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The ESR spectra of a,a,y,y-tetraphenylallyl radical have been first observed. An abnormal ESR hyperfine
splitting of this radical has been compared with the ESR hyperfine splitting of other tetraphenylallyl-type radicals;
it can be explained very well by introducing the idea of a twisted-allyl model of the molecule.

The history of an organic stable free radical, o,e,-
y,y-tetraphenylallyl(TPA), dates from 1923, when
Ziegler published the synthetic method.? Observed
in the course of the investigation of the magnetic
properties of organic stable free radicals, the electron
spin resonance(ESR) spectrum of TPA reveals an
unusually large hyperfine splitting of the proton ad-
jacent to the f-position of the allyl group, compared
with the results of the familiar theoretical calculation
of the spin-density distribution.?

The spectrum of «,a,y,y-bisdiphenyleneallyl(BDA)
also exhibits an exceptionally large hyperfine split-
ting of the corresponding proton. ESR studies of
the hyperfine structures of «,a,y,y-bisdiphenylene-
B-phenylallyl(BDPA),%5 BDA,%® «,a,y,y-bisdipheny-
lene-B-methylallyl(BDMA),® and «,o,y,y-bisdipheny-
lene-8-azoallyl(BDAA)? have already beer reported
by several authors, but not that of TPA; morcover,
no systematic explanation of the relation Dbetween
the hyperfine coupling constant of the B-position and
the framework of the allyl group of these radicals
has ever been given.

In the present paper, the ESR spectra of BDA
and BDAA were remeasured carefully, and that of
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Fig. 1. Tetraphenyl-allyl type radicals.
(a) TPA (b) BDPA (c) BDA (d) BDMA (e) BDAA
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TPA was measured for the first time in diluted solu-
tions. A possible explanation was also presented,
one based on the model that 2p,7-orbitals of the three
carbons in the allyl group of the radicals will twist
one another by a certain angle with respect to the two
C-C bonds. The validity of this model was examined
by comparing the proton hyperfine coupling constant
of TPA with those of other tetraphenylallyl-type
radicals (Fig. 1).

Experimental

The samples were prepared following the process described
in Refs. 2, 7, and 8. For the observation of the ESR spectra
the solvents were well purified, dehydrated, and degassed
by the usual methods.”” An aqueous solution of peroxyl-
amine disulfonate was used as the standard, and the value of
13.00 gauss was taken for the nitrogen coupling constants,10)
The hyperfine coupling constants were usually determined
by taking the average values of two or three spectra. All
the ESR spectra were obtained with a JES-ME3X-type
spectrometer of the JEOL Co., equipped with a 100-kHz
field modulation. The experimentally-obtained hyperfine
coupling constants were then compared with the spectra
reconstructed using the ESR spectrum simulator.

Results

Tetraphenylallyl. One of the observed spectra
of TPA is shown in Fig. 2.

The spectrum consisted of two groups, which split
further into about thirty hyperfine lines. The analysis
of the hyperfine structure of the observed spectra
revealed that one proton adjacent to the p-position
of the allyl group (4%), the eight-phenyl protons at
the ortho-positions (4%), the eight-phenyl protons at
the meta-positions (4n), and the four-phenyl protons
at the para-positions (A3) are attributable to the
hyperfine structures. As a result of the reconstruc-
tion of the observed spectra by means of the ESR
spectrum simulator, the proton hyperfine coupling
constants for each solvent were determined to be as
is shown in Table 1.

8) R. Kuhn, H. Fischer, F. A. Neugebauer, and H. Fischer,
Ann., 654, 64 (1962).

9) Y. Deguchi, This Bulletin, 35, 910 (1962).

10) G. E. Pake, J. Townsend, and S. I. Weissman, Phys. Rev.,
85, 683 (1952).
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Simulated spectrum

Observed spectrum
Fig. 2. ESR spectrum of TPA in THF and its simulated

spectrum.
TABLE 1. HYPERFINE COUPLING CONSTANTS
For TPA At 20°C (1N GAuss)
Solvent Y. Ad AE A%
CCl, 8.65 1.30 0.65 1.95
CS, 8.50 1.45 0.60 1.80
n-Hexane 8.80 1.25 0.70 2.10
D.E.A.» 8.90 1.25 0.75 2.25
T.H.F.» 8.95 1.20 0.70 2.10
Ethanol 8.75 1.35 0.65 1.95

a) Diethylamine b) Tetrahydrofuran

The temperature dependence of the coupling con-
stant (A4%) in the THF solution is shown in Fig. 3
as a function of the temperature. In these ESR
spectra, it can be noticed that the A% changes rather
markedly than the others, 4%, A§, and A%.

Bisdiphenyleneallyl. The ESR hyperfine struc-
ture of BDA in diluted CS, solution was observed by
Kuhn and Neugebauer® and Hausser.®) The spectrum
of BDA in a diluted CS, solution measured at 20°C
is shown in Fig. 4.

In Table 2, the hyperfine coupling constants of
the protons of BDA are also tabulated,
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Fig. 3. Temperature dependence of the coupling constant
A}l of TPA in THF.
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Fig. 4. ESR spectrum of BDA in CS,.

TABLE 2. HYPERFINE COUPLING CONSTANTS OF BDA
IN CS, SOLUTION AT ROOM TEMPERATURE (IN GAUSS)

A A A8 At At
13.4 1.99 1.99 0.46  —
13.2  1.92 1.8 0.48 0.36 (Ref. 4)
13.2  1.89 1.89 0.42  0.06 (Ref. 6)

Bisdiphenyleneazoallyl. Although the ESR hyper-
fine structure of BDAA in a diluted benzene solution
has already been observed by Kuhn and Neugebauer?
they did not analyze the spectrum in detail. In
this investigation, the ESR spectra were investigated
in several organic solvents at 20°C (Fig. 5) and ana-
lyzed in detail.

Reconstructing the observed spectra by the ESR
spectrum simulator, the hyperfine coupling constants
for nitrogen, and each ring proton were determined,
as is shown in Table 3.

From the observed ESR spectra of these tetraphenyl-
allyl-type radicals, it can be concluded that the four
phenyl groups or two biphenylene groups are equiva-
lent.
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Observed spectrum

Simulated spectrum

Fig. 5. ESR spectrum of BDAA in benzene and its simu-
lated spectrum.

TaBLE 3. HYPERFINE COUPLING CONSTANTS FOR BDAA
AT 20°C (IN GAUss)

Solvent A AY AY AY AY

Benzene 3.38 1.69 1.61 0.44 0.40
T.H.F.» 3.26 1.73 1.66 0.45 0.42
D.M.E.» 3.39 1.82 1.75 0.44 0.40

a) Tetrahydrofuran b) Dimethoxyethane

Discussion

The theoretical spin densities on each carbon posi-
tion were enumerated by means of McLachlan’s
Molecular Orbital method,'” and also by means of
the odd alternant method!® in the case of TPA. The
coupling constants calculated by means of McCon-
nell’s relation are also shown in Table 4.

Table 4 indicates that the observed hyperfine coupl-
ing constants of the ring protons are in fair agreement
with the calculated hyperfine coupling constants. This
coincidence indicates the validity of MdcLachlan’s
calculation. It should be noted, however, that in
TPA and BDA the theoretical hyperfine coupling
constants of f-protons are too small to account for
the experimentally-determined hyperfine coupling
constants; this is in contrast to the close agreement
between the observed and the calculated values about
the ring protons.

In the ESR spectra of the allyl radical, Fessenden
and Schuler!® have observed three different hyperfine
coupling constants due to protons, AF=4.06 gauss,
A% :=13.93 gauss, and A% ;=14.83 gauss. One of
them (4%) is a hyperfine coupling constant of the
proton adjacent to Cs; it is in satisfactory agreement
with the predicted value,'® on condition that the allyl

11) A. D. McLachlan, AMol. Phys., 3, 233 (1960).

12) R. Lefebore, H. H. Dearman, and H. M. McConnell,
J. Chem. Phys., 32 176 (1960).

13) R. W. Fessenden and R. H. Schuler, ibid., 39, 2147 (1963).
14) H. M. McConnell, ibid., 30, 328 (1960).
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Fig. 6. Twisted allyl model.
2p, orbitals of C, and Cy are twisted along the C,-Cp
and Cg-C; bonds.

2]

orbital of Cs

p, orbital of Ca or Gr

Fig. 7. Relation of the proton adjacent to Cjz with 2p,n-
orbital of C, or Cy.

radical has sp* hybrid orbitals where the configuration
angle of C.-Cs-C; is 120° and that the 2p,7-orbitals
of each carbon situated in a C,-C;3-Cr plane are
parallel. The substitution of phenyl groups for four
hydrogen atoms attached to the end carbons, C.
and C;, which is the case with TPA, may affect the
2p,m-orbital configuration of the allyl group. The
most probable situation is that the allyl group is twisted
at an angle of ¢, as in Fig. 6, because of the steric
effect of the phenyl groups. Assuming this twisted
model about the allyl group, the 2p,7-orbitals of C.
and C; will result in a nonzero spin density at the
proton adjacent to Cg, as is shown in Fig. 7.

An interaction between the spin densities of C,
or Cr and the proton adjacent to C; can be described
by the following relation!?:

A = (4450 cos?0) (pca+ Pcy)-
If the allyl group of TPA or BDA is twisted as in

Fig. 6, the experimentally-obtained coupling constant
of the proton adjacent to C; can be estimated by

15) C. Heller and H. M. McConnell, ibid., 32, 1535 (1960).
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the following equation:
Qg pos+ A}
A% = Q8y-pop + (4450 cos?0)(pca+ 071)-

In the case of TPA, using. pca=pc,=-+0.251,
pos=—0.063, Q% =-—23.0 gauss, and 6=62°, A%
becomes 9.05 gauss. In other words, if the twisted
angle is assumed to be 28°, 4% will become about
8.90 gauss, which is the most suitable value in this
case. Similarly, the twisted angle is estimated to be
37° in the case of BDA. The twisted allyl model
mentioned above can easily be applied to the other
tetraphenylallyl-type radicals.

For the BDMA, the experimentally-measured
hyperfine coupling constants of Afx, are close to the
theoretically calculated values, as is shown in Table 4.
This fact can also be explained by this model, as is
shown in Fig. 8, assuming pc.=pc;=-+0.260, pos=
—0.087, Q¥ cu;=+25.0 gauss, and Q& ccny =0.85
gauss;1® thence, A%, becomes 2.62 gauss or 1.74
gauss.!? Hence, the protons of the methyl group
adjacent to Cjs are considerably far apart from C.
or C; compared with the proton attached directly to
C;. Consequently, the contribution of pc« or pcy
to the spin density on the methyl proton is negligibly
small. On the other hand, the nitrogen nucleus of

....... »CH3
c=cfip cisp

Fig. 8. Twisted allyl model for BDMA.

16) K. Mukai, H. Nishiguchi, K. Ishizu, Y. Deguchi, and
H. Takaki, This Bulletin, 40, 2731 (1967).

17) A cuy=Q8 cus pcs+QE ccnps (pcatpcy) The sign
of Q& ey has not been defined. If the signs of Q& ¢y, and
Q¥ cmps are identical, 4 ¥ o, will be 2.62 gauss; if the signs
are the opposite, A¥ oy, will be 1.74 gauss.
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BDAA is placed at a nodal plane of the 2p,n-orbital
of C. or C;. Therefore, the hyperfine coupling con-
stants of nitrogen (4%) will not be affected directly
by the spin density on C. or Cr.

In addition, the temperature dependence of the
coupling constant ( 4%) of TPA can also be explained
as follows: at high temperatures a vigorous wagging
of the allyl group of the TPA molecule will cause the
2p,m-orbitals of C. and C; to come nearer to the proton
adjacent to Cj; thence, 4% will become larger, while,
at low temperatures, the situation will be reversed.

In order to interpret magnitude of the Cg-proton
splitting, a torsion of the phenyl rings from the molecu-
lar plane was taken into account at first. However,
the spin density of C;s was, at most, the same as that of
the allyl radical (the hyperfine coupling constant of
the proton adjacent to Cj; is only 4.06 gauss'®). The
observation of unusually large splitting of the Cj-
proton in TPA or BDA can not be interpreted by means
of this mechanism. The other possible explanation
is that the configuration angle of C.—Cj3-C; is larger
than a normal configuration angle of 120° because of
the repulsive interaction of phenyl or biphenylene
groups. Fraenkel calculated the variation in Qg
with the bond angle, taking into account the ¢-z
interaction of the C-H bond.*® In view of his cal-
culations, the configuration angle of C.—Cs-Cr in
tetraphenylallyl-type radicals must be smaller than
120°, but this is not plausible in view of the structures
of tetraphenylallyl-type radicals.

Conclusion

The abnormal hyperfine coupling constants that
have been observed in TPA and BDA could be ex-
plained very well, using the method of anisotropic
hyperfine interaction. Therefore, in view of the ESR
spectra series of these tetraphenylallyl-type radicals,
those spectra can be understood by introducing the
idea of the twisted allyl model.
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