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[NEt4][Pt(ppy)(C3Ss)] (ppy~ = C-deprotonated 2-phenylpyridine(—); C385% = 4,5-disulfanyl-1,3-dithiole-2-
thionate(2—)), [NEty]-, [NBu"4][Pt(ppy)(CsH4Sg)] (CsH4Ss>~ = 2-{(4,5-ethylenedithio)-1,3-dithiole-2-ylidene }-1,3-di-
thiole-4,5-dithiolate(2—)) and [NEt4][Pt(ppy)(C10—CeSs)] (C10—C6Sg>~ = 2-{bis(decylthio)-1,3-dithiole-2-ylidene } -
1,3-dithiole-4,5-dithiolate(2—)) were prepared. They showed an intense electronic absorption band due to an intramo-
lecular mixed metal/dithiolate ligand-to-ppy ligand charge transfer transition, which is somewhat sensitive to the sol-
vent. The complexes exhibited first oxidation potentials of —0.27 to +0.02 V (vs Ag/Ag™) due to the dithiolate li-
gand-centered oxidation. They were oxidized by TCNQ and iodine to afford [Pt(ppy)(L)] and [Pt(ppy)(L)]I(1;.0-4.2)
(L = C3S5%~, CgH4Sg>~, and C;y—CsSg?™). Electrical conductivities of the oxidized CgH4Sg- and C;o—CgSg-species
measured for compacted pellets at room temperature were 6.2 x 107°=7.8 x 1073 Scm™!, while those of the oxidized
C3Ss-species were very low [(3.8-6.2) x 10~ Scm™']. The X-ray crystal structure of [NBu"4][Pt(ppy)(CsH4Sg)] was
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clarified.

Metal complexes with sulfur-rich dithiolate ligands, such as
C3S52~ [4,5-disulfanyl-1,3-dithiole-2-thionate(2—)], CgH,Sg*™
[2-{(4,5-ethylenedithio)-1,3-dithiole-2-ylidene } - 1,3-dithiole-4,
5-dithiolate(2—)] and related anions, are of much interest in
their oxidized states due to their electrical and magnetic prop-
erties.!”” For these physical properties, the molecular packings
and nonbonding sulfur—sulfur contacts of the complexes in the
solid state are important.

Planar metal complexes with unsymmetrical coordinating
ligands may form unique molecular packings in the solid state
through the polar property around the metal ion. In addition, in
the sulfur-rich dithiolate metal complexes nonbonding sulfur—
sulfur contacts also affect greatly the molecular arrangements.
Planar metal complexes of the [M(N-N)(S-S)] type (M = Pd"
and Pt") having an electron-donating dithiolate (S—S>~) ligand
and a 7-electron-accepting diimine (N-N) ligand are polarized
around the metal ion between these ligands.®'* For planar
[M(N-C)(S-S)] (N-C~ = C-deprotonated  2-phenylpyri-
dine(—) (ppy~)) complexes one may also expect the similar
polarized property around the metal ion.'* Recently, we report-
ed several polarized metal complexes, [M(diimine)(sulfur-rich
dithiolate)] (M = Pd"" and Pt")!3-17 and [Au™ (ppy)(sulfur-rich
dithiolate)], and their oxidized complexes as electrical con-
ductors.'®!” In their oxidized species, many sulfur—sulfur con-
tacts form the electron-conduction pathways in the solid state.
Furthermore, the association of long alkyl chains in the solid
state may also assist unique molecular arrangements.’%>3 We
reported some sulfur-rich dithiolato-Pt" complexes having
long alkyl chains in the ligands and their oxidized species be-
having as electrical conductors.'>?* Thus, polarized ppy—Pt"!
complexes with a sulfur-rich dithiolate ligand having long al-
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kyl chains are of interest.

In this work, Pt"-complexes of the type of [Pt(ppy)(sulfur-
rich dithiolate)]~ (sulfur-rich dithiolate = C3Ss?~, CgH4Sg>~
and C;o—CsSg>~ (2-{bis(decylthio)-1,3-dithiole-2-ylidene}-
1,3-dithiole-4,5-dithiolate(2—))) (Chart 1) and their oxidized
species have been prepared. Spectroscopic and electrochemi-
cal properties of the complexes and electrical conductivities
of their oxidized species, together with the X-ray crystal struc-
ture of [NBu"4][Pt(ppy)(CsH4Ss)], are described.

Experimental

Preparation. (C-Deprotonated 2-phenylpyridine)chloroplati-
num(Il), [{Pt(ppy)Cl},], was prepared according to the literature
procedure with little modification.” C3S5(CH,CH,CN),,?
CgH4S3(CH,CH,CN),%7% and (CjoHy))2CsSg(CH,CH,COOEY),
[C19—C6Ss(CH,CH,COOEY),],>* as pro-ligand compounds of
C3S5%~, CgHySg?™ and Cp—CsSg?~ dithiolate anions, respective-
ly, were also prepared by the literature methods. 7,7,8,8-Tetracya-
no-p-quinodimethane (TCNQ) was commercially available.

[NEt4][Pt(ppy)(C3Ss)] (1). All the following reactions were
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performed under an argon atmosphere. Sodium metal (62 mg, 2.7
mmol) and C3Ss(CH,CH,CN), (160 mg, 0.52 mmol) were dis-
solved in ethanol (90 mL). To the solution of Na,[C3Ss] was add-
ed a dimethyl sulfoxide (1.0 mL) solution of [{Pt(ppy)Cl},] (200
mg, 0.26 mmol) and NEt,Br (440 mg, 2.1 mmol) and the solution
was stirred for 3 h at room temperature. The resulting red violet
solids of 1 were collected by filtration, washed with methanol,
and dried in vacuo (15% yield). Caled for CyHpgN,PtSs: C,
39.10; H, 4.18; N, 4.14%. Found: C, 38.94; H, 4.22; N, 4.19%.
'HNMR ([D¢]DMSO) § 1.15 (t, 12H), 3.18 (q, 8H), 7.01 (m,
2H), 7.23 (m, 1H), 7.53 (d, 1H; 3J('"H-'%Pt), 40 Hz), 7.68 (d,
1H), 7.97 (t, 1H), 7.99 (d, 1H), 8.85 (d, 1H; 3J("H='"Pt), 33 Hz).

[NEt4][Pt(ppy)(CsH4Ss)] (2). Similarly, red violet solids of 2
were prepared by the reaction of an ethanol (90 mL) solution of
Na,[CgH4Sg] obtained by the reaction of sodium metal (62 mg,
2.7 mmol) and CgH4Sg(CH,CH,CN), (250 mg, 0.52 mmol) with
a dimethyl sulfoxide (1.0 mL) solution containing [{Pt(ppy)Cl},]
(200 mg, 0.26 mmol) and NEtBr (440 mg, 2.1 mmol) (85%
yield). Calcd for Cp;H3N,PtSs: C, 44.33; H, 5.10; N, 2.95%.
Found: C, 43.85; H, 4.88; N, 3.03%. '"HNMR ([D¢]DMSO) §
1.15 (t, 12H), 3.18 (q, 8H), 3.30 (s, 4H), 7.01 (m, 2H), 7.23 (m,
1H), 7.53 (d, 1H; 3J('H-'%Pt), 40 Hz), 7.68 (d, 1H), 7.98 (d,
1H), 8.01 (d, 1H), 8.85 (d, 1H; 3J("H-'"Pt), 33 Hz).

[NBu”4]1[Pt(ppy)(CsH4Sg)] (3). This was prepared by a sim-
ilar procedure, using NBuyBr instead of NEt,Br. Red violet solids
of 3 were recrystallized from methanol to afford dark violet plates
suitable for X-ray structure analysis.

[NEt4][Pt(ppy)(C10—CSs)] (4). This was also prepared by
the reaction of an ethanol solution of Na,[C;o—CSg] obtained
by the reaction of sodium metal and C;y—C¢Ss(CH,CH,COOEt),
with a dimethyl sulfoxide solution of [{Pt(ppy)Cl},] and NEt;Br
as violet solids by a similar procedure to that described for 1 (64%
yield). Calcd for Cy4sH7oN,PtSg: C, 49.56; H, 6.47; N, 2.57%.
Found: C, 49.29; H, 6.47; N, 2.64%. '"HNMR ([D¢]DMSO) §
0.85 (t, 6H), 1.13 (t, 12H), 1.26 (m, 28H), 1.37 (m, 10H), 1.55
(m, 4H), 2.83 (m, 4H), 3.23 (q, 8H), 6.98 (m, 2H), 7.17 (q, 1H),
7.51 (d, 1H; 3J("H='%Pt), 40 Hz), 7.64 (d, 1H), 7.94 (t, 1H),
7.96 (s, 1H), 8.83 (d, 1H; *J('H-'"Pt), 33 Hz).

[Pt(ppy)(C3S5)] (5). A dichloromethane (20 mL) solution of
TCNQ (76 mg, 0.38 mmol) was added with stirring to a dichloro-
methane (20 mL) solution of 1 (50 mg, 0.074 mmol) to afford im-
mediately black solids of 5. They were collected by centrifuga-
tion, washed with methanol, and dried in vacuo (74% yield).
Calcd for C4HgNPtSs: C, 30.82; H, 1.48; N, 2.57%. Found: C,
30.64; H, 1.55; N, 2.59%.

[Pt(ppy)(CsH4Sg)] (6). Similarly, a dichloromethane (25 mL)
solution of 2 (100 mg, 0.12 mmol) was reacted with a dichloro-
methane (30 mL) solution of TCNQ (120 mg, 0.60 mmol) to
afford black solids of 6 (71% yield). Caled for CjoH o NPtSg: C,
32.33; H, 1.71; N, 1.98%. Found: C, 32.37; H, 1.83; N, 2.17%.

[Pt(ppy)(C10—CsSs)] (7). Black solids of 7 were also prepared
by a reaction of 4 (100 mg, 0.090 mmol) with TCNQ (94 mg, 0.46
mmol) in a mixture of dichloromethane (20 mL) and acetonitrile
(40 mL) (13% yield). Caled for Cs;;HsoNPtSg: C, 46.27; H,
5.25; N, 1.46%. Found: C, 45.85; H, 4.93; N, 1.87%.

[Pt(ppy)(C3S5)1(I1.0) (8). A dichloromethane (15 mL) solu-
tion of iodine (94 mg, 0.37 mmol) was added with stirring to a di-
chloromethane (15 mL) solution of 1 (50 mg, 0.073 mmol) to af-
ford immediately black solids of 8. They were collected by centri-
fugation, washed with methanol, and dried in vacuo (68% yield).
Calcd for C4Hgl; oNPtSs: C, 24.80; H, 1.19; N, 2.08%. Found: C,
24.87; H, 1.27; N, 2.18%.

Preparation and Oxidation of [Pt(N-C)(S-S)]~

[Pt(ppy)(CsH4Ss)1(I14.2) (9). Similarly, a dichloromethane (25
mL) solution of 2 (100 mg, 0.12 mmol) was reacted with a di-
chloromethane (30 mL) solution of iodine (150 mg, 0.60 mmol)
to afford black solids of 9 (80% yield). Calcd for CjoH 514, NPtSg:
C, 18.42; H, 0.98; N, 1.13%. Found: C, 18.16; H, 1.04; N, 1.15%.

[Pt(ppy)(C10—-C6Ss)1(I3.2) (10). Black solids of 10 were also
prepared by a reaction of 4 (100 mg, 0.090 mmol) with iodine
(120 mg, 0.47 mmol) in a mixture of dichloromethane (20 mL)
and acetonitrile (40 mL) (13% yield). Calcd for C37Hsol3,NPtSg:
C, 32.52; H, 3.69; N, 1.03%. Found: C, 32.50; H, 3.66; N, 1.26%.

Physical Measurements. IR, electronic absorption, ESR*
and powder reflectance spectra®* were recorded as described pre-
viously. "HNMR spectra were recorded at 500 MHz using a
JEOL-GSX 500 spectrometer, the chemical shifts being measured
relative to tetramethylsilane as an internal standard.'® Raman
spectra were measured using a Nippon-bunko NR-1800 laser-
Raman spectrophotometer. Cyclic voltammograms of the com-
plexes in dichloromethane were measured using [NBu"4][ClO4]
as an electrolyte.!®> Electrical resistivities of the oxidized com-
plexes were measured at room temperature for compacted pellets
by the conventional two-probe method.'?

Crystal Structure Determination of [NBu"4][Pt(ppy)-
(CsH4Ss)] (3).  Diffraction data were collected on a Rigaku
RAXIS-RAPID imaging plate diffractometer equipped with a
Rigaku low temperature device (liquid nitrogen as the coolant)
and graphite-monochromated Mo Ko (1 = 0.71069 A) radiation
at the Graduate School of Engineering, Osaka University. For
the data collection up to 260 = 60.0°, two sets of exposures (¢ =
0.0°, x =45.0°, and @ = 130.0° to 190.0°; ¢ = 180.0°, x =
45.0°, and w = 0.0° to 160.0°) were measured by scans of 2.0°
in w. Indexing was performed for reflections obtained from three
oscillations exposed for 180 s. Final values of the cell parameters
were obtained from least-squares refinement of the positions of
53609 observed reflections (2.5° < 26 < 59.8°). Equivalent re-
flections were merged by use of the PROCESS-AUTO program
package. 11125 Reflections were unique (Riy = 0.050) out of
38580 ones. They were corrected for absorption using the program
ABSCOR?! (transmission factors: 0.548-0.668) and for Lorenz
and polarization effects. Crystallographic data are summarized
in Table 1.

The structure was solved by the Patterson method (PATTY)
and expanded using Fourier techniques (DIRDIF94)* and refined
on F? by the full-matrix least-squares method (SHELXL97).3* All

Table 1. Crystallographic Data for [NBu"4][Pt(ppy)-
(CsHaSg)1 (3)

Empirical formula C35Hy4g N, PtSg
Molecular weight 948.39
Crystal system Monoclinic
Space group P2y/c
a/A 9.6826(2)
b/A 25.1367(4)
c/A 16.2354(2)
B/° 98.230(1)
v/A3 3910.8(1)
z 4
T/K 223
/mm™! 4.043
Reflections collected 38580
Independent reflections 11125
R, wR (all data) 0.064, 0.068
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the non-hydrogen atoms were refined anisotropically. The posi-
tions of all hydrogen atoms were geometrically calculated and re-
fined with isotropic thermal parameters riding on those of the pa-
rent atoms. Atomic scattering factors were taken from the usual
sources.*> Figure 5 was drawn with a local version of ORTEP I1.3

Crystallographic data (excluding structure factors) have been
deposited at the CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK and copies can be obtained on request, free of charge, by quot-
ing the publication citation and deposition number CCDC 233842.

Results and Discussion

Spectroscopic and Electrochemical Properties of Com-
plexes [NEt]J[Pt(ppy)(C3Ss)] (1), [NEts][Pt(ppy)(CsH4Ss)]
(2), and [NEt4][Pt(ppy)(C10—CsSs)] (4). Electronic absorp-
tion spectra of complex 4 in some solvents are shown in Fig. 1.
The band observed at around 520 nm is somewhat sensitive to
the solvent: 532 nm (&, 6600 mol~' dm?®cm™!) in benzene,
520 nm (&, 7400) in N,N-dimethylformamide and 512 nm
(€, 7400) in dichloromethane. This band is tentatively assigned
as the mixed dithiolate ligand/metal-to-ppy ligand charge
transfer (CT) transition, as observed for [Au™(ppy)(dithio-
late)].'*!8 Such bands are similar to the mixed dithiolate/met-
al-to-diimine ligand CT transition bands observed for [M(di-
imine)(dithiolate)] type Pt"'- and Au™-complexes, which have
a large solvent dependency.®'4!3 The bands of these neutral
complexes polarized around the metal ions exhibit appreciable
negative solvatochromic properties, whereas for the present
anionic complex the solvatochromism is weak. In Table 2

0.50
0.40

0.30

Absorbance

400 500 600
Wavelength / nm
Fig. 1. Electronic absorption spectra of complex 4 (5.0 x
107> molL~") in (a) dichloromethane (b) N,N-dimethyl-
formamide, and (c) benzene.
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are summarized the absorption band maxima of 1, 2, and 4
in various solvents, together with those of [Pt(bpy)(CsH4Ss)]
(bpy = 2,2'-bipyridine)'® for comparison. The solvent-de-
pendencies of the CT bands of 1, 2, and 4 are less appreciable
compared with that of [Pt(bpy)(CgH4Ss)]. These findings sug-
gest that the present anionic complexes are weakly polarized
between the electron-donating sulfur-rich dithiolate ligand
and the 7r-electron-accepting ppy ligand in the ground state.
Cyclic voltammograms of 2 and 4 measured in dichlorome-
thane are shown in Fig. 2. Two oxidation peaks occur at —0.27
and +0.16 V (vs Ag/Ag™) for 2, which correspond to the first
and second oxidations of the CgH,Sg-ligand center, respective-
ly, as observed for other CgH,Sg—metal complexes, '>16-30-37.38
The oxidation peak potentials observed at +-0.48 and +-0.89 V
are reasonably ascribed to the oxidations of Pt"-to-Pt™" and
Pt™-to-Pt"V, respectively. These oxidation peaks are also sim-
ilar to those of 4: —0.26, +0.22, +-0.47, and +0.76 V (vs Ag/
Ag™). The first oxidation peak potentials due to the oxidation
at these dithiolate ligand-centers are low, as observed for other
anionic Pt'-CgH,Sg and -related dithiolate complexes.’*?’ On
the other hand, the first oxidation potential (+0.02 V) of the
C3Ss-complex 1 is somewhat higher than those of 2 and 4.
The present anionic complexes exhibit lower first oxidation
potentials than the corresponding Au'-analogs, [Au(ppy)-
(CgH4Sg)] (—0.06 V) and [Au(ppy)(C10—CeSs)] (+0.21 V vs

Complex 4
Complex 2
I S5puA
-1.00 -0.60 -0.20 +0.20 +0.60 +1.00

Vvs. Ag/Ag®

Fig. 2. Cyclic voltammograms of complexes 2 and 4
(1.0 x 107 molL~!) in dichloromethane; supporting
electrolyte, 0.1 mol L~! [NBu"4][ClO,]; sweep rate, 500
mVs~!.

Table 2. Electronic Absorption Band Maxima (nm) of the Intramolecular CT Bands for Complexes

1, 2, and 4 in Various Solvents

Solvent Dielectric constant¥ 1 2 4 [Pt(bpy)(CgH4Sg)]”
Benzene 2.28 532

Chloroform 4.81 504 514 510 876
Dichloromethane 8.93 506 502 512 760
Acetone 21.01 522 524 528

Acetonitrile 36.64 510 502 506
N,N-Dimethylformamide 36.71 524 518 520 678
Dimethyl sulfoxide 47.24 522 512 659

a) Ref. 45. b) bpy = 2,2’-bipyridine; Ref. 16.



1880 Bull. Chem. Soc. Jpn., 77, No. 10 (2004)

1.00(

Absorbance
e
£=a)
=

T

&
'S
S

0.20

400 800 1200 1600
Wavelength / nm

Fig. 3. Electronic absorption spectra of complex 4 (5.0 x
107> mol L™!) in dichloromethane in the presence of io-
dine. Concentration of iodine (molL~"): (a) 0, (b) 1.0 x
1074, (c) 2.0 x 107, (d) 3.0 x 107%, (e) 1.0 x 1073, (f)
1.2 x 1073, (g) 2.2 x 1073,

Ag/Agh).!8 A similar tendency was observed for the anionic
and neutral C3Ss— and CgH4Sg—AuI-complexes.38 Thus, the
oxidation of 2 and 4 by a reaction of TCNQ or iodine is able
to afford one-electron- and two-electron-oxidized species.
Oxidation of Complexes 1, 2 and 4. Figure 3 shows the
electronic absorption spectra of 4 in the presence of various
amounts of iodine as an oxidant in dichloromethane. Upon
the oxidation of 4 by iodine, new bands appear at 990 and
1310 nm due to the metal-to-CgHySg ligand CT transition of
the one-electron-oxidized species, as observed for the oxida-
tion of other sulfur-rich dithiolate-metal complexes.>!>*
The further addition of iodine affords an intense band at
1350 nm with a shoulder at 1100 nm, which is due to the
two-electron-oxidized species. The bands for the one-elec-
tron-oxidized complex have been confirmed by comparison
with the very similar bands at 985 and 1310 nm observed
for the spectrum of [Pt(ppy)(C0—CesSs)] (7) dissolved in nitro-
benzene, which has been isolated by the reaction of 4 with
TCNQ, as described below. Upon the oxidation of 2 by iodine,
new bands have been observed at 985 and 1330 nm for the
one-electron-oxidized complex and at 1150 and 1380 nm for
the two-electron-oxidized species. On the other hand, the oxi-
dation of 1 by iodine has afforded a broad band at 760 nm,
which is due to the one-electron-oxidized species. However,
no appreciable band has appeared at longer wavelengths upon
further oxidation, which suggests that the proceeding oxidation
does not occur essentially on the C3Ss-ligand center.
One-electron-oxidized complexes [Pt(ppy)(C3Ss)] (5),
[Pt(ppy)(CsHy4Ssg)] (6), and [Pt(ppy)(C10—CeSs)] (7) have been
isolated by reactions of 1, 2, and 4 with excess amounts of
TCNQ as an oxidant. The reactions with excess amounts of io-
dine have afforded the further-electron-oxidized species
[Pt(ppy)(C3S5)I(T10) (8). [Pt(ppy)(CsHiS)I(Ls2) (9). and
[Pt(ppy)(C10—CsSg)]1(Is2) (10) containing iodide ions. Com-
plex 8 has the iodide ion, while 9 and 10 contain both I3~

Preparation and Oxidation of [Pt(N-C)(S-S)]~

Complex 9

Intensity (arbitrary units)

Complex 2

I ! I .
400 600 800 1000 1200 1400

Intensity (arbitrary units)

1 | 1
800 1000 1200 1400

Wavelength / nm

400 600

Fig. 4. Powder reflectance spectra of complexes 1 and 2,
and their oxidized species 8 and 9.

and Is~ ions, which have been confirmed by the I-I-I and I-
I-I-I-T stretching bands**" at 111, 165 and 110, 167 cm™!
for 9 and 10, respectively, as observed in the Raman spectra.
Thus, these findings suggest that they are formally ca. 1.5-
and 1.4-electron-oxidized species.

Powder ESR spectra of the oxidized species have exhibited
an almost isotropic signal centered at g = 2.003-2.008 (peak-
to-peak line widths, 0.1-2.4 mT). These findings suggest the
sulfur-rich dithiolate ligand-centered oxidation, as observed
for other oxidized C3Ss—'>*! CgH4Sg—>**¥74* and Cjo—
CsSg—metal complexes. 62+

Figure 4 shows the powder reflectance spectra of 8 and 9 to-
gether with those of the unoxidized species 1 and 2. Complex 8
shows bands at around 600 and 750 nm which correspond to
the bands observed in the solution spectrum. No additional ap-
preciable bands occur at longer wavelengths, suggesting that
there is no significant molecular interaction in the solid state.
The spectrum of 9 shows broad bands at longer wavelengths,
together with the bands at around 900 and 1300 nm due to
the one-electron- and two-electron-oxidized species. This find-
ing is likely to be due to intermolecular interactions through
nonbonding S-S contacts in the solid state, assisted by the
CgH4Sg ligand-centered oxidation, as observed for other oxi-
dized sulfur-rich dithiolate—metal complexes.'®3%*3 The pow-
der reflectance spectrum of 10 also exhibited broad bands at
longer wavelengths due to the S-S interactions.

Although complexes 1, 2, and 4 are essentially insulators,
the oxidized species 5-10 exhibited electrical conductivities.
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The electrical conductivities measured for compacted pellets at
room temperature are listed in Table 3. The oxidized CsSs-
complexes have very low electrical conductivities, while the
oxidized CgHySg- and Cjp—CgSg-complexes exhibit higher
conductivities. Although there seem to be no significant mo-
lecular interactions for 2—4 in the solid state, as shown in the
crystal structure of 3, these oxidized species have some molec-
ular interactions, as expected from the reflectance spectra of 9
(Fig. 4) and of 10, which result in the formation of an electron-
conduction pathway through some S-S contacts. The formally
1.5-electron- and 1.4-electron-oxidized complexes 9 and 10
exhibit higher electrical conductivities than the one-electron-
oxidized species 6 and 7, indicating more effective molecular
interactions in the positively charged sulfur-rich dithiolate li-
gand moieties. However, even 9 and 10 have lower conductiv-
ities than the oxidized complexes of [Au(ppy)(CsH4Sg)] and
[Au(ppy)(C19—CgSg)] corresponding to 2 and 4, respectively.'

Crystal Structure of [NBu"4][Pt(ppy)(CsH4Ss)] (3). The
crystal structure of the [Pt(ppy)(CsH4Sg)]~ complex has been
clarified for complex 3. The molecular structure of 3 is shown
in Fig. 5, together with the atom labeling scheme. Selected
bond lengths and angles are summarized in Table 4. The basic
molecular structure of 3 is that of a slightly distorted square

Table 3. Electrical Conductivities (0) of the Oxidized
Complexes

Complex Orr/Scm™!
[Pt(ppy)(C3S5)] (5) 3.8 x107°
[Pt(ppy)(CgH4Sg)] (6) 6.1 x 1073
[Pt(ppy)(C10—CsSs)] (7) 6.2 x 107¢
[Pt(ppy)(C3S5)](L1.0) (8) 6.6 x 1070
[Pt(ppy)(CsHsSs)]1(4.2) (9) 7.8 x 1073
[Pt(ppy)(C10—CeSs)1(I3.2) (10) 1.6 x 107

a) Measured for compacted pellets at room temperature.
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plane around the Pt-center. As far as we know, there are no
X-ray structural data of Pt'—ppy complexes. Thus, the data
of 3 may be compared with those of the square planar Au"—
dithiolate complexes with the ppy~ ligand. The Pt-N
[2.043(3) A] and Pt-C lengths [2.010(3) A] are close to those
of [Au(ppy)(CgH4Sg)] (Au-N, 2.063(3) A and Au—C, 2.041(5)
A),'8 [Au(ppy)(tdt)] (tdt>*~ = 3,4-toluene-dithiolate(2—); Au—
N, 2.079(5) A and Au-C, 2.035(7) A)'* and [Au(ppy)-
(S,CNEty)]t complexes (Au-N, 2.058(11) A and Au-C,
2.036(7) A).** The Pt—S(1) bond [2.2618(10) A] trans to the
Pt-N bond is shorter than the Pt-S(8) bond [2.3536(9) A] trans
to the Pt—C bond through the structural trans influence. This
effect was also observed for the above-mentioned [Au(ppy)(di-
thiolate)] complexes. Pt, S(1), S(2), S(3), S(6), S(7), S(8),
C(1), C(2), C(3), C(8), C(9), and N atoms are nearly coplanar
(£0.038 A). This planar geometry around the metal atom in-

™ My

Fig. 5. Molecular geometry of the anion moiety of complex
3 together with the atom-labeling scheme.

Table 4. Selected Bond Lengths (A) and Angles (°) of [NBu"4][Pt(ppy)(CsH4Ss)] (3)

P-S(1) 2.2618(10) PtS(8)
Pt-C(9) 2.010(3) S(1)-C(1)
S(2)-C(2) 1.757(3) S(3)-C(3)
S(4)-C(5) 1.788(5) S(5)-C(6)
S(6)-C(3) 1.765(3) S(6)-C(7)
S(7)-C(8) 1.766(3) S(8)-C(8)
C2)-C(3) 1.330(5) C84)-C(7)
S(1)-Pt-S(8) 90.39(3)
S(8)-Pt-N 95.29(9)
P-S(1)-C(1) 102.1(1)
C(3)-S(3)-C(4) 93.0(2)
C(6)-S(5)-C(7) 101.5(3)
C(2)-S(7)-C(8) 96.0(2)
S(1)-C(1)-C(8) 123.3(3)
S(2)-C(2)-S(7) 114.002)
S(7)-C(2)-C(3) 122.6(3)
S(3)-C(3)-C(2) 125.5(3)
S(3)-C(4)-C(7) 116.5(3)
S(4)-C(5)-C(6) 120.4(4)
S(5)-C(7)-C(4) 124.9(3)
S(7)-C(8)-C(1) 116.8(3)

2.3536(9) PN 2.043(3)
1.743(3) S(2)-C(1) 1.770(4)
1.759(4) S(3)-C(4) 1.740(4)
1.757(6) S(5)-C(7) 1.727(3)
1.759(4) S(7)-C(2) 1.756(4)
1.735(4) C(1)-C(8) 1.336(5)
1.331(5) C(5)-C(6) 1.428(7)
S(1)-Pt—C(9) 93.84(11)
N-Pt-C(9) 80.76(13)
C(1)-S(2)-C(2) 95.6(2)
C(4)-S(4)-C(5) 102.5(2)
C(3)-S(6)-C(7) 93.0(2)
Pt-S(8)-C(8) 99.6(1)
S(2)-C(1)-C(8) 117.3(3)
S(2)-C(2)-C(3) 123.43)
S(3)-C(3)-S(6) 111.7(2)
S(6)-C(3)-C(2) 122.7(3)
S(4)-C(4)-C(7) 124.8(3)
S(5)-C(6)-C(5) 123.7(4)
S(6)-C(7)-C(4) 117.0(3)

S(8)-C(8)-C(1) 124.4(3)
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cluding the CgH4Sg ligand is in contrast to the appreciable
folding of the metal-S,C,(dithiolate) plane along the S(1)-
S(8) axis of the CgHySg ligand observed for [Ti(CsMes),-
(CgH4Sg)]?7 and [NBu"4][Sn(Ph)(CgH4Ss)2]* (the dihedral
angle between the metal-C, and the S,C, planes, 35.9° and
41.9°, respectively). Furthermore, for the CgH,Sg ligand moie-
ty, S(1), S(2), S(3), S(6), S(7), S(8), C(1), C(2), C(3), and C(8)
are coplanar (+0.059 A), and the plane makes an angle of
31.7° with the plane formed by S(3)-S(6), C(4) and C(7)
atoms. This is similar to the cases of [Au(ppy)(CgHz;Sg)],18
[Ti(CSMes)z(C8H458)]S7 and CgH4Sg(CH2CH2CN)2,27 where
the planes formed by S(1), S(2), S(7), S(8),C(1), and C(8)
and by S(3)-S(6), C(4) and C(7) make angles of 17.1-31.0°
with the central plane of the tetrathiafulvalene S,C, skeleton
[S(2), S(3), S(6), S(7), C(2), and C(3)].

The anion moieties form a dimer unit through the nonbond-
ing S-S contact [S(5)-S(5), 3.352(3) A] in the solid state.
However, there are no further significant S—S contacts or mo-
lecular overlaps among the anionic moieties. This may be due
to the anionic character of the present complex, which leads to
some repulsion between the molecules, although neutral relat-
ed complexes, [Au(ppy)(CgH4Sg)]'® and [Pd(N-butylpyridine-
2-carbaldimine)(C5Ss)],'¢ form one- and two-dimensional mo-
lecular interactions through some S-S contacts in the solid
state.

We are grateful to Professor S. Suzuki (Graduate School of
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supported in part by Grants-in-Aid for scientific research
(nos. 14044056 and 15550049) from the Ministry of Educa-
tion, Culture, Sports, Science and Technology.
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