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Magnetic Field / mT

A new scientific area called “molecular magnetism” has made T
a rapid progress since the discovery of a ground-state quintet -60  -40 -20 0 20 40 60
dicarbene by Itoh and WassermaRecently, high-spin hyper- Nutation Frequency / MHz
structured molecules have attracted considerable attention as NeWigure 1. (a) ESR spectrum of cation triradicat* in a 2-methyl-THF
organic functlona_l mat_erlaléAIthough a topological _rule for matrix at 5 K. Fine structures of the quartet species were observed at
designing such high-spin molecules has been established, actughoth sides (292.7, 302.3, 308.0, 329.5, 335.3, and 344.8 mT) of the strong
synthetic approaches of them encounter difficulties concerning central signal g = 2.0069) which is mainly due to unoxidized diradical

generation of a number of spin-carrying centers with high kinetic 1. (b) Contour plot of the field-swept 2D-ESTN spectralof at 5 K; ,
stability. Under these circumstances it would be desirable to createcorresponds to 19.6 MHz.

a novel spin system with a high-spin state that can be generated
by one-electron oxidation of a spin-proactive site carrying stable treating a THF solution oB with excess iodine. Temperature
radical groups.As a prototypical donor diradical, we prepared dependence of the ESR triplet signal3f obeyed Curie law in
thianthrene derivatiyes carrying two nitrony! nitroxide groups ( the temperature range of-850 K5 suggesting that the cation
and 2). To apply this novel strategy to hyper-structured high- gjadical3* is a ground-state triplet species, as in cases of amine-
spin molecules, it is crucial to investigate the spin alignment in aceq nitronyl nitroxide®: ' Diradicals1 and2 were also prepared
2,7- and 2,8-isomerd(2), especially in the singly oxidized state. o 4 mixture of 2,7- and 2,8-dibromothianthrene and separated
Here we found that these donor diradicals @) afford ground- 5 fractional recrystallization from chloroform. X-ray crystal-
state quartet species upon one-electron oxidation, regardless of jqaphic analysis of a single crystal obtained from a more soluble
the substituting positions of radical groups. Interestingly, the ¢.-ion revealed that the specimen was 2,8-isoBfealthough
mechanism of the spin alignment of these donor radicals in the 4. crystal structure of 2,7-isomérwas not,deterr’nined for its
singly oxidized state is totally different from that in the neutral poor crystallinity. Cyclic \,/oltamograms df and 2 showed two
state. reversible redox waves at 0.95 and 1.66 V vs Ag/Amg
o dichloromethane in the presence of 0.1 MyBCIO,, suggesting
Q‘r‘\lt that stable cation diradicals can be generated reversibly. ESR
»ﬁ\@sj@\(-? 2 SI ‘0 ©[S ] ",’ spectra of botd and2 in benzene solution showed nonet signals
o- s N N\\Hij[sjij\(N SID\(N due to four equivalent nitrogen atoms with the same parameters
o’NTK 7%/»1\0- ,N~§ O,HK (an = 3.9 G, andg = 2.0062). Before examining the magnetic
° behavior upon one-electron oxidation, the magnetic property of
1 2 3 1 and?2 in the neutral state was studied by means of a SQUID
magnetometer. Temperature dependence of the paramagnetic
susceptibility of these polycrystalline samples indicates that 2,7-
isomerl exhibits a weak ferromagnetic intramolecular interaction
(J = 5.5 K), while the intramolecular magnetic interaction of 2,8-

2-Thianthrenyl nitronyl nitroxide8 was prepared in the first
place as a reference compound by an ordinary method from
2-bromothianthrené. Cation diradical 3™ was generated by
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Figure 2. Three SOMOs of 2,7- and 2,8-isomer cation triradit& (a) and2** (b). Two SOMO-3s are originated from doubly occupied MOs in

neutral state ofl and2.

isomer2 is weakly antiferromagnetid(= —1.4 K).” The magnetic
coupling in these isomeric diradical dondrand?2 in the neutral
state coincides qualitatively with the spin-polarization mechanism
involving heteroatoms.

the topological rule cannot be applied simply to cation radicals

of heterocycles, the ferromagnetic coupling in the singly oxidized
species1™ and 2™ may be explained by the nondisjoint
charactef* between active carbons of the thianthrene ring and

The magnetic interaction in the singly oxidized state of these tne nitronyl nitroxide groups, regardiess of the substitution pattern.

diradical donordl and2 turned out to be in contrast with that in
the neutral state. ESR spectra of cation triradidaisand 2+
were also recorded in a similar condition to the casg'afalong
with an intense signal due to the unoxidized starting materials
(see Figure 1a fol**). These spectra were analyzed as due to
quartet triradicals with zero-field splitting parameters»f=
0.0125,E = 0.0009 cm* for 1** andD = 0.0124,E = 0.0009
cm ! for 2. Independent evidence for the generation of the

The origin of the ferromagnetic coupling in these singly oxidized
donor radicals can be rationalized more precisely by means of a
molecular orbital picturé* Three singly occupied molecular
orbitals (SOMO-1 to SOMO-3) of 2,7- and 2,8-isomer cation
triradicals 1™ and 2™ are shown in Figure 2. The large
ferromagnetic interactions are expected to operate between these
relevant MOs, because the coefficients of SOMO-3 generated by

quartet species was obtained by invoking pulsed ESR-based two-One-electron oxidation are shared by those of SOMO-1 and

dimensional electron spin transient nutation (2D-ESTN) spec-
troscopy. As seen in Figure 1b, a quartet signal of (marked

by x) for [Ms = £/,0< |FY/,Otransition was observed at 39
MHz corresponding to@; on a ridge of the intense triplet sigfal
assignable to the unoxidized radichl(vide supra). Although
quartet transitions ofMs = +3/,[1 |+%,should also appear at

SOMO-2 on the NN groups in both** and2** species.

The mechanism of the spin alignment in this spin system can
be expressed as follows: Paramagnetically interacting two
unpaired electrons in the neutral species can be converted to a
high-spin molecule through a ferromagnetic coupling which
operates between local spins on the radical sites and@n on

v/3a, the signal was not detected because the concentration ofthe donor site generated upon one-electron oxidation. Although

1t was not sufficient for giving rise to a distinct signal.
Temperature dependence of quartet signals in the CW-ESR
measurement obeyed Curie law in the temperature range 15®

K.
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Theoretical calculation by PM3/UHF of** and 2** also
suggests that they exist as ground-state quartet sgédéwreas

(7) The magnetic interaction ihor 2 is considered to be derived not from
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the ground-state spin multiplicity of this novel spin system is hard
to predict from the simple topological rule, it can be safely
rationalized by means of the space-sharing or non-space-sharing
nature of nearly degenerate SOMOs. This novel spin system has
the potential for constructing organic magnetic metals, nanoscale
magnetic materials, and electronically controllable spin systems.
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