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The magnetic susceptibilities for nonbenzenoid aromatic hydrocarbons have been examined by using the
modified London-Hoarau method in the framework of the Wheland-Mann-type SCF MO approximation. By
taking into account the double-bond fixation quite common in these molecules, we obtained a general agree-
ment between the calculated results and the available experimental values.

The diamagnetic delocalization susceptibility of a
ring m-electron system, attributable to induced ring
currents in its z-electron network, is one of the important
quantities indicative of z-electron delocalization. A
quantum-mechanical theory for the diamagnetic de-
localization susceptibility was first developed by
London.) His method is based on the Hiickel LCAO
MO theory and has extensively been used for a variety
of aromatic hydrocarbons.2® The calculated dia-
magnetic anisotropies for benzenoid hydrocarbons are
usually in quite good agreement with the experimental
values. On the other hand, the direct application o
London’s technique to nonbenzenoid aromatic hydro-
carbons*® often brings about unsatisfactory results
in view of the recently-reported experimental data.l®

It is probable that such unsatisfactory results arise
mainly from the employment of molecular orbitals
obtained using the simple Hiickel MO theory which
does not take into account the double-bond fixation quite
common in nonbenzenoid hydrocarbons and, hence,
proves to be less reliable when applied to these mole-
cules, and partly from the shortcomings inherent in
London’s original theory. Hoarau® has made im-
provements on the London theory by refining the
calculation of the gauge factors.

Itis the purpose of this paper to calculate the magne-
tic susceptibilities of several nonalternant hydrocarbons
by using the modified London-Hoarau method in the
framework of the Wheland-Mann-type SCF MO ap-
proximation.” This approximation allows us to obtain
equilibrium geometrical structures with respect to the
C-C bond lengths of these molecules.

Method of Calculation

London’s theory is not necessarily related to the
simple Hickel MO approximation. It can naturally
be extended to the Wheland-Mann-type SCF LCAO
MO method.” In this method, the Coulomb integral,
aus, and the resonance integral, f,., are given by the
following formulas, respectively:

oy = 0o + w(l—gu)Bo (1)
where ¢, is the electron density and w is taken to be
unity, and:

By = Bo exp [a(1.397—1,)] (2)
where 7, is the bond length and is correlated with the
bond order, pm, by Eq. (3):®

Tav = 1.520 — 0.186p,, (3

* Present address: Department of Chemistry, Faculty
of Science, Kumamoto University, Kurokami-machi, Kuma-
moto 860.

The value of a in Eq. (2) is taken to be 4.4 A-1. This
value was determined so as to reproduce the observed
C-C bond lengths of butadiene® and naphthalenel®)
and the dipole moments of pentafulvene!!) and heptaful-
vene.1?)

Improving the correlation between the experimental
and calculated relative anisotropies of diamagnetic
susceptibility, Hoarau proposed an expression for the
molar susceptibility which includes a dependence on
the delocalization energy, DE:?

AK = AKy /3 4 Ax10-¥DE 4)

where A4K; is the molar susceptibility according to
London’s theory.)) The A parameter was fitted to
ensure the best agreement with the experimental re-
sults; the value of 0.776 for the case of Hiickel basis was
found. Nakajima and Kohda!® proposed a different
value for 4, 0.940. However, in both papers rather
inaccurate experimental values of diamagnetic sus-
ceptibility were used. Reconsidering their procedure
by the use of the more recent experimental values of

‘the diamagnetic susceptibilities given in Ref. 14, we

obtain a different least-squares fit:**
AK = AKgcr/3 + 0.359x 10-8DE (5)

where AKgop is the magnetic susceptibility calculated
by using the Wheland-Mann-type SCF LCAO MO
basis. Equation (5) can be used to calculate the
magnetic susceptibilities of several nonbenzenoid
aromatic hydrocarbons (Fig. 1).

Results and Discussion

In Table 1, the theoretical diamagnetic suscepti-
bilities, 4K, for nonalternant hydrocarbons are listed
(in units of AK,,,,..,) and compared with the ex-
perimental exaltations (in units of Ay ;,00)-1® The
theoretical values are in good agreement with the
experimental data, except for the case of aceheptylene
(IX), whose experimental exaltation has been reported,
unbelievably, to be zero. Recently, using the coupled
perturbed Hartree-Fock method, Mikami et al.1® have
calculated the magnetic susceptibility of IX. The
calculated value is almost the same as that obtained in
this paper. Itis, therefore, hoped that the experimental
value of this molecule should be re-examined. In
pentalene (I), heptalene (II), s-indacene (III), py-

**  We have re-examined the A4 value using the experi-
mental values of benzene, naphthalene, anthracene, naphtha-
cene, phenanthrene, chrysene, pyrene, perylene, triphenylene,
and coronene, which do not exhibit any significant bond-
length variation.
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Fig. 1. Nonbenzenmd aromatic hydrocarbons.
TasLe 1. DIAMAGNETIC SUSCEPTIBILITIES OF NONALTERNANT
HYDROCARBONS
Molecule A’I‘Kl/lz%ftical E)}ll)/e;“ilmental
Pentalene (I), D,, —1.35
Pentalene (I), C —0.41
Heptalene (II), D,y —4.41
Heptalene (II), Cyy —0.61 —0.452
s-Indacene (III), D —0.88
s-Indacene (III), C,, —0.38
Pyracylene (IV) —0.40
Dipleiadiene (V) —0.34
Acepleiadylene (VI) 3.92 3.87»
Azulene (VII) 2.04 2.16»
Aceazulylene (VIII) 2.14 2.182:9
Aceheptylene (IX) 1.72 0.02.@
Dibenzopentalene (X) 1.10 1.00,a:4> 0.870.4)
Fulvene (XI) 0.10 0.082
Heptafulvene (XII) 0.16
Fulvalene (XIII) 0.075
Heptafulvalene (XIV) 0.18 0.15%

a) Ref. 15. b) Ref. 6. c¢) The value for a dimethyl-
phenyl derivative. d) The value for a dimethyl
derivative.

racylene (IV), and dipleiadiene (V), the last of which
is yet unknown, the magnetic susceptibilities are pre-
dicted to be negative. Such an anomalously-reduced
diamagnetism may be interpreted as an induced par-
amagnetism.13,17-19)

Molecules I, 11, and III are predicted to possess two
equilibrium geometrical structures, one belonging to
the molecular symmetry, D,,, and the other to C,,.20
In the former, the C—C bond lengths are quite equalized,
while in the latter there is a considerable double-bond
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fixation, The equilibrium structures with the reduced-
molecular symmetry (C,,) were obtained by taking a
distorted C nuclear arrangement with the C,, sym-
metry as the starting geometry for the iterative calcu-
lation. It has been shown that, as a result of the
pseudo-Jahn-Teller effect, in such a case the structure
with reduced symmetry is energetically more stable
than the fully-symmetrical one. We calculated the
magnetic susceptibilities for two molecular symmetries
of these molecules. It can be seen that the double-
bond fixation brings about a considerable decrease in
the paramagnetic susceptibility. The good agreement
with theory and experiment in heptalene (II) provides
further support for the molecular-symmetry reduction
occurring in this molecule and in Molecules I and III
as well.

In Molecules 1V, V, and VI, it is predicted that the
calculated bond lengths of the naphthalene core are
almost the same as those in the free naphthalene mole-
cule and that there are marked double-bond fixations
in the other region of the periphery.?) The periphery
of IV and V may give a paramagnetic ring current
characteristic of the 4n perimeter.’® On the other hand,
naphthalene core in IV and V may exhibit a diamag-
netic ring current to the same extent as that of a free
naphthalene molecule. Therefore, it may be expected
that the paramagnetic ring current and the diamag-
netic ring current cancel each other out to give a small
magnetic susceptibility in IV and V.

It may be concluded that the magnetically-induced
ring currents decrease sensitively with the double-
bond fixation, and that in I, II, III, IV, and V they
are extremely impeded. Part of the evidence for these
reduced magnetic susceptibilities is given by the NMR
spectra of II,2» III1,2®) and IV,2» which show the
proton signals in the olefinic region.
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