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Abstract. Spin-spin coupling constants for carbon-carbon single bonds vary with 
the orientation of lone pairs on adjacent nitrogen atoms and of adjacent carbonyl groups. 

IT IS WELL known that carbon-hydrogen bonds and hence nuclear spin-spin coupling constants 

CIJCH) are sensitive to the orientation of nearby non-bonding electrons and unsaturation. 

In rarticular it has been observed that 'J,.h is smaller for axial than for equatorial C-H 

bonds adjacent to atoms with non-bonding electrons in six-membered ring compounds Cl) or 

adjacent to a carbonyl group in 2Cor 6)-halogenocyclohexanones (2). 

In contrast, no important stereochemical effects on one-bond carbon-carbon coupling 

constants CIJcc) have been reported. Hansen. Paulsen. and Berg found that 'J cc for a 

carbonyl carbon atom directly bonded to an aromatic ring is insensitive to steric hindrance 

to resonance caused by ortho substituents (3) and most measurements of 'J cc have been made 

on compounds in which stereospecific effects. if present, cannot be readily separated from 

other factors. We have now sought and observed substantial stereochemical effects on 'J cc 

using six-membered ring compounds having a methyl group enriched in carbon-13. The coupling 

constants were measured from proton decoupled spectra by observing the natural abundance 

signals, split by coupling to the enriched methyl group* of the C-2 carbon atoms in the pairs 

of stereoisomers L-2 (see Table on the following page). 

The differences AJ Ccis-trans) for the piperidinium salts Land 3_show that when there -- 

are no non-bonding electrons or unsaturation stereochemical effects on 'J cc for single C-C 

bonds are small and indeed insignificant at the level of precision of the present data. In 

contrast. AJ for 2, A, and 2 are substantial and in all three pairs 'J cc is larger when the 

C-methyl group is equatorial. A similar trend found for axial and equatorial C-H bonds in. 

eg, derivatives of tetrahydropyran and 1.3-dioxane Cl) has been rationalised in terms of 

overlap of non-bonding electrons with anti-bonding orbitals of the C-H bonds (4). This 

overlap was predicted to increase 'J CH when the non-bonding electron orbital and C-H bond 

are cis or gauche but to decrease it when the latter are trans. It is probable that similar - 

interactions occur with C-C bonds and the observed differences AJ may be rationalised 

qualitatively on this basis using the known or predictable conformations of the compounds A-_1 

First it should be noticed that inductive effects appear to be small for'Jcc (compare 

1 or? with 5 the most important difference should be the change from N' to 0. In the 
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TABLE. One bond carbon-carbon coupling constants for C(Z)-CCMe) in diastereomeric 

pairs of anancomeric derivatives of piperidine Q-3 and cyclohexanone (2. 

Compound Solvent 

CF2C02H 

'J CC (Hzja AJ (Hz) 

cisCea-Me) transcax-Me) Ccis-trans) - -- 

36.4 36.6 -0.2 

3: 

4: 

5: 

6: 

CDCL3 

CF3C02H 

CDC13 

38.4 36.5 +1.9 

36.8 37.3b -0.5 

CDC13 33.8 37.6 

(No solvent) 35.6' 1 

39.3 35.3 +4.0 

+3.8 

afO.l Hz. 
b 

kO.5 Hz: the uncertainty is mainly caused by interference from overlapping 

lines. 

'For C(l)-equatorial methyl: measured at -90'; previously reported to be 36.0 Hz (13). 

second place the inductive and/or steric effects of N-methyl groups in the ions (see note 5) 

are barely significant (compare5 withA)_ The effect of N-methylation in the cis-amines - 

(compare cis-2 with cis-4) may be due to one or more of a number of factors, eg: -II -- 
. . . . 

a. A difference between >NH and >NMe (in eq-cis-2 and cis-4: the N-methyl group in 

the latter is expected to be predominantlyq~atori~;;)); 

- 

b. Differences between apparently similar gauche relationships for non-bonding electrons 

CNBE) and C-H bonds in eq- and ax-cis-2; - 

C. Effects of differing steric strains Cie. NH...CMe in cis-2 and NMe...CMe in cis-4). - - - -- - 

which are unlikely to be closely comparable in the ions and in the amines (6). 

Whatever the relative importance of such factors. however, the large differences between 

diastereomeric amines compared with the small or negligible differences between diastereomeric 






