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Previous papers"') in this series have shown 
that ketyls of those benzophenone derivatives 
which consist of non-substituted phenyl groups 
and ortho-substituted phenyl groups (i.e., 2-
methylbenzophenone, 2, 6-dimethylbenzophe-
none, 2, 6-dimethyl-4-t-butylbenzophenone, 2, 4, 
6-trimethylbenzophenone and 2-methylcyclo-
hexyl phenyl ketone-group I) give extremely 
different ESR spectra from those of the ketyls 
of benzophenone and para-substituted benzo-
phenone derivatives (i.e., 4-methylbenzophe-
none, 4, 4'-dimethylbenzophenone, 4-t-butyl-
benzophenone, 4, 4'-di-t-butylbenzophenone, 4-
methoxybenzophenone, 4, 4'-dimethoxybenzo-
phenone and 4-ethylbenzophenone-group II). 
That is, although the ketyls of group II give 
well-resolved spectra, the ketyls of group I give 
less well-resolved spectra consisting of four 
broad lines. We have speculated that these 
four broad lines might be caused by a larger 
accumulation of free electron spin on a non-
substituted phenyl group - especially an ac-
cumulation at two ortho- and para-positions. 
In order to confirm this hypothesis, the ESR 
spectrum of the ketyl of d5-phenyl 2-methyl-
phenyl ketone was studied. Two other pieces 
of experimental evidence were also obtained 
in support of the authors' view. 

Results and Discussion 

The Ketyl of the d5-Phenyl 2-Methylphenyl 
Ketone.*2 -The ESR spectra of the ketyls of

the d5-phenyl 2-methylphenyl ketone (I) and 
of the phenyl 2-methylphenyl ketone (II) are 
shown in Fig. 1. ESR measurement was done 
in a dilute solution of the ketyl in tetrahydro-
furan (THF). When these two spectra are 
compared, the difference is quite clear. II 
gives four broad lines with a total width of 
21.7 gauss, while I gives a single line with a 
smaller total width of 18.5 gauss. Since the

Fig. 1 (a)

Fig. 1 (b)
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nuclear spin of deuterium is one, seven lines 
should be observed if the free electron spin is 
accumulated exclusively into two ortho- and 
para-positions of the non-substituted phenyl 
group. However, line broadening is caused by 
the thermal motion of the ortho methyl on 
the other phenyl group (time-dependent local 
field change), as is evident from the previous 
paper and from the following experimental 
results. The nuclear magnetic moment of 
deuterium is one-seventh that of protium. The 
results obtained above are, therefore, reason-
able. 

The Ketyl of the 2-Methylphenyl 4'-t-Butyl-
phenyl Ketone.-The ESR spectrum of the 
ketyl of the 2-methylphenyl 4'-t-butylphenyl 
ketone was obtained in a dilute solution of 
THE (Fig. 2). The spectrum consists of three 
broad lines. The intensity ratio of the lines 
is 1:2:1. This fact also shows that the free 
electron spin is exclusively accumulated at 
two ortho-positions of the 4'-t-butyl-substituted 
phenyl group.

Fig. 2

The Ketyl of the 2-Methylphenyl 3'-Chloro-

phenyl Ketone.-The ESR spectrum of the 
ketyl of the 2-methylphenyl 3'-chlorophenyl 
ketone was observed in a dilute solution of 
THE (Fig. 3). The spectrum consists of four

Fig. 3

broad lines. The intensity ratio of the 

spectrum lines is nearly 1:3:3:1. This result 

shows that the free electron spin density of 

the meta positions of the non-ortho-substituted 

phenyl group is nearly zero or, at least, very 

small. 

Discussion 

All the results so far obtained show that 

the free electron spin of the ketyl of the 

benzophenone derivative which is constructed 

form the non-ortho-substituted phenyl and the 

ortho-substituted phenyl is delocalized mainly 

on a non-ortho-substituted phenyl of the two 

phenyl groups. If we could assume that the 

splitting parameter for aromatic hydrocarbons 

(23 gauss) is also applicable to these ketyls, 

we could say that about fifty per cent of the 

free electron spin is located on the non-

substituted phenyl group, since the splitting 

between the four broad lines is about five 

gauss in almost all cases. The rest of the 

free electron spin will reside on the •EC-OK 

group. The structure of the ketyl has been 
the subject of extensive investigations.3-8) 
Recently Hirota9) showed the possibility of 
the existence of paramagnetic dimers due to 
the dimerization of monomer ion pairs. 
The simplest representation of ketyl structure, 
however, is III.

X=o-, m-, p-, CH3, CH3O, C(CH3)3, Cl, etc.

From the said results, the spatial arrangement 

of the ketyl which consists of the non-ortho-

substituted phenyl group and the ortho-

substituted phenyl group is to be represented 

by IV.

That is to say, the ortho-substituted phenyl 

group is bent out of the plane of the three 
central bonds because of the steric hindrance
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4) W. Schlenk and T. Weickel, Ber., 44, 1182 (1911). 
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of the ortho methyl group. Deguchi10) reported 

recently that the diphenyl nitric oxide deriva-

tive, which has an ortho substituent, gave an 

extraordinarily broad ESR spectra although 

the other derivatives gave a well-resolved 

hyperfine structure. He was inclined to con-

sider that most of the electron spin densities 

must be delocalized on nitrogen and on the 

ortho methyl group. However, this may be 

far from the truth. The same explanation as 

has been presented for ketyls may apply. 

Experimental 

The Preparation of the Ketyl and Measurement. 

-Ketyls were produced by the reduction of the 

corresponding ketones with a potassium metal. 

The measuring apparatus of the ESR was a usual 

vacuum vessel. THE was dried over K-Na alloy. 

Synthesis of Material.-d5-Phenyl 2-methyl-

phenyl ketone was synthesized from d6-benzene 

(99.5 atom%) and o-toluyl chloride using the usual 

Friedel-Crafts reaction (b.p. 131•Ž/2mmHg). d6-

Benzene was synthesized by the exchange reaction 

between benzene and D2SO4 (concn. 50mol.%) . 

D2SO4 was made by mixing D2O and anhydrous 

SO3 (ƒÁ-form). 

The physical constants of the other ketones are 

as follows: 

Boiling point

2-Methylphenyl 4'-t-butylphenyl 160•Ž/2
.0mmHg ketone 

2-Methylphenyl 3'-chlorophenyl 144-148•Ž/ 

ketone 3.5mmHg

Summary 

The ESR spectra of the potassium ketyls of 
d5-phenyl 2-methylphenyl ketone (I), phenyl 
2-methylphenyl ketone (II), 2-methylphenyl 
4'-t-butylphenyl ketone and 2-methylphenyl 
3'-chlorophenyl ketone have been measured in 
a tetrahydrofuran solution. 

II gave four broad lines, and I, a single line 
with a smaller total width. It is considered 
that the ortho-substituted phenyl group is 
bent out of the plane of the three central 
bonds because of the steric hindrance of the 
ortho methyl group, and that then the free 
electron spin is accumulated at a non-substi-
tuted phenyl group-especially at the ortho-
and para-positions. 

The findings on the other ketyls support 
the above hypothesis. 
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University. The authors would like to express 
their sincere gratitude for his valuable discus-
sion and for the use of his apparatus. The 
remainder of the work was done with the 
help of a scientific research grant of the 
Japanese Ministry of Education. 
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