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Figure 1. Correlation of 13C1 substituent effects A7 in compounds 1 (X 
= CH3; R = H) and 3b-d with steric forces IF. 

shifts6'1' in these compounds provide a more rigorous test for 
the steric interaction mechanism (Figure 1). For calculation 
of the substituent effect, the steric force exerted by the hy
drogen, which is to be substituted, has to be subtracted from 
that exerted by the substituent. It should be noted that the 
forces as obtained by eq 1 and subsequent summation originate 
not only in the direct interaction with the substituent, but 
partially also in secondary carbon skeleton distortions brought 
about by introduction of the substituent. Thus, replacement 
of hydrogen by methyl in the 7 position of the rigid norbornane 
system 3b generates additional forces by, e.g., C7 interaction 
on the syn H atoms at C2/C3, which amount to ~40% of the 
primary interaction by the CH3 atoms. Consequently, up to 
11 interactions have to be taken into account for the F sum
mation of a single compound;5 the linear function so obtained 
(correlation coefficient r = 0.976) strongly supports the 
Grant-Cheney mechanism.12 The sensitivity obtained from 
2F /Av plots change from 20 X 105 (Figure' 1) to ~ 5 X 105 

ppm/dyn, if one uses another4 FF for the S F calculation. This 
is not unexpected in view of the present FF discrepancies re
garding nonbonded interactions. 

Several cases seemingly contradicting the Grant-Cheney 
mechanism involve deshielding by steric interaction of 5 
groups.13 Since few of these examples include an alicyclic 
hydrocarbon without polar groups, we have prepared 1, exo-
2,7,7-tetramethylbicyclo[2.2.1]heptane (4, X = CH3) via the 
Wittig reaction with camphor. 4 (X = CH3) indeed shows 
deshielding at the .yyn-7-methyl carbon by 1.3 ± 0.2 ppm in 
comparison to 4 (X = H). We note first that the Grant-Cheney 
mechanism may involve downfield shifts, if 6 < 90° (eq 1). 
Summation of the forces exerted on syn-1-CH3 by exo-2-CH3 
alone, however, would predict a shielding by ca. —18 ppm. 
Inspection of the geometry obtained by FF calculation for 4 
reveals that introduction of the exo-2-CH^ group leads to a 
more eclipsed torsional angle for the 5>'«-7-CH3 group. This 
secondary effect generates positive as well as negative forces 
on the participating C-H bonds. Since a large number of rather 
small forces change in going from 4 (X = H to X = CH3), our 
model is, at the present time, not accurate enough for a safe 
prediction of the sign for 2F . It is possible that many substit
uent induced shifts of methyl groups are partially due to con
formational change at this group. 
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Electric Field Effects on 
Carbon-13 Nuclear Magnetic Resonance Shifts 
in Heterosubstituted Alkanes 

Sir: 

Electric effects are expected to play a major role in the 
screening constants for carbon nuclei in aikanes containing 
polar groups. The deficiencies of electron densities obtained 
by MO calculations or of steric effects for the evaluation of' 3C 
shifts1 have led us to investigate classical approaches to 
shielding mechanisms in monosubstituted alkanes. Bucking
ham et al.2 expressed the shielding of monovalent nuclei, such 
as 1H, as the sum of square electric field effects (E2) and linear 
field effects Ez- The deshielding symmetry distortion of a Ci 
atom electron cloud by a fluctuating Ca-X dipole is given by 
eq 1, where r\ is the distance from the middle of the C-X bond 
to Cj, I\ the first ionization potential of X, and Pcx the po-
larizability of the Ca-X bond. 

(E2) = 3IxPcxri- (D 
The polarization of electrons at a Cj-Y bond by an intra

molecular point charge q can be approximated by 

AGQY = -PCIY/QY V (2) 

where Agqv is the charge separation induced by a static 
electric field, PQY the polarizability of the Ci-Y bond, 
/QY its length, r its distance from q, 6 is angle to the acting 
electric field vector. Neglecting higher order terms, eq 2 rep
resents Ez and is expected to be observable over larger intra
molecular distances, whereas, owing to the r~6 term, the van 
der Waals effect (E2) falls off sharply, e.g., from 100% at C0 

Communications to the Editor 



8364 

• A<5 • Ao 

NH9* 

( 10"12 esu ) <E2> 
Figure 1. Correlation of substituent induced shifts on C^ in cyclohexancs 
with square electric field effects. 

to 5% at C 7 and 2% at Q in a normal alkane chain. 
Feeney, Sutcliffe, and Walker3 were the first to describe C 3 

carbon "shifts by eq 1. Application to geometrically well-defined 
cyclohexanes leads to fairly linear relations for halides (Figure 
1); the absolute shift difference observed for e (equatorial) and 
a (axial) substituents4 can be ascribed to bond angle widening 
in axial conformations.1 The deviations observed for substit
uents, such as CH3, OH, NH2 , are most likely not due to steric 
effects,' but to additional field effects of these less symmetrical 
groups. 

Linear electric field interactions (eq 2) have been used to 
rationalize, e.g., protonation 13C shifts in amino compounds.5'6 

Heterosubstituted alkanes pose the additional problem of de
fining location and charge at the polar bond. We have used 
C-X dipole moments and some CNDO calculated electron 
densities7 for locating point charges at C„ and at X with a 
subsequent A Q Q Y summation over all bonds attached to the 
observed carbon Q . Calculations were based on molecular 
structures obtained individually for different e- or a-substituted 
cyclohexanes by a suitable force field;' the middle of the Cj-Y 
bonds was taken for the longitudinal action only of the field 
vector, assuming a homogeneous field along the bond. Al
though the field-induced electron flow in saturated compounds 
is expected to be substantially smaller than in compounds with 
multiple, more polarizable bonds,8-9 satisfactory correlations 
ofC 5 shielding in cyclohexanes are observed (Figure 2). The 
sensitivity of 400 ppm/e is in the expected range (errors of 10% 
in q, P, and 0 and 2.5% in r will give deviations in 2Agi of 
35%). 

Comparison of C 7 shifts in cyclohexanes with 2A(2i gen
erated by the Cn and X point charges gives poor correlations 
with +1900 and —1200 ppm/e for e and a substituents, re
spectively. However, in contrast to the electric field effect on 
more remote carbon atoms, the polarization at C 7 markedly 
depends on the small secondary charge alternations induced 
at Cf) by varying X. Thus, allowing for an electron density 
accumulation at C 3 increasing from 0 to only 2% going from 
X = H to X = F, one arrives at fairly linear correlations of the 
tripole (X, Cn , C3) effect on C 7 with 150 ppm/e for e- and 500 
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Figure 2. Correlation of substituent induced shifts on Q-„ in cyclohexanes 
with linear electric field effects. 

ppm/e for a-substituted cyclohexanes. The same set of point 
charges leaves the correlation of C5 shifts to 2AQ (Figure 2) 
undistorted. Although no theoretical model presently available 
can be expected to reproduce the very small charge alternations 
quantitatively, it is noteworthy that the charge accumulation 
effect at C 3 by back-donation from heteroatom lone electron 
pairs is found in MO-calculated Mulliken populations, par
ticularly with fluoroalkanes.10 Thus both syn- and anti-7 ' 3C 
substituent-induced shifts can originate in classical field ef
fects. 
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