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Adcock and Khor have recently reported 
19 

F chemical shift data for l-substituted 4-p- 

fluorophenylbicyclo[2.2.2loctanes, 2. 1 Correlation with Taft's (II and aRo parameters2 indi- 

cated a substantial field/inductive dependence for 
19 

F chemical shifts in & (PI = -1.82 in 
1 

CSHS) but negligble resonance dependence (p, = -0.07) . This is approximately half of the 

field/inductive dependence for 
19 

F chemical shifts in 2 (p, = -3.35 in CsHS3). These results 

were claimed to unambiguously demonstrate the dominance of field effects over II inductive ef- 

fects in derivatives such as 1 and zl, thus apparently resolving the continuing controversy 

concerning the relative importance of field effects 
4 

and II inductive effects 586 upco aryl 19F 

chemical shifts. 

However, it has recently been shown that the field/inductive dependence of 13C and "F 

chemical shifts in.2 is mainly due to field-induced polarization of the intervening v elec- 

tron system7. Similar n polarization effects have been noted from 
13 

C chemical shifts and 

carbon electron densities in 2, where X is an electronegative 8,9 group : 

Since 2 and 1 are closely related, it was anticipated that 3 should also show II polarization 

effects. Evidence supporting this view is presented below. 

CNDO/2 molecular orbital calculations were performad for 4-arrmoniobiphenyl in conforma- 

tions with coplanar and orthogonal phenyl groups and for 4-mnio-1-phenylbicyclo[2.2.2]- 

octane". It is seen that in all three cases, the phenyl groups show v polarization similar 

to 2. The magnitude of this effect (as measured by the v electron density change at C(4)') 
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is nearly equal for 4-amumniobiphenyl and for the bicyclooctane derivative, with both showing 

f polarization effects approximately one-half of that for coplanar 4-ammoniobiphenyl (see 

Table I). The n polarization effect in the former two compounds can be attributed to 

through-space transmission of the polar effect of the NK~' group8. The additional n polari- 

zation effect in coplanar 4-ammoniobiphenyl is due to polarization of the entire conjugated 

system, resulting in II electron transfer from one phenyl group to the other. This is prima- 

rily reflected by x electron density changes at C(2), C(4), C(2)' and C(4)' on going from 

orthogonal to coplanar 4-armnoniobiphenyl. 

Thus T polarization could account for the two fold decrease in polar effects upon 19F 

chemical shifts on going from 2 to 1. In support of this view, CNDO calculations for several 

polar derivatives of 1 show both phenyl II polarization and changes in fluorine 2p(r) electron 

density which are 13-S% of the n electron density changes at the adjacent carbon C(4)' (see 

Table II). A similar relationship between F and C(4)' II electron density change has been 

demonstrated for a series of derivatives K-C6H4-G-C8H4F7. Thus it appears that n polarixa- 

tion leads to concomitant changes in fluorine 2p(n) electron density. Assuming a propor- 

tionality factor of approximately 2000 ppm/n electron 11-13 , it is seen that, within the limits 

of accuracy of the calculation 
14 

, n polarization can account for a major part of the polar 

effects upon "I? chemical shifts in 1 (see Table II). The only major discrepancy concerns 

the ammonia derivative where the calculations markedly overestimate the polar effect of this 

group. Presumably this occurs because the calculations do not allow for solvation and ion 

pairing of the charged group8. 

The alternative explanation of direct field effects to account for polar effects on 19P 

chemical shifts in 1 does not seem viable. Direct field effects act mainly by polarizing the 

C-F 0 bond7. These effects can be estimated, using the Buckingham equation 
15 

and a previously 
7 

estimated value of Az3xlO" for C(sp2)-Fo bonds . A calculation of this nature indicates that 

direct field effects account for only about 25% of the polar effects upon 
19 
F chemical shifts 

in 1 (Table II)16. Furthermore a dominant direct field effect is inconsistent with the observ- 

ed two-fold decrease in polar effects from 2 to a. While the magnitude of the field effect 

depends upon the nature of the intervening molecular framework 
1,17,18 , previous calculations 

indicate that the bicyclo[2.2.2loctane group is only about 20% less effective than the phenyl 

group in transmitting field effects 
18 

. 

In conclusion, it is important to realize that the controversy cited in reference 1 is 

more apparent than real. Adcock regards n polarization as a form of field effect4 while Taft 

classified it as a v inductive effect l2 (following the earlier classification of Katritsky 

and Topsom"). While a case can be made for either view7, there is no real disagreement 

between the two groups, provided that it is accepted that n polarization is the dominant mech- 

anism of transmission of polar effects in 1 and 2. The available evidence all seems consistent 

with this viewlo. 
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It should be stressed that the conclusion that v polarization dominates over direct field 

effects applies specifically to aromatic systems where the probe group is essentially 
neutral (e.g. 13C or 19F chemical shifts). In the case of bensoic acid dissociation con- 
stants, where the field effect arises from a direct electrostatic interaction between 

the substituent and a changing probe group, direct field effects appear to dominate over 
polarization effects (W-F. Reynolds and P.G. Wezey, to be published.) 


