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The rational design of materials with predictable or controllable
magnetic properties is a prominent objective of current materials
research.One possible strategy employs the mediation of magnetic
coupling between high-spin metal centers via spin-bearing chelating PS:".__-.V‘
ligands. Chelation, as opposed to monodentate coordination, of the [ )
metal to the ligand is a key strategic element, as it fixes the
orientation of the ligand and metal magnetic orbitals with respect o
to one another. At present, appropriate ligands fall into one of four

classes: semiquinorfeand their derivativednitronyl nitroxides?

verdazyls; and, most recently, azaphenylen§lderein, we report S

MNE P
NS . i)
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a new class of radical chelating ligand, based on a sulfitrogen "'TC_Q“';&‘:)—Gﬁ ,{_EA_ %
heterocycle, and demonstrate the presence of magnetic coupling iy o — @«*5)'- A
between the unpaired electron on the ligand and those on a Nf‘ ) . )
Figure 1. ORTEP depiction of a dimer of neutral radidalData collected

coordinated hlgh-spln Co(ll ce_nt.er. . atT = 100 K. Selected bond distances (A): 532, 2.093; S+N1, 1.634;
Heterocyclic molecules containing sulfur and nitrogen have been g_N2 1.634. Selected bond angles (deg): —®IL—S1, 113.85; C+

studied extensively with respect to the synthesis and properties ofN2—S2, 113.15. Selected dihedral angles (deg):—82—C2—N3, 11.5;
stable neutral radical and radical cation species. To this end, a largeN5—C7—C8-N6, 3.8. Selected intermolecular distances (A): —SB,
number of 1,2,3,5-dithiadiazolyl (DTDA) radicals, with a wide 3.018; S2-54, 3.005.

variety of substituents at the 4-position, have been prepared, isolated-pz/t 1

and characterizetiThe DTDA moiety is a planar ring with a seven

mr-electron count. The unpaired electron resides @t anolecular C}—qhg
orbital that is nodal at the C atom and antibonding with respect to NN

the S-S and S-N bonds. Ab initio calculations predict that the

distribution of spin density is roughly equivalent over the S and N the crystalline state, the radicals formstacked dimers (Figure
atoms, and this prediction is compatible with literature measured 1), with intermolecular SS contacts of 3.005 and 3.018 A (at 100
EPR spectrd? Several investigations into the reactivity of DTDA  K). The solid is therefore expected to be diamagnetic.

radicals have been reported. These include studies involving Complex2 was prepared by stirring equimolar amountslof
bonding to metal centers through the DTDA sulfur atdrasd and Co(hfagy2THF in dry THF, under an inert atmosphere, at
coordination to metal centers via the pyridine nitrogen atom of a ambient temperature for 20 min. The Co(hfa2MH,0, prepared
4-(3-pyridyl)- and a 4-(4pyridyl)-substituted DTDA. Surprisingly, using a literature procedutéwas converted to Co(hfagRTHF
there are no literature studies involving bonding to metal centers py recrystallization from THF in order to avoid the introduction of
via the DTDA nitrogen atoms. Herein, we report the synthesis of water and potential decomposition of the raditaComplex2 was
4-(2-pyridyl)-1,2,3,5-dithiadiazolyll (Chart 1), designed as a  recovered from the reaction mixture as a dark brown powder. Small
chelating radical ligand, and the coordination of this ligand to ¢rystals of2 were obtained by sublimation. Crystals suitable for

bis(hexafluoro-acetylacetonato)-cobalt (Co(hfacjo give the single-crystal X-ray diffraction and SQUID magnetometry were

complex2. grown by slow evaporation of Ci€l, from a saturated solution
The synthesis of was achieved following standard preparatory nder an inert atmosphere.

procedures for similar known DTDA radical$.Dark purple The single-crystal X-ray structure @f(Figure 2) confirms the

blocklike crystals ofl. were obtained in moderate to high yield via  pigentate chelation of the intact DTDAto the cobalt metal center

sublimation in a gradient-temperature tube furnace. via the pyridine nitrogen atom and one of the DTDA nitrogen atoms.
The physical properties dfare similar to those of known DTDA  The complex does not form dimers in the solid state. The closest

radicals. The room-temperature solution EPR in,CHlis the 1:2: intermolecular S-S contacts are 4.431 and 4.834 A. Bond distances

3:2:1 pattern anticipated for coupling of one unpaired electron t0 4,4 pond angles within the DTDA ring do not change significantly
two equivalent nitrogensag = 5.02 g,g = 2.010(6)). Cyclic upon chelation.

voltammetry (CV) ofl in dry CHCN (8'1 M n-BusNPFs) shows Magnetic susceptibility measurements (Figure 3) were collected
a reversible oxidation wave &,(0x) = 0.62 V (vs SCE) and @ panyeen 2 and 300 K, at a field strength of 4000 G. These distinctly
reversible reduction wave at Bi(red)= —0.81 V (vs SCE). In i icate a maximumyT of 3.66 emu K mot at 70 K. This increase

in ¥T with decreasing temperature from rt strongly suggests

Iﬂﬂ:xg:z:g of Guelph. ferromagnetic coupling between the unpaired electron on the ligand
§ North Carolina State University. and the Co(ll) center, giving a8 = 2 electronic ground state.
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Figure 2. ORTEP depiction of compleX with protons excluded for clarity.
Data collected aT = 100 K. Selected bond distances (A): -S32, 2.091;
N1-S1, 1.648; N2-S2, 1.619, CotN1, 2.122; Cot N3, 2.103; average
Co—0, 2.050. Selected bond angles (deg):—Gl1—N1, 115.11; CEN2—
S2, 114.47. Selected dihedral angles (deg):—81—-C2—N3, 7.4.
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Figure 3. xT versusT plot for complex2, collected at 4000 G. Magnetic
susceptibility was measured using two consecutive cycles, each from 2 to
300 K and back. As no variation was observed, a representative cyele (2

300 K) is shown. The data were modeled as described in the text. The best

fit is shown.

Magnetic properties of high-spin Co(ll) in a low-symmetry

pseudo-octahedral ligand environment have been modeled by others (9) Wong,

using both isotropit and anisotropit® spin Hamiltonians. In this
preliminary account, we present results obtained by modeling the
magnetic data as a linear two-spin system using an isotropic spin
Hamiltonian H = —J(ScoSorpa) + 9BSH — zJ + x4ip). The best

fit yields the following parametersdco,-prpa = 82.2 cnvl, g =
3.28,zJ = —0.15 cnt?, andy;p = 0.0028 cn1?, wherezJ accounts

for the intermolecular coupling in the solid state gmg accounts

for the temperature-independent paramagnetism.

The results presented herein demonstrate that SN heterocycles
can be used as building blocks for the design of new spin-bearing
ligands. This has the potential to significantly increase the number
of available synthetic strategies in the field of magnetic materials
design.
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