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Becently mrrh attention has been paid to the bond or rubstituent diamagnetic 

anisotropy effect on proton nmr chemical shift(2). In estimating the long-ranBe 

diamagwtic anisotropy effect, McConnell88 equation(3), bani = CAx(1 - 3cor20)3/ 

3x3 , has frequently been used and scassttis a satisfactory agreement was reported 

between the predicted and observed shifts for aliphatic or alicyclic caapounds 

containing C-C(4,5),C=C(5), c%(6), GN(6) or C&alogen(4,7) bonds. An application 

of this equation to nmr spectra of halobensenes wss, however, rather unsuccessful 

(8) though such an attempt seemed promising as to interpret the Nanoaulou8n behavior 

of halogen substituents in comlsting proton chemical shifts of monosubstituted 

benzener(II1) with reactivity parameters like Hmtt's dconstants in terms of 

their diamagnetic anisotropy(9). It has not yet been decided, however, whether 

this failure is due to the absence of diamagMtic anisotropy effect or to the 

inadequate form of McConnell~s equation , or simply this effect is mashed by other 

substituent effects. 

In the preceding c amamication(1) w have compared proton nmr spectra of 

various 4,4'-disubrtituted 2,6,2',6'-tetramethylbiphenyls(1) with those of l-substi- 

tuted 3,5-dimsthylbentenes(11) and found that the inductive (or field) effect of 

substituent h on EA or &A proton shifts are practically null in I. This observa- 

tion prompted us to ezsmine the related systems to clarify the above uncertainty 

on the diamaSrmtic anisotropy effect. Thus four 4,2@-disubstituted 2,6,4',6*- 

tetramethylbiphenyls(I~) (& = Cl, Br, I and H) were prepared(l0) and their proton 

nmr spectra wl)re determined. 8 values of BA and &A proton8 are 7.07 and 1.91 for 
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g = Cl, 7.22 and 1.92 for z = Br, 7.43 and 1.82 for 6 = I and 7.02 and 1.9Oppa 

for & = H, asspectively. 

In TABLE I tb Soasstric factor 9 = (1 - 3cos29)/3g3 for & or &A protons 

of I snd I' alative to zr, , aud SCS(ll) for these protoas are listed. Those of 

II and III arm also included for the sahe of reference. In calculating ths 0 

values the point dipole approximation was used and the dipole was aasumsd to locato 

mar the ceater of C-halogen bond. For msthyl protons an averago position was tahen 

In fact the protons rotate about the C-Ma bond, so Land 0 anast be averaged over 

this rotation. The ainteSratedu 4 valuea for a-& protona of II, -0.0038, -0.0038 

and -0.0046 for Cl, Br and I, respectively(l2) are essentially in the similar mag- 

nitude of the saveraSen fi values , so the latter seems sufficient for tha present 

purpose. The positive 4 values for 1' means dounfield shifta(ti<O). 

Aa was pointed out, & SCS of I are nearly identical with 2-8 SCS of II. In 

this case theIs values are relatively small and the diamagnetic anisotropy effect 

of &S nQht not be sufficiently transmitted to the remote a. To our surprise, 

$& SCS of I9 am also nearly ideatical with Q-U SCS of II, thou&~ in this case 

the 191 values are nearly 40% of those for a-8 of III. It aeema that halogen 

dia&ntic anisotropy effect on l ranatic proton shifts is aot important, or at 

lea&, this effect is rrmch smsller than that predicted by McConnell~s equation. 

A comparison of &(or g-E) SCS for I and I'(or II) are also suggestive. That 

SCS differences betuaen I and II are small(leas than 0.03ppm) again suggeats the 

effect of & on & shifts is neSliSible(l3). This is supported by & SCS of 1' 

where McConne11~8 equation predicts a large downfield shift ails the observed SCS 

are reverse in direction(particularly when z = I). 
. 

Recently Smith 9& &(lq)sugSested that the shieldings of aromatic proton 

meta to a substituent is dus to a combination of "through space" and "through bond" 

mechanism, the first of which might be insulated if a second l ubmtituent is placed 

betwon ttm substituent and msta proton. Cur results seem to indicate that the 

long-range "throuSh apace” effect of haloSens are originally absent irrespective 

as to *ether an insulating group is present or not. A comprehensive theory as 

for the origin of proton shifts of halobensenes ia being awaited. Study on this 

problem ia under progress in our laboratory. 
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TABLE I 

Geometric Factor(g) end SCS for I, I@, II and III in CCQ. 

COQQOUllds i SCS(Ppa) 

LI d III 

XI 

II 

qIijr@y& I 

Me Me 

x-M I’ 

Me Me 

Cl -0.0097 

Br -0.0093 

I -0.0091 

Cl m-w -0.03= 

Br m-w -0.22= 

I w-e -0.42' 

Cl -0.0018 -0.05 

Br -0.0018 -0.22 

I -0.0017 -0.42 

Cl 0.0035 -0.05 

Br 0.0036 -0.20 

I 0.0037 -0.41 

Cl -0.0048 o.oo= 

Br -0.0047 0.01= 

I -0.0046 0.03= 

Cl -0.0038 0.03 

Br -0.0038 0.00 

I -0.0038 0.04 

Cl 0.0081 -0.01 

Br 0.0081 -0.02 

I 0.0072 -0.08 

O.Osb 
0.09b 

0.22b 

a) Values are for the indicated protons relative to the indicated l ubstituent. 
b) Jhta taken from K. Bayamim and 0. Yamamoto, J. Mol. Spectroscopy 25, 422 (1968). 
c) Data taken from ref. 1. 
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It ir intererting to notice that, whatever i8 the origin of the oubatituent 

effect in general, the haloSen 8ub8tituent effect i8 reluctant to the tranrmis- 

*ion to methyl protons. Thur a plot ,of e_2! SCS of III u. g-h SCS of II gave 

a linear comlation with a slope of a. 0.5 for molt of the 8tandard aub8ti- 

tuenta except halogens, for rhich the ob8erved g-a SCS are mch omaller 

than tho8e predicted by thi8 correlation. 
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