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A novel dithiolene ligand appended with a 4,5-diazafluorene moiety Chart 1
has been synthesized and used for the preparation of discrete 7 A o I N
nickel and mercury complexes and a one-dimensional polymer in = SIS = SIS_R
the presence of sodium cations. NS s S $7s-R
7 L/
L 1, R=CHg; 2, R= CH,-CHj

Metal dithiolene complexes have been the matter of active ) . o ]
research owing to their relevance to biology, catalysis, and these ligands.” S-protected dithiolenes ligands suchlas
material sciencéln particular, these complexes have been @nd2 (Chart 1) bearing the 4,5-diazafluorene unit as the coor-
used for the preparation of superconductors, single—compo-d'”at'ng site have been reportéBor th_ese ligands, becausg
nent metals, and ferromagnétghis versatility makes them  the sulfur atoms are protected as thioethers, they only bind
interesting building blocks for the construction of extended Metal centers through the diazafluorene mofetjowever,
molecular architecturésAlthough metal dithiolene com- ~ Surprisingly, the deprotected ligahd(Chart 1), which offers
plexes have been reported with ligands such as maleonitrile-S€veral interesting coordinating features, has not been
dithiolate and derivativé®,3-dichalcogenopyrazifiaithioox- exploited for the preparation of either discrete complexes or
alate® or pyridine-functionalized dithiolenonly a few co- infinite coordination frameworks. Ligant, dianionic in

ordination networks and assemblies have been described witfhature, provides two differentiated coordinating chelates, one
based on the dithiolate moiety and the other on the 4,5-
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Figure 1. Cyclic voltammogram o6 in DMF [0.1 M (n-BusN)PFs; scan
rate 100 mV s1].

Figure 2. ORTEP view of5. Selected bond lengths (A): ST1, 1.7570-
(12); S2-C2, 1.7579(12); C+C2, 1.3508(18).

Figure 3. Top and side views of complex [Np]2~ in 6. Selected bond
lengths (A) and angles (deg): NiS1, 2.2037(10); Ni+S2, 2.2050(9);
S1-C1, 1.736(4); S2C2, 1.738(3); C+C2, 1.351(5); S¥Ni1—S2,93.17-
(3); Ni1-S1-C1, 101.06(13); Ni+S2—-C2, 100.86(12).

Figure 4. ORTEP view of complex [Hg,]2~ in 7. Selected bond lengths
(A) and angles (deg): HgiS1, 2.5797(18); HgtS2, 2.5225(17); Hgt
S5, 2.5471(17); HgS6, 2.5213(19); SiC1, 1.737(6); S2C2, 1.749-
(6); S5-C15, 1.737(7); S6C16, 1.725(7); C+C2, 1.363(8); C15C186,
1.343(10); S+Hgl-S2, 87.92(5); StHg1—-S5, 112.97(6); StHg1l—S6,
127.30(6); S2Hg1—S5, 127.19(6); S2Hg1—S6, 117.30(6); S5Hg1—
S6, 88.55(6).

The electrochemical behavior of the precurSand the
two complexes$ and7 was investigated in solution. Owing
to the rather low solubility 06—7 in both MeCN and Chk
Cly, cyclic voltammetry was performed in DMF. The cyclic
voltammogram ob (Figure 1) shows one reduction and two
oxidation waves. Starting with the dianionic complex, the
first oxidation step Eox! = —0.681 V vs F&Fc") corre-

sponding to the formation of the monoanionic species is
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Scheme 1. Synthetic Pathway for the Preparation®f7
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guasi-reversible, whereas the second oxidation leading to the
neutral complexEy,? = —0.378 V vs F&/Fc") appears to
be not fully reversible because of the formation of a solid
material on the electrode. The reduction processy (=
—2.255 V vs F&/Fct) seems to be ligand-centered given
that, under the same conditions, the precusshows an
irreversible reduction at2.10 V vs F€/Fc'. The rather low
oxidation potential of the nickel(ll) compleksuggests that
the latter may be of interest for the formation of neutral
conducting materia¢ Under the same conditions, the mer-
cury(ll) complex 7 displays two close and irreversible
oxidation waves at—0.05 and 0.02 V as well as one
irreversible reduction wave at1.52 vs F&/Fc'.

The solid-state structures of compourtds? were deter-
mined by single-crystal X-ray diffraction methods. Precursor
5 (crystallizes triclinic, P1) with one molecule in the
asymmetric unit (Figure 22 The core of the molecule is

(10) (a)5: A mixture of 3 (1 g, 5.48 mmol) and (2.67 g, 8.76 mmol) in
dry toluene (300 mL) and freshly distilled P(OM&)70 mL) was
heated at 90C overnight. The precipitate was recovered by filtration
and recrystallized from hot CHglaffording yellow prisms (0.520 g,
22%). Mp: 199-201°C (dec). IR (KBr/cnY): vey 2249.'H NMR
(300 MHz, CDC#): ¢ 8.68 (dd,J = 1.3 and 4.8 Hz, 2H), 7.98 (dd,
J=1.3 and 8.0 Hz, 2H), 7.35 (dd,= 4.8 and 8.0 Hz, 2H), 3.26 (t,
J=6.9 Hz, 4H), 2.85 (tJ = 6.9 Hz, 4H).13C NMR (75 MHz, DMSO-
de): 0 154.1, 147.4, 143.8, 133.0, 131.0, 129.9, 129.4, 123.4, 119.5,
113.7, 31.5, 18.8. Anal. Calcd for6H14N4Ss: C, 54.77; H, 3.22; N,
12.77. Found: C, 54.54; H, 3.32; N, 12.67. YVis (DMF): Amad
nm (loge) 283 (4.28), 306 (4.20), 317 (4.24), 402 (4.51), 416 (4.54).
The symmetrical tetrathiafulvalene was also isolated but not the bis-
(diazafluorene) derivative. (§: To a solution of5 (150 mg, 0.34
mmol) in tetrahydrofuran (7 mL) was addedtBus;N)OH (2 mL, 1
M in MeOH) at—78°C under argon. The mixture was gently warmed
to room temperature, at which it became dark blue. It was then cooled
to —78 °C, and a solution of NiG6H,O (41 mg, 0.17 mmol) in
degassed MeOH (3 mL) was added. The solution was gently warmed
to room temperature overnight, and the resulting black solid was
recovered by filtration (116 mg, 55%). X-ray-quality single-crystalline
black rods were obtained by recrystallization from MeCN. Anal. Calcd
for CeoHgaNeNiSg: C, 59.83; H, 7.03; N, 6.98. Found: C, 59.63; H,
6.84; N, 6.56. UV*-vis (DMF): Ama/nm (loge) 274 (4.66), 305 (4.80),
317 (4.80), 368 (4.35), 458 (4.65), 631 (4.33). {cnder the same
conditions using HgG) 7 was obtained as a shiny purple solid (65.2%).
Recrystallization from MeCN afforded X-ray-quality purple platelets.
Anal. Calcd for GoHsaHgNsSs: C, 53.52; H, 6.29; N, 6.24. Found:
C, 52.72; H, 6.35; N, 6.22H NMR (300 MHz, DMSO¢): 6 8.55
(dd,J= 1.5 and 4.8 Hz, 4H), 8.15 (dd,= 1.5 and 8.1 Hz, 4H), 7.50
(dd,J=4.8 and 8.1 Hz, 4H), 3.14 (m, 16H), 1.55 (m, 16H), 1.29 (m,
16H), 0.91 (tJ = 7.2 Hz, 24H).13C NMR (75 MHz, DMSO¢): 6
152.6, 147.7, 145.3,131.1, 128.9, 124.9, 122.9, 108.3, 58.0, 23.5, 19.7,
13.9. UV-vis (DMF): Ama/nm (log€) 271 (4.67), 308 (4.77), 318
(4.75), 361 (4.71), 406 (4.21), 537 (4.64).

(11) (a) Plater, M. J.; Kemp, S.; Lattmann, EChem. Soc., Perkin Trans.
1200Q 971-979. (b) Hansen, T. K.; Becher, J.; Jorgensen, T.; Varma,
K. S.; Khedekar, R.; Cava, M. ®rg. Synth.1996 73, 270.
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Figure 5. Fraction of the one-dimensional polym&rMercury, sodium, sulfur, oxygen, carbon, and nitrogen atoms in gray, green, red, yellow, black, and
blue, respectively. Hydrogen atoms have been omitted for clarity.

rather flat, with the two propionitrile chains located on the to the distorted nature of the tetrahedral coordination geo-
same side of the main plane. Stacks of molecules along themetry, the angle between the two 4,5-diazafluorene moieties

a axis with interplanar distances of 3.483(2) and 3.527(2) A
resulting fromsz—zx and S-S interactions ds..s = 3.762

is not 90 but 69.87. In contrast with the Ni complex i6,
the presence of the cations preventss interaction, and

(2) and 3.774(2) A] are observed. Similar stacking has beenthus no stacking of the metal complexes is observed.

described for the manganese complexe4.bf
Compound6 crystallizes (monoclinicP2,/c) with one

On the basis of the design of ligahd one would expect
the formation of an infinite network in the presence of an

nickel complex located on an inversion center and one cationadditional metal center through its binding by the 4,5-

in the general positio#?® Ni(ll) adopts the square-planar
coordination geometry as is usually observed with Ni-bis-
(1,2-dithiolene) complexes (Figure B)As is expected and
observed fors, the organic part is again flat. However,

diazafluorene units. This was indeed demonstrated in the case
of complex7 using Na as connectors. A solution afin
DMSO was layered with a MeCN solution of NaSCN. Red
crystals were obtained after about 1 week and structurally

the entire complex is not fully planar because an angle of characterized. [Hgx(Na,(DMSO))] polymer 8 crystallizes
7.27 around the S- - -S hinge is observed between the ligand (monoclinic, Cc) with one [Hg-2]*~ complex, two Na,

L and the plane defined by the NiBnit (Figure 3, bottom).

cations, and five DMSO molecules in general posititiis.

The intramolecular bond distances are as expected for suchl he polymer is generated upon bridging, via nitrogen atoms

complexes? Despite the presence of theBu,N)* cations,

of the 4,5-diazafluorene groups, of consecutive [E§

an overlap of the diazafluorene moieties is observed with complexes by [(DMSO)Na¢DMSO):Na(DMSO)F* units

an interplanar distance of 3.535(4) A.

Compound? crystallizes (monoclinic,C2/c) with one
[HgL,)?>~ complex and two rf-BusN)*™ cations in general
positions!?® The Hg center is in a distorted tetrahedral en-
vironment (Figure 4) with bond distances in agreement with
reported Hg-bis(dithiolene) complex&sAngles of 16.23
and 20.01 are observed around the S- - -S hinges. Owing

(12) (a) Crystal data fob (CaoH14N4Ss): My, = 438.59, triclinic,P1, a =
9.0091(2) A,b = 10.1626(3) A,c = 11.4232(3) A,o. = 88.7850-
(10y, g = 82.8110(10), y = 65.0610(10), V = 940.31(4) R, Z =
2, Dealc = 1.549, T = 173(2) K, u = 0.520 mnr?, 14 427 refins
measured, 5508 unique reflng{ = 0.0273),R = 0.0312 [ > 20-
(D], Rw = 0.0864 (for all data). (b) Crystal data fér (CeoHgaNe-
NiSg): My = 1204.52, monoclinicP2i/c, a = 11.9414(3) Ab =
16.2499(5) Ac = 16.2344(5) A5 = 104.168(2), V = 3054.41(15)
A3, Z = 2, Deaie = 1.303,T = 173(2) K,u = 0.634 mm1, 41 497
reflns measured, 8886 unique reflig,(= 0.0544),R=0.0749 [ >
20(1)], Ry = 0.2141 (for all data). (c) Crystal data f@r(CeoHsga-
HgNsSgs): My = 1346.80, monoclinicC2/c, a = 40.8172(17) Ap =
9.5600(5) A,c = 33.7035(16) A8 = 106.945(2), V = 12580.5(10)
A3, Z =8, Dege = 1.422,T = 173(2) K,u = 2.754 mn1%, 70 136
reflns measured, 14 453 unique reflfg,(= 0.1138),R = 0.0526 |
> 20(1)], Ry = 0.1557 (for all data). (d) Crystal data f8r(CagHaz-
HgN4Nax0sSy3): My, = 1298.11, monoclinicCc, a = 25.4856(8) A,

b = 14.2965(4) A,c = 17.7647(10) A8 = 129.5640(10), V =
4989.9(4) B, Z = 4, Dearc = 1.728,T = 173(2) K,u = 3.692 mnt?,

27 477 reflns measured, 11 132 unique reflRg; (= 0.0425),R =
0.0321 [ > 20(1)], Ry = 0.0987 (for all data). (e) Data collections
were carried out at 173 K on a Bruker SMART CCD diffractometer
with Mo Ka radiation. The structures were solved usBidELXS-97
and refined by full-matrix least-squares B using SHELXL-97with
anisotropic thermal parameters for all non-hydrogen atoms. The

hydrogen atoms were introduced at calculated positions and not refined

(riding model). In6, the butyl chains of the cation show high positional
disorder, refined accordingly. B the DMSO molecules show severe
positional disorder.

(13) (a) Le Narvor, N.; Robertson, N.; Wallace, E.; Kilburn, J.; Underhill,
A. E.; Bartlett, P. N.; Webster, Ml. Chem. Soc., Dalton Tran£996
823-828. (b) Wen, H. R.; Zuo, J. L.; Scott, T. A.; Zhou, H. C.; You,
X. Z. Polyhedron2005 24, 671-677.
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(Figure 5). The overall geometry of the [Hg?~ complex

is similar to the discrete complek Within a bridging unit,

the two Nd, in a distorted octahedral environment, are
separated by 3.11 A. The average-Nv and Na-Opuso
distances are 2.495 and 2.400 A, respectively, in agreeement
with distances reported for Naalts of Cu and Ni complexes

of 2,3-dichalcogenodithiolatés.

In conclusion, we have reported the in situ preparation of
the ligandL and its Ni(ll) and Hg(ll) complexes. These
complexes exhibit interesting redox properties, suggesting
their possible use for the formation of single-component
metals?® Owing to the strong electronic differentiation
between the two chelating units of the latter was used for
the stepwise formation of an infinite one-dimensional
network in the presence of a sodium cation. This type of
ligand offers many other design possibilities such as control
of the geometry and redox characteristics of the central metal
cation bound to the dithiolate group and extension into larger
discrete polynuclear homo- and/or heterometallic complexes
as well as infinite networks. Investigations are currently
underway to explore all of these features.
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