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Reduction of the radical-cation [•NSSNC−CNSNS][AsF6] with
ferrocene affords the novel biradical •NSNSC−CNSSN• containing
both 1,2,3,5- and 1,3,2,4-isomeric dithiadiazolyl rings. Biradicals
form centrosymmetric dimers with π*−π* interactions between
different isomeric rings. Biradical •NSNSC−CNSSN• is diamagnetic
in the solid state (C ) 0.00035, TIP ) 6.5 × 10-5 emu/Oe‚mol);
however, an increase in paramagnetism was observed upon
grinding (C ) 0.003, TIP ) 4.2 × 10-4 emu/Oe‚mol).

There has been considerable interest in the synthesis,
geometrical and electronic structures, and wide range of
novel physical properties of heterocyclic thiazyl 7π radicals.1-6

For instance,1a is diamagnetic in the solid, but melts at 11
°C to a green paramagnetic liquid under a blue gas, with a
dramatic increase in volume (ca. 22%). Melting and freezing
is accompanied by thermal hysteresis in magnetic properties.1

1b exhibits optical2b and magnetic2c,dbistability around room
temperature with a large hysteresis loop. The radical-cation
2 orders below 7.0 K (A- ) GaCl4-)3a and 44 K (A- )
FeCl4-)3b as a ferromagnet and ferrimagnet, respectively. A
number of derivatives of the most synthetically available and
investigated 1,2,3,5-dithiadiazolyl radicals3 show metallic
conductivities upon doping, despite the fact that undoped
radicals have a relatively large Hubbard energy (U) for
electron transfer (U) IE - EA).4 The â-phase of4 (X )
CN) is a weak ferromagnet at 36 K,5a whereas4 (X ) NO2)
is a ferromagnet below 1.3 K.5b

In contrast, few derivatives of the isomeric 1,3,2,4-
dithiadiazolyl,5, have been reported,6,7 with only one single-
crystal X-ray-structure determination,7b and information on
their magnetic and conducting properties is scant. This
heterocycle can be prepared from the very general cycload-
dition of SNS+ (SNSAsF6) to a nitrile giving5+ quantita-
tively, which upon reduction leads to5.6a However, there is
a tendency for5 to rearrange to the more thermodynamically
stable isomer3 in solution,6b,d which in part accounts for
the paucity of examples of5. Once isolated in the solid state,
5 is more stable, but upon heating, rearrangement has been
observed.6c,7b

Cyanogen (CN)2 and SNS+ give 62+ quantitatively.8

Biradical8 represents one of the eight possible compounds
formally obtainable from62+ by reduction, isomerization,
and reoxidation (see Scheme 1 in ref 8b). Of these, the three
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neutral biradicals6-8 are possible. Oakley et al. reported
the synthesis of the isomeric symmetric biradical7,9 which
gives a conducting material upon reaction with iodine.
Recently, we reported the preparation and isolation of the
symmetric biradical6,6c which undergoes a dramatic increase
in paramagnetism upon mechanical grinding. Biradicals6-8
and the isolobal•+SSSNC-CNSSS•+ 10 do not adopt classical
Lewis structures in which the Lewis octet rule is obeyed,
e.g.,9, but like O2, they have a thermodynamic preference
for structures containing two unpaired electrons.

We report the synthesis and characterization of the
previously unknown mixed biradical8, prepared according
to Scheme 1.11 It was necessary to undertake the final
reduction step to generate biradical8 in the dark to minimize
rearrangement of8 to the thermodynamically preferred7 in
solution.

The kinetic product8 can be isolated because of its low
solubility in SO2, with an IR spectrum containing no bands
due to 7. The EPR spectra of8 generated in situ or via
dissolution of8 in SO2, in which it is slightly soluble, yielded

the anticipated mixture of triplet (g ) 2.00413,aN ) 10.26
G) and quintet (g ) 2.00884,aN ) 4.71 G) signals; the
intensity ratio of 1:4 increased with time, indicating that
rearrangement occurred in solution.

The unpaired electrons reside in two SOMOs almost
completely localized in each of the rings. As seen in Figure
1, 8 should be considered as a pseudo-disjoint biradical, as
there is no nodal plane along the long axis of the molecule
(cf. rigorously disjoint SOMOs of7 shown in the caption
on p 333 in ref 9b; they are localized exclusively on NSSN
subunits).

Vacuum-gradient sublimation of a gray powder of8 at
110 °C/10-3 Torr afforded12 8 as royal-blue needlelike
crystals.13 The bond distances in the-CNSSN and-CNSNS
rings in 8 are similar to those in79 and C6H4(CNSNS)2.7b

To our knowledge,8 is only the second example of a
structurally characterized 1,3,2,4-dithidiazolyl radical in the
solid state. The X-ray crystal structure reveals that molecules
of 8 form π*-π* dimers of an almost unprecedented mode,
with two molecules displaced about an inversion center such
that there areπ*-π* interactions between different isomeric
rings (Figure 2). Similar behavior is reflected in [PhCNSSN]-
[S3N2]Cl, which comprises aπ*-π* dimer between Ph-
CNSSN and S3N2

+• radicals.14
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Figure 1. Calculated SOMOs16 of 8 visualized using MOLEKEL 4.3.17

∆E ) E (SOMO2)- E(SOMO1)) 81 kJ/mol.

Scheme 1
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range 3.011(9)-3.111(9) Å (cf. the sums of the van der
Waals radii of 3.60 and 3.26 Å for S‚‚‚S and S‚‚‚N,15

respectively) that maximize electrostatic attractions between
the biradicals.

The crystal packing of8 comprises a layerlike herringbone
motif in thebc plane (Figure 3) with numerous lateral S‚‚‚S
and Sσ+‚‚‚Nσ- contacts, close to the sum of van der Waals
radii.15 The molecules form a slippedπ-stacked structure
along the crystallographica axis, with an interdimer S‚‚‚S
distance of 3.732 Å (cf 3.761 Å in78a). The slippage of
dimers in8 along the central C-C bond is∼3° (cf 18° in
78a).

Magnetic measurements on a powder bulk sample of818

indicated that it is essentially diamagnetic in the solid state;
the room-temperature susceptibility corresponds to just 5%
of unpaired spins. The magnetic behavior in the range 2-300
K can be adequately described with a small number of Curie
centers and a temperature-independent paramagnetic term
(C ) 0.00035, TIP) 6.5 × 10-5 emu/Oe‚mol). However,
as for6,6c the paramagnetism of8 increased upon grinding19

(C ) 0.003, TIP) 4.2× 10-4 emu/Oe‚mol). The magnetic
data for a pristine sample and a representative sample
subjected to mechanical grinding are presented in Figure 4.

The origin of a relatively high TIP term in the ground sample
of 8 is not clear at the present time. It might possibly arise
from mixing of nonthermally populated excited paramagnetic
states of the dimer82 into the singlet ground state.20 Further
studies on the electronic and physical properties of8 and
related systems are in progress.
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Figure 2. X-ray structure of82. Selected bond distances (Å): S(1)-N(2),
1.649(6); S(2)-N(2), 1.648(6); S(1)-N(1), 1.668(5); N(1)-C(1), 1.286-
(9); S(2)-C(1), 1.718(7); S(3)-N(3), 1.634(5); S(4)-N(4), 1.638(6); N(3)-
C(2), 1.341(8); S(3)-S(4), 2.098(3); N(4)-C(2), 1.338(8); C(1)-C(2),
1.491(9). Dihedral angle between least-squares planes, 5.42°.

Figure 3. Unit cell of 8 with lateral S‚‚‚S and S‚‚‚N contacts illustrated
as follows (Å): d1, 3.447(3); d2, 3.406(18); d3, 3.157(9); d4, 3.208(7);
d5, 3.218(18); d6, 4.014(35); d7, 4.332(30); d8, 3.331(8).

Figure 4. Temperature dependence oføT for a sample of8 before (O)
and after (b) grinding. Values oføT are quoted per radical center (i.e., per
half molecule of8). The solid lines correspond to fits to a Curie-paramagnet
with a temperature-independent paramagnetic (TIP) term (ø ) C/T + TIP).
Values are given in the text.
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