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Abstract: In order to examine the role of 7 topology in spin alignment of organic molecules, a novel high-spin
hydrocarbon, 3,4’-bis(phenylmethylene)biphenyl, has been designed, synthesized, and characterized by powder-pattern
and single-crystal ESR spectroscopies. The spin multiplicity of its electronic ground state is a quintet (S = 2) in
contrast to its s-topological isomer, 3,3’-bis(phenylmethylene)biphenyl (ground-state singlet). The g and fine-structure
tensors have been determined accurately: g = 2.003 (isotropic), D = 0.1250 cm™!, and E = —0.0065 cm™!. The
striking contrast in spin multiplicity clearly shows that spin alignment in organic molecules is highly dependent on
the topology in their 7 electron networks. This electronic structure has been clarified by an unrestricted Hartree—
Fock calculation using a generalized Hubbard model, demonstrating that this approach is useful for large quantum
systems such as organic high-spin hydrocarbons. The mechanism of the intramolecular spin alignment in this molecule
has been discussed with the help of the theoretical calculation. The most probable molecular conformation of this
high-spin molecule in benzophenone host crystals has been derived from the observed fine-structure tensor as compared

with those calculated semiempirically.

1. Introduction

In recent years, organic/molecular based magnetism has
attracted continuing interest in chemistry and the related fields.}-2
Organic high-spin molecules have been involved as one of the
most suitable model compounds in many important develop-
ments in research on purely organic ferromagnetic materials and
ferromagnetic polymers.>* High-spin molecules are also im-
portant for the study of spin alignment in organic molecules.>~!8
We define 7-topological isomers as high-spin molecules which
differ from others only in topology in the s electron network
owing to the different linking positions of their 7z-bonds. Our
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extensive studies’1%12-1417 have shown that the electronic
structures of the -topological isomers are characterized by the
existence of the low-lying excited states with spin multiplicities
higher than those of the ground states. a,a’-Bis(phenylmeth-
ylene)biphenyl shown below is one example. Molecule 2 is a
m-topological isomer of molecule 1. The salient features of the
electronic states of the high-spin carbenes arise from the strong
spin correlation among the delocalized s electrons and the
localized “n” electrons at the divalent carbon atoms. The
behavior of correlated electron spins in high-spin carbenes and
other organic high-spin molecules reported by several
authors®19730 j5 of key importance in rationalizing organic
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magnetism and in generalizing topological classification for
open-shell molecules.

In this work, we have studied the ground state of a high-spin
hydrocarbon, 3,4’-bis(phenylmethylene)bipheny! (quintet ground
state), 1, whose z-topological isomer is 3,3’-bis(phenylmeth-
ylene)biphenyl (singlet ground state), 2.7:17

As proposed earlier by one of the authors (K.L.),>’ Longuet-
Higgins’ theory?!? coupled to Hund's rule predicts that a ground-
state spin quantum number Sy, of an alternant hydrocarbon is
given by

S0 = (12)(N = 2T) ¢))

where N is the number of carbon atoms and T is the maximum
number of double bonds in the alternant hydrocarbon. On the
other hand, the spin prediction theory on the basis of the simple
valence bond (VB) picture* gives

ST = (1/2)|N, — Nl 2

where ST, stands for the ground-state spin quantum number of
the 7 system of an alternant hydrocarbon and N, and Ny are
the numbers of the starred and unstarred carbon atoms in the
hydrocarbons, respectively. It should be noted that the ground-
state spins predicted by these two theories do not necessarily
agree with each other, since their approaches are the limiting
cases of MO and VB pictures, respectively. In fact, molecule
2, which is the z-topological isomer of molecule 1, is the first
case that disclosed the disagreement between the two ap-
proaches.” This molecule itself is important for checking the
validity of the above-mentioned spin-prediction theories by
comparison with its zz-topological isomer 2. For molecule 2,
we obtain S§, = 1 from eq 1 while §j; = 0 from eq 2. Our
experimental evidence shows that the VB approach is valid as
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far as the spin prediction for the ground state is concerned.”!”
On the other hand, for molecule 1 both spin-prediction theories
for the ground state agree with each other, giving S = Svg =
1. Thus we can expect a high-spin ground state for 1 in which
the unpaired 7 spins in the 7-NBMOs become parallel to each
other. In molecule 1, the other two unpaired electrons remain

[T

in the two nonbonding “n” orbitals localized at the divalent
carbon atoms. These “n” spins are expected to be parallel via
the ferromagnetic-exchange coupling to the unpaired 7 spins,
since the “n” and 7 orbitals are mutually orthogonal at the
divalent carbon atoms. As a result, both of the guiding prin-
ciples predict a ground-state quintet (S = 2) for molecule 1.

A remarkable change in the ground-state spin multiplicity
has been found depending on the topology of their 7 electron
networks. In this paper, we have described the results obtained
by electron spin resonance (ESR) studies and by an unrestricted
Hartree—Fock calculation using a generalized Hubbard model 4432
Aims of this work are to illustrate the dependence of the ground-
state spin multiplicity on the 7 electron network and to
demonstrate the important role of the 7 topology in the spin
alignment in organic molecules.

II. Experimental Section

A. Materials. The diazo precursor of 1, 3,4"-bis(phenyldiazo-
methyl)biphenyl, 3, was synthesized according to Scheme 1. Melting
points were determined on a micro hot-state and are uncorrected. IR
spectra were taken on a JASCO A-102 IR spectrophotometer. H (100
MHz) and 3C NMR (25 MHz) spectra were recorded on a JEOL FX-
100 instrument. Only new compounds are described below.

3,4'-Dibenzoylbiphenyl. A mixture of 9.6 g (0.04 mol) of biphenyl-
3,4’~dicarboxylic acid® and 34 mL of thiony! chloride was heated to a
gentle reflux for 5 h under exclusion of moisture. The excess thionyl
chloride was distilled off. The bis(acid chloride) was obtained as a
light brown residue and used without purification for the following
reaction. A solution of the bis(acid chloride) in 100 mL of dry benzene
was added dropwise at room temperature to a suspension of 12.0 g of
anhydrous aluminum chloride in 200 mL of dry benzene. The mixture
was boiled with stirring for 3 h. Then the mixture was poured onto
ice—water containing hydrochloride acid and the organic layer was
separated. The remaining solid was dissolved in chloroform. The two
organic solutions were washed separately with water and aqueous
sodium hydroxide and dried over sodium sulfate. The crystals obtained
after evaporation of the solvents were combined and recrystallized from
ethanol to give 11.2 g (81%) of colorless prisms: mp 110—111 °C; IR
(Nujol) vco 1650 cm~1; 3C NMR (CDCls) 6 136.5, 137.1, 137.3, 138.1,
140.0, 144.0 (quarternary carbons), 196.4, 196.7 (carbonyl carbons).
Anal. Calcd for CoHis02: C, 86.17; H, 5.01. Found: C, 85.98; H,
5.05.

3,4’-Dibenzoylbiphenyl Dihydrazone. A mixture of 3.6 g (0.01
mol) of the diketone and 25 mL of hydrazine hydrate in 150 mL of
ethanol was heated under reflux for 24 h. The solvent was evaporated,
and the residue was chromatographed on silica gel using benzene—
ethyl acetate (5:1), giving 3.3 g (85%) of powdered hydrazone: IR
(Nujol) 3340, 3250, 3190 cm™%; !H NMR (CDCl;) 6 5.41 (br s, 4H,
exchangeable with D,0), 7.18—7.80 (m, 18H, aromatic).

3,4'-Bis(phenyldiazomethylbiphenyl (3). To a stirred solution of
the dihydrazone (1.05 g, 2.7 mmol) in 100 mL of dry dichloromethane
were added at 0 °C 2.8 g of active manganese dioxide (freshly prepared
by Attenburrow’s method*!) and a few drops of saturated ethanolic
potassium hydroxide in the dark. The reaction was monitored by
measuring the growth of the IR absorption at 2040 cm™! due to the
diazo group of the aliquots. The absorbance became maximum at 2 h,
after which the mixture was filtered. The wine-red solution was
concentrated to a few milliliters under reduced pressure. Purple crystals
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were precipitated by addition of pentane: 850 mg (81%); mp 103—
105 °C dec; IR (Nujol) vny 2040 cm~!. Anal. Caled for CyeH;sNy:
C, 80.81; H, 4.69; N, 14.50. Found: C, 80.37; H, 4.32; N, 14.25.

B. ESR Measurements. Molecule 1 was generated at 4.2 K by
the photolysis of 3,4’-bis(phenyldiazomethyl)biphenyl, 3, oriented in
a host single crystal of benzophenone (P2,2,2; space group with Z =
43%). The photolysis was carried out by 405 nm light from a 500 W
high-pressure mercury lamp (OSRAM) equipped with a glass filter
(TOSHIBA VY39) and a CuSO; solution filter (100 g of CuSO45SH,0/
L, 5 cm light-path length). The mixed crystals were grown by slowly
cooling in the dark a benzene—ethanol (1:1) solution containing a 0.028
mole fraction of 3 in benzophenone.

The polycrystalline powder used in the powder-pattern ESR mea-
surements was obtained by pulverizing the mixed single crystals. The
powder-pattern ESR measurements were carried out at 2.0 and 10 K
with a Bruker ESP 300 spectrometer operating at the X-band equipped
with a Bruker TE;q, rectangular cavity (Q = 6000). The sample
temperature was controlled with an Oxford ESR910 variable tempera-
ture controller.

Single-crystal ESR spectra were measured on a homemade spec-
trometer equipped with a JEOL K-band microwave (JES-SK) unit, a
lock-in amplifier (PAR HR-8), a homemade cryostat, and a homemade
TEo1; cylindrical cavity (Q = 12000 at 4.2 K). In the single-crystal
experiments, we adopted K-band frequency in order to accurately
determine all the spin Hamiltonian parameters, especially the direction
cosines of the principal axes of the fine-structure tensor in the
crystallographic-axis system. The temperature dependence of the
K-band ESR spectra was observed in the range from 4.2 to 250 K,
where the sample temperature was measured with the Au—Cr thermo-
couple attached on the outside wall of the K-band cavity.

ITI. Analyses of ESR Spectra

To analyze the ESR spectra, we used the following spin
Hamiltonian:36

= FBgS + SDS
=BB-gS + D[S2— S(S+ D3]+ ES:—5) (3)

where each term is used in the usual meaning. In this effective
spin Hamiltonian, we neglected the higher order fine-structure
terms such as BS?, §*, etc., since these terms allowed group-
theoretically®® are usually small for organic high-spin mole-
cules.’% In the K-band experiment, the angular dependence
of the resonance fields was analyzed using the third-order
perturbation theory. The general expressions for resonance
fields and relative transition probabilities have been given for
an arbitrary spin in our previous paper.!l

In the simulation of the powder-pattern X-band ESR spectra,
we assumed the Gaussian function for the line shape function
of a single transition and a constant line width for all the
transitions with By perpendicular to B;. The g tensor was
isotropic for molecule 1. This finding reduces the region in
the Euler angles required for the simulation to an eighth part of
the sphere, i.e., 8 = 0 <> 7/, and ¢ = 0 <> 7/,. The Euler angles
6 and ¢ were varied from O to 7/, at 0.25 and 1 degree inter-
vals, respectively. In order to reproduce the observed whole
spectrum including the low-field forbidden transitions, we have
also carried out the simulation with the help of the eigenfield
method.® The ESR resonance fields were directly calculated
by solving the corresponding eigenfield equation. The transi-

(35) Fleisher, E. B.; Sung, N.; Hawkinson, S. J. Phys. Chem. 1968, 72,
4311-4312.
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3335.
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tion probabilities were, however, evaluated by numerically
diagonalizing the spin Hamiltonian energy matrix of eq 3, in
which the calculated resonance eigenfield was given, since the
accuracy of the eigenvectors obtained from the solution of the
eigenfield equation was not sufficient. Since the resonance field
is independent of the third Euler angle, .,!! the above procedure
practically saves the computing time for the simulation of
powder-pattern high-spin ESR spectra.®®

IV. Results

A. Powder-Pattern ESR Spectra Observed at the X-Band
and Occurrence of Off-Axis Extra Lines. Molecule 1 formed
at 4.2 K by photolysis gave a powder-pattern ESR spectrum at
the X-band shown in Figure la. This ESR spectrum was
observed at 10 K on warming the sample. Figure 1b is the
simulated spectrum for Figure la. In the simulated spectrum,
Figure 1b, small bumps are seen which are particularly
prominent in the range of 0.3 to 0.35 T. These are artefact due
to the computation based on a smaller number of orientations
with the larger intervals of 8 and ¢ (0.25° and 1.0°, respectively).
The best fit spin Hamiltonian parameters were found to be § =
2 (quintet spin state), g = 2.003 (isotropic),.|D}| = 0.1250 cm™!,
|[E] = 0.0065 cm™!, and the line width, AH,,q = 1.2 mT. The
microwave frequence employed was 9.5727 GHz. Figure lc
shows the angular dependence of the resonance fields for the
Euler angles used to obtain the simulated spectrum. Since the
agreement is excellent between the observed and simulated
spectra, we can safely conclude that the observed ESR spectrum
arises from the quintet electronic state. Figure lc clearly
indicates that the off-axis extra lines denoted by A in Figure
1b appear in addition to the normal stationary peaks denoted
by X, Y, and Z which come from the three canonical
orientations.®>!! One cannot expect any extra line to appear at
the X-band in the case of the triplet spin multiplicity.!! The
off-axis extra lines are, therefore, key absorption peaks in the
spin multiplicity assignment. The appearance of the extra lines
assures that the observed spectrum arises from a quintet spin
state. The extra lines shown in Figure 1 belong to the followng
two cases:!!

MO=0,6=", andp=0

cos(26,,) = [32M; + Dhv +
2D — 3E)Qy V[2(Qspy, = Psyy) (D + E)) 4)

M6 =0,0=",andp =",

cos(26,,) = [3(2M; + 1)hv +
2D + 3E)Qg J[2(Qsy, — Popy )P — E)] (5)

for the transition Ms <> Ms + 1, where

Py =[M4SS+1) - 24MM;+ 1) - 912 (6)
and

Qg = —[25(S + 1) — 64My(Ms+ 1) = 318 (7)

From these equations we can calculate the Euler angle 8. where
the extra stationary point of the resonance field appears. In
the case of the quintet spectra shown in Figure 1, we obtained
Oex = 26° (case I) and 29° (case II) for the transition Ms = —1

(39) The simulation programs were made by one of the authors (Y.T.).
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Figure 1. ESR spectra of the quintet molecule 1 in the polycrystalline
powder observed at the X-band. The photolysis was carried out at 2
K. (a) The observed spectrum at 10 K. (b) The simulated spectrum.
(c) The calculated angular dependence of the resonsance field, where
A and By refer to the allowed transitions attributed to Ms = £2 <>
=+1 and *1 < O, respectively, in the high-field limit. The angular
anomaly giving the off-axis extra lines is denoted by A in (b).

<> 0, and 6¢x = 54° (cases I and II) for the transition Ms = 0
<> 1, respectively, by substituting the observed D and E values
and the microwave frequency employed into eqs 4—7. The
angular dependence calculated by the eigenfield method shows
the stationary points close to these angles’ @.x’s as shown in
Figure lc.

Although the extra lines complicate the observed spectra, they
are useful for the determination of the spin multiplicity. The
analysis of the extra lines described above confirmed the
assignment of the spin multiplicity, showing unequivocally that
the ESR spectra of molecule 1 are attributable to the quintet
spin state.

B. Single-Crystal ESR Spectra Observed at the K-band.
To confirm the spin Hamiltonian parameters obtained in this
experiment and to obtain the direction cosines of the principal
axes of the fine-structure tensors, we made the following K-band
measurements. Figures 2a and 2b show the two typical K-band
ESR spectra of 1 observed at 4.2 and 77 K after the photolysis
at 4.2 K, respectively. We have recorded the spectra in the
dispersion mode in order to avoid saturation and to gain high
sensitivity. The magnetic field was applied parallel to the
crystallographic b axis of a host single crystal of benzophenone.
A difference in the relative transition intensity between the
spectra at 4.2 and 77 K was observed but the spectra were
completely reversible for the temperature dependence. The
difference could well be interpreted as originating in the
difference of the Boltzmann population among the M sublevels.
These spectra consist of two well-resolved pairs, A; and B..
The relative separations of each pair are nearly (A-—A+):(B-—
B+) = 3:1 and the relative integrated intensities of the transitions
observed at 77 K are nearly A;:By = 2:3. These ratios are

Teki et al.
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Figure 2. K-Band ESR spectra observed after photolysis at 4.2 K with
the external magnetic field along the crystallographic b axis. (a)
Observed at 4.2 K, the microwave frequency v is 25062.3 MHz. (b)
Observed at 77 K, v = 25105.3 MHz.

just what one expects for the AMg == 41 allowed transitions
between the My sublevels of the quintet (§ = 2) spin manifold
in the high field limit. The angular dependence of the resonance
fields of the spectra in Figure 2b observed at 77 K is shown in
Figure 3 with By applied in the crystallographic ab plane. The
resonance fields, the signal intensities, and their angular
dependence of the observed spectra were described well by the
third-order perturbation calculation based on the effective spin
Hamiltonian (3) with § = 2.!! The g value, the fine-structure
parameters, and the direction cosines of the principal axes of
the fine-structure tensor were accurately determined by the least-
squares method and they are listed in Table 1. They agree with
those obtained by the powder experiment at the X-band within
an experimental error. The error estimated for the D and E
values is ca. £9 x 10™* cm™! in the single-crystal experiment.
The total error of the angles in determining the direction cosines
with respect to the crystallographic axes was estimated to be
within 1.5°. The energy level diagram, calculated by the exact
numerical diagonalization of the spin Hamiltonian (3), is shown
in Figure 4, which corresponds to the same orientation of the
magnetic field as in Figure 2. The absolute sign of the D value
was determined to be positive from the effect of the Boltzmann
distribution as shown in Figures 2a and 2b, which can be
calculated using the energy level, illustrating that K-band
experiments simplify the determination of the absolute sign of
D because of the higher transition energy than in X-band. The
ESR spectra shown in Figure 1 were unchanged from 4.2 to
250 K, except for the change in the relative intensities according
to the Boltzmann population, and no other spectra appeared.
This finding indicates that the other spin states can be located
at higher than 300 cm™! above the ground state. Thus, we can
conclude the observed quintet state to be the electronic ground
state.

V. Discussion

A. Spin Alignment of 3,4’-Bis(phenylmethylene)biphenyl.
It is known that molecule 2, which is a s-topological isomer of
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1, has the ground-state singlet with a closely located triplet and
quintet state.”!” On the other hand, this work shows that
molecule 1 has the high-spin ground state with other low-spin
states located far above it, illustrating that a change in the
ground-state spin depends on the topology of the 7 electron
network. In order to give rationale for this finding, we have
adopted a more sophisticated UHF theoretical calculation of the
electronic structure of 1.

The two approaches as mentioned earlier in this paper are
both the Jimiting case of MO and VB theory, respectively. There
has been no other tractable method3!® that enables us to treat
spin-polarized large quantum systems such as organic high-spin
molecules and to give us reasonable physical pictures for their
spin density distributions. In particular, the simple MO ap-
proach does not allow us to explicitly treat spin correlation or
the nature of spin polarization of the systems. We have been
focusing our attention on the nature of the spin polarization from
both experimental and theoretical sides.>1%141718 Theoretically,
we have introduced a generalized Hubbard Hamiltonian ap-
proach as a tractable method for elucidating electronic structures
of spin-polarized large molecular systems.® The method is
semiempirical because we determine Hamiltonian parameters
(UIT and J/T) empirically, but it is applicable to large organic
systems with both n and 7 spins, providing quantitatively their
spin density distributions in the ground state.

To better understand the spin alignment in molecule 1, we
have carried out a semiempirical UHF calculation of its
electronic structure using the generalized Hubbard Hamil-
tonian,*-32

T==T Y, @yt UDD My iy =

mm’ .0 mo

T Y [SESE + (Sy'S, + Spsiy2] 8)
k

where a* and a are the creation and annihilation operators,
respectively, and 7o = a,a,.. The subscripts m and k refer
to the 77 and n carbon sites. T is a 7-electron transfer integral
(i.e., minus Hiickel ) between the adjacent carbon sites. U
and J are the effective on-site Coulomb repulsion between the
two 7 electrons and the exchange integral between the n and
electrons at the divalent carbon atoms, respectively. It should
be noted that in our previous work!” the values for U/T and J/T
were taken as 1.0 and 0.25, respectively, but in this calculation
we have adopted U/T = 2.0 and J/T = 0.25 as a more
appropriate set of the parameters. It turns out that the latter set
gives more satisfactory agreement between the observed and
calculated 7 spin densities of a series of high-spin carbene
oligomers such as 1,3-bis(phenylmethylene)benzene. We have
solved this model Hamiltonian by employing the Hartree—Fock
approximation,

nmanm—a = <nma nm—a + <nm—a nma - <nm0><nm—g> (9)

where ( ) denotes the average with respect to the spin state in
question. The total spin is not generally conserved in the UHF
calculation. This is not so significant for high-spin ground states
because of the small amount of the spin contamination for the
present case. As the result of this calculation, the quintet spin
state was the most stable electronic spin state for molecule 1.
Figure 5 shows the calculated spin density distribution in the
quintet ground state. On the basis of this spin distribution, we
can understand the spin alignment of 1 as follows. The unpaired
7 spins are distributed over the carbon skeleton by alternating
the sign of the spin density from carbon to carbon, thus leading
to the formation of the pseudo spin density wave in the &
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Figure 3. Angular dependence of the K-band resonance fields of the
allowed transitions observed at 77 K for rotation of the magnetic field
in the crystallographic ab plane (v = 25105.3 MHz). The solid points
represent the observed values and the solid curves the calculated ones
by the third-order perturbation theory.!! The primed pair A’, B'+ and
the unprimed pair Az, B arise from the two magnetically nonequivalent
sites occupied by 1 in the benzophenone host crystal.

electron network (pseudo 7-SDW). The localized n spins in
the o dangling bonds are exchange-coupled ferromagnetically
(J > 0 in eq 8) to the unpaired 7 spins at each divalent carbon
atom, causing the n and 7 spins to be parallel to each other.
Since molecule 1 has the same sign of the st spin density at
both divalent carbon atoms as a result of the pseudo 7z-SDW,
this molecule has four parallel spins, leading to the quintet
ground state, because the 77-SDW situation is most favorable
in view of the total spin exchange-correlation energy. The
formation of the pseudo 7z-SDW state depends strongly on the
topology of the 7 electron network, i.e., the first term of the
Hubbard Hamiltonian (8), which indicates the important role
of the 7t topology also demonstrated in this work. The physical
picture of the spin alignment of 1 obtained by the Hubbard
calculation has been confirmed in terms of the spin density
distribution determined by our ENDOR experiments. The
results will be published elsewhere.!8

B. Probable Molecular Conformation of 1. The knowl-
edge of the principal axes of the fine-structure tensor provides
valuable information about the molecular conformation of 1 in
the host benzophenone single crystal, as described below. The
fine-structure tensor of 1 can be calculated semiempirically by
the expression3¢

D;=[S2S = 1)]™" (ei/oppy)(UpdppyUD),
i,j=X,Y,.Z (1)

where dppy is the fine-structure tensor observed for diphenyl-
methylene (S = 1),%7 g and gppym are the 7 spin densities on
the kth divalent carbon atom of 1 and on that of diphenyl-
methylene, respectively, and U is a unitary matrix which
transforms the local symmetry axes for the divalent carbon
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Table 1. Hamiltonian parameters g, D, and E and the Direction Cosines for the Principal Axes of the Fine-Structure Tensor

g D (cm™) E(cm™)

direction cosines

principal values (cm™!) a b ¢

quintet, S =2 2.003 0.1256 —0.0058

X —0.0477 0.0140 —0.1951 0.9807
Y -0.0360 —0.2594 0.9465 0.1920
Z 0.0837 0.9657 0.2571 0.0374

ENERGY /cm’!
T

!

T
0.0 1.0 1.2

0}4 0T6 0!8
MAGNETIC FIELD /T
Figure 4. Energy level diagram of the Zeeman sublevels and transitions
predicted for molecule 1 with the external magnetic field along the b
axis.

-0.151 0.205

-0.180 0.254 -0.178  0.234

Figure 5. 7-Spin density distribution of the quintet ground state (§ =
2) of 1 obtained by a UHF calculation using a generalized Hubbard
model.

moiety of 1 to the X, Y, Z axes referred to the molecular frame.
This semiempirical formula was derived by assuming that the
one-center n—sr interaction predominantly contributes to the
spin—spin interaction. These 7z spin densities were obtained
by the UHF calculation using the Hubbard model Hamiltonian
(8): oppm = 0.589, while o; = 0.588 and g; = 0.574 as shown
in Figure 5. For dppy, the following observed values are used:
dDPM,XX = —0.1542, dDPM,YY = —'0.1158, and dDPM,ZZ = 0.2700
cm™1, respectively.?” Molecule 1 can take four different
conformations even when only a planar structure is assumed.
These possible molecular conformations and their semiempiri-
cally calculated fine-structure parameters are given in Figure
6. The Z axis is nearly along the molecular long axis and the
X axis is perpendicular to the molecular plane. The positive
sign of the observed D value ruled out the possibility of
conformation IV. On choosing the most probable conformation,
we have also taken the consistency with the crystal structure
into account. The most probable conformation was determined
to be conformation I in Figure 6, whose projection onto the ab
plane of the host crystal is shown in Figure 7. This figure shows

Z

D = +0.1204 cm’!
E=-0.0106 cm™
E/D = -0.088

D = +0.0856 cm’!
E=-0.0222 cm’!
E/D = -0.259

D = +0.0856 cm’!
E =-0.0222 cm’!
E/D = -0.259

Y

D=-0.0761 cm
E = -0.0008 cm’!
E/D = +0.011

Figure 6. Probable molecular conformation of 1. The fine-structure
parameters D and E and the principal axes are those calculated for the
bond angle of the divalent carbon atom, o = 150°,

that this conformation requires the substitution of two sites of
benzophenone over the two unit cells.

VI. Conclusions

We have investigated a novel high-spin carbene, 1, both by
powder-pattern and single-crystal ESR spectroscopies by the
comparison of molecule 2, which is a 7-topological isomer of
1 and also known as the first example which violates the spin
prediction’ on the basis of a simple MO theory3'# plus Hund’s
rule. The results obtained in this work can be summarized as
follows: (1) It has been proven by analyses of ESR spectra
that 1 is quintet (§ = 2) in its electronic ground state. The
calculation based on the spin Hamiltonian (3) with § = 2 has
well reproduced the observed resonance fields and intensities.
In contrast, the ground state of 2 is known to be singlet (S = 0)
as already reported in our previous paper.”'” (2) The most
important point is that a change in the spin multiplicity of the
ground state has been illustrated, depending on the topology of
the 7 electron network of alternant hydrocarbons. (3) The
mechanism of the intramolecular spin alignment of 1 was
interpreted by the UHF calculation using a generalized Hubbard
Hamiltonian. The formation of the 7r-spin density wave (pseudo
7-SDW) depending on the 7 topology was clarified, giving the
physical picture of the spin alignment. (4) Finally, the observed
fine-structure parameters were reproduced by the semiempirical
calculation. The most probable molecular conformation in the
host crystal was determined from the observed fine-structure
tensor with the help of the semiempirical calculation.
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Figure 7. Crystal structure of benzophenone and the orientation of the conformation I (shaded) shown in Figure 6 in the crystal which is projected
in the crystallographic ab plane. The molecules drawn with thin lines have their mid points at z = 0 and those with heavy lines at z = 1/2, where

z is the height along the crystallographic ¢ axis.

Scheme 1
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