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Abstract: The conformational energies of the title compounds were extrapolated from 

solution lg F NMB measurements to vapour phase dielectric medium. Vapour phase values 

were satisfactorily reproduced by MM2 computations including electrostatic interac- 

tions between charges obtained by the PEOE method. 

The ring inversion of trans.-1,4_dichlorocyclohexane (1) and trans-l,l- 

dibromocyclohexane (2) has been investigated experimentally by electron diffraction 

(ED) in the vapour phase' and by 'H NMR in various solvents. 
2 The equilibrium amount 

of diaxial (aa) conformer is larger than expected from an extrapolation of data from 

the mono-substituted compounds. This has been attributed to a pronounced electro- 

static component of the conformational energies. 2 Molecular mechanics (MM2j3 

calculations using dipole-dipole interactions fail to predict the conformational 

preferences of these compounds. The diequatorial (ee) conformations are calculated to 

be preferred by 0.48 and 0.72 kcal/mol, respectively. By substitution of the dipole- 

dipole interaction term with a coulombic term for interactions between a complete set 

of partial charges obtained by a modified PEOE procedurel, the energy differences be- 

tween the conformers compare reasonably well with experimental data.' 

i=(l) aa-ee 
= -0.22 kcal/mol (exp. -0.17 kcal/mol)l 

. 
&E(2) aa-ee = 0.05 kcal/mol (exp. 0.17 kcal/mol)' 

We now present conformational data of two related compounds, trans-1,4- 

difluorocyclohexane (3) and trans-1-chloro-4-fluorocyclohexane (4j6, the first of 
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which not earlier prepared.7 The conformational equilibria of 3 and 4 in various sol- 

vents were studied by 19 F NMR. At ca -9O'C the ring inversion was slow on the NMR 

time scale, and the fluorine signal had split into two signals with the resonance 

from axial fluorine appearing at higher field (AS 15.1 ppm for 3 and 14.3 ppm for 4). 

Equatorial fluorine gave rise to a doublet, which was broadened due to unresolved 

gauche three-bond couplings, whereas axial fluorine appeared as a multiplet of 

various shape in different solvents due to larger trans couplings. The conformer 

populations were determpd by integration and bandshape analysis. The results are 

summarized in Table 1. H NMR studies in acetone agreed completely with the results 

obtained by 
19 
F NME. The barrier to ring inversion for 3 in acetone was determined as 

9.8 kcal/mol at -67'C. 

The solvent effect on the conformational equilibria was estimated independ- 

ently by two different methods. An extrapolation metod (PEM) was proposed by 

Zefirov8, which relates the free energy difference in solution to the dielectric con- 

stant (E) of the solvent through a parabolic expression. 

AGO = A + B (0.5 - X)+ x = (E-1)/(2E+l) 

A plot of AGo of 3 in four different solvents against the square root expression 

provides a straight line, which on extrapolation to vapour phase conditions (E = 1.0, 

(0.5-x)% = 0.707) gives the vapour phase energy difference (Figure 1). A correspond- 

ing extrapolation has been done for 4 in two different solvents. From these 

extrapolations the values obtained for AG0(3)aa_ee and AG"(4)aa_ee are -1.14 and 

-0.90 kcal/mol respectively (Table 1). These vapour phase estimates are in good 

agreement with those calculated (AE vap) by the MM2,'PEOE method, -1.13 and -0.64 

kcal/mol respectively. Standard MM2 gives -0.38 and 0.05 kcal/mol respectively. 

In the more elaborate reaction field calculations of solvent effects', the 

solvation energy is built up by three terms, a dipole term (DT), a quadrupole term 

(QT) and a polar term (PT), accounting for the specific interactions between solvent 

and solute. 

AEsolv 
=DT+QT+PT 

For the compounds and solvents under consideration QT dominates lo, while DT is 

vanishing or negligable since 3 has no net dipole moment and that of 4 is small 

(approx. 0.2 D). The calculated solution conformational energies (AEcalc = AE 
vap - 

AE solv) summarized in Table 1 are in excellent agreement with experimental values. 
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Table 1. Conformational energies (aa-ee) in kcal/mol of 3 and 4 in 

different solvents. 

compound Solvent Diel. const.a Temp.(K) @Go bARc 
exp talc 

(3) 

Vapour 

(4) 

Vapour 

cs2 
CD3COCD3 

1.0 

2.01 

2.83 

8.6 

34.1 

1.0 

2.83 

33.6 

(-1.14)d -1.13 

184 -0.87 -0.87 

184 -0.77 -0.75 

186 -0.47 -0.47 

182 -0.22 -0.10 

(-0.90)d -0.64 

184 -0.46 -0.36 

186 0.16 0.12 

aDiel. con&. at the temperature of measurement. b Estimated error I 

kO.05 kcal/mol. %M2/PEOE (vapour) and reaction field calculations.' 

dR y the PEM method according to Zefir0v.S 

Figure 1. Solution conformational 

energies of 3, extrapolated to 

vapour phase by the PER procedure. 8 
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The data of compounds 1-4 confirm that 

substitution of the standard MM2 inter- 

actions between the two C-X (X - halogen) 

dipoles in trans-1,4_dihalocyclohexanes 

by coulomb interactions between partial 

charges obtained by a modified PECE method 

greatly improves the predictive capability of 

MM2. Discrepances between vapour phase 

energies obtained by direct gas phase 

measurements (i.e. ED) and vapour phase data 

obtained from solution measurements might be 

due to solvent internal pressure effects on 

the conformational equilibria ll. Applied to 

trans-1,4-dihalocyclohexanes, the gas phase 

stability of the aa conformer may be es- 

timated to be exaggerated by 0.1 - 0.4 kcal/mol. The largest discrepancy is expected 

for the dibromo compound. 
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