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Abstract: Neglect of intrinsic isotope effects on ‘“C chemical shifts is a major 
source of error in the conformational equilibrium isotope effect for 
deuteriation of one methyl group in 1,1,3,3-tetramethylcyclohexane; there 
is no significant solvent effect. 

The chairechair conformational equilibrium in 1,1,3,3-tetramethylcyclohexane (1) is 

degenerate in isotopically ‘normal’ molecules, i.e. in molecules with ‘H and “C atoms only. 

The change in conformational equilibrium caused by isotopic substitution of hydrogen in one 

substituent (H or CH, in 1) is a conformational equilibrium isotope effect (CEIE)’ for 

hydrogen. The CEIE may be measured using proton decoupled ‘“C NMR spectra at natural 

1 lE-d, lA-d, 

abundance’ to compare the equilibria in l(“C,) and in l(“C,, ‘H,-l-methyl) = l-d,, where the 

relevant “C is in one of the methyl groups Met, Met, and Meg (respectively G, trans, and 

geminal to the l-CD, group) or is in the CD, itself.’ Deuteriation of a substituent affects 

the chemical shifts of the methyl carbons in two distinct ways, directly through intrinsic 

isotope effects (IIEs) in the individual conformers lE-dp and lA-d, and indirectly through the 

CEIE. Anet, Sauders, et alias have estimated AC*(290K) = -1Oli4 J mol-’ for 1E -t 1A in CS,. 

The sign was derived from the chemical shift of Meg assuming that the IIE for this group is 

shielding (negative).6 The magnitude was derived from the chemical shift difference between 

the Met and Me,, assuming negligible IIEs for these carbons. The latter assumption was 

justified by analogy with 2-d, and 2-d,, in which there is no observable isotope effect on the 

“C chemical shift for C-4(6) at the fast exchange limit.’ The analogy between 1 and 2 so far 

as IIEs are concerned is far 

valid: a difference for 2-d, 

both but the converse is not 

whether IIEs are significant 

on the CEIE. 

from good and even if it could be justified the conclusion is not 

and 2-d, would prove the existence of IIEs in 2 because K = 1 in 

true (see below). We considered it desirable to determine 

for Me, and Met in l-d, and also to seek possible solvent effects 
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Carbon-13 chemical shifts may be used to determine K for l-d, using equations 1 and 2: 

K - (6E - 6)/(6 - 6A) (1) 

K = (De - D)/(D - DA) (2) 

In equation 1 6 is the measured chemical shift relative to, eg, SiMe, for a single methyl 

group at the fast exchange limit (FEL), eg, near 300K, and 6E and 6A are the chemical shifts, 

which can not be measured directly at the FEL, for the individual conformers lE-d, and lA-d,. 

Use of equation 1 allows a clear distinction to be made between K < 1 and K > 1 if 6s for Meg 

or for CD, are used but the accuracy is not high. In equation 2, D (=6(Met)-6(Me,)) is the 

measured chemical shift difference at the FEL and DE and DA are the corresponding differences 

for the individual conformers lE-d, and lA-d,. The small difference D may be measured 

accurately and therefore the use of equation 2 can lead to accurate estimates of K and AGo for 

l-d,. Estimates of chemical shifts and shift differences (DRgL) for equatorial (IS,,) and 

axial (a,,) methyl groups in conformers of l-d, at the FEL may be obtained from equations 3-5: 

DFE~ = DSEL + DT + DS (3) 

6eq = (l-d,) + 1/2DFEL (4) 

6 ax = (l-d,) - ‘/2DFEL (5) 

where DSgL = 6eq - 6,x for l-d, is measured at the slow exchange limit (SEL), eg. at 173K. DT 

is a correction for the difference in temperature- between the SEL and FEL for solutions in 

cs,. D, is a solvent correction at the FEL, i.e., DS = 0 for CS,, the solvent used at the 

SEL.’ 

Values of 6E, 6A, DE, and DA, for a given solvent, may be obtained from the pairs of 

equations 6-8: 

For CD, in l-d,: 6E = 6eq + AEd 6~ = 6ax + AAd (6) 

For Meg in l-d,: 6~ = 6ax + AEg 6A = 6eq + AAg (7) 

For Met/Me, in l-d,: -DE = DFEL + AEt -AEC DA = DFEL + AAt - AAC (8) 

where the As are estimates of IIEs on chemical shifts in individual conformers, eg, ARg is the 

effect of deuteriation in an equatorial CH, (as in lE-d,) on the chemical shift of the geminal 

axial methyl group. 

The proton decoupled natural abundance 13C spectrum of l-d, shows four resonances near 31 ppm 

attributed to Met, Meg, Met, and CD, (from low to high field: the multiplet for CD, has not 

R R x Me R, u 3-d,, : R,=R,=CH, 

0 0 

K 

2-d,: R=CH, Me 6 
3E-d,: R,=CH,; R,=CD, 

2-d,: R=CD, 3A-d,: R,=CD,; R,=CH, 

Me j-d, : R,=R, =CD, 

Me Me 

been detected previously’). Carbon-12 isotopic substitution in the Meg group makes it 

possible to study mixtures of l-d, and either l-d, or l-d,. The spectra of such mixtures 

unambiguously show that IIEs are significant for Met and Me, in l-d,, contrary to the earlier 

assumption,’ because the average 6 for Me, and Met in l-d, is not equal to 6 for l-d, nor for 

l-d, .’ 
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3O2K: the observed value of DT = -0.06 ppm (CS,) justifies the limits (DT ) 0.1 ppm) 

previously assumed,’ (ii) to determine solvent effects DS on DSEL + DT at 3O2K, and (iii) to 

*’ estimate IIEs in 1E and 1A from values for 3E-d, and 3A-d,. these estimates were also used to 

calculate the IIE in l-d, relative to l-d,, with good agreement between observed (-0.0088 ppm 

in CS2, -0.0089 in CD,Cl,) and calculated (0.0088 and 0.0084 ppm) values. The values of AGe 

measured using equation (2) (Table) show that neglect of II&’ leads to errors of about lo%, 

comparable with estimates for 1 ,l ,3,3_tetramethylpiperidinium ion’b and contrary to their 

neglect by Anet, Saunders, et alia.’ Our results also show that this CEIE is essentially 

independent of solvent. It is therefore probably a true steric isotope effect in the sense of 

arising from contributions by Van der Waals nonbonded repulsions to the vibrational force 

constants of C-H(D) bonds in the overcrowded axial methyl groups in 1.” It must be noted, 

however, that such changes in vibration frequences have not been observed in compounds for 

which CEIEs have been measured 
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