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Trimethylenemethane (TMM) and tetramethyleneethane (TME)
are the simplest non-KeKuldternant hydrocarbons (AHs) for
which the Longuet-Higgins rule dictates the occurrence of two
nonbonding molecular orbitals (NBMO) that have zarbond
energy! The two NBMOs have atoms in common in TMM
and can be confined to different sets of atoms in TME, and
Hund'’s rule can not therefore be applicable in a straightforward
manner to the latter. Pointing out this difference, Borden and
Davidson predicted in their perturbational MO theory that while

TMM should have a ground triplet state, singlet and triplet states
are nearly degenerate and higher order terms favor the singlet

ground state for TME. Ovchinnikov adopted valence bond
(VB) theory for AHs to conclude that the spin quantum number
(S of the AHs can be given b§ = (n* — n)/2, wheren* and
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vinylogs and benzenologs of TME.Recently Bersoret al.
investigatedN-substituted-3,4-dimethylenepyrroles extensively
and reported that whildl-methyl- orN-pivaloyl-3,4-dimethyl-
enepyrroles were characterized as singlet biradidédmsyl-

or N-brosyl-3,4-dimethylenepyrroles existed as both singlet and
triplet biradicals and intersystem crossing between the two spin
states could not be observed. They concluded substitution by
an electron-withdrawing group at the nitrogen of the pyrrole
ring can tune the singlettriplet energy gap.

A question how the singlet and triplet ground states of TME
are separated evoked much controversy and should be answered
by proper method%. Determination of temperature dependence
of the magnetic susceptibility and magnetic field dependence
of the magnetization is a method of choice for studying the
magnitude of the effective magnetic moments and spin quantum
numbers of polyradical®? In this paper, we report a magnetic
study directed to determine the energy gap of the singlet and
triplet states ofl.

Diradical 1 was obtained by the photolysis of 5,6-dimethyl-
ene-2,3-diazabicyclo[2.2.2]oct-2-er® (eq 1) as employed by
Dowd et al* Precursor2 was synthesized from 1,2-dihydro-
phthalic acid according to the method of Rath all® and
obtained as pale yellow crystdl&JV —vis absorption maxima
at 274 nm € 4990) and 379 nme(112)}. Since the magnetic

@

n are the numbers of starred and unstarred carbon atoms in AHSs,

respectively. Th&values of TMM and TME are predicted by
this rule to be 1 and 0, respectivély.

While the triplet ground state of TMM was accepted
unanimously, it was only in 1986 when the ground spin state
of TME was tested experimentally by Dowetlal. They studied

the ESR spectra of TME and 2,3-dimethylenecyclohexane-1,4-

diyl (1), a conformationally restricted analog, to find that their

measurement is not spectroscopic and treats the photoproducts
as a whole, it is necessary to minimize any side reaction giving
paramagnetic impurities.We therefore optimized the reaction
conditions for the formation ofl from 2 in 2-methyltetrahy-
drofuran (MTHF) frozen solution. The photolysis was carried
out in an ESR cavity by using light from a high-pressure

signal intensities obeyed Curie law in the temperature rangesmMercury lamp and a set of Kenko band-path filters. While the

of 16—65°9and 15-53 K> respectively. While the possibility
that the singlet and triplet states are degenerate withird80
cal mol? was mentioned, their triplet ground states were
concluded on the basis that it was clearly less likely that both
TME and1 of different planarity showed similar degeneracy.
This conclusion was contradictory to the above theoretical
predictions and the observed singlet ground states of highe

light 2 > 340 nm was not effective in giving any ESR active
product, the light{ > 320 nm) gavey = 2 signals [D/hc| =
0.024 cn! and |E/hd = 0.0039 cml) as well as forbidden
lines atg = 4 (Figure 1a). Thé® andE values correspond to
the theoretical valués!?for 1 and are in good agreement with

a distance of 4.77 A between the two spins by a point-dipole
approximation. We conclude this species as the desired

' diradical 1.
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Figure 1. (a) A 9.428 GHz ESR spectrum of a solid solution2oif
MTHF (0.1 M) after irradiation with light { > 320 nm) measured at
9.4 K. The signal denoted with an asterisk (*) appeared only when
irradiated with light £ > 300 nm). TheAms = £2 region is also
presented. (b) An ESR spectrum obtained by continued irradiation at
A > 300 nm at 9.5 K. The signal denoted withwas due to the impurity

in the cavity.
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hotolysis of2 or continued irradiation of with the light4 ; ; . . -
> 300 nm gave another set of ESR signals (Figure 1b). The 0 " Magnetic Field/0e  © ™
second photoproduct appeared at the expense of the signal frorT'l:
the first. product. If the outer-to-inner peaks and shqqlders of 2.0 K. The two solid curves represent a theoretat 1 curve (top)
these_5|gnals a_re assumed to beze+y, and=£x transitions and a best-fit curve (bottom) with a singtdtiplet gap of d/ks = —0.76
of a triplet speciegD/hc| = 0.0059 cn1! and|E/hd = 0.000 67 K (eq 2).
cm! are obtained. However, no forbidden transition is
observed ag = 4, proven by the decrease of the signagjat Field-dependence of the magnetizatidt) ©f 1 is shown in
4. The smallD and E values, corresponding to the distance Figure 3. A theoretical formula for the magnetization of a
between the two spins of 7.61 A by a point-dipole approxima- diradical with a small singlet and triplet energy gapd)(2

tion, may be assinged to a hydrogen migration product. The comparable to the Zeeman splitting is given by eq 2. The fitting
ESR spectrum reported by Dowet al5 is reproduced by a

igure 3. Field dependence of the magnetizationlofmeasured at

sum of the two species. gugH, —gugHy
The wavelength-dependence of the photoproduct has been ex kT - T
reported by Bersoet al. in the N-(arenesulfonyl)-3,4-dimeth- M = Ngug

ylenepyrrole system. The irradiation at 370 nm afforded the QugHo L1 —gugHy n =2
ESR inactive singlet biradical, but irradiation at 265 nm afforded ex kgT ex kgT ex kT
(2)

a triplet species. With irradiation at 343 nm, a different triplet

species (smalleb and E values) was produced. Both triplet

species exhibited a forbidden linegt= 4. The triplet species ~ of eq 2 to the observed data gavé/kqd = —0.76 &+ 0.16 K,

with largerD andE values was assigned to a triplet biradical, indicating that the singlet and triplet states are nearly degenerate

and the triplet species with the smallBrand E values was  in 1. For a triplet § = 1) ground state)> 0), the last term

assigned to the triplet diazenyl biradical. in the denominator vanishes and the corresponding theoretical
Magnetic measurements were performed on a SQUID sus-curve did not fit the observed data at all. Ror 0, this term

ceptometer/magnetometer for samples lobbtained under  is 1 and, therefore, the initial slope of the curve for 0 is

similar conditions as those described above. A solution of 0.33 three-fourths that of the curve fdr> 0, indicating that 25%

mg of 2 in 10 uL of MTHF was placed in a quartz cell. The of the diradical molecules are in the singlet state and hence

light (1 > 320 nm) was introduced to the SQUID susceptometer give no magnetizatiof

through an optical fiber introduced into a sample probe and the These experimental results are in excellent accord with some

photolysis of2 in MTHF was performed at410 K. The data of the computational results that the singlaiplet gap inl is

before irradiation was subtracted as background data. almost exactly zer®. _
The paramagnetic susceptibiliyobtained at a field of 5000 In conclusion, we have been able to demonstrate experimen-
G in the temperature range-20 K is presented asal vs T tally that the singlet and triplet states bfa conformationally

plot (Figure 2). The nearly horizontal line is consistent with fixed analog of TME, are almost degenerate, terminating a
Dowd's finding that the EPR signal intensity @fobeys the controversy as to theoretical and experimental interpretation of
Curie law. The slightly decrease in th& values at the low- the ground state df.

temperature regionT( < 4 K) suggests a singletriplet ) o
equilibrium in which the singlet is very slightly lower in energy, ~_ Acknowledgment. This work supported by a Grant-in-Aid for
rather than a triplet ground state. The effect is, however, too Scientific Research (B) (no. 06453035) from the Ministry of Education,
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equilibrium with a triplet separated by a small gap)(2 JA970843Z

Nevertheless, this theoretical curve fafkg = —0.76 K derived (13) The theoreticab = 1 curve is normalized at 50 kOe. The initial

from the field dependence of magnetizatiofdg infra) is also slope of the curve is therefore nearly but not quite as high as four-thirds
given in Figure 2. that of the curve for ks = —0.76 K.




