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The unusually stable perchloro-2,5,8-triazaphenalenyl radical 1 and its twisted dechlorinated dimer 2 were synthesized and characterized by
ESR spectroscopy and X-ray crystallography. The X-ray structure of dimer 2 shows that the double bond connecting the two triazaphenalene
systems is strongly twisted. Dimer 2 has a dramatic color shift from the solid state to solution, which may be due to a change of the twisting
angle between both states.

Neutral -radicals such as the phenalenyl radicals have hand, the 2,5,8-tri-tert-butylphenalenyl and 2,5,8térit-
received much attention in the field of molecular matertals. butyl-1,3-diazaphenalenyl radicals form strongly antiferro-
The phenalenyl radical and its derivatives were predicted asmagnetically couplect-dimers in the solid stat&:
potential neutral organic molecular conductors by Hadtlon.  We have proposed using the 2,5,8-triazaphenalenyl radical
Several stable phenalenyl radical derivatives have beensystem as a novel bridging ligand for building ferromagnetic
reported, e.g., the 2,5,8-tri-tert-butyl-phenalenyl, perchlo- materials* We report here on the synthesis and magnetic
rophenalenyl, and 2,5,8-tri-tert-butyl-1,3-diazaphenalenyl properties of the first 2,5,8-triazaphenalenyl radical deriva-
radicals® A remarkable bistable spirobiphenalenyl radical tive, the perchloro-2,5,8-triazaphenalenyl radité@PTAZ).
was obtained by linking two phenalenyl units through a  The PTAZ radicall was synthesized in five steps from
boronate bridgéd—" The perchlorophenalenyl radical is diethyl 1,3-acetonedicarboxylate (Schemé Cpndensation
paramagnetic at most temperature range®n the other  with triethyl orthoformate in the presence of urea as ars NH
source (xylene, 3 h, reflux) resulted in the formation of

t University of Ca“fornia’ Los Ange|e5_ dlethyl 4-0X0-1,4-d|hydr0-3,5-pyr|d|HEdlcarboxwaté) (ln

¥Los Alamos National Laboratory. , _ _ 92% yield. After failure to condense pyridoddirectly with
Lat(i%i), E?rﬁ_fegg_r:t&‘;‘i‘r:‘gfgéiekﬁ?gsge\fsg?ffefgg?fpg%gg'_c Materials — malononitrile, it was converted with POCto diethyl

(2) Haddon, R. CNature 1975,256, 394—396. 4-chloro-3,5-pyridine dicarboxylaté&),® which reacted with
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J. Am. Chem. S0d999, 121, 1619—1620. (b) Koutentis, P.; Chen, Y.; Yield. Compounds underwent chlorination and cyclization
ﬁagaY-: ggsk T';cltrlu(ls' Né ggg{’ll_z'é gglélf_yéggi %C))r'f\JAeS-_tA-:YBfXCig C. in one pot by solid-state reaction with R@nd MeN*CI~
aaaon, . Am. em. S0 . (C orita, Y.; AOKI, .
T.. Fukui, K.; Nakazawa, S., Tamaki, K.; Suzuki, S.. Fuyuhiro, A 0 afford 1,1,3,4,6,7,9-heptachloro-2,5,8-triazaphenal@e (
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Scheme 1. Synthesis of the PTAZ radicdl
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Figure 1. ESR spectrum of the PTAZ radicél
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perchloro-2,5,8-triazaphenalenyl radiéand varying amounts

of its dechlorinated dimeR. The PTAZ radicall, as an
iminium chloride and phenalenyl radical, is unusually stable
and lends itself to purification by normal procedures. Both
dark blue compounds can be separated without noticeable
decomposition by column chromatography (giGH,Cly/
hexanes 2:1) and are much less sensitive to hydrolysis than
compound3.

The perchloro-2,5,8-triazaphenalenyl raditakas char-
acterized by ESR (Figure 1) and mass spectroscopy. The
g-factor for the PTAZ radical at 20°C in CH,Cl, is 2.0059,
slightly larger than that of a carbon-based radical, due to
spin density partially delocalized over the chlorine substit-
uents. The well-resolved ESR spectrum derives from hy-
perfine interactions of the free electron with chlorine and
nitrogen isotopes. Line shape analysis gives hyperfine
coupling constants of &Cl) = 0.89 G, af’Cl) = 0.74 G,
and a(N)= 1.8 G. In the high-resolution mass spectrum (El),
the experimental isotopic distribution pattern is exactly the
same as the theoretical pattérn.

The magnetic susceptibility of PTAZ) was studied by
SQUID magnetometry in an applied field of 1 kOe (Figure
2) from 2—-300 K. The susceptibility data were fit to the
modified Curie—Weiss equatiop(T) = yo + C/(T — 0).
The fit gives the parameterg, C, and 0: y, reflects a
T-independent contribution (3% 0.2 x 104 emu/mol); the
Curie constant gives an effective momeni.s = 0.46 +
0.09ug; and the Weiss temperatuée= —2.01+ 0.16 K.
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Figure 2. Temperature dependence of the magnetic susceptibility
of PTAZ radicall.

Qualitatively, the fit accounts for the temperature dependence
of y over the whole temperature range, and the small value
of 6 indicates that the overall coupling is weakly antiferro-
magnetic. The small value @ indicates that the radicdl
tends to form ar-dimer in the solid state in a fashion similar
to the 2,5,8-tri-tert-butylphenalenyl, 2,5,8-tri-tert-butyl-1,3-
diazaphenalenyl, and 1,3,2-dithiazolyl radicals, to quench
paramagnetisrft©’ The abnormal deviation from the fit
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above 210 K reflects a phase transition, which is likely due
to the dissociation of tha-dimer pair of radicall.
The formation of compound by dimerization of radical

stacking contacts (3.60 A average-C distance) within the
stacks and close €ICI contacts between molecular stacks.
Interestingly, dimer2 is reddish in the crystal but turns

1 and subsequent dechlorination is induced by excess ofimmediately deep blue upon dissolution, as seen from a very

n-BuN™1~. The lesser steric hindrance of the PTAZ radical
1 over that of the perchlorophenalenyl radf€as partially
at the origin of this higher reactivity, but the irreversible
dechlorination step to the=€C bonded dimer is ensured by
conjugate iodide reduction.

Single crystals of dimeR were obtained by recrystalli-
zation from CHCl,/n-hexane at-10°C 8 The X-ray structure
(Figure 3) indicates that the C(1)—C(1A) double bond

Figure 3. X-ray crystal structure of dime2.

between the two triazaphenalenyl units, at 1.373 A, is
significantly distorted and bent, while being slightly elon-
gated compared to a normal @bond (1.32 A) due to steric
repulsion between the phenalenyl units. While the naphthy-
ridine moieties in dime remain planar, the two bonded
six-membered rings are strongly bent: The torsional angle
N(3)—C(1)—C(2)—C(3) is—150°, 30 away from planar.
This distortion is even more apparent in the cell packing
structure’, in which dimer 2 stacks in columns of this
“butterfly-shaped” molecule. There are significamt-

(7) Barclay, T.; Cordes, A.; George, N.; Haddon, R.; ltkis, M.; Mashuta,
M.; Oakley, R.; Patenaude, G.; Reed, R.; Richardson, J.; Zhand,Ain.
Chem. Soc1998,120, 352—360.

(8) Compouna (CClioNe; My = 678.76) crystallized in the monoclinic
space grouP2/cwith cell dimensions of = 8.7677(14) Ab = 4.8934-

8) A, c=25.862(4) AV = 1107.0(3) B, and an occupation & = 2 in

the unit cell. Data were collected at 100 K on a Bruker Smart 1000 CCD
diffractometer using graphite-monochromated Max Kadiation, to a
maximum 260= 56.66°, giving 6676 unique reflections; the structure was
solved by direct methods and refined with full matrix least squares, yielding
R=0.0419,R, = 0.0987 for 2638 independent reflections with 20(l),

Ry (all data)= 0.1039.
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strong broad band centered at 680 nrZe700)° This color
change may be due to an increase of bond distortion in
solution or even free rotation of the strained, centrad@C
bond. Although the latter cannot be confirmed by ESR, which
is silent and possibly due to a ground-state singlet biradical,
there is similar precedent in bianthrord€syctachloroful-
valene!! and perchlorobifluorenyliden®. These systems
either undergo strong color change upon conformational or
bond isomerizatiol¥ or are deeply colored in the ground
state. Both arise from the lowering of the HOMQUMO
energy separation occurring upon axial distortion/elongation
of a C=C bond.

Cyclic voltammography of PTAZ radicdl, as well as its
dimer 2 (CH.Cl,, 0.1 M n-BwN*PR~, Ag wire as a
pseudoreference, vs Fc/f¢ shows that the chlorine sub-
stituents and nitrogen atoms substantially increase the
electron affinity of these compounds, for example, compared
to 2,5,8-tri-tert-butylphenalenyk Radicall has a reversible
reduction wave at-0.25 V (vs Fc/F¢) and an irreversible
oxidation wave at 1.10 V. DimeR shows two reduction
waves at-0.31 and—0.64 V, respectively, but no oxidation
wave between 0 andt1.5 V. This shows that dime2 can
successively accept two electrons to generate a radical anion
and dianion to relieve strain in the bridging double bond.

Further derivatization of chlorinated precur8owith aryl
and alkynyl groups, as well as with fluorine-, sulfur-, and
oxygen-based substituents, is being investigated to further
stabilize the triazaphenalenyl radical system and to promote
formation of transition metal complexes.
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(9) Dimer 7 is also diamagnetic in the solid state from 2 to 350 K.
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