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The incorporation of the electronegative cyano group into the
structure of the title dithiazolyl radical 1 induces a lamellar packing
motif that favors spin-transition behavior. Variable-temperature
magnetic studies on 1 reveal a reversible phase transition at 250
K between a diamagnetic low-temperature phase and a paramag-
netic high-temperature phase. X-ray crystal structures at 180(2)
and 300(2) K reveal that both phases crystallize in the space group
P2,/c, with the phase transition associated with a doubling of the
crystallographic a axis. The concomitant change in magnetic
properties is associated with a change from a paramagnetic regular
ot stack of radicals and a diamagnetic distorted sz stack in which
an energy gap opens up at the Fermi level corresponding to a
Peierls-like transition.

Dithiazolyl radicals constitute one member of a family of
thermally stable sulfurnitrogens radicals whose properties

transition between the two phases of the trithiatriazapental-
enyl radical ) can be driven both thermally and photo-
chemically in a manner reminiscent of spin-crossover
transitions in transition-metal complexes. The latter have
already been identified as potential “smart” materials with
potential applications in data storage and photoswitchable
materials inter alid.For transition-metal complexes, the spin
transition is manifested in changes in the bond lengths to
the metalt As a result of flexibility in the ligand framework,
there is frequently a lack of cooperativity, and these spin
transitions often occur without hysteresis. In the case of
dithiazolyl radicals, the electronic changes are linked to a
change in the packing from a diamagnetic dimeristacked
arrangement (with intra- and interdimer-& distances of
ca. 3.2 and 3.8 A, respectively) to a regularly spaced
paramagnetic monomericstack (with inter-radical separa-
tions of ca. 3.6 A). The thermal hysteresis in these systems

have been investigated extensively as building blocks for €an often be extremely large, e.g., ca. 90 K2inElegant

the construction of both conducting and magnetic matetials. Structural studies by Oakley have identified several coopera-
A number of these dithiazolyl radicals have previously been tive mechanisms for the soligsolid-phase transitions in a
reported to exhibit phase transitions between an enthalpicallynumber of these dithiazolyl derivativesThe activation

stabilized diamagnetier* —z* dimer and an entropically
favored paramagnetic radicalln each case, the phase

energy to interconversion, which lies at the origin of the
bistability, has been proposed to arise through the cooperative

transition has been associated with some region of bistability, breaking of intermolecular interstack-S\ contacts, which

i.e., a temperature range in which both low- and high-

are of a predominantly electrostatic natbin&/e now report

temperature phases can coexist. The resultant physicakhe solid-state structures and magnetic properties of the first
properties in this region are then dependent on the sampledithiazolyl radical () to exhibit a spin transition without

history. Awaga and co-workers have shéwthat the
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thermal hysteresis. A comparison of the high- and low-
temperature structures reveals that the phase transition can
occur without cleavage of the intermolecular contacts.
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Figure 1. X-ray structures ofl viewed perpendicularly to the crystallograpli@xis: (left) at 180(2) K; (right) 300(2) K.

Scheme 1

While dithiazolyl radicals adopt a variety of packing
motifs, only those with ar-stacked, lamellar structure have
been shown to exhibit bistability. This motif is promoted by
the presence of electrostatically favorabté-SN°~ in-plane
interactions between the dithiazolyl S atom and N atoms of
either the dithiazolyl rinfjor a heterocyclic substitueht.

To prepare new planarr-stacked derivatives that might
specifically exhibit this type of behavior, we targeted the
cyano-functionalized benzodithiazolyl radical Previous
studies on dithiadiazolyl radicals have shown a strong
tendency to form in-plane CN'S contacts, while “side-

on” CN---NC contacts have also been observed in benzoni-
trile derivatives®

Radicall was prepared via a modification of the literature
method in which the key sulfenyl chloride intermediate was
prepared by direct chlorination of bis(t-butylthio)benzoni-
trile (Scheme 1). Chlorination of&l3(CN)(SBu), (1 g, 3.5
mmol) in CCl, (20 mL) under ambient conditions yielded
an orange solution of ¢El3(CN)(SCl). The solvent was
removed in vacuo and the oily residue redissolved in-CH
Cl,. This was treated with M&iN; (0.4 mL, 5 mmol) to
yield the salt [GH3(CN)SN]CI, [1]CI. Reduction of L]CI
with Ag powder in SQ yielded 1, which was purified by
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Figure 2. Projection of the X-ray structure df at 180(2) K in thebc
plane.

vacuum sublimation, affording dark-red blocks. [Yield:
0.236 g, 35%. Anal. Found (calcd forl@;S;Ny): C, 46.4
(46.9); H, 1.9 (1.7); N, 15.3 (15.6). MS (Bt m/z (%) 179
(73, GH3N,S,), 165 (32, GH3SN)]. The X-band electron
paramagnetic resonance was recorded on a sample dissolved
in toluene. A characteristic triplet was observed wgth=
2.0061 and @= 11.1 G.] The crude product was purified
and crystallized by vacuum sublimation at786 °C at 10°*
Torr. The crystal structure dfat 180(2) K revealed a dimeric
structure, with two molecules in the asymmetric unit forming
a cisoid dimer similar to that seen in a number of other
derivatives’ The intradimer $-S contacts are 3.263 and
3.347 A

These dimers are linked along the crystallograhéxis
by longer S--S contacts (3.886 and 3.971 A), generating a
distortedr-stacked structure (Figure 1a). In the plane,
dimers are linked via heterocyclie-SN contacts (3.149 and
3.287 A; Figure 2) comparable to the sum of the in-plane
van der Waals radii (3.2 AP The cyano group forms
CN:-:+S contacts (3.598 and 3.621 A), but these fall well
beyond the sum of the van der Waals radii. Conversely, two
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Figure 3. Temperature dependence plpon cooling and heating df
between 2 and 350 K.
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(Pascal’s constants) and the sample holder. The sample is
diamagnetic between 50 and 250 K but undergoes an abrupt
transition to a paramagnetic state upon warming above 250
K, in agreement with the observed structural transition. This
transition is reversible (Figure 3) but shows no evidence of
thermal hysteresis. Above 250 K, the valueydfincreases
steadily up to 350 K, reaching a value of 0.08 ekxmol™2,
just 20% of that expected for &= Y/, paramagnet. This is
consistent with a strongly antiferromagnetically coupled
regime and comparable to the value of 0.16 efmol*
at 350 K for the trithiatriazapentalenyl radi¢ak

In the case ofl, the phase transition appears to occur via
a simple Peierls distortion along theaxis. The retention of
the same space group symmetry means that the transforma-

cyano groups are displaced in an antiparallel fashion aboutijoy goes not require any disruption of the in-plane contacts
an approximate inversion center. While the contacts betweenand, as a consequence, the phase transition occurs without

cyano groups (3.8513.901 A) are longer than similar

contacts reported previousty,they are similar to those

supported by lateral interactions to the aromatic protons (C
H---N in the range of 2.5202.645 A)12

The structure ofl recorded at 300(2) K falls in the same
space groupR2;/c) but with a halving of the crystallographic
a axis and a single molecule in the asymmetric unit. It
exhibits a packing motif in théc plane similar to that of
the 180 K structure, with comparable heterocyclic:iS
(3.322 A) and CN--S (3.556 A) contacts. However, the
intermonomer contacts along thestacking direction (the
crystallographia axis) are now all equivalent and equal to
the a-axis spacing (3.665 A; Figure 1b). Unit cell determina-
tions on a single crystal over the temperature range of-180
300 K indicate that the phase transition occurs between
245(2) and 255(2) K.

Magnetic susceptibility measurements on polycrystalline
samples ofl were made on a Quantum Design SQUID
magnetometer in an applied field of 5000 G between 5 and
350 K. Data were corrected for both sample diamagnetism

(11) Kubicki, M. Acta Crystallogr., Sect. @004 60, 0225.
(12) da Silva, J. P.; Silva, M. R.; Ramos, M. ll.Braz. Chem. So2005
16, 844.

hysteresis.

Upon cooling below 50 K, the sample undergoes a second
phase transition. In contrast to the transition at 250 K, this
low-temperature transition does exhibit thermal hysteresis
(Tey = 39 K andT¢ = 26 K; Figure 3). The susceptibility
in the low-temperature region corresponds to less than 2%
of the sample exhibiting CurieWeiss behavior. However,
the discontinuity iry mitigates against simple contamination
with an S = %, Curie spin, and the low-temperature
paramagnetism of does not obey either Curie- or Curie
Weiss-type behavior. Further studies are in progress to probe
the structure ofl. below 40 K.
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