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136. Flexional Effects in Bridged Bicyclic Molecules 
Progressive Flattening of Chair Cyclohexane 

by C.W. Jefford 
Ecole de Chiniie, UniversitC de GenBve, 1211 Genhve 4, Switzerland 

and A. Baretta, J. Fournier, and B. Waegell 
Laboratoire de StdrCochimie, associC au CNRS No 109, 

Facult6 des Sciences, Marseille St-Charles, France 

(15 V 70) 

Summary.  Measures of the progressive flattening of the chair conformation in a series of con- 
strained cyclohexanols are obtained and compared by proton NMR. coupling constants and by 
molecular mechanics. 

The shapes of six membered rings have continued to receive attention both from 
theoretical [l] and practical [2] viewpoints. It is now recognized that the perfect 
chair conformation represents an ideal state of affairs since electron diffraction 
reveals that even cyclohexane itself is flatter than supposed [3], the internal C-C-C 
angle being 111.55" not 109.4". Furthermore, substitution on the ring causes addi- 
tional deviations from the chair conformation. When two methyl groups are substi- 
tuted in a syn-axial disposition, the operation of the Reflex effect brings the trans 
anti-parallel pair of syn-axial substituents closer together (fig. 1 a) [4]. Contrariwise, 
syn-axial placement of an ethane bridge, as exemplified by bicycloj3.2.13 octane, 

Fig. 1. Operation of the Reflex Effect ( a )  and its inverse (b )  
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leads to the inverse Reflex effect in that “pinching” on one side of the chair results 
in the prising apart of the appropriate pair of axial bonds on the other side (fig. 1 b) [S]. 

Apart from these two cases, which may be considered as representing two discrete 
flexomers of cyclohexane, no study has been undertaken of the progressive application 
of flexional constraint to the chair conformation. In the “pinching” process depicted 
above (cf. (a) and (b), fig. I) C-3 moves towards the plane described by carbons 1,  
2, 4, and 5. Consequently, the vicinal coupling constants of the methine proton of 
the derived equatorial C-3 alcohols should constitute a sensitive index of conformatio- 
nal changes around the C2-C3-C4 fragment (Fig. 2a). In the table are listed data of 
a series of such equatorial cyclohexanols (I-V) in which increasing constraint is 
applied across the syn-axial positions on C-1 and C-5. 

1181 

Fig. 2. Flattening of the chair and i ts  measurement in terms of (a)  the flattening angle ( p ) ,  the valence 
angle (O), the anternuclear C7-C5 distance (d), and (b)  the gauche and trans dihedral angles (Dae, Qaa) as 

calculated f r o m  the Karplus equulion (ref. [6])  
3J = A cos2@+cos@ when Qae = @ = 0-90”, A = 9.3; whenQac = @ = 90-180”, A = 12.7 

The signals of the C-3 methine proton by first order analysis and on the basis of 
the presumed C s  symmetry of the compounds afforded just two constants 3Jaa 
and 3Jae. It is clearly seen that both constants vary uniformly with the severity of 
“pinching” of the cyclohexane chair. Indeed Jaa decreases to about the same extent 
as Jae increases. By using a modified Karplus equation, dihedral angles correspond- 
ing to these coupling constants were obtained (Fig. 2b). It was assumed that atoms 
C-2, C-3, and C-4 were pure [sp3] hybrids and that they possessed the usual tetra- 
hedral geometry. Although this is probably not true, it does not affect the correctness 
of the angles so obtained as the Karplus equation has quite a margin of error. The 
variations in the gauche (rjae) and the trans ( r jaa)  dihedral angles give a quantitative 
measure of the progressive flattening of the chair [6]. 

By way of comparison, we have also listed in the table, the dihedral angles and 
the valence angle at C-3 (6) calculated by the Wiberg-Headrickson-Allinger method 
[7]. From the same calculations we have obtained the angle of flattening (p)  and the 
internuclear distance d between C-1 and C-5 (Fig. 2a). It is seen that the valence 
angles 0 remain fairly constant a t  about 112-113”, whereas the value of /3 is a good 
guide to flattening. Both sets of dihedral angles calculated by the two methods agree 
well. Calculation further shows that flattening goes hand-in-hand with a narrowing 
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of the Cl-C5 internuclear distance (d ) .  In fact the values for d compare favourably 
with those measured directly on appropriately constructed Dreiding models. 

A consequence of the energy minimization process [7] is that two rotamers are 
Dossible for compounds I11 and V. For 111, the syn- and apotropic (S and A )  rotamers 

VS 

I 

0 

VA 

H 
Fig. 3. Prqjection of conformations of cc-isonopinol ( V )  showing the diffeerence in flattening in the 

syntropic (Vs) and apotropic (VA) rotamers 

have the same energy. However, for a-isonopinol (V) they have different energies. 
Moreover, the more stable rotamer is predicted to be the syntropic one in which the 
hydroxyl group is directed towards the gem-dimethyl grouping. This paradoxical 
conclusion is substantiated by the NMR. spectrum. In rotamer Vs, the hydroxyl- 
methyl non-bonded interaction produces appreciably larger angles of flattening 
(/3 and a) than those found in V,, the unstable rotamer, where the interaction is 
absent (Fig. 3). These differences are reflected in the dihedral angles 4 and it is 
significant that the values obtained from the Karplus equation accord best with 
those calculated for Vs. 

These findings indicate that the origin of the inverse Reflex effect is not simply 
due to disrotation about the C4-C5 and C2-C1 bonds, but that the shortening of the 
internuclear distance d plays a dominant r61e. In addition it has to be anticipated 
that substituents can provoke ring distortion in an unforeseen manner. 

I t  can also be noted that, despite previously cited shortcomings [8] ,  the Karplus 
equation can be a good measure of conformation, especially in a homogenous series. 
X-ray structure analysis of these cyclohexanols will provide a complementary frame 
of reference; such studies are in progress and will be reported elsewhere. 
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137. Fluorine NMR. Spectra of Conformationally 
Constrained Gem-Difluorocyclohexanes 

by C.W. Jefford, 
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D. T. Hill1) 
Chemistry Department, Temple University, Philadelphia, Pa. 19122 U.S.A. 

and K. C. Ramey 
Research Department, ARC0 Chemical Co., Glenolden, Pa. 19036 U.S.A. 

(15. V. 70) 

Summary.  The l9F chemical shifts and geminal coupling constants have been measured for 
3,3-dimethyI- (I), 3,3,5-trimethyl- (11) and 3,3,5,5-tetramethyl-l, 1-difluorocyclohexane (111) 
and 3,3-difluorobicyclo[3.2.l]octane (IV). The Eyrzng parametcrs for the ring inversion were 
obtained for I and 111. Representative values for the Arrhenius activation energy (Ea) ,  AG*,  
A H * ,  and AS* are: 11.0, 9.4, 10.4 kcal/mole and 4.5 e.u. for I, and 10.0, 8.3, 9.7 kcal/mole and 
8.3 e.u. for 111. It appears that the syn-axial methyl-fluorine interaction has a negligible effect on 
the inversion process. However, the syn-axial methyl-methyl interaction, as found in 111, signifi- 
cantly increases the rate of inversion. Substituent effects on the lgF shifts are marked. Intro- 
duction of methyl a t  C-3 in an equatorial position leads to shielding of the equatorial and axial 
fluorines (+1.8 and +1.3 ppm). Substitution in the axial C-3 position causes deshielding of the 
equatorial and axial fluorines (- 5.9 and - 4.9 ppm). 

l) Submitted as part of the Doctoral Dissertation of D. T.  Hill, Temple University, 1969. Present 
address : Chemistry Dept., University of Pennsylvania, Philadelphia, Pa. 




