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Abstract: The first x-ray structure determination of a fluorine-substi- 
tuted cyclopropane is reported. The title ccnnpound was synthesized via 
bis difluorocarbene addition to 1,4-cyclohexadiene and its structure de- 
Girted via x-ray crystallographic techniques. Its cyclopropane bond- 
lengths (1.552 and 1.452 A) are very similar to those reported earlier in 
a microwave study of the parent 1,1-difluorocyclopropane, while its cyclo- 
hexane ring is virtually planar. 

The structures of E-difluorocyclopropanes and the relationship of such structures to their 

thermal reactivity have been subjects of much theoretical and experimental interest in recent 

years. In spite of such interest, there have been in fact very few actual experimental determi- 

nations of structure of fluorine-substituted cyclopropanes. A microwave study of l,l-difluorocy- 

clopropanel provided the initial evidence for a dramatic bond lengthening of the C2-C3 bond, 

which is opposite to the CF2 group. Such lengthening of this bond, when caabined with the ob- 

served, also dramatic shortening of the Cl-C2 bonds was consistent with our experimental obser- 

vation that the C2-C3 bond is weakened by 8-9 kcal/mole relative to the parent hydrocarbon.2 

The microwave structure determinations of cis-1,2,3-trifluorocyclopropane3 and perfluoro- - 
spiropentane4 have been reported, as have partial structures of I,I,2,2-tetrafluorocyclopropane,5 

cis- and trans-1.2-difluorocyclopropane.6 Structure determinations have also been made for a - 
number of other substituted cyclopropanes, such as amino,7 nitro, 8 cyano, ’ l,l-dichloro1° and 

l,l-dibromo-trans-2,3-diphenylcyclopropane." Recent theoretical studies on the effect of sub- 

stituents on the structure of cyclopiopane indicate that one can calculate such structures with 

reasonable accuracy.12 Fluorine substituents, particularly gem-difluoro substituents, appear to 

have the most dramatic effect upon the structure of cyclopropane. 

We wish to report at this time the first x-ray structure determination of a E-difluorocy- 

clopropane species, that of anti-4,4,8,8-tetrafluorotricyclo(5.l.O.O3~5)octane 2. 

Synthesis. 

The title compound was synthesized as shown below, by the addition of difluorocarbene to 

1.4-cyclohexadiene using the Seyferth carbene Orecursor, phenyl trifluoromethylmercury.13 

PhHgCF3 (excess) 

NaI, benzene l 0 F2 F20F2 F2OF2 

sealed tube, lOO"C, 20 h 1 2 !a 
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Products 1, 2 and 3 were isolated via preparative glpc, and their 'H,lgF and 13C NMR spectra were 

consistent with their assigned structures. 1: 'H (CDC13, TMS, 300 MHz) 6 5.56 (s, 2H), 2.36- 

2.18 (m, 4H), 1.69-1.63 ppm (m, 2H); "F (CDC13, upfield from CFC13 in ppm) Q 127.7 (AB, JFF = 

155.2, JFH = 14.2 and 2.3 HZ), 154.2 ppm (AB, JFF = 155.2, JFH < 1 HZ); 13C (CDC13, downfield 

from TMS in ppm) 6 122.67 (s, C3(4)), 16.7 (s, C2(5)) 16.5 (t, CI(6), JCF = 10 HZ), 115.53 (t, 

;;;,J:;,= 285.6 Hz). 2: 'H 6 1.91 (br. s, 4H), 1.52 (br. s, 2H), 1.47 (br. s, 2H); "F $ 127.9 

= 158 HZ, JFH = 14.1 Hz), 152.3 ppm (AB, JFF = 158 Hz); I3c 6113.3 (t, c 

113.3 Hz), 14.6 (t, CI(3,5,7), JCF = 10.1 Hz), 6.6 ppm (s, C2(6 ); mp 68-69OC. 3: 4’84; “,“I,; 7 . 

(AB, JFF = 150 HZ, JFH s 13.4 HZ), I54 ppm (AB, JFF = I50 HZ), 13 C 6 113.7 (t, C4(8), J = 288.1 

Hz). 17.5 (t of d, Cl(3,5,7), 2JCF = 12.1, 4JCF = 5.5), 6.5 ppm (t, C2(6), 3JCF = 3.8 HZ); mp 52- 

53oc. 

X-Ray Structure Detemination 

Single crystals were obtained by slow sublimation at 25OC. X-Ray diffraction data were 

collected from a well-formed crystal with dimensions 0.5 x 0.4 x 0.4 mn, with the specimen sealed 

in a glass capillary because of volatility. The crystals are orthorhombic, m, with a = 7.2029 

(6), a = 8.6597 (6), g = 11.9478 (8) 8, l= 745.26 (9) A3, u (Cu k a) = 13.3 cm-'; & = 1.605 

gcmm3 for I= 4 which requires that the molecules have a 2/m (C2h) syinaetry. 317 unique 

reflections were measured of which 266 had I _ > 1.96 o (I, and were considered observed. The 

structure was solved by direct methods and refined by least-squares techniques (with counter 

weights) to an & value of 0.036. The final refinements included anisotropic non-H atoms, 

isotropic H atoms and an empirical isotropic extinction parameter II, used to correct the 

calculated structure factors according to 2 = F, (1 - 11 Fc2/sin e), which converged at 35 

(6) - 10-7. All calculations were performed using SHELX14 and local programs.15 Final 

positional and thermal parameters are given in Table I.16 

Table I. Final Fractional Coordinates and Thermal Parameters. 

atom x/a y/b z/c “1l’“i so “22 “33 “12 

C(l) -0.1077(3) 0.546412) 0.1011(l) 0.043(l) 0.049(l) 0.042(l) O.M)47(9) 

C(2) -0.2186(4) 0.5 0.0 0.037(Z) 0.078(Z) 0.047(Z) 0.0 

C(3) 0.0 0.4339(3) 0.1636(Z) 0.050(Z) 0.051(Z) 0.041(Z) 0.0 

F(1) 0.0 0.4330(3) 0.2773(l) 0.073(l) 0.114(2) 0.042(l) 0.0 

F(2) 0.0 0.2851(2) 0.1293(l) 0.072(l) 0.047(l) 0.092(l) 0.0 

H(l) -0.160(4) 0.624(2) 0.147(2) 0.061(6) 

H(2) -0.300(4) 0.565(3) -0.024(2) 0.075(7) 

“13 “23 

0.0048(9) -0.0042(8) 

0.0 0.000(l) 

0.0 0.003(l) 

0.0 0.0170(9) 

0.0 0.OO90(8) 

Structure 

The molecules are located at the crystallographic 2/m special positions with the central 

six-membered ring being exactly planar, and the two cyclopropane rings being anti. A 

stereoscopic thermal-ellipsoid view of the molecule with numbering of the asyazaetric-unit atoms 

is shown in Fig. 1.17 Bond distances and angles are given in Table II. 

Table II. Bond Distances (A) and Angles ("). 

C(l)-C(1’) 1.552(4) C(2)-C(l)-C(3) 121.3(2) C(l)-C(2)-H(2’) 107(l) 

C(2)-C(1) 1.503(2) C(Z)-C(l)-C(1’) 122.1(2) C(l)-C(P)-C(1”) 115.8(3) 

C(3)-C(l) 1.452(3) C(l’)-C(l)-C(3) 57.7(2) H(2)-C(2)-H(2') 106(4) 

C(3)-F(I) 1.359(3) C(P)-C(l)-H(1) 117(l) C(l)-C(3)-C(1') 64.6(3) 

c(3)-F(2) 1.352(3) H(l)-C(l)-C(1’) 113(l) C(l)-C(3)-F(1) 121.2(2) 

C(l)-H(l) 0.95(2) C(3)-C(l)-H(1) 113(l) C(l)-C(3)-F(2) 118.9(2) 

C(2)-H(2) 0.98(2) H(2)-C(2)-C(1) 110(l) F(l)-C(3)-F(2) 107.3(2) 
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F hermal-ellipsoid stereoscopic view of the w tereoscopic view of the arrangement of the 
title molecule. Non-H atom ellipsoiP9 have molecules in the unit cell. 
been drawn at 50% probability level. 
H-atom spheres are on arbitrary scale. 

DIscu55IQ 

Comparing the observed bond lengths of 2 with those of 1,1-difluorocyclopropane one can see 

that their respective bond lengths are almost identical. In comparison to the observed C-C bond 

length of 1.514 6t for unsubstituted cyclopropane,'8 each shows a substantial bond lengthening for 

1.514 

D 
1.464 

1.553 D F2 
1.552 

1.452 

F2 F2 

the C-C bond opposite to the CF2 group along with a similarly impressive bond shortening for the 

adjacent bonds. While the observed bond lengthening not unexpectedly has been shown to give rise 

to a substantial (i.e. 8-10 kcal/mole) concomnitant weakening of the bond to homolytic cleavage,2 

the shortening of the adjacent bond does not seem to be accompanied by an analogous strength- 

ening. Indeed, while ab-initio and force constant calculations imply that this bond should be 

strengthened, what little kinetic experimental evidence exists indicates a slight weakening (i.e. 

l-2 kcal/mole).2 The effect of substituents, such as fluorine, on the molecular parameters of 

cyclopropane has already been rationalized effectively. l2 The x-ray structure determination of 

4,4.8,8-tetrafluorotricyclo(5.1.0.03*5 )-octane presented here is significant in that it (1) 

corroborates the earlier rather remarkable microwave results on 1,1-difluorocyclopropane and (2) 

gives evidence that even when incorporated into a more complex molecule, such a gem-difluoro- 

cyclopropane entity retains its basic structure. 
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