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The ESR observation of the *C hyperfine struc-
ture has never been established for biphenyl anion
radicals, because the weaker *C hyperfine struc-
tures were incidentally smeared out by superim-
posed ring proton hyperfine splittings, particularly
those due to the meta-protons.

In the present studies, all of the meta positions
were substituted by #-butyl groups and we attempt-
ed to reduce the superposition of the proton hy-
perfine structures; that is, the 3,3°,5,5'-tetra-t-
butyl biphenyl was synthesized and the ESR 3G
hyperfine splittings were tentatively studies for
the anion radical of this alkylated biphenyl.

Experimental

The synthesis of the 3,3,5,5-tetra-i-butyl biphenyl
has not been described in the literature, however, the
material was obtained from the Grignard reagent of
the 3,5-di-t-butyl bromobenzene! prepared in an an-
hydrous tetrahydrofuran (THF) by following the pro-
cess of Kharasch and Fields.? A pure material re-
crystallized from ethyl alcohol melted at 172.8—
173.3°C. Found: C, 88.62; H, 11.17%. Calcd: C,
88.82; H, 11.18%. IR absorption in KBr. y (=CH);
837cm™, ¢ (ring); 720 cm™'. UV absorption in
n-hexane. Amax; 253 mu ; ¢ ; 17300 M~ cm—2.

The anion radicals were prepared in a solution of
THF by reduction with lithium. The ESR spectra
were recorded at room temperature.

Results and Discussion
The proton hyperfine structures shown in Fig. 1,

*1  This work was presented at 8th ESR Symposium
of the Chemical Society of Japan, Hiroshima, November
15th, 1969.
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consist of only nine lines, and a,® and a% were
determined to be @,B=-—2.59 and g¢,f=-5.14
gauss respectively, which are closed to those for
the biphenyl anion radical. Both p,#=0.100
and p,7=0.218 were calculated using Colpa-
Bolton’s equation: for an anion radical, a;8=
Q8cn(0)p;*—KH¥ou[p;*]%, QHou(0)=—27, and
KHoz=—12 gauss.® As is designated by the
figures (1)—(4) in the lower part of Fig. 2, 13C
hyperfine splittings are observed as the doublet
lines of (1) 0.90, (2) 1.98, (3) 4.34, and (4) 8.20
gauss, and the intensity ratios are (1) : (2) : (3):
(4)=1:2:2:1. These intensity ratios distin-
guished either ¢,¢ or q,° from 4,° and 4,°. The
a,° is assumed to be (4) 8.20 gauss, since the con-
tribution of the spin-polarization is negligible as
a result of the small value of p;~, thus, its magni-
tude depends substantially on the large spin den-
sity of p,~.

Following the method of Karplus-Fraenkel,
the a,C values have been calculated by the following -
equation:

3 3
a;® = (SC+ iEchcixk)pi" + 21 QCxicip ™
- =

where §6=—12.7 is the contribution from the Is
electron of Ci, Q,CCiX],;(Q,CCiH:lg‘SS QCCiCk= 14'.4‘),
the ¢—n interaction parameter produced by
p;* on the C; atom, and where QCq,c,=—13.9
represents a polarization from the neighboring
atom, Cy. By substituting the values of 4,° and
o, into the equation, p;"=—0.016 was pri-
marily determined. In the same manner, p,"=
0.113 can be derived from p,*=0.100 and 4,°=
—0.90. Here, the negative value is assigned for
for a,%, for the normalization of the spin density,
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Fig. 1. Proton hyperfine structures of 3,3',5,5'-tetra-t-butyl biphenyl anion radical.
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Fig. 2. 13C hyperfine structures of 3,3',5,5'-tetra-t-butyl biphenyl anion radical.

TABLE 1. EXPERIMENTAL AND THEORETICAL VALUES OF THE !3C COUPLING CONSTANT AND THE SPIN DENSITY

Position 1 2 3 4
a;C (gauss) (Exp) —0.90 1.98 —4.34 8.20
(Calcd)» —-0.95 2.53 —4.83 7.02
pi¥ (Exp) 0.113 0.100 —0.016 0.218
(Caled) 0.134 0.114 —0.020 0.182

a) Theoretical values of a;¢ were calculated based on the McLachlan’s spin density.

>p;*=1, cannot be held if the positive value is

*2 q,C=(85C+20c-c(cHy;®)Ps™ + QcicsC(p2 + ps7)
The spin density on the #-butyl group was neglected

and Qc-ccHy,°=Qc-cu,©=16.3 gauss® was assumed.
5) R. W. Fessenden, J. Phys. Chem., 71, 74 (1967).

assumed. Finally, we proved that the observed
values of both ,° and a,C are consistently explain-
able with the present p;” value and that a,¢ also
has a negative value; that is, a,C: Obsd 1.98,
Calcd 2.21 gauss, a,C: Obs. —4.34, Calcd. *2—4.98
gauss.
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McLachlan’s MO calculation was carried out
taking the Coulomb integral of the meta-position
to be ay=o0—0.158; the results are summarized
in Table 1. A good agreement can be obtained
between the observed '*C  hyperfine coupling
constant and their theoretical values. The 133C
coupling constants for the biphenyl anion radical
would also be similar to those established by the
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present work, since it has been shown that an alkyl
substitution always causes only a minor pertur-
bation in the spin density.®
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