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Synopsis. The ESR spectrum of the radical anion
of 3,3’-bipyridine has been measured. The hfs constants
agree with the calculated values based on the spin densities
using the McLachlan method.

Although the ESR spectra of the radical anion of
2,2’-1-9) and 4,4'-bipyridines®=?) are known, the radi-
cal anion of 3,3’-bipyridine has not been investigated
by ESR tecniques. Therefore, it is of interest to
measure the ESR spectrum of the radical anion of
3,3'-bipyridine in order to compare the spin distribu-
tion of this radical anion with those of 2,2’- and 4,4'-
bipyridine. We wish to report here an ESR study
of the radical anion of 3,3’-bipyridine.

The radical anion was generated by the reduction
of 3,3’-bipyridine, which had been prepared from 3,3'-
bipyridine-2,2'-dicarboxylic acids by the method of
Smith,® with potassium metal in 1,2-dimethoxyethane
(DME). This solution was investigated by ESR spec-
troscopy in the temperature range from 85 to —85 °C.

The intense well-resolved ESR spectrum measured

Fig. 1. (a) The observed ESR spectrum of the radical
anion of 3,3’-bipyridine: solvent, DME; counterion,
K+; at 80°C. (b) The spectrum simulated by
means of the hfs constants listed in Table 1: line-
shape, Lorentzian; linewidth, 0.007 mT.

at 80 °C of the radical anion of 3,3’-bipyridine is
shown in Fig. la (g=2.0024). Figure la consists of
hyperfine splitting (hfs) constants due to the equivalent
protons, az;=0.626, 0.582, and 0.115 mT and the nitro-
gens, ay=0.094 mT (see Table 1). Using these param-
eters, the computer-simulated spectrum shown in Fig.
1b was obtained; it agreed well with the observed
spectrum. On the other hand, we could not obtain
the well-resolved ESR spectra at temperature lower
than room temperature. Probably, this is due to the
overlap of the hfs constants, because these spectra
have a slight different values from the above hfs con-
stants. In consequence, we can not yet analyze these
spectra.

In order to assign the hfs constants, we have carried
out MO calculations.? The results are summarised,
together with the observed hfs constants, in Table
1. The most interesting features are the approxi-
mately equal and large hfs constants of the y- and
e-protons, and the hfs constant of the a-protons, which
is smaller than the simulated linewidth, 0.007 mT.

TABLE 1. THE hfs CONSTANTS OF THE RADICAL ANION
OF 3,3’-BIPYRIDINE AND ITS CALCULATED SPIN DENSITIES

Calculated spin

densi Calculated  Observed
Position ensity hfs const®  hfs const®
HMO® McLachlan»  ™T mT
o 0.012 —0.006 0.016
B(N) 0.055 0.038 0.093 0.094
y 0.181 0.226 0.632 0.626
0 0.002 —0.040 0.112 0.115
& 0.157 0.193 0.540 0.582
¢ 0.093 0.089 e —
a) Parameters, ix=0.7 and koy=kgc=1.0. b) Pa-

rameter, A=0.8. c¢) Obtained by the use of this
equation; az=Q:p, with Qx=|2.45| and Qgr=2.8|
mT, and using the calculated McLachlan-spin densities.
d) Potassium-counterion in DME at 80 °C.
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TABLE 2. THE hfs CONSTANTS OF THE RADICAL ANIONS
OF BIPHENYL, BIPYRIDINES, AND BIPYRIMIDINE

hfs constants/mT
Radical anion

QH o [£5: B ag r ag 3 ag,
Biphenyl® 0.266 0.041 0.531 0.041 0.266
4,4’-Bipyridine? 0.235 0.043 0.364® 0.043 0.235
2,2’-Bipyridine®) 0.258» 0.057 0.470 0.120 0.106
2,2’-Bipyrimidine® 0.1419 0.015 0.498 0.015 0.141

a), b), c), and d) Values reported in Refs. 10, 6, 4,
and 11. €) These are the hfs constants of the nitrogen
atoms.
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We can recognize the suitability of the assignments
for the hfs constants (see Table 1) of the radical anion
of 3,3'-bipyridine, which are compared with the hfs
constants of various radical anions of biphenyl,19 2,2'-
and 4,4'-bipyridines,»® and 2,2’-bipyrimidine™) in
Table 2. That is, the hfs constant of the nitrogens
for the radical anion of 3,3'-bipyridine is a usual value,
while the am,~0 and ax,=0.582 mT values are unsual
in comparison with the hfs constants of other bipyri-
dines. However, the hfs constants agree well with
the MO calculated values, as is shown in Table 1.
Therefore, as an example to facilitate comparison with
the an, and ag,=0.235 mT of the radical anion of
biaxial symmetric 4,4’-bipyridine,® the computed aver-
age value of the hfs constant for the radical anion of
3,3'-bipyridine is about 0.29 mT and is normal. All
thing considered, each of the three radical anions of
bipyridine isomers has a proper hfs constant and a
different MO calculated spin-density distribution3-®)
because each molecule containing two nitrogen atoms
has a different space-coordination.!?13) In conclusion,
we have found that the ESR spectrum of the radical
anion of 3,3-bipyridine consists of the hfs constants
shown in Table 1, and the spin densities calculated
using the McLachlan method® satisfy the experimental

NOTES

[Vol. 54, No. 5
values.

References

1) A. Zahlan, F. W. Heinecken, M. Bruin, and F. Bruin,
J. Chem. Phys., 37, 683 (1962).

2) W. L. Reynolds, J. Phys. Chem., 67, 2866 (1963).

3) J. dos Santos-Veiga, W. L. Reynolds, and J. R. Bolton,
J. Chem. Phys., 44, 2214 (1966).

4) T. Takeshita and N. Hirota, J. Am. Chem. Soc., 93,
6421 (1971).

5) R. L. Ward, J. Am. Chem. Soc., 83, 3623 (1961).

6) A. Carrington and J. dos Santos-Veiga, Mol. Phys.,
5, 21 (1962).

7) A. Stasko, A. Tkag, L. Malik, V. Adaméik, and M.
Hronec, Chem. Zyesti, 32, 294 (1978).

8) C. R. Smith, J. Am. Chem. Soc., 52, 397 (1930).

9) A. D. McLachlan, Mol. Phys., 3, 233 (1960).

10) H. Nishiguchi, Y. Nakai, K. Nakamura, K. Ishizu,
Y. Deguchi, and H. Takaki, J. Chem. Phys., 40 241 (1964).
11) D. E. Geske and G. R. Padmanabhan, J. 4m. Chem.
Soc., 87, 1651 (1965).

12) V. Galasso, G. D. Alti, and A. Bigotto, Teirahedron,
27, 991 (1971).

13) V. Bolotin and A. Bolotin, Liet. Fiz. Rinkinys, 19,
195 (1979).




