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DICRLOROC. 

By R.J. Abraham and Z.L. Rossetti+ 

The Robert Robinson Laboratories, !Phe University of Liverpool, 
(Reoeived in UK 16 O&&or 1972; eaoepted for ablicztioz 1 Ilowzbar 1972) 

anomalous stabilization of the diaxial form of trans-I&-dibalooyclohexane 

X=Cl,Br) and similar systems, compared to the monosubstituted compounds I, 

(II) (d + x-x 
X 

1-b 
been widely questioned in the past few years , but no definite explanation 

been reported. 

We have determined the free energy difference ( bG'aa+ee) between 

two chair conformations of trans-l+dichloro cyclohexane by peak area 

measurements in a number of solvents at -65'C (table 1) wnich also gives 

solvent dielectric constants at this temperature and the difference in 

so1vatlon en8rgies of the wnformerdz Calculated bX a known theory of 

a01vati02 :( l ’ o Tne agreement allows the predfction of the vapour phase 

fr00 euergg of 4.6 kcLLz/slols (t&l* ?), LB. au ~xtxa 0fsbiLisafion of the 

di-axial form over that predicted from eqtn I (X=Cl> ( AG(axceq> - 0.52 

kcals/mole') of '?.6 kcals/mole. Due to the solvent dependence of equi1ibrin.m 

II this value is twice the value obtained by direct comparison of measure- 

ment6 in solutiiou~. 
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Table 1. Observed and Calculated AGea-ee values 
for trane-l,4-dlchlorocyclohexane. 

AG'aa-ee (kcals/mole) 

Solvent c (-65'C> obs. talc. 

vapour 1.0 0.80 

CFcl, 2.5 0.14 0.23 

CF,Ba 3.0 0.08 0.14 

C& 3.5 0.08 0.07 

cHc1:cc12 4.0 0.02 0.02 

CDcl, 6.6 -0.03 -0.15 

cieCHCl:CHCl 14.0 -0.15 -0.32 

acetone-& 30.0 -0.43 -0.47 

m-d7 50.0 -0.60 -0.58 

This extra etabillsation of the dl-axial form has been ascribed to 

charge ..charge interactions between the C-X bonds (XrCl,Br', OCO.CFi) but the 

equivalent dipole-dipole J 9' explanation was shown not to explain similar 

reeulte on 4-halocyclohexanones. We show that neither explanation can account 

for the observed etabilisation and present a new explanation. 

The charge distribution (CNDO/2)8 for II(X-Cl) is ae follorr:g 

*& c,&=$Cl 

6 A Ii 
-ax eq-eq 

Cl ,4 .089 .089 

(4 2 r3 ,( .022 .021 

Hl .010 (es> .017 (ax) 

Bne .002 ,005 

%a .013 .009 

Cl -.I71 0.775 
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With this distribution the electrostatic interactions between the C-Cl 

bonds are calculated ae 0.13 ad 0.26 lccaldmole for the arax and eq-eq 

forma, an extra atabilieation of the di-adal form of only 0.13 ICCaldIUOh 

!l!he interaction between the C-Cl dipoles calculated: by the dipole-dipole 

formula9 , using C-Cl dipole8 of 1.5D and a dielectric oonatant of unity, 

gives energies of 0.20 and 0.58,kcals/mole for the -ax and eq-eq forme, 

a etabiliaation of 0.38 kcaldmole, much too small to account for the 

observed effect. 

In the diaxial Oonformer of II (X&l), the hydrogen atome on C+,5, in a 

planar trana arrangement with the da1 dlorine, are more positive than 

usual. !Cheee hydrogena are in close proximity to the axial C, chlorine 

atom, reeulting in an attractive interaction. In the diequatorial eonfo~ 

mation the axial C, hydrogen is lees charged and, more importantly, it ie 

much further away fromthe C, chlorine. Therefore it doe8 not contribute 

any extra etabilisation. The calculated H..Cl polar interaction in the 

diaxial form ia 0.26 kceldmole. Aa there are four such interactions in the 

diaxial conformer, the nett attractive interaction ie 1.0 kcaldmole, in 

reasonable a@eement with the observed etabilisation energy. We con&de 

therefore that the attractive 1.3 interactiona between the negatively 

charged halogene and the poeitive hydrogen atoma are the major factor inthe 

extra stabilisation of the diaxial form of II. 




