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Pioneering theoretical work of Hiuel, Longuet-Higgins,
Ovchinnikov, and Borden and Davidsoimter alia, has ad-
dressed the question of the applicability of Hund’s first rule to
moleculest Experimental results have established that non-
Kekule biradicals may have a triplet or singlet ground state,
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Scheme 1

depending on whether the topology leads to a large exchange(Kno,u). The AO coefficients of these frontier MOs are in
interaction between the nonbonding electrons, as well as whetherfact very similar to those of 1,8-naphthoquinodimethane, a

the nonbonding orbitals are sufficiently perturbed from degen-

eracy?
On the other hand, the question of whether Kékut#ecules

robust ground-state triplet non-Kekubéradical?
Biradicals1 and2 were generated photochemically in rigid
organic glasses from two separate precursors each (Scheme 1),

might forego maximum bonding and exist as ground-state triplet cyclopropanes3 and 5 as well as dibromideg¢ and 6,2 and
species has been less thoroughly examined. The well-knowninvestigated by optical and EPR spectroscopies. Platz, Mi-

pseudo-Jahn-Teller distortion of cyclobutadiémdong with the

recently predicted low-symmetry singlet ground state of ace-

pentalené,calls into question the proposition of a stable triplet
ground state for a neutral Kekudpecies with topology-imposed
orbital degeneracy.

For Kekulespecies with a sufficiently small HOMELUMO

girdicyan, and co-worke?$ave demonstrated that dihalides can
be photo-dehalogenated to the corresponding biradicals in the
presence of tetrakis(dimethylamino)ethene (TDAE).
Hydrocarborl displays electronic transitions throughout the
visible and well into the near infrared. Figure 1 shows the
spectrum obtained after irradiation of cyclopropa®en a

gap, the exchange interaction should allow promotion of an methyltetrahydrofuran (MTHF) glass at 81 K with a 200 W
electron to give a triplet ground state, but just how small a gap medium-pressure Hg arc lamp filtered with a 365 nm bandpass

is necessary for such behavior is unknow@ne can favor the
biradical valence structures of a Kekutesystem by “aromatic”
stabilization, not available to the canonical structure. Heilbron-
ner and co-workers have proposed cyclohafgfjuorene as

a model of such a strate§ybut numerous attempts at its

filter. The 0-0 band of the longest-wavelength transition has
its maximum at 1284 nm. On the basis of loss of starting
material, the molar absorption coefficients are estimated at log
€ ~ 3.0 for the bands at 1284 and 750 nm, tog 3.9 for the
band at 528 nm, responsible for orange-red colat,and log

synthesis have failed. We chose instead to investigate 2,2-¢ ~ 4.7 for the band at 380 nm. Compoufidoroved to be

dimethyl-H-benzogd]fluoranthene 1) and 2,2-dimethyl-B-
dibenzogd,Kfluoranthene ). These molecules compensate the

photochemically stable: prolonged irradiation with the unfiltered
output of the Hg arc lamp caused no change in the spectrum.

formal loss of a double bond with the aromatic resonance energyOn the other hand, was found to decay rapidly and irreversibly

of fluoranthene and benzdfluoranthene, respectively, in the
biradical [triplet] resonance form (Scheme 1).

In terms of molecular orbital theory, these biradicaloids
combine exceptionally small HOMEOLUMO splittings, 0.1
for 1and 0.1 for 2 at the Hickel level, with large local overlap

upon thawing the matrix. The same spectral features were
obtained by irradiation of a mixture of dibromideand TDAE
in a dibutyl phthalate glass at 165 K.
Markedly different results were obtained for hydrocartpn
as shown in Figure 2. Irradiation of cyclopropahaé MTHF

of the HOMO and LUMO, ensuring a large exchange interaction at 81 K caused the formation of new peaks in the visible and
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300 400 500 600 800 1000 .. The electronic transitions df and 2 were calculated using
2.0] A/nm PPP SCF CI methods for both the sindfletnd triplet! mani-
a4 folds. Reasonable agreement with experimentlf@Figure 1)
1.5] was achieved only for the singlet and only by inclusion of
0.2 %10 doubly excited configurations in the configuration interaction
1.0] matrix. Of particular interest are the first and second transitions,
which are to states of primarily HOMEGLUMO singly and
051 doubly excited character, respectively. Such states have no
counterpart in the triplet manifold, and the location, intensity
00] v/um-1 and polarizatio®? of the corresponding transitions are in
30 75 20 s v excellent agreement with the calculation. This indicatesthat
PPP mplet[léi [ : [ ¢ ] has a singlet ground statél, consistent with the lack of an
prpspct [ | I | I i EPR signal.
| f<0.01 lo.01<f<01 Joi<f<10 Bf<1.

The longest-wavelength band observed for compo@nd
Figure 1. Difference Spectrum obtained by 365 nm irradiation of occurs at mucmhorterwa\/elength than in the smaller System
cyclopropaned in MTHF glass at 81 K and results of PPP calculations 11 gnd also than the first two transitions calculated' 1338

on1 (see text). The UV region was determined in a separate experimentand 759 nm]. While the longest-wavelength band might be
at lower concentration. Calculated polarizations are indicated by a solid obscured by éolvent vibrational absorption, the stronger transi-
(long in-plane axis) or dotted (short in-plane axis) line. tion to theS; state, correctly predicted fdt, should have been

250 300 400 500 600 700 800 easily visible. Moreover, the observation of strong fluorescence
T emission corresponding to the transition at 665 nm indicates
quanta/pm-1 that there are no longer-wavelength bands (Kasha's rule).

Although the agreement between the experimental spectrum and
the calculated triplet spectrum is only mediocre, the experimental
spectrum is strongly reminiscent of those of triplet 1,8-
naphthoquinodimethanes, which show sharp, highly structured,
i relatively weak bands (log ~ 2—3) around 500 nm and a

i strong (loge ~ 4.5) peak around 336840 nm’ This already

7/pmt x o.kzu ' suggests tha? was observed in its lowest triplet stag, and
i—— . : S this is strongly supported by the observed EPR spectrum, which

— triplﬁ T |3'5 g |g|3'0| 5|2'5 ; = [ = | 015 displayed a linear Curie plot in the range of 85 K, indicating
peespcr |l 1E EI T B F 1 Hl [ — a triplet ground stat&® TheD-value obtained, 0.0210 cth is

[ £<0.01 loor<f<o1 lo1<f<1o Hi<10 similar to those found for various 1,8-naphthoquinodimethanes,
Figure 2. Fluorescence excitation (solid) and emission (dashed) spectrawhich range from 0.018 to 0.029 crh’
of 2 generated by 405 nm irradiation of cyclopropdria MTHF glass The remarkable differences in the spectroscopic properties

at 77 K and results of PPP calculations(see text). The excitation  of 1 and2 are the result of the different ordering of the lowest
spectrum was obtained in two separate experiments at different gy iet and triplet states for the two compounds. In the case of
concentrations. 1, the ground state is of singlet multiplicit2;is a ground-state

above which wavelength MTHF is opaque due to vibrational triplet. Compoundzlis the.first representative of a fundamen-
overtones. There was also a very strong absorption at 346 nmtally new class of high-spin molecules.
(log € ~ 4.8). Like1, biradical2 also proved photostable: no
decomposition o was observed even upon irradiation with Acknowledgment. Dedicated to Prof. Dr. Edgar Heilbronner. This
the unfiltered Hg arc lamp, and numerous isosbestic points werework was supported by the Swiss National Science Foundation and
retained during its formation. Hydrocarb@ris somewhat more the I_:’etroleum Research Fund, administered by the American Chemical
thermally labile thanl, decaying slowly in a rigid dibutyl Society.
phthalate matrix between 130 and 150 K.

The visible absorption o2 was accompanied by a strong JA971635+

red emission which has a sharp-0 peak at 670 nm and : : :
vibrational structure tailing into the near infrared (Figure 2). . (10) We thank Prof. J. Waluk, Institute of Physical Chemistry, Warsaw,
All features of the absorption spectrum were reproduced in the o maxind available a PEP SDCH program, which includes all singly and
eat p PeC p doubly excited configurations within a% 5 orbital spaceC,, symmetry
excitation spectrum. The emission was also observed uponwas assumed, and all bond lengths set to 1488pm. Standard paramgters:
itati i i i =11.42eV,A, =0.58 eV,y,, = 8.89 eV, and3,, = —2.6 eV.
excitation with a 351 nm puise from a XeF excimer laser with = 1,42 VA 030 ey, = 889 o), s £ 2800,
p : ; y Wi poral - gingly ‘excited configurations were included up to ax1@.0 orbital space.

shape of the laser pulse. It is, therefore, a fluorescence with aThe geometry used was the same as for the singlet manifold (ref 10).

lifetime of less than 25 ns. Standard parameters,,,, = 10.84 eV and3,, = —2.318 eV.
: : (12) Determined in stretched polyethylene. Michl (Michl, J.; Thulstrup,
Generation ofl from either the cyclopropang or the E. W. Spectroscopy with Polarized Ligh¥CH Publishers: New York,

dibromide4 by irradiation in MTHF glasses at 89 K in the cavity ~ 1986) offers an excellent introduction to this technique.
of an EPR spectrometer gave no signals assignable to a persistent (13) Two conceivable yet unlikely alternative explanations can be

; ; e _ formulated: (1) a linear Curie plot is consistent not only with a triplet ground
triplet species under conditions where the orange-red color state but also with very nearly degenerate lowest singlet and triplet states

characteristic ofl was present. Irradiation of cyclopropabe (Er — Es < 0.02 kcal/mol); (2) the Berson group recently reported a case
in an MTHF glass at 89 K with 405 nm light, on the other of long-lived spin isomerism (ref 14), for which a Curie plot is meaningless.

i i icHowever, the fact that all absorption features are reproduced in the
hand, rapidly produced a species whose EPR spectrum, perSISquorescence excitation spectrumfalong with the observed persistence

tent for hours in the dark, is diagnostic for a randomly-oriented of the EPR spectrum down to 5 K, corroborates the case for a triplet ground
triplet. Itis characterized by zero-field splitting paramet&s state of2. Finally, the factors believed to be responsible for spin isomerism

hc] = 0.0210 cm! and |[E/hc] = 0.0034 cm! and a signal at in Berson's case are unlikely to apply tb or 2, which have little
half fi I.d Th | f btained conformational freedom.
alr meld. e same spectral features were obtained upon " (14) Bush, L. C.; Maksimovic, L.; Feng, X. W.; Lu, H. S. M.; Berson,

irradiation of a glassy matrix containing dibromifi@nd TDAE. J. A.J. Am. Chem. S0d 997, 119 1416-1427.



