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Ti(CsHs)2(CeH4Sg) (1), Ti(CsMes)2(CsHaSe) (2), [NMed][Ti(C sHs)(CsHaSe)2] (3), and [NMe|][Ti(C sMes)(CsHaSg)2]
(4) [CeH4Sg?~ = 2{(4,5-ethylenedithio)-1,3-dithiole-2-ylidehel,3-dithiole-4,5-dithiolate(2)] were prepared by
reaction of Ti(GHs)2Cl,, Ti(CsMes).Cly, Ti(CsHs)Cls, or Ti(CsMes)Cls with Lio,CgHaSg or [NMey]2[CgHaSg] in
THF. They were oxidized by iodine, the ferrocenium cation, or TCNQ (7,7,8,8-tetragygunaiodimethane) in
CH,ClI, or in acetone to afford one-electron-oxidized and over-one-electron-oxidized speciesHEJi(CsHsSe)]
I3, [Ti(CsHs)2(CgHaSs)][PFe], [Ti(CsMes)a(CsHaSe)]*13, [Ti(CsMes)2(CsHaSs)[PFs], [Ti(CsHs)(CsHaSs)2] oo,
[Ti(CsHs)(CgHaSe)2l[TCNQ]o 3, [Ti(CsMes)(CeHaSg)2] *12.4, and [Ti(GMes)(CeH4Ss)2][TCNQ]o 3, with the GH4Sg
ligand-centered oxidation. They exhibited electrical conductivities of11®1to 7.6 x 1074 S cnT! measured
for compacted pellets at room temperature. The crystal struct@evat clarified to consist of isolated dimerized
units of the molecules through some sutfisulfur nonbonded contacts: monoclinR2i/c, a = 9.534(2) Ab =
18.227(2) A,c = 17.775(2) A8 = 94.39(1}, Z = 4.

Introduction

Oxidized planar [M(GSs)2]" -type anion complexes [M=
Ni(ll), Pd(ll), Pt(ll), and Au(lll); n < 1; GS? = 4,5-
disulfanyl-1,3-dithiole-2-thionate(2)] are well-known to be-
come good electrical conductdrs} and some Ni(Il) and Pd(ll)
complexes behave as superconductotdvolecular interactions
through many nonbonded S- -S contacts among #3 l[gands

construct effective electron-conduction pathways in the solid

state. Metal complexes with thetSe?~ [2-{ (4,5-ethylenedithio)-
1,3-dithiole-2-ylideng-1,3-dithiole-4,5-dithiolate(2)]”~° and
(RSHCsSs?™ [2-{ 4,5-bis(alkylthio)-1,3-dithiole-2-yliderel,3-
dithiole-4,5-dithiolate(2); R = Me and Et] ligand¥13 as a
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further s-electron-delocalized system were also reported to
exhibit high electrical conductivities. Metal complexes contain-
ing both organic groups and the%s2~ or GgH,Sg?~ ligand are
expected to form molecular inorgariorganic composites
having columnar and/or layered structures constructed with
nonbonded S--S interactions among the sulfur-rich dithiolate
ligands separated by organic groups, leading to unique electrical
conductors. SeveralsSs—metal complexes containing cyclo-
pentadienyl and pentamethylcyclopentadienyl groups have been
studied!*~23 However, there has been no evaluation on an
electrical conductor. OxidizedsBs— and GMes—metal com-
plexes with the furtherr-electron-extended 4E1,Sg ligand are
expected to form effective molecular packings through many
S--S contacts in the solid state and to become good electrical
conductors, although they have nonplanar geometries. Previously
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we found a high electrical conductivity of the oxidized species
[Co(CsHs)(CgH4Sg)] 13 despite its bulky geometrf.

In this work, some gHs— and GMes—titanium(lV) com-
plexes with the @H;Sg ligand have been prepared and their

electrochemistry and spectroscopies have been studied. One

Saito et al.

[NMe][Ti(C sMes)(CsH1Sg)2] (4). To a THF (50 mL) solution
suspended with the solids of [NMeCsH1Sg] prepared by the reaction
of CgHsSg(CH,CH.CN), (93 mg, 0.20 mmol) with NMgOH (0.42
mmol) as described fo2 was added with stirring a THF (10 mL)
solution of Ti(GMes)Cls (34 mg, 0.12 mmol), and the solution was
stirred fa 3 h togive black solids. From the solution was isolateds

electron- and over-one-electron-oxidized species of these comM-g5 green solids by procedures similar to those described {é8

plexes have exhibited electrical conductivities of ¥.0~1to
7.6 x 104 S cnt! for the compacted pellets at room
temperature. The crystal structure of T§@s),(CsH4Sg) has
been clarified by the X-ray structural analysis.

Experimental Section

Starting Compounds.4,5-Bis(cyanoethylthio)-1,3-dithiole-2-[(4,5-
ethylenedithio)-1,3-dithiole-2-ylidene], s84Ss(CH,CH,CN),,° and
[Fe(GsHs)][PFs]® were prepared according to the literature. FHE).-

Cl,, Ti(CsMes)2Cly, Ti(CsHs)Cls, and Ti(GMes)Cls are commercially
available.

Ti(CsHs)2(CsHaSg) (1). All of the following reactions were per-
formed under an argon atmosphere. To a THF (30 mL) solution of
CgH1Sg(CH,CH.CN), (180 mg, 0.39 mmol) was added with vigorous
stirring an E3O (0.7 mL) solution of methyllithium (concentration 1.14
mol L= for 10 min to afford a dark red solution of GsH4Ss, which
was stirred for 30 min. To the solution was added a THF (5 mL)
solution of Ti(GHs)2Cl, (110 mg, 0.45 mmol), and the solution was

mg, 0.050 mmol, 50%). Anal. Calcd forsgssNS;eTi: C, 37.13; H,
3.64; N, 1.44. Found: C, 37.16; H, 3.41; N, 1.56. IR¢m™): 2901,
1476, 1372, 1324, 1285, 1170, 1022, 944, 898, MAAIMR (DMSO-
ds, 0, ppm): 3.37 (s, H8), 3.09 (s, H12), 1.96 (s, H15).

[Ti(C sHs)2(CsH4Se)]*15 (5). To a CHCI, (100 mL) solution of iodine
(100 mg, 0.41 mmol) was added with stirring a £ (5 mL) solution
of 1 (78 mg, 0.15 mmol) to afford immediately black microcrystals of
5. They were collected by filtration, washed with &El,, and dried in
vacuo (110 mg, 0.12 mmol, 80%). Anal. Calcd forgh4lsSsTi: C,
23.62; H, 1.54. Found: C, 23.66; H, 1.54. IR ¢cm™): 1432, 1363,
1311, 1215, 1012, 908, 825.

[Ti(C sHs)2(CeH4Se)][PFe] (6). To a CHCI, (100 mL) solution of
[Fe(GHs)2][PFg] (320 mg, 0.97 mmol) was added with stirring a £Hp
(5 mL) solution ofl1 (100 mg, 0.19 mmol) to afford immediately black
microcrystals of6. They were collected by filtration, washed with
CHCl,, and dried in vacuo (98 mg, 0.14 mmol, 73%). Anal. Calcd for
CigH14FsPSTi: C, 31.18; H, 2.08. Found: C, 31.15; H, 2.32. IR (
cmY): 1435, 1371, 1317, 833, 557.

[Ti(C sMes)x(CgHaSe)]*13 (7). To a CHCI, (100 mL) solution of 4

stirred for 12 h at room temperature. To the black green suspended(130 mg, 0.50 mmol) were added with stirring powdered solid& of

solution was added Ci&l, (1000 mL), and the solution was filtered
through silica gel. Concentration of the green brown filtrate was
followed by addition of hexane to afford a dark brown precipitate of
1, which was washed with CHg lacetone, and ED and dried in vacuo
(170 mg, 0.31 mmol, 79%). Anal. Calcd fordEl1sSsTi: C, 40.43; H,
2.64; S, 47.97. Found: C, 40.60; H, 2.85; S, 47.69.4R(%): 3110,
1437, 1365, 1288, 1017, 900, 820, 7708. NMR (CDCls, 6, ppm):
6.04 (s, H5), 5.72 (s, H5), 3.30 (s, H2), 3.29 (s, H2).

Ti(CsMes)2(CgHsSg) (2). To a THF (30 mL) solution of gHsSs-
(CH,CH,CN), (120 mg, 0.25 mmol) was added with vigorous stirring
an MeOH (0.76 mL) solution containing NM@H (0.19 mg, 0.51
mmol) to afford immediately red brown solids of [NM&CgH.Ss].
They were collected by filtration and washed with THF. They were
suspended in THF (50 mL) and followed by addition of a THF (10
mL) solution of Ti(GMes).Cl, (100 mg, 0.26 mmol). The suspended
solution was stirred for 72 h in the dark. To the solution of the reaction
mixtures was added ED (200 mL), and the resulting solution was
filtered through silica gel. To the filtrate was added hexane (100 mL),
and the solution was allowed to stand in a refrigerator overnight to
give black microcrystals 2. They were washed with ED and dried
in vacuo (81 mg, 0.12 mmol, 49%). Anal. Calcd fopsB34SsTi: C,
49.83; H, 5.08. Found: C, 50.02; H, 5.13. IR ¢mY): 2902, 1441,
1410, 1375, 1286, 1165, 1018, 900, 778.NMR (CDCls, 6, ppm):
3.27 (s, H4), 1.90 (s, H30).

[NMe][Ti(C sHs)(CsH4Ss)2] (3). Red brown solids of [NMg,-
[CsH4Ss] obtained by the reaction of 884Ss(CH.CH.CN), (470 mg,
1.0 mmol) with NM@OH (2.2 mmol) as described for the preparation

(68 mg, 0.10 mmol), and the suspended solution was stirred for 1 h.
Black solids of7 were collected by filtration, washed with a large
amount of CHClI,, and dried in vacuo (40 mg, 0.038 mmol, 38%).
Anal. Calcd for GgHa4l3SsTi: C, 31.86; H, 3.25. Found: C, 31.88; H,
3.20. IR @, cnmY): 2902, 1376, 1337, 1286, 1231, 1014, 958.

[Ti(C sMes)z(CsH4Ss)][PFe] (8). To a CHCI, (50 mL) solution of
[Fe(GHs)J][PFs] (86 mg, 0.26 mmol) were added with stirring
powdered solids of (39 mg, 0.058 mmol). The suspended solution
was stirred fo 1 h toafford black solids oB. They were collected by
filtration, washed with CEKLCl,, and dried in vacuo (59 mg, 0.074 mmol,
73%). Anal. Calcd for @Hs/FPSTi: C, 41.02; H, 4.18. Found: C,
41.08; H, 4.20. IR¥, cm™1): 2902, 1456, 1404, 1118, 958, 837, 768,
554.

[Ti(CsHs)(CgH4Ss)2)*1 0.9 (9). To an acetone (100 mL) solution 8f
(86 mg, 0.096 mmol) was added with stirring a £t} (20 mL) solution
of I, (160 mg, 0.62 mmol) to afford immediately black solids ®f
They were collected by filtration, washed with acetone and with MeOH
to remove NMegl, and dried in vacuo (62 mg, 0.066 mmol, 70%). Anal.
Calcd for GiH13looSi6Ti: C, 26.82; H, 1.39. Found: C, 27.24; H, 1.57.
IR (v, cnmY): 1365, 1316, 1281, 1202, 823.

[Ti(CsHs)(CsH4Ss)2l[TCNQ] 03 (10). To an acetone (100 mL)
solution of3 (90 mg, 0.10 mmol) was added with stirring a THF (20
mL) solution of TCNQ (100 mg, 0.51 mmol) to afford immediately
black microcrystals 010. They were collected with filtration, washed
with THF, and dried in vacuo (72 mg, 0.082 mmol, 82%). Anal. Calcd
for CoadH1a N12Si6Ti: C, 33.29; H, 1.61; N, 1.89. Found: C, 33.21;
H, 1.70; N, 1.57. IR ¥, cm™Y): 2175, 2149, 1430, 1374, 1320, 1286,

of 2 were suspended in THF (50 mL). To the suspended solution was 1207, 816.

added Ti(GHs)Cls (130 mg, 0.58 mmol), and the solution was stirred
for 3 h toyield a dark green precipitate. To the reaction solution

[Ti(CsMes)(CsH4Ss)2] 124 (11). A CH.CI, (20 mL) solution of
(130 mg, 0.52 mmol) was added with stirring to a £t (100 mL)

containing the precipitate was added acetone (1500 mL) further to solution of 4 (100 mg, 0.11 mmol) to afford immediately black
remove NMgCl, and the solution was filtered. The dark green filtrate Mmicrocrystals ofl1 They were collected by filtration, washed with
was condensed to 100 mL under reduced pressure to afford a dark greef®HzCl, and further with MeOH to remove NMg and dried in vacuo
precipitate. It was filtered, further washed with MeOH to remove (70 mg, 0.059 mmol, 55%). Anal. Calcd fopdlzsl2 4SieTi: C, 26.00;
NMe,Cl and with EO, and dried in vacuo (350 mg, 0.39 mmol, 79%). H, 1.93. Found: C, 26.03; H, 1.83. IR,(cm™): 2902, 1441, 1372,
Anal. Calcd for GsHasNSieTi: C, 33.35; H, 2.80; N, 1.56. Found: C, 1322, 1285, 1200, 1169, 1017, 962, 774.

33.36; H, 3.01; N, 1.56. IR cm2): 1476, 1407, 1324, 1284, 1015, [Ti(C sMes)(CsH4Se)2][TCNQ] 0.3 (12). To @ CHCI, (50 mL) solution
945, 900, 808, 768H NMR (acetoneds, &, ppm): 6.05 (s, H5), 3.46  of 4 (52 mg, 0.054 mmol) was added with stirring a THF (10 mL)
(s, H12), 3.39 (s, H8). solution of TCNQ (60 mg, 0.29 mmol) to afford immediately black
microcrystals of12. They were collected by filtration, washed with
THF and MeOH, and dried in vacuo (39 mg, 0.041 mmol, 75%). Anal.
Calcd for GodH24.N1,S6Ti: C, 37.12; H, 2.55; N, 1.76. Found: C,
37.55; H, 2.60; N, 1.88. IR, cm™1): 2902, 2175, 2150, 1567, 1430,
1376, 1321, 1284, 1204, 1170, 1020, 942, 828, 774.
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Table 1. Crystallographic Data foP

GeH34SeTi fw
9.534(2) A space group
18.227(2)A T
17.7752) A 1
9439(1)’ Pcalcd
3079.76) R
4 R

647.96

P2,/c (No. 14)
23°C
0.71069 A
1.456 g cm®
8.4cntt
0.036

Ry 0.040

AR =Z||Fo| — [Fell/Z[Fol. Ry = [ZW(|Fo| — |Fc)7ZWF,AY3 wt =
0%(Fs) + 0.000F 2.

chem formula

5uA

N<O T

Complex 1

Physical Measurements.Electronic absorption, IR, ESR,and
powder reflectance spectfavere recorded as described previously.
IH NMR spectra were recorded at 270 MHz using a JEOL EX-270
spectrometer, the chemical shifts being measured relative to tetra-
methylsilane as an internal standard. Line shape analyses of temperature-
dependentH NMR spectra were performed by computer simulation
based on the literature equation for the fluxional systéthRaman
spectra were measured for compacted pellets using JASCO R-800 and Y O 08 ! _0‘4
Nipponbunko NR-1800 laser-Raman spectrophotometers at the Graduate : ) ) ’

School of Science, Osaka University. Cyclic voltammograms of the V vs. Ag/Ag*

complexes were measured using [NBICIO 4] or [NBu"j][PFe] as an Figure 1. Cyclic voltammograms of complexels (1.0 x 103 mol
electrolyte, as described previoustyElectrical resistivities of the L% in CH,Cl) and 3 (2.0 x 1072 mol L%, in acetone) at room
complexes were measured for compacted pellets by the conventionaltemperature. Supporting electrolyte: 0.1 mot [NBu™][CIO4]. Sweep
two-probe method at room temperatéte. rate: 0.1V st

X-ray Data Collection and Structure Determination of 2. Dif-
fraction data were collected on a Rigaku AFC-7R four-circle diffrac- electron-reduction process takes place on the metal for
tometer with graphite-monochromated MoaK(Z = 0.71069 A) Ti(CsHs)2X2 (X = ClI, Br)2® and Ti(GHs).—dithiolene com-
radiation at the Graduate School of Science, Osaka University. plexes3?38 The oxidation peak at-0.29 V is ascribed to the
Crystallographic data are summarized in Table 1. , CgH.Ss ligand-centered oxidation, as low oxidation potentials

The unit-cell parameters were determined from 25 independent observed for other g&1,S—metal complexe§9’2“'3oThis oxida-
reflections with @ over the range of 26:126.9. Three standard . o -

tion peak potential is appreciably lower than that (0.50 V vs

reflections were monitored after every 150 reflections. No significant T . 1617 .
decays in their intensities were observed throughout the data collection. A9/AG™) Of Ti(CsHs)x(CaSs). > Complex2 is reduced at-1.63

The reflection data were corrected for Lorentz and polarization effects, ¥ corresponding to the Ti(IV) toTi(lll) process and exhibits a
but not for absorption (transmission factors, 0.985998). peak potential at-0.19 V for the GHsSg ligand oxidation

The structure was solved by the direct method (SHELXS?2a8)d measured in CkCl,. However, they occur at somewhat low
refined onF by the full-matrix least-squares technique. All of the non- potentials compared withh because of the presence of more
hydrogen atoms were refined anisotropically, and the hydrogen atomselectron-releasing $§Mes groups. Complex3 having two
were fixed at geometrically calculated positions with temperature factors electron-releasing E,Sg ligands exhibits redox waves at an
of 1.2 times those of the bonded carbon atoms. Calculations were gppreciably low potential€0.39 V) for the GH,Ss ligand

Complex 3

+0.4

performed with the teXsan structure analysis package an SGI Q
workstation at the Graduate School of Science, Osaka University.
Atomic scattering factors were taken from the usual souttEgjures

2 and 3 were drawn with a local version of ORTEFSII.

Results and Discussion

Electrochemistry of Complexes 4. Figure 1 shows cyclic
voltammograms ol in CH,Cl, and3in acetone. CompleX s
reduced at-1.40 V (vs Ag/Ag"). This is ascribed to the Ti(IV)
to Ti(lll) process, since it is well-known that the reversible one-
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1993 32, 5990.
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284, 55.
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of crystal structuresUniversity of Gdtingen: Gitingen, Germany,
1986.
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Corp.: The Woodlands, TX, 1992.

(34) International Tables for X-Ray Crystallographiynoch: Birming-
ham, U.K., 1974; Vol. 4.

(35) Johnson, C. K. ORTEP-II. Report ORNL-5138; Oak Ridge National
Laboratory: Oak Ridge, TN, 1976.

oxidation in acetone, although the Ti(IV)/Ti(lll) reduction occurs
at a potential £1.36 V) similar to that ofl. Their potentials
are also low compared with those of Tf@es)2(CsSs) (—0.99
and+0.30 V vs Ag/Ad").1° The GH4Ss—metal complexes are
likely to be oxidized at low potentials compared withSg—
metal complexe§?2-2430.39 Complex 4 having the electron-
releasing @Vles group exhibits a rather high oxidation potential
(—0.29 V in acetone) for the 4E1,Sg ligand compared with that
of 3.

Crystal Structure of Complex 2 and Molecular Geom-
etries of Complexes *+4. Figure 2 shows the molecular
geometry of2 together with the atom-numbering scheme.
Selected bond distances and angles are summarized in Table 2.
Two z-bonded GMes rings and two sulfur atoms construct a
pseudotetrahedral coordination sphere of the titanium(IV) ion.
Methyl groups deviate considerably out of each cyclopentadienyl
plane; the largest out-of-plane deviation [0.492(8) A] is observed
for the C(14) atom, C(24) and C(28) atoms being deviated from
the plane [0.350(8) and 0.316(7) A, respectively] because of

(36) Murr, N. El; Chaloyard, A.; Tirouflet, JJ. Chem. Soc., Chem.
Commun198Q 446.

(37) McCleverty, J. A.; James, T. A.; Wharton, E.Idorg. Chem 1969
8, 1340.

(38) Bolinger, C. M.; Rauchfuss, T. Bnorg. Chem 1982 21, 3947.

(39) Matsubayashi, G.; Nakano, M.; Saito, K.; Yonamine, T.; Arakawa,
R. J. Organomet. Chemin press.
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Figure 2. Molecular geometry o2 together with the atomic numbering
scheme. Thermal ellipsoids are shown at the 50% probability level.

Table 2. Selected Bond Distances (A) and Angles (deg)Zor

Ti—S(1)  2.455(1) T+S(2) 2.459(1) T+C(9) 2.432(3)
Ti—C(10) 2.390(4) T+C(11) 2.460(4) T+C(12) 2.458(4)
Ti—C(13) 2.398(4) T+C(19) 2.439(3) T+C(20) 2.415(4) Figure 3. Packing diagram o2. Fine lines represent S- -S nonbonded
Ti—C(21) 2.435(4) T+C(22) 2.416(3) TH+C(23) 2.445(4) contacts less than 3.7 A.
S(1-C(1) 1.727(3) S(XC(2) 1.726(3) S(3YC(1) 1.761(3)
S(3-C(3) 1.759(3) S(4yC(2) 1.760(3) S(4yC(3) 1.743(4) symmetry have some S--S nonbonded contacts within the sum
S(5)-C(4) 1.756(3) S(5yC(5) 1.760(3) S(6)yC(4) 1.758(3) of van der Waals radii (3.7 A) forming a dimerized unit: S(1)--
S(6)-C(6) 1747(3) S(7C(5) 1736(4) S(AC(7) 179905) g7y (Zx 1 —y —7) [3.649(2) A] and S(3)-S(] [3.419(1)
S(8)-C(6) 1.744(3) S(8)yC(8) 1.805(4) C(1yC(4) 1.356(4) A ) l’ ’ ' b d i ’ if ich
C(3)—C(4) 1'343(4) C(5')'C(6) 1.330(5) C(7§'C(8) 1.487(6) ] Similar S-.-S contacts were observe or sultur-ric
compounds with molecular skeletons close to that 2of

S(A)>-Ti—S(2) 83.40(3) T+S(1)-C(2) 97.4(1) CgHaSs(CHoCH,CN),,2 CeSa(SMek,*2 C10Ss(SMek,*® and

Ei(;)s_(?(;)(i(é)(s) gg:ggg gg&g%ﬁg% ggg% H_g(CGSBEtz)g.lo There are no significant contacts between the
C(4)-S(6)-C(6) 93.8(2) C(5%-S(7)-C(7) 104.3(2) dimers for the present complex.

C(6)—S(8)-C(8) 97.8(2) S(1)¥C(1)-C(2) 122.8(3) Complex1 shows two GHs signals at 5.72 and 6.0%in the
S(3)-C(1)-C(2) 116.8(2) S(2¥C(2)-C(1) 124.5(3) IH NMR spectrum measured at 2& in DMSO-dg. This is
S(4r-C(2)-C(1)  116.9(3) S(3yC(3)-S(4)  114.6(2) due to the nonequivalence of theHG rings in conformation
ggﬁgggigg i;g’gg’)) g((g;g%:gg ﬂ?ggg A, as confirmed by the above-mentioned molecular structure
S(BF-C(6-C(5) 123.1(3) S(HC(7)-C(8)  116.9(3) of complex2. The signals coalesce at 30, resulting in a single
S(8-C(8)-C(7)  113.5(3)

deviations of the other methyl carbon atoms are 6086 A
from the plane. Two €Mes rings make a dihedral angle of
44.2(2y. These findings resemble those of Tils),(C:Ss).1°
Ti—S distances [2.455(1), 2.459(1) A] are close to those of
Ti(CsHs)2(CsSs) [2.431(2) AR and Ti(GMes)2(CsSs) [2.25(9),

repulsion between the cyclopentadienyl rings. C(16) and C(17) Ti
atoms in the vicinity of the dithiolene ligand also deviate from /
the plane [0.306(9) and 0.273(9) A, respectively], while the Ti

2.46(8) A]1° The complex exhibits a characteristic folding of A B

the TiSC; plane along the S(1)S(2) axis by a value of 35;3 peak at elevated temperatures owing to rapid exchange around
which is close to that of Ti(§Mes)2(CsSs) [38.0(9), 38.3(9)]. the folding S-S axis of the dithiolate ligand. The energy barrier
They are considerably small compared with those of sFifo— for the inversion process between the folded conformations is
(dithiolene) complexes; Ti(§15)2(CsSs) [47.4(3¥], Ti(CsHs)2- estimated to be 12.4 kcal mdlon the basis of the varying

(CaHaSy) [49.2(2), 51.2(1),Y" and Ti(GHs)2(S:Co(CN),) [43°].40 CsHs signals. Similar behavior was observed for several
This is ascribed to an increased electron density on the meta'Ti(CsH5)2(dithiolate) complexe&*17.19Complex2 also showed
center caused by the more electron-releasigdeg ligand1°41 two CsMes signals (1.74 and 1.88) at —80 °C in CD;Cl,, the
S(3), S(4), S(5), S(6), C(3), and C(4) atoms are nearly coplanarcoalescence temperature of these signals beififj °C with
(£0.03 A), the other sulfur atoms deviating to the same side of the energy barrier of 6.5 kcal mdl

the best plane by 0.170.92 A. The planes formed by atoms For complexes3 and 4 having two dithiolate ligands,
S(1), S(2), S(3), S(4), C(1), and C(2) and by S(5), S(6), C(5), conformation B is reasonable, since X-ray molecular structures
and C(6) make angles of 3.and 17.%, respectively, with the a5 the B form were determined for some [Ti(L)(dithiola}e)
central plane of the tetrathiafulvalene skeleton. This tub (L = CsHs and GMes) complexed74445Although two GH.Ss
conformation is similar to those 0fgBlsSs(CH.CH,CN),® and ligands are expected to be magnetically inequivalent for this
tetrakis(methylthio)tetrathiafulvalerfé. conformation, no separated GHignals of the ligands were

The packing diagram of the complex molecule is shown in gpserved even at90 °C in CD,Cl, for 3 and4.
Figure 3. Two molecules related to each other with a center of

(43) Misaki, Y.; Nishikawa, H.; Kawakami, K.; Koyanagi, S.; Yamabe,

(40) Chiesi-Villa, A.; Gaetani, M. A.; Guastini, @\cta Crystallogr., Sect. T.; Shiro, MChem. Lett1992 2321.
B 1976 32, 909. (44) Kopf, H.; Lange, K.; Pickardt, J. Organomet. Chen991, 420,
(41) Lauher, J. W.; Hoffman, Rl. Am. Chem. Sod 976 98, 1729. 345.

(42) Katayama, C.; Honda, M.; Kumagai, H.; Tanaka, J.; Saito, G.; (45) Spence, M. A.; Rosair, G. M.; Lindsell, W. E. Chem. Soc., Dalton
Inokuchi, H.Bull. Chem. Soc. Jpri985 58, 2272. Trans 1998 1581.
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Spectroscopic Properties and Electrical Conductivities of
the Oxidized ComplexesAs shown in Figure 4, the electronic
absorption spectrum of compleixexhibits bands ascribed to
the z—x* transitions of the GH4Sg ligand at 316 and 456 nm,
as observed for NfCgHsSs], [NBu™J[Au(CgHsSg)2],8 and
[NBuy]o[Pt(CgH4Sg)2].° Furthermore, the complex shows a
ligand-to-metalr—d charge transfer (LMCT) band at 736 nm.
Complex2 exhibits a similar absorption spectrum, wharesz*

bands occur at 332 and 448 nm and two LMCT bands at 594

and 826 nm in CHCl,. Complexes3 and 4 also show two
LMCT bands in the region of 668820 nm, together with an
intenser—s* band at 330 nm.

Electronic absorption spectra bfin CH,CI, in the presence

of various amounts of iodine as an oxidant are also displayed

in Figure 4. By the addition of some amounts of iodine to the
solution of1, the spectrum of is changed with the generation

of isosbestic points, resulting in the spectrum of the one-electron-

oxidized [Ti(GHs)2(CsHsSg)]* species. The LMCT band is
shifted to a longer-wavelength region. On the oxidatiod-6f,

the longer-wavelength shifts of the LMCT bands were also
observed.

The oxidized GHsSg ligand is stable, as deduced from the
above spectral change @fupon oxidation. This is in contrast
to the unstability of the oxidized 4S5 ligand bonded with the
titanium(1V) ion, as the rapid destruction was observed for the
oxidation of Ti(GHs)2(CsSs).171° Complexesl and 2 were
oxidized by some oxidants to afford one-electron-oxidized
specied—8. Complexes and4 exhibiting a very low oxidation
potential were reacted with iodine to give over-one-electron-
oxidized complexe® and 11. They were also oxidized even
by TCNQ to give 1.3-electron-oxidized specit@and 12.

The Raman spectrum &fexhibited a scattering band at 111
cm~1 which is assigned to the symmetric stretching of the |
ion 4647 This indicates thab is a one-electron-oxidized species.
In accordance with thi§ exhibited an intense, sharp isotropic

(46) Marks, T. J.; Kalina, D. W. IrExtended Linear Chain Compounds
Miller, J. S., Ed.; Plenum Press: New York, 1982; Vol. 1; p 197.

(47) Diel, B. N.; Inabe, T.; Lyding, J. W.; Schoch, K. F., Jr.; Kannewurf,
C. R,; Marks, T. JJ. Am. Chem. Sod983 105 1551.
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Table 3. Electrical Conductivitiesd)?

complex orT, Scnrt complex orT, Scnt
5 8.9x 104 9 0.16
6 2.9x 108 10 0.12
7 9.9x 104 11 7.6x 104
8 3.0x 10 12 0.055

a Measured for compacted pellets at room temperature.

ESR signal aig = 2.003 (peak-to-peak line width, 3.5 mT).
This signal is ascribed to the radical species of thelSs-
ligand moiety, as observed for the radicals of sulfur-rich
compounds: the tetrathiafulvalenium radical catfg¥d and
partially oxidized GH4Ss—metal (Pt(11)? Co(Il1),2* V(IV) and
Mo(IV) 29 and GSs—metal (Co(lll)2° Cu(l) 5t Au(lll), *° Re(IV) 22
Mo(IV) and W(IV)2%) complexes with the sulfur-rich ligand-
centered oxidation. Complex6s-8 also showed sharp, isotropic
ESR signalsd = 2.004-2.008; line width= 1.1-2.6 mT).
Thus, in these oxidized complexes thgHzSs ligand-centered
oxidation is likely to occur. Complexesand11 also showed
a Raman band at 111 and 110 Zmrespectively, indicating
the presence of the1 ion. ComplexeslO and 12 contain the
TCNQ~ radical anion as the (TCN@) dimer, since they
showed the IR absorption frequencies of 2175 and 2150'cm
assigned to thercy mode, as observed for LI[TCNQ] and
deduced from a linear relationship farcy frequency vs
fractional charge of TCN®®5* The absorption at 828 crh
for 10 ascribed to the €H out-of-plane frequency also indicates
the presence of the TCNQradical aniorp>56

Electrical conductivities of the oxidized complexes measured
at room temperature for compacted pellets are listed in Table
3. Complexesl—4 are essentially insulators, while all of the
oxidized specie5—12behave as semiconductors. Conductivities
of complexess—8 having two GHs or two GMes groups are
not high. This seems to come from an inadequate molecular
packing in the solid state, which results in ineffective-S
nonbonded interactions among thgHgSs ligand moieties. On
the other hand, 10, and12 exhibit high conductivities, which
are due to an effective molecular packing favorable for the
formation of electron-conduction pathways, althodghhas a
lower conductivity. Considering the molecular geometry of
[Ti(L)(dithiolate);]~ (L = CsHs and GMes) complexes; 4445
an effective packing diagram of the [Ti§B8s)(CgH4Ss)2]
moieties may be assumed. Previously, the one-electron-oxidized
species, [Co(6Hs)(CgH4Sg)] Tt salts, showed a high conductivity
(0.16-0.19 Scmtatroomtemperatur@fand [V(O)(GH4Sg)2] ™
and [Mo(O)(GHsSg)2]™™ (m, n < 1) complexes having a
coordination geometry around the metal ion similar to those of
9—12also exhibit high conductivities (0.2%.9 S cnt! at room
temperaturey? Thus, these findings suggest the usefulness of

(48) Matsubayashi, G.; Yokoyama, K.; Tanaka JTChem. Soc., Dalton
Trans 198§ 253.

(49) Matsubayashi, G.; Yokozawa, A. Chem. Soc., Dalton Tran$99Q
3535.

(50) Mori, H.; Nakano, M.; Tamura, H.; Matsubayashi, G.; Mori, @hem.
Lett. 1998 729.

(51) Yokozawa, A.; Matsubayashi, Giorg. Chim. Actal991, 186, 165.

(52) Matsubayashi, G.; Maikawa, T.; Tamura, H.; Nakano, M.; Arakawa,
R. J. Chem. Soc., Dalton Tran$996 1539.

(53) Chappell, J. S.; Bloch, A. N.; Bryden, W. A.; Maxfield, M.; Poehler,
T. O.; Cowan, D. OJ. Am. Chem. Sod 981, 103 2442.

(54) Ward, M. D.; Fagan, P. J.; Calabrese, J. C.; Johnson, . 8m.
Chem. Soc1989 111, 1719.

(55) Bozio, R.; Zanon, |.; Girlando, A.; Pecile, €.Chem. Soc., Faraday
Trans. 21978 74, 235.

(56) Inoue, M.; Inoue, M. BJ. Chem. Soc., Faraday Trans.1®85 81,
539.
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the GH4Ss ligand for the construction of the electron-conduction 11136223) from Ministry of Education, Science, Sports and
pathways of various metal complexes. Culture, Japan.
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