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Title
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In recent years, interest is growing in the development of stable organic radicals as new functional molecular
materials, because their open-shell electronic structures show unique technologically relevant properties. By virtue of
having external stimuli (such as light, and electric and magnetic fields) responsive spin structures, stable organic
radicals provide novel schemes for performing spin memory and logic operations, and open avenues for quantum
information science and quantum computers. The synthesis of radicals with sufficient stabilities is the precondition
for their further applications in material science. Because physical properties of hydrocarbon radicals depend
predominantly on the topology of n-electrons array, the development of new hydrocarbon radicals is key to new
basic molecular skeletons that promise novel and diverse applications of spin materials. Furthermore, studying
structure—property relationship will provide valuable information for the molecular design.

The cyclopentadienyl (Cp) radical species is one of the simplest members of conjugated hydrocarbon radicals, but
their further properties investigation and application have been hampered by the inherent high reactivity. By far, only
a few of them have been isolated in crystalline form, and those radicals are stabilized by steric effect,
hyperconjugative stabilization, or spin delocalization. And 9-anthryl group has stabilization effect for some radical
centers, such as the newly reported fluorenyl monoradical. Inspired by those research, our strategy toward
thermo-dynamic stabilization of fluorenyl-based radicals is by m-extension of the fluorenyl unit with two aromatic
benzene rings, and based on the position of the extended benzene rings, we designed three types of target radicals,
which can be called a-type, b-type, and c-type. The achievement of kinetic stabilization is by applying the steric
hindrance of 9-anthryl group to the center position of fluorenyl. Such a design can possibly also improve the
solubility due to orthogonal conformation of the anthryl with respect to dibenzofluorenyl moieties.

Three ﬂuorenyl-based radical isomers (1a, 1b, and 1¢) were prepared. The attachment of the 9-anthryl group at the
most reactive site of fluorenyl moiety efficiently stabilizes the radicals in kinetic way, and benzannulation of the
fluorenyl center increase stability of the radicals by thermodynamic method. Their electronic properties were
systematically investigated by a bunch of experimental methods and assisted by DFT calculations. All three radicals
showed significant stabilities; the half-lives of 1a, 1b, and 1e¢ in air-saturated toluene at ambient condition were 7,
3.5, and 43 days, respectively. 1b could be isolated as an unassociated monoradical in crystalline form, whereas 1a

' gave o-dimers in crystal state. 1c existed in solid state in both an unassociated monoradical and o-dimer forms. The
spin structures of those radicals were unambiguously determined by solution ESR and ENDOR measurements along
with theoretical calculations. The ESR signals of 1a were intensively decreased at low temperature, indicating that
dimerization in solution proceeded. In contrast, 1b and Ic¢ didn’t show obvious signal decrease in VT ESR
measurements. Three radicals showed amphoteric redox properties in CV measurements. le¢ needed 5-6 hours to
finish dissociation of o-dimer after dissolution whereas 1a could dissociate immediately. UV and 'H NMR spectra
also revealed this phenomenon. Solid UV measurements disclosed mechanochromic properties of crystals of
o-dimers.

Different manner of benzannulation to fluorenyl radical leads to a variety of structures and properties in solution
and solid states. Although these rich behaviors are ascribed to the difference of the conjugation style of spin
delocalization (that is, cyclic for 1a and le, and linear for 1b), anthracene as a substituent would also play an
important role. Bulky and rigid skeleton of anthracene effectively protects a spin center with large spin density
(~0.5) from c-dimerization and oxygén attack, and at the same time, high ability of anthracene to pull an attached
spin into its meso-position results in drastic conformation change from twisted to folded forms. Our results suggest
that combination of spin-localized radicals and anthracene is a strategy for the molecular design that opens new

avenues for spin-based materials.
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