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Hyperfine coupling constants of carbons in the benzene ring of
phenyldiazenyl radical were determined. The high hfs constant of C-1,

62.2 G, is a characteristic nature of phenyldiazenyl.

We have previously reported the detection of aryldiazenyl radicals by the ESR
1)

method in a steady state concentration at low temperatures. Based on the experi-

mental hfs constants of N and H by reference to the INDO calculations, we proposed

a conformation of phenyldiazenyl with the N=N group, rotating about the C1—N2 bond

axis. We describe here further results on 13C hfs constants of the benzene ring of

the radical.

In Table 1 the 13C hfs constants of phenyldiazenyl radical are listed together

14 1..1)

with those of N and H, in comparison with the hfs constants of phenyl radical.

Table 1. Hyperfine Coupling Constant of Phenyldiazenyl and Phenyl Radicals

Hfs const. Phenyldiazenyla) Phenyl
Position Found Calcd1) Found Calcd (G)b)
N-1 9.45") 5.26 - -
-2 22.5 18.14 - -
c-1 62.2 13.10 135.212) 151.3
-2 2.06 0.67 7.42 -4.8
-3 0.51 0.21 12.56 10.8
-4 0.10 0.48 1.27 -2.6
H-2 0.0V 0.65 17.4°) 18.8
-3 1.20 0.76 5.9 6.1
-4 0.0 -0.23 1.9 3.9
a) The numbering of atoms in phenyldiazenyl radical is as follows:
H H
\3 2 .
-4 1 =N
-4 2
b) 1 G =10 T
H H

1, 2, 3) See the references in the text.

ESR spectra of 13C—phenyldiazenyl radicals were reproduced in Fig. 1.
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The hfs constant of 13C—1 of phenyldiazenyl was high and near one half of that

of phenyl radical.z) The experimental value was about 5 times as large as that cal-

culated by the INDO method for the conformation of the minimum total energy, which

1)

gave a fair coincidence of N and H hfs constants with those of experiments. The
o o
dimensions used in the calculation were as follows: C1-N2 = 1.40 A, N2-N1 = 1.20 A,

1 w2 1

and angle C =N"-N = 140°.

The pattern of 13C hfs constants of phenyldiazenyl was different from that of
phenyl radical with respect to the alternation of spin densities of the latter rad-
ical: phenyldiazenyl showed spin densities decreasing strongly from the 1- to the
4-position. Although the INDO calculation reproduced the ESR results fairly well
for phenyl radical (see Table 1), this does not so for phenyldiazenyl as was de-
scribed above, and also not for the hfs constant of C-4. The calculations gave al-
ways higher values for C-4 than those for C-3, and this is contradictory to the ex-
periment.

The optimized configuration of ethyldiazenyl radical by the MNDO method4) is

similar to that of phenyldiazenyl by the INDO method1) in the group C1-N2—N1: the
bond length N2—N1 in ethyldiazenyl, 1.15 g, is close to 1.20 g in phenyldiazenyl
and the angle C1—N2-N1, 133°, close to 140°, although the bond length C1-N2, 1.53
g, differs from 1.40 g, caused by the change of orbital from sp3 to sp2. The spin
density in 2s of C1 calculated for ethyldiazeny14) is ca. one third of that of N2
N The high hfs

of diazenyl radical is not compatible with these optimized configu-

and this is also the case for phenyldiazenyl in the INDO method.
constant of C1
rations.

The spin distribution in phenyldiazenyl was very different from that of benz-

5) 13

oyloxyl radical. The C-carbonyl of benzoyloxyl exhibited a hfs constant of

13.3 G and the most of the spin density of the radical was localized in 2p orbitals

of both oxygens. The hfs constant of C-1 of the benzene ring can be assumed to be

small, because 13C—1 and 13C—2 of 4,4-dimethyl-2-pentynoyloxyl radical afforded

13.3 and 4.92 G, respectively.6)

Benzoyl radicals are similar to phenyldiazenyl radicals, except for the high
hfs constant of carbonyl—13C, 128.7 G.7) The hfs constant of C-1 of the benzene
ring is presumable about 42 G, one third of that of carbonyl, referring to the re-
sult on carboxymethylformyl radical, HOOCCH26=O.8)

The high value of 62.2 G of C-1 of phenyldiazenyl radical corresponds to 7.6%
spin density in s-orbital of carbon and it is higher than 5.6% spin density of the
neighboring nitrogen. This is a characteristic feature of phenyldiazenyl radical.

The starting compounds for the ESR measurement of phenyldiazenyls, phenyl (4-
t-butylphenylthio)diazenes, (1), carrying 13C in the required position in the
benzene ring, were prepared from sodium acetate—1-13c (13C, 99%), according to the
standard methods as illustrated in the Scheme 1. The position of 13C in the label-

led anilines was confirmed by 13C—NMR. The measurement of ESR was performed as de-

1)

scribed before.
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Scheme 1. Preparation of phenyl(4-t-butylphenylthio)diazenes (1)
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