
STRAIN ENERGIES OF GEM-DIFLUOROCYCLOPROPANES 
AND RELATED MOLECULES 

ARTHUR GREENBFX? 
Dcpartmcnt of Chctmcal Engnccring and Chcm~srry. New Jersey Institute of Technology. Newark. 

Ir;J 07102. 1J.S.A. 

JCEL F. LEBMA~? 
Ikpartmcnt of Chemistry. University of Maryland Baltimore County, Catonsvillc, MD 21228. U.S.A. 

WILLIAM R. DOI.RII;R. JR. and KARL S. MCUIMXR 
Dcpartmcnt of ficm~stry. 1Jniverstty of Florida. Gaincsvillc, FL 3261 I. U.S.A. 

and 

ANNE SKANCKE 
lnwrutc of hlarhcmatlcal and Phystcal !+xnccs. Ckpartmcnt of Chemishy. University of+romso. N-9001 

Tromso. Notway 

(Rtcttrud rn U.S.A. I3 July 1982) 

Ahstfwc- Ah rn~rtu calculations using the 4 3lG basis set arc employed to evaluate stram cncrpcs of 
gcrndifluoro derivatives of cyclopropane. The increased strain energia of thcsc molcculcs account for the 
rclatt\c car of their thermal rcarrangcrnents. Similarities bctwccn gcmdifluoro, carbonyl and carbo- 
cationic centers arc explored. The strain energy of hexaftuorocyclopropan IS almost triple that m 
cyclopropanc while the stram in octafluorocyclobutanc IS ku than doubk that in cyclobutanc. 

Gcminal difluoro substitution profoundly affects the 
geometry and reactivity of a cycle ropane ring. The 
C,-C: bond is shortened (1.464 R ) and the C,-C, 
bond lengthened (1.553 A) rclativc to the parent 
compound.‘.* Gcmdifluorocyclopropanes exhibit 
unusually low energy barriers to thermal rcar- 
rangcmcnts,’ 6 and hcxatluorocyclopropanc furnishes 
difluoromcthylcnc upon mild heating.’ Although the 
co 9 IO kcal!mol decrease in activation energy for 
geometrical isomcrization of cir- 1, I-difluoro-2.3- 
dimcthykyclopropanc relative to the hydrocarbon is 
consistent with the 4.5 5.0 kcal!mol strain incrcax 
per F substitucnt postulated by O’Ncal and Benson,’ 
other questions remain. These include: (I) Is a smglc 
tluoro substitucnt on cyclopropanc thcrmo- 
dynamically dcstabiliring? (A minimum basis set oh 
irririo MO study predicts very slight stabilization.‘) (2) 
Why should the strain increments of two gcm- 
substituted fluorines bc additive. or similarly, can one 
assume that the extra increment of stabilization 
found in a compound such as 2.2diAuoropropane’“.” 
is the same as that in I, I difluorocyclopropanc? (II is 
clear that the incremental stabili&on in 
I,ldttluorocthcnc is much less than that in 
I. I -dittuorocthanc.“) (3) Why should the activation 
energy srmply reflect ground-state destabilization and 
not mcludc transitron-state ctfects? (One should recall 
the Pcrtluoroalkyl (R,) Effect” in which substituents 
such as Cl-‘, dramatically stabilize strained rings in a 
kinetic sense while apparently inducing very slight 
thermodynamic dcstabili;ration.“) 

There arc no AH,“(g) data for fluoro- and 
difluorocyclopropancs. Thus, a calculational study 
was initiated with the goal of assessing the eticcts of 
gem-difluoro substitution on strain energies of cy- 
clopropancs. Thcsc cakulatrons arc compared, for 

calibration, with the cxpcrimcntallydctcrrnincd en- 
thalpy of isomcri7atton of 2.2difluoromcthyL 
cnccyclopropanc to the 4.4-isomcr,b as well as expcti- 
mental cnthalpics of hydrogcnatron for gcmditluoro 
derivatives of vinylcyclopropancs.” The dc- 
stabilization and stabilization cncrgics derived for the 
CFr fragment in various molecular environments 
arc compared with those of the carbonyl and carbo- 
nium ion center fragments in the corresponding 
envtronments. 

Methods 
The Gaussian 70 program sena” using the 4 3lG 

basis set’* has been employed for most of the prcscnt 
calculational study. The geometry of fluorocyclo- 
propane is taken as the published structure obtained 
by optimization using the double zeta basis set.* The 
geometries of I. Idifluorocyclopropanc and 3.3di- 

ftuorocyclopropcnc use experimental parameters.” 
The geometry of 3-fluorocyclopropene is based upon 
comparison of fluorocyclopropane and cy- 
clopropcne.” The total energies of the four above 
compounds need not he pcrfcctly optimized since the 
relevant conclusions in this work arc scmi- 
quantitative. Total energies for other molecules in 
thus study arc optrmized values from the literature. 
Tk energy ditTcrcncc bctwan Z.Zdifluoro- 
methylcnecyclopropanc and its 4.4isomer IS small 
and must k cakulatcd as accurately as possible in 
order for it to k compared with experimental data 
Thus. the geometries of these two isomers were 
optimized by means of the gradient technique, all 
coordinates king simultaneously optimized cmploy- 
ing the gradient program TEXAS” prior to caku- 
lation at the 4 31G level. 

1533 



1534 A. Gmxmc CI d. 

Tabk I. Standard gas-phase enrhalpia of formation and 4-3lG toA energies of mokcula and Lens 

discussed in the present study 
- 

&‘,q)a -Total E Compound Compound AHfIg -rota1 c 

CM, 2s2h 

-17.8 

26gb 

12.5 

219h 

-29.1 

251b 

66.2 

264’ 

12.7 

191b 

-25.9 

-26.0 

-11.4 

-39.6 

39.17512= 

40.13977= 

76.90903d 

77.92216’ 

78.19852d 

79.11593= 

114.81364d 

115.64168= 

115.950959 

l16.8835Qe 

:17.2Q864d 

118.09360= 

113.69i95h 

;51.4945:h 

152.68475’ 

CH3F 

C2H3F 

‘2’SF 
3-fluorocyclo- 

-56.0’ 13’3.856Ebp 

-33.2 176.6498gh 

-62.gq 177.04238’ 

____ 214. 38099 

____ 215.60992 

-79.1 216.82739’ 

-108.1 237.59180’ 

-88.1 275.38014 

-119.79 276.56336’ 

____ 313.11794 

___- 314.34442 

____ t 315.5731eu 

____ 352.1;522 

____ 352.11622 

CH; 

c2tq 
C2H, 

C2N5’ 

C1’ib 

cycio-c’)n3 
. 

cycle-cp, 

cyc;o-C,H5* 
cyclo-f’qig 

l-Cqi, 

CPs 
ci(20 

CH2CO 

CH )CHO 

cyc~op~openon.(E4.2~’ 189.23352’ 

cyclopropenone 3.8l 190.437Q8m 

(CH3) 2co -5:.9 19i.67699 
n 

propenc 

cycle-C3H5F 

(CH3) 2cHP 

CH2P2 

CH2CF2 

CIi3CHF2 

3,3-drf:uoro- 

zyciopropene 

1,1-difluoro- 

cyc:opropane 

(CH3) 2cF2 

C4H4P2 (0 

C4H4F2 (5) 

6. 3ata from J.B. Pedley and J. Rylance,‘Sussex-S.P.L. Computsc Ana- 

lysed Thermochemical 3ata: Orcjanic and Drqanomcta::ic Compounds’, 

Lnrver~rty of Sussex, Sossex, England, 1977 unless otherurse noted. 

p. H.H.Rosensto:k, K. 3rax1, 8.k’. Stainer, and J.T. Herron, J. Phys. 

Chum. Ref. Sara,&, Suppl. 1,197) .g. L. Radom, k’.A.. Latnan, K.J. 

Mhre, and :.A. Pop:e, J.An.Chem.Soc., 9_3,E6E (19711 .p. X.J.Hehre in 

Zetnods o! Electronic Structure Theory,H.f. Scbaefer,III fed), P:enm, 

h+w York, 1977, p.277. c_. L. Radom, k’.A. Lathan, k’.J. Hehre. and J..A. 

YDp:C, J. Am. Cnex. Soc.,ej,5339(19711.f.Added 6-3:C’ calculated 

energy d:fference : 38.3 kcal/rol I between cyclopropy: and ally: 

calrons( J.S.klrnkley, H.Kr1sbnan, 3.:.3eFrecs, 

h.H.Sch:eYel, J.A.Pople, ‘Carncgrc-%llon Wanturn Chcmrrtry Archive”. 

Carnv.11v-Yrllon In:v., P~ttsb;rgh, 

catIon ( 226 rcal/mol ).’ p. 

1988, to AH;(~) vaiur for ally1 

See Ref. 21.2. L. Rado.n, W.J. Mhrc,, and 

J.A. POp;C!, J..&n.Chem.Soc.,~,289 clUI;),i. C. Cremer, .:.S. Hlnklcy, 

J.A. Poplc, and Y.J. :inhrc, J.Am.Chex.Soc., 

:s cs~lmatrd from publrshcd A!+; 

93.69’dQ (1970 .I.t”Ls value 

data on dlp!wnylcyclopropenone ( H.Y. 
Moplr;ns, Jr., 1). 8oeturck. and C.J. Alexander, J. Am. Cheer.. Sot., Y-8, 

1155 (1Hb) dslnp va:ucs for cthy:enc and crs-s~llbane. Comparlecns 

vrth rco:ecular OrSlta: calcclatlons (vrde Infra) rndlcate that the 

expcrrmenta: number IS aoout 50 kca:/ao; coo hrgh. k. A. Komornrckr, 

C.P. Uyksrra, R.A. V8ncent. and L.A. Radom, J. Am. Chem. Sot., la,, 

1652 (IY81). 1. H.J. Rodrrguez, J.-C. Chanq, and 7.F. Thomas, 

J.Ar.Chem.Soc .,9_6,2127(1976) .m. L.A. Schaad, A. Hess, and Ii. 

Zahradnrk, J.OrY.Chem., 4-b. 1989 1iYSlj.n. P.Ko:lman and S. 

Kothenbcr9. J. AT. Cheer. Sot., 99, 1313 (lY??).o. A.S. Rodyers, J. 

Chao, H.C. i+llnOLt, and R.J. Zuolrnskr, J.Dhya.Chcm.W~?f.D~t~._).ll? 

(lY741.,. %.A. Lat?lan. L.A. CJrt1s.Y. k’.J. Hehre, J.H. L1.sle. and J.A. 

Pop:@, Proj. Phyo. Org. Chcn., If, 175 (1970.q. S.S. Chcn, A.S. 

Rodqcrs, 1. Chao, H.C. wl:hort, and B.J. Zuolrnsir. J. Phys. Chm. 

Ruf. Gala, 1, 441 (1975:. J. ti.L.Jorgcnsen and n.f:. Cournoyer, 

J.Am.Cha:.Scc., l*, 5278 (1978). 2. W.A. Lathan, L. Radom, W.J. 

hcnrc, and J.A. Pople, J.A.?.Cnca.Soc., 95, 6YY (1973). 1. A value of 

-llY.B . 3.0 rcal/rol has been reported for Alif(q) of 

2,L-drf;uoroprop~nc [ A.3. k’r:lramson, P.R. Leflreton, and J.L. 

tiauchamp, J. Ar. Chr.n. So-., 92, 2715 (lY76);. The authors feel that 

tnls v~lw IS Tao low: bawd Jpon HenJon’s group ~ncrrmrnt for CH, 

(-18.1 rcal/mn:, ref. 16) and the prevrously-cltcd va:ue of -104.9 

k?a:/mol for CF2, one uoc!d cxpvct a va:ue of -;25.1 kc.al/:.ol for this 
molvcu :c. ‘;. LUscd ;rpun crpcrrmenlal qrowtry: J.R.Durlq. G.A.CIUIYIS. 

and Y.S.Ll, J.Chcm.Fnys.,)(,5Y46 1;Ydl). 
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Table I lists AH:(g) as well as total energies 
(4 3lG) of hydrocarbons. fluorocarbons, carbonyl 
compounds, and carbonium ions relevant to this 
work. It quickly became apparent that the STO-3G 
basis set gives very unreliable results for gemditluoro 
compounds. One example is the 18.6 kcal/mol dis- 
crepancy in the heat of hydrogenation of 
1,Idifluorocthcnc apparent in Table 2. In contrast. 
the 4 31G values arc within I -2 kcal;mol of expcri- 
mental data 

Table 3 lists calculated cnthalpics of hydrogenation 
of simple cyclopropancs using the 4-31G basis set. 
The implication is that there is 4.6 kcalimol of dc- 
stabilization in fluorocyclopropane and Il.7 kcal:mol 
of destabilization in l.ldifluorocyclopropanc in fair 
quantitative agreement with the conclusions of 
O’Ncal and Benson.’ This I I .7 kcal:mol strain energy 
increase is in reasonable agreement with the 
9.7 kcal’mol decrease in the geometric isomcrization 
barrier in cir-l,ldifluoro-2,3dimcthylcyclopropane. 
Thus, it appears that kinetic dcstabilizations in these 
species reflect thermodynamic stabilizations. 

One may also compare 43 IG values for in- 

cremcntal geminal stabilization (IGSTAB, as defined 
in Ref. I I ) for I, I difluoroethane, I, I difluorocthenc, 
and I ,I difluorocyclopropane according to qns I 3. 

(I) ZCH,CHJ; +CH,CHF, 
KXIAD - .6L”l’md 

+ CH,CH, 

(3) 
F 

2 P rC;sTAa . -2.6 kcal/mo; F 

, D 
The I I .7 kcal!mol destabilization calculated for 

I, I difluorocyclopropane is also in reasonable agree- 
ment with destabilization enthalpies determined for 
compounds I (14.2 kcal/mol), 2 (I 3.8 kcalimol), and 
3 (12. I kcalimol) obtained by comparison of their 

TaMe 2. Expcrlmcntal and calculated enthalpia of hydrogenation (kul!mol) of fluorinated ethylenes 
which indicate the reliabilities of the STCS3G and 4-3lG basis sets for these spcc~es.’ (Values are based 

upon data in Table I) 

LXPERIHEHTAL sto-3Cb 4-31c= 

CH2CH2 -32.6 -32.6 -32.6 

CH2CHF -29.1 -25.3 -31.8 

CH2CF2 -39.6 -21.0 -38.5 

e. the STO-3C bsors set I, adequate for predrctrny ICSTAB for 

saturated specres nuch as: 

2 CH3F j CH2F2 l CH, 

where the drscrcpancy ulth experiment IS about 2 kcal/mo:, and ayrser? 

to wIthin 1 kcal/mol of the 4-31C values for 1CStAB of CH3CHF2 and 

(CH,12CP2. 

0. The actual STO-JC value? for cthy!on@ II -71.9 kcal/mol; a:1 va:Jes 

aru scaied to the cxpcrlmenral value. 

‘- . Ths nctda: 4-3iC; value for l rhylene is -42.0 kcal/mo:; a:: values 

are sca:cd to the expur:menral va:ue. 

Table 3 <‘aMated (4 JIG) heats of hydrogenarlon (kcal:mol) of subst~lutcd cyclopropana based upon 
data in Table I 

__ _-.. .-. -- _--- - 
t:XYIiclY.!:Nt*,, 4-1IC” 

A -_j n -17.7 -,:.7 

6 __ A ____ -41.3 

x _ J( ____ -49.4 

a. 5hP actual 4-Jlti value for cyclopropanc 1s -52.3 kcal/mol; a:: 

values arc scaicd to the nxperrmrntal value. 



experimental cnthalpies of hydrogenation with those 
of the corresponding hydrocarbons.” 

1 2 ,L 

It is importam to explore how well the 4,,3lG 
calculations compare with experimental data for 
these gem-difluoro systems. Such a comparison can 
be made for the equilibrium in qn 4. Calculationally, 
geometric optimizaations for 4 and S were carried out 
as described in the Methods section and the energy 
values reported are 4 3lG values and the calculal- 
ed structures are shown in Fig. I. Optimization is 

Frg. I. Calculated structures of (a) 2,2-difluoromethyknc- 
cyclopropane. (b) 4,4difluoromethylenecyclopropane. 

crucial for this equilibrium since the energy difference 
is small. In the other molecules investigated the 

(4) 

expt = -1.9 kcal/mo: 

b 

AsI_);c - -8.63 kcal/mo: 

4 
Iv 

conclMions can be more qualitative. II is clear 
that the 4 3lG basis set is quite adequate for the 
present study. II is also worth noting that the rear- 
rangemcnl of 2-fluoromcthyknecyclopropane lo the 
4fhroro isomer is slightly more exothermic 
(AH = - 2.5 kcal!mol)x’ than the difluoro qui- 
librium. This at first seems surprising when one 
considers that the corresponding rearrangement in 
the dimcthyl series (AH = - 1.2 kcalimol)fO is aboul 
twice as cxothcrmic as the monomethyl quivalcnt 
( - 0.5 kcal:mol).m Part of the reason for this dis- 
parity is that IGSTAB is greater for cyclopropyl than 
for vinyl when a CFI increment is present. 

Thcrc arc mmc other noteworthy points which 
may be menboned here. For example, the calculated 
cxothermicity of qn 5 provides one measure of the 

(5) 

aromaticity of cyclopropenone. A similar relation in 
qn 6 indicates that 3.3difluorocyclopropene has 
about 40% of the aromatic stabilization of cy- 
clopropenone. The values can be compared with the 

(6) 

ox F 
4 

F 

corresponding qn 7 for cyclopropenium cation. 

(7) 

+ iD + 
Table 4 lists calculated (4-31G) “Et stabilization 
energies”z’ for corresponding carbonium ions, carbo- 
nyls, gcmdifluoro and monofluoro compounds. The 
discrepancy between experimental and theoretical 
values for cyclopropenonc is apparently due IO errors 
in the determination of the enthalpy of combustion. 

A recent experimental determination of AH:(g) for 
hexafluorocyclopropane ( - 233.8 kcal:‘mol).” when 
combined with three recently-derived C(F),(C), en- 
thalpy increments of - 104.9 kcal:mol” each. indi- 
cates a strain energy of 80.9 kcal:‘mol. Bemctt” had 
some lime ago calculated a strain energy of 
68.6 kcal:‘mol for this molecule using a value of 
-98.1 kcal:‘mol for the C(F),(C), increment. An 
STO-3G calculation based upon the experimental 
geometry?’ of this molecule predicts a strain energy of 
60.2 kcal:‘mol which underestimates the value much 
as the minimal basis set does for I,ldiduorocyclo- 
propane. (The standard Gaussian 70 program cannot 
calculate hexafluorocyclopropane at the 4 3 I G level.) 
The use of the C(F),(C), fragment ignores the possi- 
bility of special effects arising from perfluorination in 
hexafluorocyclopropane. It is therefore interesting IO 
evaluate the strain energy of this molecule using 
perfluorinated acyclic molecules as models. Equation 
(8) indicates a value of 76.7 kca:mol for the strain 
energy of hexafluorocyclopropanc using this ap 
preach (the analogous equation for hydrocarbons 
yields a value of 27.4 kcal;mol for cyclopropane). 
This value is in substantial agreement with the value 
derived from the C(E),(C), increment. The discrep- 
ancy is only 1.4 kcal:mol per CE, and indicates that 
“non-next-nearest-neighbor” correction? in the acy- 
clic model compounds (e.g. C,F,) are small. How- 
ever, it is quite clear that “non-next-nearest- 
neighbor” corrections in hexafluorocyclopropane are 
significant. For cxamplc, one might predict a strain 
energy in hexafluorocyclopropane of ca 63 kcalimol 
by adding three 11.7 kcalimol increments (Table 3) to 
the strain energy of cyclopropane. II is nol yet clear 
what the SOUrCe of the extra strain in 
hexafluorocyclopropane is. The strain energy of 
octafluorocyclobutanc [AH,“(g) for this molecule as 
well as CIF, and C,F, arc obtained from footnote I), 
Table I] is calculated to be 50.5 kcal!mol using the 
C(F),(C), incremcnl and 45.3 kcal/mol using an qua- 
tion analogous to 8. The discrepancy between these 
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Table 4. Comparison of 4-3lG ethyl stabilization energ& 

-i7+ g.0 ;CF2 
tIethy: -29.6 -IQ.4 -9.7 

VInyi -9.4 1.2 -5.9 

Cycloprupy: -9.5 -Y.6 -4. I 
1sopropy: 20.3 9.1 7.6 

Cyclopropenyl S6.B 14.4 5.5 

a. Exarp:rs: 

cti 2.Cti* . Cti)Cn, 

CH2.C.0 . ctt3L’tt3 

CH2.CF2 . di3Cd3 

two values is only I .3 kcal/mol per CF,. Bern&’ had 
calculated a value of 32.0 kcal:‘mol for the strain in 
this mokculc. 

(8) 3 C3P* AH 
l 76.7 kcal/mol 

/>( 

F( 
l 3 C2P6 

It is interesting lo note that the loss of CF, from 
I, I difluorocyclopropanc as well as hexafluoro- 
cyclopropane is not only a manifestation of their 
strain, but also the anomalous stability of CF*, a 
ground-state singlet. Whik the diffcrcna in the strain 
energies of I, I dilluorocyclopropane and hcxafluoro- 
cyclopropanc is 45.2 kcalimol. the diRerena in acti- 
vation energies for CFI extrusion is only 
17.8 kcal;mol. This is because the transition states are 
late on the reaction coordinate and, thus, largely 
reflect the stabilities of the product olefins. These 
relationships are depicted in Fig. 2. 

JIc lowered energies of activation for rear- 
rangement of gcmdifluorocyclopropanes appear to 
almost entirely rcdcc~ enhanced strain in these com- 
pounds. The discrepancies between the lowering of 
the isomerizAtion barrier (9.7 kcal;mol) for &-I, I - 

difluoro-2,3dimcthylcyclopropane, the calculated in- 

__, CH)Ct12* . CH2.Ctt2 

+ ctt p l cn2.cti2 
\ CH3CHY 

2 
l Oi2-::?i2 

creased strain m I, I difluorocyclopropane 
(I I .7 kcal:‘mol), and the experimentally-determined 
increased strain of 1 and 2 (14.2-13.8 kcal/mol) are 
generally within the limits of calculational and cxperi- 
mental “nolsc”. The relative activation energies for 
CF? extrusion from 1,ldifluorocyclopropane and 
hexafluorocyclopropane, on the other hand, closely 
parallel destabilization energies of the product 
olefins. 

While one would like IO extrapolate stabilization or 
dcstabili7ation energies from one ring or unsaturated 
molecular system to another. this approach may not 
be always acceptable. For example, cqns (9) and (IO) 
indicate the relative stabilities of geminal fluoro sub- 
stituents on vinyl and cyclopropyl carbons relative to 
the more favorable substitution on the middle carbon 
in propane. (The reason that the vinyl site is more 
destabilized than the cyclopropyl site involves de- 
creased IGSTAB in the former which is only partially 
compensated for by stronger, shorter C-F bonds). 

at - . ,~,tdmol 
(9) CH,CF:CH, + CH,=CH, *CH?- Cl-‘, 

+ C,H, 
hE:*11.7 kca:/mo: 

(lo) CH3CF2CH3 * n > 

c C 

‘X 
r 

l 

C3H13 

80.9 kcal/al STtUlh 

F x F 
+ CF, 

F F 

_ - 
+ CF, 

l “r - -47.7 kcallal 

I 

35.7 kcal/rol STRAI\ 

Ftg 2 HOI of the reactton coordinate diagrams for extrusion of CF, from l.IdAxxocyclopropanc and 
hexafluorocyclopropanc. 
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Using these values, one would predict that the con- 
version of 4 to 5 (qn 4) should be endothermic by 
1.8 kcalimol rather than cxothermic. What is the 
source of the disparity? Equation 1 I indicates that 5 

AE=*13.8 kcal/mol 

(11) CH3CP2CH3 . 4 > \ 

is quite consistent with 1,ldifluorocthylcnc in its 
calculated destabilization.*’ However, qn I2 indi- 
cates that there is an extra 2.7 kcalimol dc- 
stabilization increment in 4 possibly due to a gcome- 
try which forces the CC bond poopositc to the CFr 
to be shorter than the adjaant bonds in contrast to 
the situation in I, I difluorocyclopropane. 

AE : l 14.4 kcsl/mol 

(12) CH3CP2CH3 + 5 

+ C3Hs 

There arc many similarities between the gcm- 
difluoro, carbonyl and carbocationic molecular frag- 
ments. The aromatic stabilization in cyclopropcoooe 
appears to be about 400/, of that in cyclopropcnium 
cation while 3.3difluorocyclopropenc appears to 
have about 15% of the stabilization of the cation. 

The strain energy of hcxafluorocyclopropane ob- 
tained using the C(F),(C), increment or qn 8, is 
almost triple that in cyclopropane. It does not appear 
to be an additive function involving three cyclopropyl 
CF? increments. The strain in octafluorocyclobutane 
is less than double that in cyclobutane. This is a 
manifestation of the general behavior of cyclobutancs 
as ameliorated cyclopropancs. 
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