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Low temperature cmr spectra can be used to determine energy differences between 

equatorial (e) and axial (a) substituted cyclohexanes 2) and at the same time to 

investigate substituent effects on cmr shifts in single conformers, which are 

possibly masked in conformationallyinhomogeneous mixtures. 3) 

We have obtained conformer ratios by line intensity comparison in the pro- 

ton noise decoupled PFT spectra, using small pulse angles for faster relaxation. 

The ratios yielded AGO values with a standard error of 2 5-40 Cal/mole, based on 

several independent signal pairs, The observed energy differences are essential- 

ly consistent with those obtained by other techniques 4) , as far as these are 

available. The effective sizes of the OH and NH2 groups are enhanced by dimeri- 

zation5) so that at the higher concentrations used for cmr measurements the cor- 

responding axial conformers were not detected. 

In the compounds C6H,, -X-Y with Y=H the a carbon shifts decrease linearly 

with increasing electronegativity of X (Pauling parameters x, correlation coef- 

6a) 
ficient z-=0.986), as has been observed with other functionalized alkyl compounds. 

The compounds with YfH also fit into the correlation, i+ one subtracts the affectr 

of Y on Ca which can be taken from the literature 6) values. There is no signi- 

ficant difference between the correlation for e and a substituents: a-de=(43.3x 

-106.05) + 3.3 ppm; a-11,=(40.3x-98.7) 2 2.8 ppm (relative to cyclohexane). These 
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results strongly suggest (a) a dominant inductive effect on the a-carbon shifts 

and (b) not to rely upon shifts of the atom closest to the substituent for the 

differentiation of 

and appeared to be 

Equatorial 

stereoisomers, which is common practice in pmr spectroscopy 

6b) 
an attractive feature of cmr with some special cyclohexanes. 

substituents exert a downfield shift on the C-carbon which is 

consistently greater than that of axial groups. The C-carbon deshielding (not 

the stereoselectivity) can be associated with the square electric field compo- 

nent from the Ca-X bond 7, (Jga5 - 1012 l E2 + const., for X=H, Hal). The C-car- 

bon of the cyclohexanes bearing halogens (e or a) are shielded with increasing 

substituent electronegativity (r=O.g96). This could be expected on the basis of 

charge alternation effects 8) , but the results with the combined substituents are 

easier to rationalize with dominant electric field effects. 

The observation of upfield and downfield anti-f-shifts (dywith e-sub- 

stituents, relative to the hydrocarbon) places the more flexible cyclohexane 

between the strained 2-norbornane ga) (upfield anti-f -shift) and the rigid l-ada- 

mantanegb) or l-bicycle-(2.2.2)-octane gc) (d ownfield shifts) derivatives. A li- 

near function between Y-C-shielding and electronegativity exists with e-substi- 

tuents, particularly with X=Hal (r-=0.992). Axial substituents invariably shield 

the positions to a higher degree, but the shielding does not increase with the 

effective size of the substituent for which the AGO values are considered to 

be an approximate measure. Hence the often cited shielding mechanism through 

sterically induced charge polarization cannot be a dominant factor for the ob- 

served 1.3-diaxial shielding effects. 10) 

The 9 ring carbons undergo a small upfield shift, which is rather in- 

dependent of the substituent, and may be due to a general ring distortion. It is 

noteworthy that fluorine, being the "smallest" substituent, exerts a very simi- 

lar shielding in both stereoisomeric positions. Thus, for the more remote posi- 

tions 9 and, to a lesser degree, r 1 t ,e ec ronic substituent effects are difficult 

to separate from those of steric origin. 
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