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A tetrathiafulvalene (TTF) derivative 4-pyridyltetrathiafulvalene (Py-TTF) was synthesized. The 1:2 Ni complex 1 of
bis(acetylacetonato)nickel(ll) coordinated with Py-TTF was prepared. Complex 1 crystallizes in the monoclinic space
group P2;/c. Two pyridyl N atoms from two different molecules of Py-TTF are coordinated in the trans configuration
to the Ni ion of Ni(acac), to form an octahedral Ni complex, which is a precursor for both conducting and magnetic
materials.

Introduction dimethané, in particular the finding of the first organic
supreconductof studies of TTF derivatives and their ana-

) X logues have received great attention. Various TTF derivatives
the search for molecule-based materials that are multifunc-, oo designed and synthesized for studies of organic con-

tionall~2 Therefore, great interest is currently devoted to ductors, and even organic superconductrsecause TTF
obtain organic/inorganic hybrid materials that combine the derivatives can be converted to the corresponding mono- and
electrical conducting properties of the organosulfur donors

with the magnetic effects of transition-metal io¥fslt is
deemed that there is a magnetic coupling between the

One of the current challenges in solid-state chemistry is

dications at easily accessible oxidation potentials.

Our strategy involves the synthesis of TTF derivatives,
, , | ) .~ ~as shown in Scheme 1, which have metal-ion binding groups
Iocahz_ed spins on d orbl'.[als of the paramagnetlp transition- directly attached at the periphery without a spacer. Combina-
metal ions of the inorganic part through the mobile electrons tion with appropriate metal ions would lead to complexes
of the organic conducting networks glectrons). with multiple physical properties, such as electrical conduc-

Since the first synthesis of tetrathiafulvalene (TT&nd tivity or superconductivity offered by the TTF moiety,
the discovery of metallic conductivity of an organic charge- coupled with the optical and magnetic properties provided
transfer complex based on TTF and 7,7,8,8-tetracyanoquino-py various transition-metal ions. In this Article, we describe
the synthesis and full characterization of 4-pyridyltetrathia-
fulvalene (Py-TTF), which is the precursor for multifunc-
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Precursor Complex Bis(acetylacetonato)nickel(ll)

Scheme 1. Synthesis Route of Py-TPF Table 1. Crystal Data and Structure Refinement for Complex
z {“ empirical formula GoH2aNoNi04Ss
s s o s s AN fw 819.75
i, i T (K) 293(2)
[S> — <S] i [S: — :S | wavelength (A) 0.71073
cryst syst monoclinic
aReagents and conditions: (i) butyllithium, THF78 °C; (ii) CISnBu, sp{ace )éroup P2,/c
—78 °C, then room temperature; (iii) 4-iodopyridine, Pd(BRhtoluene, unit cell dimens
reflux. a(A) 7.3220(5)
b (A) 8.5055(5)
Chart 1 c(d) 28.6082(18)
W S/» o (deg) 90
o o d B (deg) 97.204(1)
A \ — s—7 y (deg) 90
/>—CN--— -Ni- —--N%S V (A3 1767.58(19)
S\%\ S = AN z 2
Q/S o O D¢ (g cnr3) 1.540
M abs coeff (mm?) 1.061
F(000) 844
) cryst size (mrd) 0.43x 0.34x 0.13
(acac= acetylacetonate) as a precursor for the construction 6 range for data collection (deg) 25Q6.07
of conducting and magnetic molecular materials. limiting indices —51905 hkﬁ 8v10
-10=< k < 10,
. . —-35=<1<24
Experimental Section refins collected 9635
Material and Instrumentation. TTF was synthesized according 'C“Odme&;?;'ﬂzss (%) 6 = 27.48 9245’5*('”0 = 0.0581]
to the previous literatur®. All other reagents and solvents were abs correction ' hone
bought commercially as analytical reagant grade and used without refinement method full-matrix least squaresfoh
further purification.*H and3C NMR spectra were recorded on an g%a':/feslt:r?mtS/Pafam L 8:55/0/214
H H H H on .
Inpya 500 instrument. Chemical shifts are quoted in parts per final Rindices | > 20(1)] R1 = 0.0442, WR2=0.1210
million (ppm) and referenced to tetramethylsilane. Fourier transform g ingices (all data) RE 0.0519, wR2= 0.1270

infrared (FT-IR) spectra were recorded on a Magna-560 spectrom-  |argest diff. peak and hole (e &) 0.582 and-0.239
eter in the region of 4000400 cnt! as KBr pellets. The mass
spectrometry (MS) spectrum of Py-TTF was recorded with a HP Table 2. Selected Bond Lengths [A] and Angles [deg] for Complex

GC 6890/MS 5937 spectrometer. The electrochemical properties Ni1—02 2.010(2) Nit-01 2.025(2)
were measured by an LK98B electrochemistry system. X-ray Nil—N1 2.111(2)

diffraction data were collected using a Siemens SMART APEX O2A_NI1_O2 180.0 (1) O2ANIL-O1 87.96(7)
CCD dlffractometer_ with Mo K radiation and a graphlt_e mono- 02—Ni1—01 92_64(7) O1A-Ni1—O1 186.00(8)
chromator. Magnetic measurements were performed in the range o2a—Ni1—N1 90.55(8) O2-Ni1l—N1 89.45(8)

of 2—300 K with a Quantum Design MPMS-XL SQUID magne- 0O1A—Ni1—N1 89.44(8) O+Ni1l—N1 90.56(8)
tometer at an applied field of 500 Oe. N1-Ni1—N1A 180.0(2)

Synthesis of Py-TTF. The synthetic route used in making a Symmetry transformations used to generate equivalent atoms:xA,

Py-TTF is shown in Scheme 1. After reaction of TTF (2.04 g, 0.01 -y, —z

mol) with butyllithium (6.25 mL, 1.6 M) for half an hour, tributyltin

chloride (2.7 mL 0.01 mol) was added dropwise over 10 min at cyclohexane, and air-dried at room temperature. Yield: 22.5 mg
—78 °C. The mixture was stirred for anotheé h at room (63.9%).

temperature. The solvent was evaporated in a vacuum. The mixture Single-Crystal Structure Determination for Complex
was treated by Pd(PB)a (1.0 g) and 4-iodopyridine (2.06 g, 0.01  Nj(acacy(Py-TTF),. X-ray diffraction was performed on a CCD
mol), and the temperature was raised to 280for 1 night. The  areq detector with graphite-monochromated Mo Ka radiation
product was isolated by column chromatography on alumina (A = 0.710 73 A) in the range of 2.58 § < 26.07. The struc-
(activity 1ll) and washed by hot petroleum ether. The products are y,ra was solved iP2,/c by direct methods and refined by full-

orange crylsltals. Yield: 46%. Mp: 23@18°C. IR spectra (KBr 44y |east squares o2 using SHELXTL-97software. Crystal
pellet, cnr): 3430.46(w), 3041.04(w), 1595.53(w), 1451.87(M), a4 for1 are shown in Tables 1 and 2. CCDC 2811@0pdontains

73%20("\’)’ 40d2.20(w)1.H NMR (DMSO, o, ppm)(; 2'77120(3' 2H), the supplementary crystallographic data for this paper. These data
7.424-7.436 (d, 2H), 7.698 (s, 1H), 8.5838.594 (d, 2H):"C NMR can be obtained free of charge via www.ccdc.cam.ac.uk/conts/

(DMSO, 6, ppm): 105.504, 109.800, 113.729, 120.429, 120631, 0. o 2 8 L e o e e o e Dot
120.692, 122.031, 132.499, 138.695, 150.861. Mz 281 (M), E:eerr'fr\g;'g' mi (or from the Cambridge Crystallographic Data

236, 178, 146, 102, 76. ) ¢ | h .
Preparation of Complex Ni(acac}(Py-TTF),. Single crystals Magnetic Measurement of Complex 1.The magnetic suscep-

of complex Ni(acacPy-TTF) (1, Chart 1) suitable for X-ray tibility meagurement on cpmplélxwas obtained on afinely ground
diffraction analysis were obtained by slow diffusion. Ni(agd2p polycrystalline sample with the use of a Quantum Design SQUID
mg) was dissolved in cyclohexane (10 mL). A methanol solution magnetometer MPMS-XL. The dc measurements were collected

(20 mL) of Py-TTF (12 mg) was added at room temperature under Tom 2.0 to 300 K under 500 Oe. Experimental data were also
Ar. The reaction mixture was left to stand undisturbed for 1 week. corrected for the sample holder and for the diamagnetic contribution

Small shiny orange crystals were isolated by filtration, washed with calculated from Pascal constafits.

(10) Moore, A. J.; Bryce, M. RSynthesis1997 407. (11) Khan, O.Molecular MagnetismVCH: New York, 1993.
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Figure 2. ORTEP drawing of Ni(acag)Py-TTF), at the 50% probability
level.
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Figure 1. Cyclic voltammetry measurement of Py-TTF.

Results and Discussion

Synthesis of Py-TTF.There are two kinds of available
reactions to result in Py-TTF derivativés!3we select the
use of the organometallic strategy described by lyoda co-
workers* because it obtained 4,8-trimethyl-3-pyridyltetra-
thiafulvalene in good yief# and recently proved to be
successful for a series of heterocyclic aromatic-substituted
TTF derivatives® The synthesis of target Py-TTF is shown
in Scheme 1 with good yield (46%), which is higher than Figure 3. Packing view of complex along thea axis.
the reported oné&.

X ) 0 50 100 150 200 250 300
Electrochemical Behavior of Py-TTF.The redox proper- —— T T T 300
ties of the new molecule were determined by cyclic volta- 127
mmetry measurements carried out in dimethylformamide ] 4250
at room temperature with tetrabutylammonium perchlorate 109
(TBAP) as the supporting electrolyte, Ag/AgCI as the ref- o o5 q200
erence electrode, and platinum as working and counter g N
electrodes. The scan speed is 100 m¥ $he two reversible ¥ _— 1503
single-electron oxidation waves were observed (Figure 1). g g
The oxidation half-wave potentials are 474 and 705 mV. < ¢4 41002
They correspond to the TTF fragment (formation of a radical N
cation and a biradical dication, respectively). Its electro- g2 450
chemical behavior is similar to that of TTF, and it should
be a good donor for a molecular conductor. 0.0 —— 0
Structural Data for Complex Ni(acac),(Py-TTF).. The 0 50 100 Tl(sl‘;) 200 20 300

ORTEP drawing for complek is presented in Figure 2. The
Ni atom lies on a center of inversion and adopts a distorted rigre 4. Temperature dependences gfo and ymolT for complex 1.
octahedral coordination geometry. It is bonded in the The solid lines represent the best fit of the experimental data to the Curie
equatorial plane to two bidentate acac anions through their'aw.

O atoms. The distances between Nil and O2 and between i i i )

Ni1 and O1 are 2.010(2) and 2.025(2) A, respectively. The N atoms of the pyridyl ring with a NiN bo_nd length of
Py-TTF ligands occupy the apical positions and are trans to 2-111(2) A, and the py planes are perpendicular to the acac

each other; they are bonded to the metal atom through theP!2nes. The NrO and Ni-N bond lengths in this compound
are the same as those in Ni(TTFSaegm)ridinep.*® In

(12) (a) lyoda, M.; Sasaki, S.; Miura, M.: Fukuda, M.; Yamauchi, J. complex1, the py planes are perpendicular to the plane of

I{etﬁhedron Is.eottlgfig 4% 02&7% (2bz)1|¥0da' M.; Hara, K.; Kuwatani, ~ two acac units with a dihedral angle of 89.42(5The
.; Nagase, SOrg. Lett. \ . . . s .
(13) Levi, O. P.; Becker, J. Y.; Ellern, A.; Khodorkovsky, Vetrahedron torsional an_gle between the pyridine a”?‘ _the dithio ring is
Lett. 2001, 42, 1571. 8.77. The dihedral angle of TTF and pyridine on a Py-TTF
(14) Moore, A. J.; Batsanov, A. S.; Bryce, M. R; Howard, J. A. K, ynjt js 22.34(9), and two Py-TTF units coordinating to Ni

Khodorkovsky, V.; Shapiro, L.; Shames, Bur. J. Org. Chem200 .
73. Y P 9 . are parallel to each other. In one molecule, two TTF units

(15) ’30uTgueshsa(,j S, Eouz%son;i?féz% Golhen, S.; Ouahab, L.; Fabre, J. are parallel to each other. The atoms in two acac units and
. Tetrahedron Lett y . . . P .
(16) Guionneau, P.; Kepert, C. J.; Bravic, G.; Chasseau, D.; Truter, M. R.; Ni are well coplapar with a deviation of 0.02 A. Using the
Kurmoo, M.; Day, P.Synth. Met1997, 86, 1973. empirical correlation betweers€C and C-S bond lengthd!
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Precursor Complex Bis(acetylacetonato)nickel(ll)

the formal charge on the central TTF core is found to be Concluding Remarks
equal to ca:+0.22 because the=€C and C-S bond lengths In this Article, we described the synthesis and full
of the TTF core are in the average range of neutral donors, characterization of Py-TTF and its new Ni coordination
so it should be an insulator. Therefore, the Py-TTF ligand complex Ni(acag(Py-TTF). Molecules stack in a face-to-
can be still be regarded as neutral. face mode along thé axis, and there are intermolecular
Molecules stack in a face-to-face mode to form a molecular interactions between columns. The magnetic measurement
column along theb axis; there is no interaction between revealed a paramagnetic coupling between the Ni ions. The
molecules (see the details in Figure S1 in the Supporting direct linkage between TTF and pyridine without a spacer
Information). There are intermolecular interactions of 3.557 petween them may facilitate access for-d interaction
A (S3:+-S1) and 3.413 A (S3-S4) between columns in the  petween the radical cation of the organic part and the
crystal shown in Figure 3. paramagnetic metal ion in the expected charge-transfer
Magnetic Properties for Complex 1.Figure 4 shows the  complex. Further research on a chemical and/or electro-
magnetic behavior of at an applied field of 500 Oe in the chemical partial oxidation of the complex is under current
form of aymoT VS T plot. The global feature of thgnaT vs investigation in our group.

T curve for1 is paramagnetic. ThgmoT value per Ni at Acknowledgment. Financial support from the NNSFC
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