apparatus which was attached to a dry ice trap equipped with a drying tower. The flask was then
allowed to warm to room temperature with stirring. The resultant mixture was transferred after an
hour at room temperature on the vacuum 1line into another smaller round bottom flask which upon
disconnecting was stoppered with a rubber septum. The mixture was then separated by GLPC.

Then 6.2g(9%) of the first eluting ak was collected and 1identified as trans-1,1,2,2-
t.trafluoro—:;,4-dimthy1c?rclobuuno, 6: H nmr, §2.38-2.01(CH, broad mltiplet, 2H), 1.18-
1.01(CH3, doublet, 6H); 9 nnr, ¢=123.89 ppm (midpoint), AB with further splitting, Jap=197.9 Hz,
Bupp=2175.6 Hz; '3c nor, decoupled, 642.93-42.1(C;, ® complex multiplet), 122.4-114.0(C3,C,,
doublet of virtual triplets, J.p=278.74 Hz, 2"c1="25-7 Hz), 10.4(C5,Cq,8); Mass spectrum give M
156.0543£.0019(12.3 ppm), calculated for CgHgF, 156.0562 dev -.0018(11.8 ppm).

Also 2.1g(3.1%) of cis-1,1,2,2-tetrafluoro-3,4-dimethylcyclobutans, 5, was collected:

'R nmr, §2.95-2.53(CH, broad multiplet, 2H), 1.18-1.01(CHj, doublet, 6H); 19 nor, ¢=123.46 ppm
(midpoint), AB with further splitting, J,,=185.9 Hz, Av,,~2159.6 Hz; C nmr, decoupled, §123.15-
114(03,C4, doublet of doublet of virtual triplets, JCF'292'6 Hz, Jop=25.4 Hz; 35.2-37.3(c‘,cz,
complex multiplet), 6.1-6((:5,c6 singlet). Mass spectrum gave M* 156.05524.0017 (12ppm), calculated
for CgHgF,; 156.0562, dev -.001 (6.4ppm).

All spectroscopic data ('H nmr, 19p nmr, 13¢ mx, MS) of 1,1-difluoropropene were consistent
with the reported values.
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