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The syntheses and characterization of two new tetrathiafulvalene (TTF) derivatives bearing pyridine-
based substituents and tgbmethyl-6-oxoverdazyl radicals are described. The TTF-pyridine and bipyridine
aldehydes were prepared via a palladium-catalyzed cross-coupling reaction between mono(tributylstannyl)-
tetrathiafulvalene ) and the appropriate formylpyridyl halidet)( The radical precursors, the
corresponding 1,2,4,5-tetrazanes, were prepared by condensation of the bis(1-methylhydrazide) of carbonic
acid with the TTF bearing pyridyl aldehyde. Oxidation of tetrazaBemd 9 with 1,4-benzoquinone
afforded the donor radicalkand?2 as 1:1 complexes with hydroquinone. Both complexes are stable in
the solid state and their electronic properties have been characterized by EPR, cyclic voltammetry, and
UV/vis spectroscopy. The TTF core of both compounds was oxidized both chemically and electrochemi-
cally to afford the corresponding cation diradical species. The electronic properties of both donor radicals
have been probed by cyclic voltammetry, BVis spectroscopy, and preliminary EPR measurements.

Introduction follows: (i) the constituent donor/acceptor molecules are planar
so that theirz-orbitals overlap with each other giving the
m-electrons a small kinetic energy, hence it is thesgectrons

that play a role in the electron transport process, and (ii) they
have low dimensionality in their electronic nature, which results

in the appearance of insulating states at low temperatures
ogether with a range of physical phenomena such as charge-
density wave (CDW) and spin density wave (SDW) states. In
these systems, when the-electronic system of the donor
molecules is in the marginal region between metal and insulator

The synthesis and investigation of molecule-based materials
involving interplay and synergy between multiple physical
properties is currently an active area of research at the forefront
of solid-state science? Indeed, the construction of molecule-
based materials which possess two or more properties such a
electrical conductivity and magnetic interactions is currently a
challenging target* These combinations of properties lead to
competition, coexistence, or cooperativity between the desired

properties, the latter being the most difficult to reafzé One . . .
phases, magnetic ordering of the paramagnetic centers should

successful class of organic building blocks exploited for the ; . X
preparation of hybrid gonducting agd magnetié) materials are _affect the transport properties of the donor layer. Hybrid organic/

tetrathiafulvalene (TTF) derivativésThe characteristic features inorganic molecular magnets asse_rr_1b|ed ffo”! TTF-type donor
of this class of organic conductors can be summarized as molecules and paramagnetic transition metal ions are therefore

good targets for the development of materials which combine

(1) Ouahab, L.; Enoki, TEur. J. Inorg. Chem2004 933-941. magnetic interactions and electronic properfigm this respect,

(2) Coronado, E.; Curreli; Gimenez-Saiz, C.; Gomez-Garcia, Systh. several compounds have been isolated and characterized.
Met 2005 154, 245-248. _ Particular highlights include the first paramagnetic metal ET-
57-(3) Awaga, K.; Coronado, E.; Drillon, MMRS Bull.2002 Nov., 52— [CuCI4],1°v11 salts (ETYCu(NCS)) (ET = bisethylene-

(4) Palacio, F.; Miller, J. SNature 200Q 408, 421—422. dithioltetrathiafulvalene) and (EI)N(CN)2)X (X = Cl or Br)

(5) Graham, A. W.; Kurmoo, M.; Day, B. Chem. SocChem. Commun
1995 2061-2062. (8) Segura, J. L.; Martin, NAngew. Chem.Int. Ed. Engl 2001, 40,

(6) Kobayashi, A.; Udagawa, T.; Tomita, H.; Naito, T.; Kobayashi, H. 1372-1409.

Chem. Lett1993 2179-2182. (9) Andreu, N.; Malfant, I.; Lacroix, P. G.; Cassoux, Bur. J. Org.
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SCHEME 1. Synthetic Pathway for the TTF-Pyridyl-Verdazyl Series
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aReagents and conditions: (a) toluene, PdgPPA15 °C, overnight; (b) MeOH, reflux, 45 min; (c) 1,4-benzoquinongHg; 60 °C, 1 h.

which become superconducting at low temperati#e’, and Results and Discussion
the paramagnetic superconducting radical salt {E€foxalatej -

H,0-C¢HsCN 15 a layer structured TTF salt with a mixed Cr-
(I/Mn(ll) oxalate network with independent electrical and
ferromagnetic propertié§.Research in our laboratory is focused

on the .deS|gn 'and character'lzatlon of new hybnd .organlc/ compound was then converted to thérmyl derivativess and
inorganic materials where the important feature is the mterplay6 via cross coupling reactions together with 6-bromo-2-

of e_lec_trical transport and mggnetism. I_:rom the viewpoint of formylpyridine and 6-bromo-&formyl-2,2-bipyridine, respec-
designing new stable organic donor ligands that possess &jely. The verdazyl radicals were prepared from ¢Hermylpy-
ferromagnen_c exchange |ntera_ct|0n between a localized spin ONridyl-TTF derivatives following the synthetic route previously
a stable radical unit and a-spin generated on a TTF donor reported first by Neugebaw8rand more recently by Hicks et
unit, we propose an open shell donor, where #hgonor and al2! Treatment of the TTF-aryl aldehydes with gave the
w-radical units are connected through cross-conjugation via corresponding 3-substituted tetrazaeand 9, respectively.
heterocyclic aromatic linkers. To obtain an organic metallic Oxidation of the tetrazanes to the Corresponding Verdazy|
ferromagnet, the donor unit is required to possess a sufficientradicals was achieved by treatment of benzene solutions of the
conduction path when the donors are assembled and partiallytetrazanes witlp-benzoquinone to produce the desired radicals
doped!”'8As a prototype for this purpose, we present here the as 1:1 complexes with hydroquinone (hqg) which were then
synthesis and characterization of two spin diverse building separated by flash chromatography to affbahd2. Formation
blocks, namely, TTF-based donors appended with a verdazylof the verdazyl radicals can be monitored by IR spectroscopy
radical bridged by pyridyl linkers. We also describe studies of since on formation of the verdazyl:hq complex an OH str is
these donor radicals which are aimed at understanding theirvisible at 3200 cm* and the G=O str is shifted from 1630 to
fundamental electronic properties. These compounds should1690 cnt™.2* Furthermore, in the radicals there is an absence
make suitable ligands for chelation to transition metal ions and 0f NH stretches above 3400 cin comparison to the
these data will be extremely useful in understanding the tetrazanes which have multiple bands in this regfmy

properties of subsequent transition metal complexes. analogy with previous observations for aryl verdazyl radical
systemg! we find these compounds to be indefinitely stable;
they require no special handling and can be stored for up to a
(10) Gudenko, A. V.; Ginodman, V. B.; Korotkov, V. G.; Koshelop, A. i iti
V.; Kushich, N. D.; Lauhkin, V. N.; Rozenberg, L. P.; Khomenko, A. G.; month Wltho.m d_ecomposmon. . . .
Shibaeva, R. P.; Yagubskii, E. B. Tthe Physics and Chemistry of Organic CharaCter'?at'on of .the TTF-Pyridyl Verd?Zyl Radicals:
SuperconductorsSaito, G., Kagoshima, G., Eds.; Springer-Verlag, Berlin, Electrochemical Studies.The redox potentials of the novel
Germany, 1990. TTF-based compound$+{11) have been determined by cyclic

Pra(xtltl)FKE.r-ml-?gﬁle'\g';vwlclfﬁhhésgéa'\gagq%nréb{c; '%”fnbu'\g;s';gefld.’géy"'; voltammetry at room temperature in acetonitrile solutions, using

Am. Chem. Sod 992 114, 10722-10729. a glassy carbon electrode as the working electrode, Ag/AgCI
(12) williams, J. M.; Schultz, A. J.; Geiser, U.; Carlson, K. D.; Kini, A.  as a reference, and tetrabutylammonium hexafluorophosphate

M.; Wang, H. M.; Kwok, W. K.; Whangbo, M. H.; Shirber, J. Bcience ; ;
1991 252 15011509, (0.1M) as a supporting electrode. The redox potential values

(13) Whangbo, M. H.; Toradi, C. GAcc. Chem. Res991, 24, 127— are collected in Table 1, together with the parent TTF and
133. compoundsl0 and 11 for comparison purposé$.Compounds

(14) Ishiguo, T.; Yamaji, K., Saito, GOrganic Superconductors 5 and 6 show reversible oxidation processes at relatively low
Springer-Verlag: Berlin, Germany, 1998.

(15) Kurmoo, M.; Graham, A. W.; Day, P.; Coles, S. J.; Hursthouse, M.
B.; Caulfield, J. L.; Singelton, J.; Pratt, F. L.; Hayes, W.; Ducasse, L.; (19) Bougessa, S.; Gouasmia, A. K.; Golhen, S.; Ouahab, L.; Fabre, J.

Preparation of the TTF-Pyridyl Verdazyl Ligands. The
donor radicald and2 were prepared by the synthetic pathway
outlined in Scheme 1. Lithiated TTF was treated with tributyltin
chloride to afford the tributylstannyl derivativ8.l® This

Guilonneau, JJ. Am. Chem. Sod 995 117, 12209-12217. M. Tetradedron Lett2003 44, 9275-9278.

(16) Coronado, E.; Galen-Mascaros, J. R.; Gomez-Garcia, C. J.; Laukhin,  (20) Neugebauer, F. A.; Fischer, H.; Siegel,Ghem. Ber1998 1210
V. Nature200Q 408, 447-449. 815-822.

(17) Yamaguchi, K.; Nishimoto, H.; Fueno, T.; Nogami, T.; Shirota, Y. (21) Barr, C. L.; Chase, P. A;; Hicks, R. G.; Lemaire, M. T.; Stevens,
Chem. Phys. Lett1990 166, 408-412. C. L. J. Org. Chem1999 64, 8893-8897.

(18) Yamaguchi, K.; Okumura, M.; Fueno, T.; Nakasujji,¥nth. Met (22) Hicks, R. G.; Koivisto, B. D.; Lemaire, M. TOrg. Lett 2004 6,
1991, 43, 3631-3634. 1887-1890.
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TABLE 1. Redox Potential Values £0.01 V) for Selected 0.00004

Compounds (V vs AgCl/Ag}
compd Elipox  *BPiox *BPraiox Eluziox— Eliiox (MV)
TTF 0.390 0.780 390 0 -
1 0.420 0.830 410 LA
2 0.410 0.875 )
5 0.430 0.820 390
6 0.430 0.820 390
-0.00004
8 0.430 0.760 0.820 390
9 0.430 0.770 0.820 390
10 0.740
11 0.650 -0.00008
aExperimental conditions: C#N as a solvent; GCE as a working 1 0

0.5
electrode; BuNPFRs as a supporting electrolyte; 100 mV-1sbP Quasi- E (mV vs. AgCI/Ag)

reversible wavé! ¢ Irreversible waveE,,; is the average of oxidation and o . . .
reduction peak potentials. FIGURE 1. Oxidation of8 (dashed line) and (bold line) in CHCN

at 0.1 V/s, using a glassy carbon electrode.

SCHEME 2. Electrochemical Oxidation of TTF TABLE 2. UV-Vis Absorption Spectrum Amax of Selected TTF

TTF T Bl = 0390V (AeClAR) Derivatives (104 M in CH ,Cly)

TTF ** TTF2* ye B3 —0780V (AgClAg) compd Amadnm

TTF 300

potential values. This mirrors the well-documented first and TTR" 400, 650
second oxidation potentials of TTF, corresponding to the Eyr'verdlo géggi%%,
formation of the radical cation and radical dication, respectively, 1+ 404, 450, 550
Scheme 23 These potentials are only slightly anodically shifted 2 2942404
(30—40 mV) relative to the parent TTF measured under the 5 3187428
same experimental conditions. Indeed, this is the case for all of g gég:ﬁg
the TTF derivativesi—9) since the electron withdrawing nature g+ 410, 440, 550
of the pyridine ring makes the oxidation of the TTF moiety a 9 30324168

little more difficult.19-24

Conversion of the TTF-pyridine aldehydBsand 6 to their
corresponding tetrazon@sand 9 does not affect the first and
second oxidation potentials of their TTF moieties. For com- systems, i.e., the electronic structure most likely resembles that
of a disjoint system in which two electron spins reside on

aShoulder? Broad.

Me\N_N-H N= Me\N_;\l Ne= separate moieties. Comparing the peak currents for both waves,
o=( o< it is evident that the second oxidation wave is a two-electron
\ 7/ AR Y ' S .
MN-N N-N process corresponding to the oxidation of the verdazyl radical,
Me H 10 Me 11 as well as the TTF-radical catioRor compound. the oxidation

potential of the pyridyl verdazyl radical substituents is anodically

parison, the cyclic voltammograms corresponding to the oxida- shifted when compared withl. This is most likely due to the
tion of tetrazane8 and verdazyl radical are shown in Figure  fact that it is more difficult to remove an electron from a
1. For compound, an additional wave at around 0.760 V is diradical cation species, since electrostatic repulsion together
just visible, partially overlapping with the second oxidation with the proximity of the positive charge on the TTF makes
potential of the TTF moiety. This wave corresponds to the this oxidation a more unfavorable process. The differefgg
formation of the verdazyl radical, affirming that oxidation of — E;;,is consistent for all TTF derivatives, providing evidence
the tetrazone can be carried out electrochemically. This valueto support the generation of stable radical cation and dication
is in agreement with that observed for the reference compoundspecies. Irreversible reduction waves corresponding to the
102 pyridyl and bipyridyl groups acting as electron acceptors were

The verdazyl radicalé and2 show two reversible oxidation  also observed at more negative potentials for all compounds.
waves at relatively low potential values (Figure 1, bold line), UV —Vis Studies.The UV—vis spectra of the TTF-pyridyl-
corresponding to the formation of the radical cation (TF  verdazyl radicald and2 exhibit two characteristic absorption
and the dication (TTF) species of the TTF moiety, Scheme bands with maxima at = 290 and 400 nm. The band around
2. The close resemblance of the first and second oxidation 290 nm corresponds to absorptions from the neutral TTF moiety
potential to those of TTF indicates that the diradical cations and is in good agreement with literature valé&a. broad band
1+ and2** most probably have an open shell diradical structure is present in the regiomax = 370-550 nm, which can be
in which each unpaired electron is distributed separately on the assigned as overlapping absorptions attributed to both the
TTF and verdazyl moietie®. This is consistent with the verdazyl radicals and the pyridyl moieti&simax values for
electronic features of other previously reported cross-conjugatedselected compounds together with the pyr-verdazyl radial
for comparison purposes are shown in Table 2.
(23) Kwang-Fu Shan, C.; Dung, H. M.; Sonmez, G.; WudlJFAm. Spectroelectrochemistry and EPR StudiesSpectroelectro-

Ch(ezrz)' fgcio_ogh;ﬁg gs_z&erﬁzztm DJ. Mater. Chem1999 8, 1245 chemistry experiments were conducted on both the tetragone

1249.
(25) Kumai, R.; Matsushita, A.; Izuoka, A.; SugawaraJTAm. Chem. (26) Hicks, R. G.; Lemaire, M. T.; Thompson, L. K.; Barclay, T. W
Soc.1994 116, 4523-4524. Am. Chem. So200Q 122, 8077-8078.
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FIGURE 2. UV—visible spectra 08 (blue line) and its radical cation | \ | , | , | : l . ! ,

8" (red line), 1 (black line), and the diradical catiadh* (green line) 3440 3460 3480 3500 3520
generated by controlled potential electrolysis (0420430 V vs AgCl/ Magnetic Field (Gauss)
Ag) in CHsCN.

FIGURE 3. EPR spectrum ot in acetonitrile at 298 K. The pattern

. . ) of four strong lines is due to the hyperfine coupling of the unpaired
and the verdazyl radicdl to follow the selective one-electron electron of the TTF radical cation to the three ring protons. The dashed

oxidation of the neutral TTF to the radical cation by UVis line is a simulation that yields(H) = 1.2 G. The pattern of broad
and EPR spectroscopy. In both cases a potential of 6.:22(0 weak lines on either side of the four central peaks is due a small amount
V (vs AgCl/Ag) was applied, which matches the first oxidation of the verdazyl radical.
potential for the TTF. UV-visible spectra were recorded as a
function of controlled potential electrolysis for the tetrazéne — experiment
and its corresponding verdazyl radidaFigure 2. In the region -~ simulation
between 350 and 750 nm, the WUVisible spectrum of8
displays a broad band at 445 nm that can be assigned to
absorptions from the pyridine-tetrazone moiety. After consump-
tion of one electron, the spectrum clearly changes (Figure 2,
red line).
The original absorption at 445 nm is now split into two bands
and a second broad band between 550 and 650 nm is observed. 1
These two additional bands are consistent with the formation
of the TTF-radical catio®™. This is supported by EPR studies
on this sample, which showed intense signals characteristic of
a TTF radical cation, Figure 3.
The neutral radical has two absorption bands in the &V i
vis spectrum, the first at 292 nm assigned to the neutral TTF | L L L L . L L L L L '
moiety and the second at 404 nm assigned to absorptions from 3440 3:,";09,,,% F.,?:?Gauss, 3500 3520
the pyridine-verdazyl radical, Figure 2, black line. The EPR
spectrum ofL at 298 K showed a set of signals consistent with FIGURE 4. EPR spectrum of in THF at 298 K. The pattern of lines
other 4,6-dimethyl-6-oxoverdazyls with aryl groups in the IS due tothe hyperfine coupling of the unpaired electron of the verdazyl
3-position?!22 Figure 4. radical to the four nitrogen nuclei and the six methyl protons. The

S . . . . dashed line is a simulation that yields the following values for the
pectrall simulations f(_)ﬂ afforded. hyperfine coupling hyperfine coupling constan&N,.) = 6.5 G,a(N:s) = 5.5 G, and
constants in agreement with data previously reported @dsy a((CHa)19 = 5.2 G.

Hicks et al?! Hyperfine coupling to the pyridine or bipyridine

ring atoms also was not observed in these systems. Oxidationabsorptions at 450 nm and between 550 and 650 nm, Figure 2,

of 1 afforded the diradical catiod** resulting in two new green line. The EPR spectrum of" at 80 K shows features

SCHEME 3. Electrochemical Oxidation of the TTF Moieties of Compounds 8 and 1

7~ 7
S: (S S A b S SN | N/
. N SN 1,4-benzoquinone [ o N | N
[S s | 8 HN\N /&O Benzene | S> <S | 1 N\N /J\o
| |
0.5 V (AgCl/Ag) 0.5V (AgCl/Ag)
CH;CN, Pt CH;CN, Pt
=
| H
[ N\N/
o~ L
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which can be tentatively assigned to the zero-field splitting Experimental Section
components of the triplet state of the diradical (see the

Supp_ortmg Infor_matlon). Variable-temperature EPR stud!es of (0.240 g, 0.21 mmol) was added to a solution of 6-bromo-2-

our dlradlca_ll (_:a_tlons are_currently underway to__fuIIy ell_JC'date tributylstannylpyridine (3.576 g, 8.00 mmol) and 6-bromo-2-

(i) the multiplicity of their ground-states and (ii) the sign of  formyipyridine (4.120 g, 22.00 mmol) in toluene (300 mL). The

their exchange interactions. Evidence from the literature for reaction mixture was heated to 115 for 17 h and the progress of

TTF-based donor radical? and13 carrying nitronyl nitroxide  the reaction was monitored by TLC. On completion, the solvent

groups, linked via cross conjugation, suggests that the sign ofwas evaporated under reduced pressure and the residue was

the exchange interaction is strongly influenced by the nature of dissolved in CHCI, (100 mL) and washed twice with Nj@I (60

the bridge linking the two radicaf8:2? mL) followed by 5% EDTA (2x 20 mL). The combined organics
were then dried over MgSQOand filtered and the solvent was
evaporated under reduced pressure. The resulting crude product was
purified via chromatography (SO R; 0.35, CHCI,) affording

C‘)‘N/Sé
6‘”)34 = 6-bromo-6-formyl-2,2bipyridine as a white solid, yield 0.870 g
s S - s s r (46%). The NMR data were consistent with that described in the
o i 33
[ N ])\;' [ Y~ 1 literatures?
s S o s S
12 13

Synthesis of 6-Bromo-6formyl-2,2'-bipyridine (4b). Pd(PPh)4

Synthesis of 6-(2-(1,3-Dithiol-2-ylidene)-1,3-dithiol-4-yl)pyrid-
2-ylcarboxaldehyde (5).Pd(PPh), (0.200 g, 0.17 mmol) was added
to a solution of stannyltetrathiafulvalene (1.600 g, 3.24 mmol) and
. . 6-bromo-2-formylpyridine (0.446 g, 2.40 mmol) in toluene (20 mL).

For compoundl2, the two radicals are considered to be The reaction mixture was heated overnight to ¥ and the
severely twisted due to steric repulsion leading to a breakdown reaction was monitored by TLC. On completion, the solution was
of the electronic feature of a spin polarized donor. This poured into water (100 mL) and the product was extracted with
unfavorable steric hindrance was released by inserting anCH.Cl; (3 x 60 mL). The combined organics were then washed
aromatic spacer group, and a Spin p0|arized doh®mwas with Wat(.él’ (2x 100 mL), dried over MgS@ and filtered. After
obtained, giving rise to a triplet ground state species. Further €vaporation of the solvent under reduced pressure, the crude product
studies are currently in progress to investigate if our compounds WS Purified by chromatography (SiOR; 0.2, 1:1 pentane/CH

o wami : " ) Cl,) to afford 5 as a red/orange solid, yield 0.420 g (57%). Mp
can be classified as “spin polarized donors” upon one-electron 150 °C. 1H NMR (DMSO<s, 300 MH2) 6 (ppm) 9.95 (s, 1H),

_oxidatio_n. S_tudies _of the int_ermo_lecular exchange interactions 8.20 (m, 2H), 7.95 (s, 1H), 7.85 (m, 1H), 6.80 (s br, 2HE NMR

in the diradical cation species will be reported in due course. \pysSO4ds, 75 MHz) 8 (ppm) 193.2, 152.7, 151.2, 138.0, 137.3,
Preliminary investigations are very encouraging and the versatil- 1235 120.3, 119.9, 119.7, 119.4, 112.6, 108.71. MS LSHVIS

ity of our synthetic strategy will enable us (i) to prepare several 309 (M*, 100%). Anal. Calcd for GH;NOS;: C, 46.58; H, 2.28;
new classes of TTFs appended with stable spin bearing unitsN, 4.53. Found: C, 46.31; H, 2.25; N, 4.41.

and (ii) to examine a range of conjugated linkers and assess Synthesis of 6-(6-(2-(1,3-Dithiol-2-ylidene)-1,3-dithiol-4-yl)-
their suitability for yielding ground state triplet cation diradicals. ~pyridin-2-yl)-2,2-bipyrid-6 '-yl-carboxaldehyde (6). Pd(PPh),

If a columnar stacking of these donors is realized and partially (0-200 g, 0.17 mmol) was added to a solution of tristannyltetrathi-

doped, such a self-assembled material could afford an organic&fulvalene (1.600 g, 3.24 mmol) and 6-bromo-2-formylpyridine
ferromagnet. (0.446 g, 2.40 mmol) in toluene (20 mL). The reaction mixture

was heated to 11%C overnight. The progress of the reaction was
monitored by TLC and on completion the solvent was evaporated
Concluding Remarks under reduced pressure. The resulting crude product was purified
by chromatography (SiQR 0.2, 1:1 pentane/Ci€l,) to afford 6

In our quest for dual property materials, the pairing between as a red solid, yield 0.480 g (75%). Mp 212. *H NMR (DMSO-
stable verdazyl radicals and TTFs has afforded a new family of ds, 300 MHz) 6 (ppm) 10.08 (s, 1H), 8.57 (dl = 7.7 Hz, 1 H),
spin bearing ligands. Although several organic donor radicals 8.40 (d,J = 7.5 Hz, 1H), 8.28 (tJ = 7.7 Hz, 1H), 8.05 (m, 3H),
which carry a stable radical unit have been repotéed this 7.82 (s, 1H), 6.76 (s, 2H}*C NMR (DMSO-ds, 75 MHZ) 6 (ppm)
is the first for which ther-donor is TTF and ther-radical is 193.1,154.9,153.4, 152.0,179.7, 139.2, 138.3,137.1, 124.7, 122.1,
verdazyl. These compounds possess two of the commonlzo's' 120.2,120.2, 119.9, 119.4, 111'4’_107'40' M_S LS'MS_
hallmarks of supramolecular chemistry, namely H-bonding and 386 (M, 19%). Anal. Caled for GHNOS: C, 52.82; H, 2.61;

. ! . ’ . N, 7.25. Found: C, 52.55; H, 2.44; N, 6.95.

mi-stacking, which may provide pathways for intermolecular gy yiesis of 6-(6-(2-(1,3-Dithiol-2-ylidene)-1,3-dithiol-4-yl)-
magnetic communication between radic#sFinally, both  vyid.>.yi)1 5 dimethyl-1,2,4,5-tetrazane 6-Oxide (8)A solution
compounds should also be capable of coordinating to metal ionsof 5 (0.455 g, 1.47 mmol) and carbonic acid bis(1-methylhydrazine)
and since metairadical exchange interactions can be very 7(0.182, 1.54 mmol) in MeOH (50 mL) was refluxed for 45 min
strong31-32this opens up a new strategy for the rational design after which time the solution turned orange and a solid precipitated.
of new hybrid organic/inorganic systems for which there is The solvent was then evaporated under reduced pressure and the
interplay between magnetism and conductivity. resulting solid was purified by chromatography (§i€tOAc). The
product was then dissolved in dichloromethane and reprecipitated
by the addition of methanol to affor as an orange solid, yield

(27) Nakazaki, J.; Matsushita, M. M.; Izuko, A.; Sugawara,T€tra- 0 1
hesa i At Seetiohita: 0.480 g (80%). Mp 180C. *H NMR (DMSO-<i, 300 MHz) 0

(28) Fujiwara, H.; Kobayashi, Hl. Chem. SocChem. Commuri999 (ppm) 7.90 (tJ = 7.8 Hz, 1 H), 7.80 (dJ = 7.4 Hz, 1H), 7.75 (s,
2417-2418. 1H), 7.49 (d,J = 7.4 Hz, 1H), 6.76 (s, 2H), 5.66 (d,= 9.8 Hz,

(29) Lemaire, M. T.Pure, Appl. Chem2004 76, 277—293. 2H), 5.93 (t,J = 9.8 Hz, 1 H), 3.00 (s, 6H):3C NMR (DMSO-ds,

(30) Yamada, J.; Sugimoto, T., Edeundamentals and Applications of 75 MHz) ¢ (ppm) 154.6, 154.6, 149.3, 137.8, 136.9, 121.7, 120.2,
Tetrathiafubaleng Springer: New York, 2004. 120.0, 119.2, 111.1, 107.7, 69.4, 37.5. MS LSIM& 409 (M",

(31) Hicks, R. G.; Lemaire, M. T.; Ohrstrom, L.; Richardson, J. F,;
Thompson, L. K.; Zu, ZJ. Am. Chem. SoQ001 123 7154-7159.
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75%). Anal. Calcd for @H1sNsOSy: C, 43.99; H, 3.69; N, 17.10. EtOH, followed by MeOH) to afford the radicdl as a yellow-
Found: C, 44.15; H, 3.78; N, 16.74. orange solid, yield 0.073 g (75%). Mp 24GQ, IR (KBr) v (cm™?)
Synthesis of 6-(6-(2-(1,3-Dithiol-2-ylidene)-1,3-dithiol-4-yl)- 3064, 1687, 1562, 1454. MS LSIM&z 406 (M*, 100%). HRMS
2,2-bipyrid-6'-yl)-1,5-dimethyl-1,2,4,5-tetrazane 6-Oxide (9A for C1sH1,Ns0S, [M*] calcd 405.9924, found 405. 9906.
solution Of6_(0.220 g, 0.57 mmol) ar_ld carbonic acid bis(1- Synthesis of 6-(6-(2-(1,3-Dithiol-2-ylidene)-1,3-dithiol-4-yl)-
methylhydrazine) (0.182, 0.59 mmol) in MeOH (50 mL) was 3 7 hipyrid-6'-yl)-1,5-dimethyl oxoverdazyl (2).1,4-Benzoquino-
refluxed for 45 min after which time the solution turns an orange ;¢ (0.042 g, 0.40 mmol) was added in one portion to a solution of
color and a small amount of solid precipitated. The solvent was g (0.100 g, 0.25 mmol) in benzene (10 mL). The reaction mixture
then evaporated under reduced pressure and the resulting crud@aq refluxed fo 3 h after which time the solution turns brown.
product was purified by chromatography (SICEtOAC, othen The solvent was removed by evaporation under reduced pressure
2/'0650%) ltI(-)| gflz/?lr?d?DﬁS%]dor%%%elvslagb%'ek:ng)éz%% Q(Jd(JS(;/ 07).6Mp and the crude product was purified by chromatography £SiO
Hy 1I-i) 8.35 (d.J = 7.7 ?—llz 1H), 8.10 F()r?w 3H') 7.85 (s iH) EtOAc, and then MeOH) to afford radicalas a green solid, yield
7 7’0 «d J _ 7.4 H’z 1H). 6 82, (s 2’H). 5.88 (,d _ 1’0 6 Hz ,2H) ’0.110 g (85%). Mp 233C. IR (KBr) v (cm™t) 3326, 1688, 1562,
) ' - ! N ! N3 : ) ; ’ 1510, 1440, 1238, 1213, 1096. MS LSINM#$z 404 (M + 1, 40%).

5.05 (t,J = 10.6 Hz, 1H), 3.09 (s, 6H)3C NMR (DMSO-ds, 75 >
MH2) 5 (pm)154.6. 1546, 154.1, 153.9, 149.1. 138.5, 128.0, HRMS for GoHhsNeOS: [M*] calcd 483.0190, found 483.0199.

137.4,123.6, 120.2, 120.2, 120.1, 120.0, 119.7, 111.3, 107.5, 69.3,
37.7.IR (KBr)v (cm?) 3452, 1619, 15.62, 1433, 1385. MS LSIMS ~ Acknowledgment. We thank NSERC, CRC and CFI of
m/z 406 (M*, 16%). Anal. Calcd for GH1sNsOS;: C, 49.36; H, Canada, as well as the OTI and Brock University, for financial
3.73; N, 17.27. Found: C, 49.02; H, 3.96; N, 17.01. support for this research.

Synthesis of 6-(6-(2-(1,3-Dithiol-2-ylidene)-1,3-dithiol-4-yl)-
pyrid-2-yl)-1,5-dimethyl-6-oxoverdazyl (1). 1,4-Benzoquinone Supporting Information Available: General experimental
(0.044 g, 0.41 mmol) was added in one portion to a solutio8 of procedures and the EPR spectrum of the TTF-pyridiverdazyl

(O.lOOt_g, g'fzslw]mct)%glgenfztene r(]_lohrPL). 'tl'hhe relatt:_tiontmixtzre diradical catiorl** at 80 K. This material is available free of charge
was stirred 1o a , arter which time the solution tumme via the Internet at http:/pubs.acs.org.

brown. The solvent was then evaporated under reduced pressure
and the crude product was purified via chromatography £SiO J0O0525938
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