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Abstract - The revereibla isomarizaticm of cis-1 .1,2,2-tatrafluoro-3,4- 
dimothylcyclobutane 5 to trann-l,l,Z~etrafluoro-3,4-dimethyl- 
cyclobutane 6 at 435*-483. has been investigated: (Log A-14.&0.2, 
E,-61.1t0.5 kcal/mol). Ths irreversible cleavage of the cyclobutane ring 
leading to the formation of l,l-difluoropropana is competitive with the 
isowrization, occurring At a relative rate of 0.12 at 435.C. 

Cyclobutam thermolyses are considered to proceed via 1,4-tetramethylena diradical species - 

such aa 1. Such diradicals ara known to generally exhibit a mch greater prownaity to undergo B- 

mcimmion to form two ethylenic moieties than to undergo geometric lsomrization via bond-rotation - 

and rocyclization,' thus Mking it difficult to obtain details as to the kinetic behavior of much 

diradicals. 

Bewovor , through studios of cyclobutana thermolyma.~,~ azo compound decompositions2 and [2+2] 

cycloadditlon rsactioPls,3 it ham ken pomsiblo to dorive significant insight into the nature of 

1,4-tetramothylsna speciea. The extent of effort in this area relativa to that in probing its 

sister diradical, l.3-trimethylene,4 can likely be attributed to this problem of B-cleavage. 

With the knarledge that a CF2-CF2 single bond ia strengthened relative to its (Hz-CH2 

counterpart, 5 it warn hoped that thormolyaes of moleculae of the basic structure 2 might 

exhibit significant inhibition of the eecond, cloavaw stap so as to allav easy Pechanietic probing 

of the roapectivo teramathylene diradlcals. If a clean gooltric iaomerization procwm could ti 

kinetically obaarvad, thora would bs significant potential to gain inaight into mubmtituent effects 

on bend rotations, similar to those studiaa which have been carried aat extanaivoly on comparabla 
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cyc1opropane syatalu. 

Such a study would allow un moreover to taat the overall affect of B-fluorine aubatituenta 0~1 

the bond dissociation energy of cyclobutana. It should be remembered that a CP2 group in 

cyclopropane has ken shown to axott a dramatic bond-votining effect upon th cppoaita carbon- 

carbon bond, while having little offect upon tha strength of adjacent bonda.6 

Prey's kinetic studies ~1 overall cleavage processes of 1,1 -difluoro-cyclobutane, 3, and 

1,1,2,2-tetrafluorocyclobutano, 4, certainly indicate a significant inhibition of tha overall 

process, but provide no specific insight into the individual bond fragmentation steps.' 

F 
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RRSIJLTS 

CiS- and trana-l,1,2,2-tetrafluoro-3,4-dimethylcyclobutane, 5 and 6. were prepared in an - 

autoclaw reaction via the [2+21 cycloaddition of cia- or trans-2-butone with tetrafluoroethylono - -- 

(TPB) at 195.C. Coffmn at al firat reported this reaction, among othata of ZlW in 1949, while -- 

5 6’ 

Sartlett et al later atudled tha stereochemistry of the reaction undar such autoclava -- 

conditions.g The cycloaddition could al80 be carried out under more controlled conditions in the 

gas phase." 

229% 
crs-2-m + FE - 5 + 6 gas phase 

1 : 2.2 

229% 
Tibws-2-m + lFE - gas phase 5 + 6 

1: 5.0 

At temmratures >43O'C, 5 and 6 were found to interconvert at a rata -6.4 timea that of 

cleavaga to l.l-difluoropropeno. While constituting a dramatic improvement 

t1 
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% 
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over the kinetic picture for the hydrocarbon syatam, kinetic analyaw of the 

5 6 equilibration data nevertheless still mquind utilization of the Simplex 

t3 % aothod of optimization. Wing gas chromatographic analyaos of tha reaction 

mixturea, rates were obtained at eight toqmraturw batvean 434-483.C. 

2 E*-\ Reaction8 were carried cut in the gas phaeo, l tartlng from pura 5, ln a wmll- 

conditioned pyre= vessel immersed in a molten salt bath." using the basic 

mechanistic achema below, the rate constants shown in Table I ware obtainad. wing than0 rata 

Tabla I. Rate Constants 

434.75 9.19x10-5 

444.7 1.63~10'~ 

450.2 2.305~10-~ 

461.3 4.26~10-~ 

467.25 6.15x10-' 

472.2 7.74x10-4 

479 1.17x10-3 

483 1.4tlx10-3 

for the thsrmolysia of cis-l,l,2.2-totrafluoro-3,4-dimethylcyclo~tana. - 

k2("c-') k3(aec-') k4bd) 

3.5x10-5 1.09x10-5 4.19x10-6 

5.92x10-5 2.13~10-~ 8.24~10'~ 

8.056~10'~ 2.89x10-5 l.16r10-5 

1.68~10'~ 5.67x10-' 1.83~10-~ 

2.46~10-~ 9.4x10-5 2.55~10-~ 

2.97x10-4 1.07x10-4 3.7x10-5 

4.60x10-' 1.62~10-~ 6.5~10-~ 

6.10~10'~ 1.90x10-4 1.01x10-4 
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Tablm II. Arrhenium Parammtorm for the 1,1,2,2-totrafluoro-3,4-di~thylcyclobutane Thwmolyaia 
system. 

Rata Constant E’ a -g A btia*b ,&a,b AoGfa,b 

kl 61.1(0.5) 14.8fO.2) 59.6 5.5 55.6 
k2 63.3t1.2) 15.1(0.4) 61.9 6.6 57.0 
k3 63.8t1.5) 14.8(0.4) 62.4 5.2 58.6 
k4 65.8t3.8) 14.9fl.l) 64.3 5.9 60.0 

'kcal/mole bmaan tamparatura-462.8.C 

constants, the Arrhenlus parameters in Table II ware calculated. The relatively large mrrorm 

obaervod for the k3 and k4 Arrhenlua determinationa can at lea6t partially k attrlbutod to the 

fact that the Simplex mehod of approximation has Increasing difficulty in precise determination of 

rata constants which are much amallor than others in a scheme, am is the caoa with k3 and k4 with 

respect to kl and k2. 

DISCUSSION 

It aan be *aen #at the activation parameter8 for geowtrlc lsomeriaation of 5 (Log 

A-14+0.2, E,-61.120.5 kcal/mola) are similar to those reported for the unfluorinated analog, cim- 

1,2-dl~thylcyclobutane, 7 (Log A-14.0, E,-60.1 kcal/mole)." 

Thoaw results are moreover conof*tent with the rolatmd observation by Al-Fekrl12 that 

activation energies for ths thermal endc-exe isowrlzations of fluorinated and unfluorlnatedd13 -- 

the 

Log A = 15.0. E, - 39.2 kcal/mle 

Log A = 13.4, E, - 39.4 kcal/mole 

blcyclopsntaneo, 8 and 9, were also virtually Identical. 

Such gaomotrlc isoimrisatlonm are generally consldared to proceed via Initial holpolytic 

cleavage of the cyclobutane ring into a tetramethylens dlradlcal syotem (1.0. lo), followd 

5 10 6 

by bond rotation and/or conformational lnterconvorslonm within the systom of dlradlcala 10, leading 

finally to recyclization to either 5 or 6 or irremrelble cleavage to l,l-dLfluoro-propene. 

The activation onerglse for such isomsrlzations of 5 and its unfluorinatmd analog 7 ar. 

therefore considered to ba a good measure of the bond-dla8ociation energies of their rs~pectloe C3- 

C4 bonda. Nenca ona should conclude, probably rightfully, that the presance of the four fluorine 

aubatituanta has little net effect upon the C-C bond In question. _- 

One must be careful however not to interpret the above reaulta to necessarily indicate that 

the strain of ths tvo wlecules is Identical. Indeed, the strain of 5 could ti greater than or 
1088 than that of 7 and still give rise to the observed results. In fact it appeara that 

~rfluorocyclobutane is 8.5-12 kcal/mola lees strained than cyclobutam it..1i.l4 If 

tetrafluorocyclobuta~o~ much a8 5 and 6 verm to aloo reflect a surely rrducod but analogous 

dlminishmant of strain, then a specific -amatory wakening of the C3-C4 bond of 5 and 6 muld 

need to be invoked to explain our kinatic results. 15,16 

At thin tin, with no specific thermodynamic data an thm titrafluorocyclobutano mymtom or on 

the C(P)2(C)(CP2) group equivalent, It lm best to defer making deflnitiva concluolonm until much 

data Is available. 

It should finally k mentioned that tha energy rwwired for CJ-C4 bond twnolymis of 5 1s 
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substantially lam. than the 64.2 kul/molo th.t im raqulrod for tha pwfluorwl,2-dirathyl- 

cyclobutane system,” a result which is con#I.tent with expectationa. 

EXPERINENTAL 

All prep.ratIve GC separations were accomplished on a VARIAN AEROGRAPH 90-P chromotogrclph vith 
helium a. . carrlar g.a and fitted vith . 20 ft. x l/4 in. 2Oa SE-30 on CHROICP60 calm at 80-C. 

All product ratio and kinetic data were obtainad by CLPC wing . Hwlett-Pxk.rd 57lOA 
chratotograph fitted with flame Ionization detector and g.. Injecting sy.tem, and coupled to . 
liewlett-Packard 3380 Integrator. In thi. cdaa (1 20 ft. x l/8 In. 208 SEC-30 on CHRON-P60 column 
w.s used at 80.C. 

NNR qectra were obtained In CDC13 at ambient temperature by using a VARIAN KL-100 In.trument; 
100.1 NH2 for 'Nnmr and 94.06 NNz?or 19F nmr; and JSOL FK90; - 25.2 NHz for 13C proton decoupled 
sp8ctr.. The Intern.1 otandard for 'H and 13C w.. (CH3)4S1 and for “F nmr CFC13. 

I&ass spectra were obtained on a MI-HS30 spectrometer at 7Oov. 
Cita and trans-l,l.2,2-tetr.fluoro-3,4-dImothylcyclobutanoa (5 and 6) were proparad by 

procea .ImIlar to that described previously." A five hundred ml, autoclave ww chargad with 
44.2g( .442)moles) of tatr.fluoroothylane. The autoclrve was then pl.oed In . bomb rocker and thla 
mixture ~.a than heated at 195.C for 24 hours. Pressures up to 2,000 lb/in vera ob.erved. The 
autoclave w.m than cooled to room temperature and opened to (1 dry Ice trap, which sua aonnoctod to 
. drying towor. After the autoclave pressure w.s close to atmonh~ric, but slightly greater, the 
bomb ~(1. closed and then connected to . v.cuum line. The bomb w.. then reopened and Ita contonta 
transferred to . 200 mL round bottom flask equipped with. magnetic stirring bar. The round bottom 
fl..k v.8 dI#connocted from the line .nd quickly atopwrod and then connected to . distIllat1on 
apparatus which w.. attachad to a dry ice trap equipped with . drying tower. The flamk v.m then 
sllowed to wrm to room temperature with stirring. The roaultant nixturo v.a transferred .ftar an 
hour at rota temperature on tha V~CUIIPI line Into another smaller round bottom flask which upon 
disconnecting ~(1. stoppared with . rubber septum. The nixture w.8 then separated by GLPC. 

Then 6.2g(9*) of the f1r.t eluting ak v.. collected and Identified as trann-1.1,2,2- 
tetrafluoro-3,4-dImethyl rgclobutano, 6: c nmr, 62.38-2.Ol(CS, bro.d mltlplet, ZHI, 1.18- 
l.01(CH3, doublet, 6H); F nmr, p123.89 pp (midpoint), 
du.b'2175.6 HZ; 13C nmr, decoupled, 642.93-42.1(C1, 

AS with further splitting, J.b-197.9 Hz, 
0 complex multlplet), 

doublet of virtual trIPlets, JcF-278.74 HZ, 2JcF-25.7 HZ), 10.4(C5,C6,s); 
122.4-114.0(C3,C4, 

!&ass spectrum give N+ 
156.0543t.0019(12.3 ppm), calculated for C6H8F4 156.0562 dav -.0018(11.8 pm). 

Also 2.lg(3.1%) of cIs-1,l.2,2-tetr.fluoro-3,4-dIwthylcyclobutana, 5. was coll.cted: 
'A nmr, 62.95-2.53(CH, broad multiplot, 2H), 1.!8-l.01(CH3, doublet, 68); 19F nmr, 4-123.46 pp 
(midpoint), AB with further splitting, J.b-185.9 HZ, Au.b-2159.6 Hr. 13C nmr, decoupled, 6123.15- 
l14(C3,C4, doublet of doublet of virtual triplets, JcF-292.6 HZ, 2 

complex multiplet), 6.1-6(C5,C6 singlet). 
JcF-25.4 HZ; 38.2-37.3(C1.C2, 

tie.6 spactrum gave M+ 156.0552t.0017 (12ppm), c.lcul.tad 
for C6H8F4 156.0562, dmv -.OOll (6.4ppmjp 

All spectroscopic d.,t.. ( H nmr, F tmr, 1)~ mr, MS) of I ,I-difluoropropene were cowintent 
vith the reported values. 

A-k-t. The author. wish to acknowledge with thank. the eupport of thin work In part by 
the National Sciwxze Found.tIon. 
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