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Considerable interest has been devoted to the nature of 
the transmission of substituent effects in a-substituted methyl 

Table I. I3C NMR Chemical Shifts in Para-Substituted 
Benzyl Compounds a 

Regis t ry  
no. x Y c, c, 

~ ~~ 

106-42-3 H CH, 134.6 129.0 

104-82-5 C1 CH, 134.6 128.5 
589-18-4 OH CH, 138.0 127.1 

104-81-4 Br CH, 134.8 128.9 

106-38-7 H Br 136.5 130.7 
589-15-1 Br Br 136.7 130.6 
589-17-3 C1 Br 136.4 130.1 
873-75-6 OH Br 139.8 128.5 
104-93-8 H O M e  129.7 129.9 

2746-25-0 Br O M e  130.3 129.9 
824-94-2 C1 O M e  130.0 129.7 
105-13-5 OH O M e  133.4 128.5 

100-11-8 Br NO, 144.9 129.9 
99-99-0 H NO, 146.2 129.9 

100-14-1 C1 NO, 144.5 129.4 
619-73-8 OH NO, 149.8 127.2 
108-88-3 H H 137.8 129.3 

100-44-7 C1 H 137.5 128.6 
100-51-6 OH H 140.5 127.2 

100-39-0 Br H 137.8 129.0 

a In par ts  p e r  million from Me,Si. 

c3 c, 
129.0 134.6 
129.4 138.3 
129.3 138.1 
129.1 137.6 
131.1 119.0 
131.9 122.4 
131.9 122.4 
131.5 121.3 
113.8 157.7 
114.7 159.7 
114.0 159.6 
113.7 158.9 
123.4 146.2 
123.9 147.7 
123.9 147.8 
123.6 147.2 
128.5 125.6 
128.6 129.0 
128.5 128.3 
128.6 127.7 

CH, 
20.9 
33.7 
46.1 
64.8 
20.8 
32.8 
45.3 
64.3 
20.4 
33.9 
46.3 
64.6 
21.5 
30.9 
44.6 
63.5 
21.3 
33.4 
46.2 
64.9 

Table 11. I3C NMR Substituent Shifts for CI and Cq in 
Para-Substituted Benzyl Compounds 

Y 

X CH:j Br O M e  NO2 H 

c1 

Br 0.2 0.2 0.6 -1.3 0.0 
c1 0.0 -0.1 0.3 -1.7 -0.3 
OH 3.4 3.1 3.1 3.6 2.7 

c4 

Br 3.7 3.4 2.0 1.5 3.4 
c1 3.5 3.4 1.9 1.6 2.7 
OH 3.0 2.3 1.2 1.0 2.1 

aromatics.' The two mechanisms which have been generally 
proposed to  explain the observed results involve hypercon- 
jugative type interactions and *-inductive effects. As both of 
these mechanisms work in the same direction (for example, 
they decrease charge density a t  the para position) it is some- 
what difficult to differentiate between them. I3C NMR is well 
suited to such studies because it has been shown that the para 
carbon chemical shift is linearly related to the electron density 
a t  that position.2 However, simple inspection of comparative 
shift data may result in an erroneous conclusion (vide infra). 
In order to assess the relative importance of hyperconjugative 
and *-inductive effects, i t  is instructive to  use the dual sub- 
stituent parameter (DSP) treatment.3 Here, hyperconjugative 
interactions become apparent in the importance of the reso- 
nance term (r) ,  while r-inductive effects appear in the in- 
ductive-field parameter (f).3b 

Recently, Taft  e t  al. have reported that for para-disubsti- 
tuted benzenes, the r-inductive effect is manifest by a 
nonadditive behavior of the carbon-13 substituent  effect^.^ 
Ab initio calculations have also indicated that r-inductive 
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Table 111. DSP Analysis of the CI and Cq Carbon Chemical Shifts" 
- f r a b  b b  1 r Av dev Range 

C1 

CH2OH 5.16 19.55 0.694 0.909 140.5 
CHzCl 3.63 18.33 0.579 0.944 137.4 
CHzBr 3.74 18.39 0.585 0.942 137.7 
CHzH 4.39 20.57 0.595 0.935 137.8 

C4 

H 4.33 0.24 0.988 0.065 125.6 
CHx 4.85 -0.99 0.988 -0.449 134.6 
Br 4.81 0.07 0.999 -0.297 119.0 
OMe 2.82 0.27 0.997 -0.235 157.7 
NO2 2.21 0.13 0.994 -0.263 146.2 

6 = fF + rR + 60. Correlation coefficient of 6 = fF + 60 ( a )  or 6 = rR + 60 ( b ) .  

0.994 
0.999 
0.998 
0.996 

0.990 
1.000 
0.999 
1.000 
0.995 

0.63 
0.20 
0.24 
0.34 

0.15 
0.01 
0.05 
0.00 
0.05 

16.4 
14.5 
14.6 
16.5 

3.4 
3.7 
3.4 
2.0 
1.6 

Table IV. One-Bond Coupling Constants for the 
Methylene Carbon 

Y X J .  Hz 

H 
Br 
OMe 
NO2 
Br 
OMe 
H 
H 
Br 
OMe 
NO2 

Br 
Br 
Br 
Br 
OH 
OH 
OH 
H 
H 
H 
H 

152.5 
152.6 
153.2 
153.2 
142.8 
141.5 
140.0 
126.0 
126.7 
126.0 
127.1 

effects are important in the benzene series5 In this light, it was 
decided to investigate the substituent effects for some para- 
substituted benzyl compounds,6 using the DSP treatment. 

All of the chemical shift values and the substituent shifts 
a t  C1 and C4 are given in Tables I and 11, respectively. As- 
signments were made by consideration of substituent effects 
based on simple benzyl  derivative^,^ para-substituted toluene 
data, and on the "fingerprint" pattern of the proton coupled 
spectrum.8 For instance, each half of the coupled spectrum 
for CB appears as a doublet ( J  = 3.5-8.0 Hz, depending on the 
para substituent), while the CZ resonance appears as a quintet 
or a sextet depending on the size of the long-range coupling 
constants. Full analysis of the spectral patterns was not at- 
tempted owing to some second-order effects. 

The DSP analysis of the substituent effect observed a t  C1, 
obtained by varying the para substituent, is given in Table 111. 
The result is quite unexceptional indicating that resonance 
effects are dominant. The relative importance of the f and r 
values is seen to vary slightly, suggesting that there may be 
a small difference in the *-inductive effect of CH3, CH20H, 
CHZBr, and CH2CL4 

The DSP analysis for the C4 chemical shifts was performed 
by varying the a-methyl substituent. I t  is immediately obvious 
that the para substituent markedly influences the magnitude 
of the inductive f term. The resonance interactions, in com- 

parison, are unimportant and the values given for r may be 
an artifact of the regression analysis. The data strongly suggest 
that hyperconjugative interactions at  the para position are a t  
best a minor contributor to the observed substituent effect 
in benzyl systems. This observation is consistent with the data 
based on 19F NMR obtained for p-fluoro-a-substituted to- 
l u e n e ~ . ~  The influence of the para substituent on the f value 
is seen to be substantial and the trend observed is similar to 
that found for the para-substituted benzene systems. 

The above conclusion is further supported by the one-bond 
carbon-hydrogen coupling constants for the methylene carbon 
(Table IV). If hyperconjugative interactions are important, 
then rehybridization of the methylene carbon from sp:' - 
sp2-like should occur to some extent. This should result in an 
increase of this coupling constant va1ue.l" The values ob- 
tained, however, are quite normal and thus inconsistent with 
the hyperconjugative notion. 
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