
Tetrahedron I&tare IVo. 10, pp 789 - 792, 1975. Brgron Bena. printed in Gre8t Erit8in. 

ON lHE INTERACTION OF GEMINAL FLUORINES AND GEMINAL CYAN0 GROUPS. 

'ANOMALOUS' ORDERING OF ROTATIONAL BARRIERS IN FLUOROETHANES 

Leo Radom' and Peter J. Stiles 

Research School of Chemistry, Australian National University, 

Canberra, ACT 2600, Australia. 

(Received in UK 27 January 1975; accepted for publication 31 January 1975) 

In the course of a study of an additivity scheme for conformational energies of 

substituted ethanes, 2,3 we were intrigued by the lack of additivity displayed by the 

haloethanes. Thus, whereas monofluoro-substitution in ethane leads to an increase in 

experimentally observed barrier from 2.93 to 3.33 kcal mol 
-1 , additional geminal fluorine 

substituents decrease the barrier to 3.18 kcal mol -' (l,l-difluoroethane) and 3.25 (kO.2) kcal 

mol -' (l,l,l-trifluoroethane), respectively.' Geminal chloro substituents in ethane show a 

similar trend with observed barriers of 3.68 kcal mol -' (chl oroethane), 3.49 (tO.2) kcal 

mol -' (l,l-dichloroethane) and 2.91 (kO.2) kcal mol-' (l,l,l-trichloroethane). 

Because of the large uncertainties associated with some of the experimental barrier 

values, previous workers6 have questioned whether the anomalous barrier ordering is a real 

effect. For this reason, we have carried out ab initio molecular orbital calculations on -- 

l,l-di- and l,l,l-tri-fluoroethane to supplement calculations on ethane and fluorethane 

already available'. The calculations were performed with the Gaussian 70 series of programs' 

and the extended 4-31G basis set'. Minimal basis sets have previously been found 

10,ll unsatisfactory in describing the conformational behaviour of fluoroethanes . Standard" 

bond lengths and bond angles have been used except where noted; the effect of relaxing this 

constraint is under investigation. 

The theoretical barriers follow the ordering 

ethane (3.26 kcal mol-') < fluoroethane (3.63 kcal mol-') > l,l-difluoroethane (3.39 kcal 

mol-l)=l,l,l-trifluoroethane (3.40 kcal mol-') 

thus reproducing the experimental results, in contrast to classical methanical 6, CNDO/213 and 

minimal basis set STO-3G 11 calculations on the same molecules. The effect of geminal fluoro 

substituents on the rotational barrier in ethane is clearly not additive. Given that the 
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first fluoro substituent leads to an increase in rotational barrier 10 , the question we seek to 

answer is why does subsequent fluoro substitution lead to a decrease in barrier height? 

Our explanation stems from noting the following: 

(i) Geminal fluoro-substitution on a saturated carbon leads to double bond character in the 

C-F bonds (I);14 and 

I 
(ii) the preferred orientation of a methyl group adjacent to a double bond (as, for example, 

in propene, acetaldehyde, etc.) is well established experimentally and theoretically to 

15 
have a C-H eclipsing the double bond . 

The effect of (i) in l,l-difluoro- and l,l,l-trifluoroethane is to impart double bond 

character to the C-F bonds and hence by (ii) to stabilize the eclipsed conformations compared 

with the staggered forms 16 . The observed barrier trends are thus accounted for. 

In order to test this mechanistic proposal further, we have carried out additional 

calculations on cyano-substituted molecules. In contrast to fluorine which is a R-donor, the 

cyan0 substituent is normally a R-acceptor and the interaction shown in I is unlikely to occur 

to a significant extent. Rather, the interaction II is likely to be more important. 
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This effect be most for u-electron groups X. will occur a 

slight for X H but less so X = For the case, the 

interaction should to (a) double bond and hence slight increase 

C-C bond in CHz(CN)2 with CH$N contrast to situation for and 

CH2F2 there is pronounced decrease in C-F bond length due to increased double bond 

character; 17’ l8 and (b) according to our hypothesis above, slightly increasing barrier 

increments along the series CH3CH3, CH$H$N, CH$H(CN)2.. . . 

Our first step in the process of testing these predictions was to derive optimum 4-31G 

values of C-C lengths for cyano- and dicyano-methane assuming standard values for the other 

19 
bond lengths and for the bond angles the so obtained, 1.457 

CH3CN 1.458 1.463 (cf experimental g) confirm 

above obtained theoretical 

of i) and CH2F2 R). On the other hand, 

arguments which an alternative for the decreasing in the 

fluoromethanes would decreasing in the cyanomethanes. 

calculations and eclipsed of cyano- 

The theoretical barriers in the order 

(3.26 < cyanoethane (3.77 < l,l-dicyanoethane (4.47 

barrier as anticipated 

The interactions cyan0 and of geminal can be compared 

way by examining heats reactions“ 

CH2X2 2CH3X 

value (1) implies stabilising 

between C-X bonds. values using optimised 

above value +12.1 and 

mol-l value The negative value 

confirms interaction cyan0 

In conclusion, the following 

(i) Additivity for conformational should Significant 

occur interacting groups. 

the ‘anomalous~ of rotational in the geminally 
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(iii) 

(iv) 

lie. 
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