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In the heterocyclic series of singlet biradicals 1-312 derived
conceptually from the disjoint biradical tetramethyleneethane
(TME, 4), the first-order perturbative interactionl3 between the
heteratom lone-pair orbital and the Cssymmetric TME NBMO,
and hence the energetic preference for the singlet, should increase
in the order O or S < NH (Chart I). However, this interaction
should be sensitive to the electron-releasing (ER) or electron-
withdrawing (EW) nature of a substituent on the nitrogen. A
sufficiently EW group should result in a triplet—singlet gap Er—
Eg similar to those in hydrocarbon TMEs, which theory predicts?
to be in the range —1 to +2 kcal/mol. Since the hydrocarbons,
TMEitself (4),% 2,3-dimethylenecyclohexadiene (DMCH),*and
5,5-dimethyl-2,3-dimethylenecyclopenta- 1,4-diene (DMCP)¢ have
been shown experimentally tohave accessible and persistent triplet
states, we proposed that the electronic tunability inherent in the
pyrrole structure 3 might be used to populate a triplet state of
the heterocycle. Semiempirical AM1-CI calculations’ confirm
the qualitatively predicted narrowing of the S-T gap with
increasing EW nature of the substituent. This paper reports
experimental tests of these predictions. It describes the prepa-
ration of the model substance 3a, which has an ER substituent
on N, and of two molecules 3b and 3¢, each with a strong EW
group on N. Compound 3a persists as a singlet, but compounds
3b and 3c persist in both singlet and triplet states, which can be
observed independently as kinetically stable species. The latter
compounds demonstrate the rare phenomenon of long- lived spin
isomerism.

By using procedures described elsewhere,” we have prepared
the diazenes Sa-¢, potential precursors to the biradicals 3a-e,
respectively. Compound 5a is thermally stable only at temper-
atures below —20 °C. Irradiation of a 2-methyltetrahydrofuran
(MTHEF) glass at 77 K at 365 nm or with the full spectrum
(infrared-blocked) of a 200-W Hg arc gives rise to a blue, ESR-
silent preparation of 3a, Aax 600 nm. The biradical 3a putatively
generated from 5a in solution-phase preparative scale reactions
by thermolysis or by photolysis at 365 nm gives dimers and
interception products (e.g., 6a from O,) and alkenes (e.g., 7a
from fumaronitrile) analogous to those observedl:2 with the furan
and thiophene singlet biradicals 1 and 2. Nanosecond time-
resolved spectroscopy® directly confirms the quenching of 3a by
these trapping agents.

In contrast to S5a, diazenes 5b and Sc are less reactive and
persist for a few minutes even at room temperature. The
photochemistry of MTHF or ether-isooctane—ethanol (EIA)
glasses of these materials at 77 K is exquisitely sensitive to the
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irradiating wavelength. The toluenesulfonyl derivative b (Apax
305, 343, and 370 nm) irradiated at 370 nm (1000-W Hg-Xe
arc, Oriel monochromator) rapidly gives a blue preparation, Amax
593 nm, ¢ ~ 5100, which is ESR-silent between 10 and 77 K.
We assign the structure of singlet biradical 3b to the carrier of
the blue color. Although the color can be bleached photochem-
ically and disappears quickly in thawed matrices, it persists in the
dark at 77 K for at least |1 month. After this time, the samples
still do not show any detectable ESR triplet signal. The
p-bromobenzenesulfonyl derivative also gives an ESR-silent, blue
preparation containing singlet 3¢, Apax 600 nm, under the matrix
immobilized conditions.

The same color appears when glasses containing both Sb and
atrapping agent, e.g., maleonitrile or fumaronitrile, are irradiated
as above. Annealing the glassy preparations gives trapping
products 7b resulting from completely stereospecific syn addition,
as monitored by high-performance liquid chromatography
(HPLC). The same products are obtained from liquid solution
preparativerunsin which Sband the trapping alkene are irradiated
at 30 °C in CDCI, solution and the conversion is monitored by
IH NMR at—40 °C. Product yields in the solution runs are near
100% by NMR and ~85% by actual isolation. Nanosecond
spectroscopy® shows that the ratios of rates of quenching of the
blue species 3b by alkene trapping agents are the same as those
determined in preparative competition experiments.

At 265 nm, 30—60-s irradiation of 0.005-0.01 M 5b glasses at
77 K in MTHF or EIA gives a yellow preparation, Ay < 400
nm, which displays (Figure 1) a strong triplet ESR spectrum.®
The Am = | transitions appear as a four-line signal centered
around 3300 G at 9.281 GHz (superimposed on a weak doublet
impurity peak). A weaker Am; = 2 line appears near 1650 G.
The ESR spectrum can be simulated with the zero-field splitting
parameters |D/hc| = 0.0226 cm! and |[E/hc| < 0.0005 cm~!. The
value of |D/hd| is very close to those of the three known TME
triplet species; TMES20.025, DMCH?%20.024, and DMCP$0.026
cm-!. Using PM3 wave functions!© in a point-dipole procedure
previously described,!! we calculated the |D/hc| values expected
for both the TME and 3b triplets to be 0.024 and 0.026 cm™1. We
assign the structure N-(p-toluenesulfonyl)-3,4-dimethylenepyr-
role (3b) to the carrier of this triplet spectrum. Similar results
are obtained from the bromobenzenesulfonyl derivative S¢, which
gives the triplet biradical 3¢, |D/hc| = 0.0231 cm! and [E/hc| <
0.0005 cm™1, The ESR signal of 3b persists in the dark at 77 K
for at least 1 month. Both triplet preparations 3b and 3c show
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Figure 1, Electron spin resonance spectrum observed after a S-minute
irradiation of a MTHF glass containing 0.009 M diazene 5b at 265 nm
and 77 K.

linear Curie law plots (ESR signal intensity vs 1 /T) in the range
12—40 K (temperatures nominal), but the signals lose intensity
irreversibly at higher temperatures.

Even in EIA-heavy-atom solvent mixtures containing 1-bro-
mopropane, iodoethane, or xenon at 77 K, interconversion of the
ESR-silent blue species 3b and 3¢ with their triplet spin isomers
does not occur over a period of days. We have considered two
explanations for this phenomenon. The first recognizes that a
disjoint singlet biradical would have almost purely covalent wave
functions for the two electrons in the nominally nonbonding
HOMOs.!12 As Salem and Rowland have shown,!3 unless the
singlet wave function has appreciable ionic character, the spin—-
orbit matrix elements that couple the triplet and singlet would
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approach zero, and slow intersystem crossing (isc) would be
predicted. Just how slow such isc processes may be is still
unclear.14

Alternatively, we suggest that because of the near-zerosinglet—
triplet energy gap, minor energetic factors such as the molecular
conformation of the biradical might determine the spin of the
ground state. In the rigid matrix, these conformations would be
fixed at birth by the conformations of the precursor. Since
interconversion of the biradical conformers would be matrix-
impeded, spin interconversion might be immeasurably slow.

Curielaw studies exemplify a class of experiments that purport
to determine the spin of the thermodynamically preferred state
of a biradical by observation of magnetic properties. Itisa crucial
(but infrequently stated!’ ) assumption in such studies that the
spinisomers achieve equilibrium rapidly. By demonstrating that
this assumption is unreliable in some cases, the present results
call for prudence in such assignments.
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