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It is now ~011 known1 that benzene ooueee coneiderable Bolvent shifte of pi-&m 

reacnauoea (A- TC6D6 - fCCla) with respect to IYI 'inert' solvent in WWD spectra. The 

origin of suoh solvent shifts ie believed to lie in the ability of ben5ene to aolvate an 

araaatic or aliphatic eolute moleoule at electron defioient sites of looal dipolerr in a 

eteroepecific manner, the ehifta arirring due to the magnetic auia+ot.ropg of the benzene ring. 

It has been suggested by William6 and co-workers1 that nonplenar collieion ocqplexes are 

formed, in which the JT-electron syrtem of beneene interacts in such a ra(y that the benzene 
4 

r5ng liee aa far ~8 possible from the negative end of the dipole. Thus, in the ~880 of 

dimethylaniline the metbl groups are shifted upfield and the areoatic protone downfield in 

benzene relative to carbon tetraohloride, and Willisme h.sa aocormted for this by the ache- 

matic repreeentation: 
- 

0 
// 

(-029 Hq+y~;(+O.., 

(-0.1; &*oq 

In connection with other work we have had ocoaeion to detenuine the M[R spectra of 

N-methylaniline and the toluidinee in various solvents at 100 MO. The results obtained, by 

a first-order aualyeis of the spectra, are mmxoarised in Table I. In the case of m- sad p- 

toluidine the position of the methyl resonance haa not been ehifted to any rrignifioant 

extent, wherea in the case of o-toluidine and I-methyleniline the met*1 grcupe are 

strongly shielded in benzene. In the latter cases both methyl groupe must lie under the 
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Solute 

cH3 
NH 

N-Methylaniline +O.& +o.gs 

o-Toluidine +0.28 +0.65 

m-Toluidine +O.og +0.76 

p-Toluidine +0.05 +0.76 

Toluene2 +0.23 

TABLE I 

solvent shifts (A, 

H2 J H4 Hs H6 

+0.06 -0.11 -0.16 -0.11 +o.c6 

-0.08 -0.13 -0.19 +O.lO 

+O.ll -0.13 -0.11 +o.Oy 

+o.og -0.07 - -0.07 +o.og 

shielding cone of the associated benzene solvent molecule. The fact that the met*1 groul~s 

in m- end p-toluidine sre moved upfield slightly in benzene, not downfield as in the case of 

the corresponding ring protons in dimethylsniline, suggests that the methyl flcupa am 

secondary sites for solvation by the benzene solvent molecules, the interaction being 

weaker, however, than the solvent-solute interaction associated with the smino group. The 

fact that these methyl groups are not shielded to the ssme extent as in toluene can be 

attributed to their lying in the deshielding region of the benzene solvent molecule associated 

with the amino group. 

The other apparent anomaly is that all the ortho protons are shielded slightly, 

whereas in the case of dimetbylsniline all the ring protons are deshielded. Ve believe 

that this msy be explained in terms of the angle between the planes of the solvent and solute 

molecules. As the amino group becomes more substituted, so the plane of the solvent 

molecule becomes more steeply inclined to that of the solute. Consequently, the solute 

aromatic protons would be brought progressively further into the deshielding zone of the 

solvent. ~Smn the amino group is unzubstituted or mono-substituted the solvating molecule 

can lie closer to the electron deficient site and can be inclined less steeply to the plane 

of the solute molecule. To test these conclusions we have exsmined a further series of 

primary (Table 2), secondary (Table 3) and tertiary arcmatic amines (Table 4). 

The ortho protons of the primary smines are all shielded as eqected, except that 

ortho to both an amino and methowl group, but it has recently been shown2 that an ortho- 

methql group makes the solvent shift of an adjacent substituent more negative compared 
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Solute 

Aniline 

*o-Anisidine' 

"m-Anieidine 

+p-Anisidine 

9 NH 

+0.71 

+o.47 +o.39 

+0.31 +0.72 

+0.27 - 

* At 60 MC 

TABLE ? 

solvent shift (A> 

Ii2 H3 E4 

+0.17 -0.04 -0.09 

-0.03 - -0.11 

+0.13 -0.16 - 

H5 H6 

-0.04 l 0.17 

-0.10 

-0.16 

+0.04 

+0.13 

Arcmatic region too complex for a first-order anal.ysis 

Solute 

o- / \ 
- 

NH.kH2:H3 

with the unsubstituted isomer, 

In the case of seccndmy 

benzene with respect to carbcn 

deshielded. It is of interest 

1 TABLE 

solvent shift (A) 

c1 c2 c3 c4 O 
m 

+0.35 +0.41 . 0.00 -0.13 

+0.31 +0.36 +0.28 - 0.00 -0.14 

+0.32 +0.35 

P 

-0.19 

-0.20 

+0.17 +0.12 -0.03 -0.00 

or m- and p- isomers. 

amines (Table 3) the ortl~o protons are not deshielded in 

tetrachlo?ide, whereas the m- and p- proton6 are significantly 

to note that the shielding of the side chain is at a ~.aximum 

for approximately C2, as com;)ared with the _~rely ali:>hatjc snalogue, n-butylamine, where the 

shielding decreases in a uniform manner: 
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Solute solvent Shift (A) 

* 

0 ’ ’ - N(Ai2&3)2 

/ \ Q B(dH3)2a 
CH3 

N(:H3& 

With tertiary aminee, however, the ortho protons are deehielded, in agreement with the 

above mentioned conclusion8 o0ncerdng the degree of inclinaticrm of the solvent to solute 

c1 

+0.30 

+O.20 

4.33 

+0.31 

TAmEI 4 

c2 

+0.24 

c-cH3 

-0.02 

+0.03 

0.00 

t 

H2 

-0.06 

-0.12 

-0.13 

* At 60 MO 

a Aromatic regi;ian complex 

H3 

-0.17 

-0.16 

=4 

-0.20 

-0.22 

85 H6 

-0.17 -0.06 

-0.14 

-0.16 

-0.10 

-0.13 

planes. Even the ortho-metwl group chows a slight downfield ebift, wherese there ie a 

considerable upfield shift in the case of o-toluidine. The N-methyl groups are not ae 

etrongly shielded in the ortho-isomer as with the m- and p- isomers or N-metI&niline, but 

this ie pzwbably best ratianalieed in terme of greater steric inhibitim of reecmance 

resulting in a weaker solvent-solute interaction (although the angle between the solvent 

and solute planes would be expected to affect the ahielw of the alQ1, 88 well aa the 

awnatic,pratons). Further investigations of solvent shifts in 8miues are in progress. 
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