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A series of mono- and di-nuclear platinum complexes, [Pt(trpy)(McMT)](PF6) (1), [Pt(trpy)(DMcTH)](PF6) (2) and
[(Pt(trpy))2(DMcT)](PF6)2 (3) have been synthesized by the reaction of [Pt(trpy)(OH)](PF6) with mercapto- and
dimercapto-thiadiazoles (trpy = 2,2�:6�,2�-terpyridine, McMTH = 2-mercapto-5-methyl-1,3,4-thiadiazole, DMcTH2 =
2,5-dimercapto-1,3,4-thiadiazole). The X-ray structure determinations revealed that the mercaptothiadiazoles
coordinate to the platinum centers as κ1S-thiolate forms in all three complexes. Mononuclear DMcT–Pt complex 2
has a free thioamide group which is responsible for the formation of a hydrogen-bonded dimeric structure in the
solid state. The complexes 1 and 2 show LLCT emissions in the solid state, whereas 3 is non-emissive. Cyclic
voltammograms of the three complexes in DMF commonly show two reduction processes at ca. �0.7 V and
�1.3 V based on the {Pt(trpy)}2� units. Complex 2 further shows the oxidation of a free thioamide group at 0.32 V
(vs. Ag/AgCl) on the addition of Et3N.

Introduction
N-Heterocyclic thiones containing a thioamide group are
intriguing ligands in coordination chemistry, since these ligands
can achieve versatile coordination modes using exocyclic sulfur
and endocyclic nitrogen atoms (Scheme 1).1–4 They show proto-
tropic tautomerism, acid–base equilibrium, and redox reactions
based on mercapto disulfido conversion. Because of these
features their coordination chemistry is amongst the most vers-
atile. Not only transition metal but also non-transition metal
complexes have been extensively studied with a variety of
heterocyclic thiones having 5-membered, 6-membered and other
condensed cycles.5–7 Among N-heterocyclic thiones, 2,5-dimer-
capto-1,3,4-thiadiazole (DMcTH2) which is commonly known
as bismuthiol I, is particularly interesting, since the five donor
sites in its protonated and deprotonated forms enable co-
ordination to two or more metal ions within a rather rigid and
compact molecular space and interactions between metal ions
may be promoted.8–13 Thus, DMcTHn

(2 � n)� (n = 0–2) is a useful
ligand in the construction of multifunctional metal complexes.
Moreover, DMcTH2 is known as a useful cathode material in
high performance lithium second batteries based on the redox
reaction of its mercapto group.14 The interaction of DMcTH2

with metal electrodes has been reported to play an important
role in the redox reactions in the cell. Therefore, the redox
chemistry of DMcTH2 itself and also that on metal surfaces
have been the subject of current extensive studies.15–19

While the understanding of the redox chemistry of the metal
complexes of DMcTHn

(2 � n)� should be important in these
contexts, no structurally well defined metal complex, which is
appropriate for redox studies, has been reported. Indeed,
most DMcTHn

(2 � n)� complexes so far known are insoluble
powders and thus their coordination modes remain ambiguous.
Obviously, the ligand easily acts as a bridging ligand due to

Scheme 1

† Electronic supplementary information (ESI) available: the UV-vis
absorption spectra of 2 on the addition of Et3N. See http://
www.rsc.org/suppdata/dt/b3/b301390c/

its multidentate nature resulting in structural complication.
X-Ray structural determinations of DMcT complexes so far
available are those of two d10 metal complexes, [(MeHg)2-
(DMcT)],20 [(Me2Tl)(DMcT)],21 one organoruthenium com-
plex, [Ru(PPh3)2(CO)(DMcTH)2],

22 and gold complexes with
DMcT2�.23,24 Although typical transition metal complexes with
DMcTHn

(2 � n)� could provide important structural and redox
characteristics associated with this versatile ligand, no such
structurally determined complexes are available so far.

We have initiated the study of transition metal complexes of
DMcTHn

(2 � n)� and its related ligands. As a first step, we have
chosen platinum(), which takes square planar geometry and
therefore the steric hindrance among the ligands is minimized.
With the cooperation of a tridentate ligand, 2,2�:6�,2�-terpyrid-
ine (trpy), the metal center leaves only one coordination site for
the mercaptothiadiazole ligands, and structural complications
arising from the multidentate nature of the ligand may be
avoided. We have found that for the first time the dimercapto
ligand takes both monodentate and bridging coordination
modes with the same metal center. In this paper, we report the
syntheses, structures and redox properties of a series of three
mono- and di-nuclear platinum complexes having deprotonated
forms of DMcTH2 and its methyl congener, 2-mercapto-5-
methyl-1,3,4-thiadiazole (McMTH).

Experimental

Materials

Ligands McMTH and DMcTH2 were purchased from Tokyo
Kasei and recrystallized before use. The platinum() starting
complex [Pt(trpy)(OH)](PF6) was prepared by following the
literature method for the preparation of the corresponding
BF4

� salt by using NH4PF6 instead of NaBF4.
25

Syntheses

[Pt(trpy)(McMT)](PF6) (1). An acetone suspension (10 ml)
of [Pt(trpy)(OH)](PF6) (118 mg, 0.20 mmol) was added to an
acetone solution (20 ml) of McMTH (26.4 mg, 0.20 mmol) to
obtain an orange solution. The slow evaporation of the solvent
at room temperature resulted in the formation of red crystals.
The crystals were collected by filtration and dried under
vacuum (123 mg, 0.174 mmol, 87%) (Found: C, 30.72; H, 2.16;D
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Table 1 Crystallographic data for 1, 2 and 3�2CH3COCH3

 1 2 3�2CH3COCH3

Formula C18H14N5S2F6PPt C17H12N5S3F6PPt C38H34N8S3F12O2P2Pt2

M 704.52 722.55 1411.03
T /�C 23 �166 �153
Crystal system Monoclinic Triclinic Triclinic
Space group P21/a P1̄ P1̄
a/Å 11.269(4) 10.771(2) 5.800(2)
b/Å 16.431(5) 11.599(3) 13.071(1)
c/Å 11.775(5) 9.660(1) 14.879(3)
α/� 90 99.05(1) 94.517(5)
β/� 92.19(1) 112.84(1) 91.111(2)
γ/� 90 104.80(1) 97.789(2)
V/Å3 2178(1) 1029.8(3) 1113.7(4)
Z 4 2 1
µ/mm�1 6.749 7.239 6.558
dcalcd/g cm�3 2.15 2.33 2.10
No. of unique reflns (Rint) 4483 (0.036) 4476 (0.078) 4567 (0.019)
No. of obsd reflns 3995, I>2σ(I ) 3985, I>2σ(I ) 4058, I>2σ(I )
R1, wR2 a 0.057, 0.146 0.056, 0.143 0.027, 0.053

a R1 = Σ| |Fo| � |Fc| |/Σ|Fo|, wR2 = {Σ[w(Fo
2 � Fc

2)2]/Σ[w(Fo
2)2]}1/2 with w = {σ2(Fo

2) � [x(max(Fo
2, 0) � 2Fc

2)/3]2}�1. 

N, 10.14; S, 9.26. C18H14N5S2F6PPt requires C, 30.69; H, 2.00;
N, 9.94; S, 9.10%); δH (solvent CD3CN) 2.50 (3H, s), 7.74 (2H,
t), 8.32 (5H, m), 8.46 (2H, t), 9.11 (2H, d).

[Pt(trpy)(DMcTH)](PF6) (2). An acetone suspension (10 ml)
of [Pt(trpy)(OH)](PF6) (118 mg, 0.20 mmol) was added to an
acetone solution (20 ml) of DMcTH2 (30.1 mg, 0.20 mmol), to
obtain an orange solution. Diffusion of diethyl ether into the
orange solution led to the formation of red crystals, which were
collected by filtration and dried under vacuum (113 mg,
0.156 mmol, 78%) (Found: C, 28.34; H, 1.75; N, 9.67; S, 13.26.
C17H12N5S3F6PPt requires C, 28.26; H, 1.67; N, 9.69; S,
13.31%); δH (solvent CD3CN) 7.82 (2H, t), 8.38 (5H, m), 8.49
(2H, t), 9.16 (2H, d), 11.5 (1H, s).

[(Pt(trpy))2(DMcT)](PF6)2 (3). An acetone suspension (10
ml) of [Pt(trpy)(OH)](PF6) (59 mg, 0.10 mmol) was added to an
acetone solution (110 ml) of DMcTH2 (7.5 mg, 0.05 mmol), to
obtain a red purple solution. Diffusion of diethyl ether into the
solution resulted in the formation of red crystals. The crystals
were collected by filtration and dried under vacuum (58 mg,
0.044 mmol, 88%) (Found: C, 29.46; H, 1.91; N, 8.46; S, 7.41.
C32H22N8S3F12P2Pt2 requires C, 29.68; H, 1.71; N, 8.65; S,
7.43%); δH (solvent DMSO-d6) 7.88 (4H, t), 8.49 (4H, t), 8.66
(10H, m), 9.02 (4H, d). The red crystals initially contain two
acetone molecules per one complex cation as crystal solvent,
which were slowly released at room temperature and completely
removed under vacuum.

Physical measurements

UV-vis spectra were taken on a Hitachi U-3410 spectrophoto-
meter. Emission spectra were measured by the use of a Hitachi
F-4500 spectrophotometer. 1H-NMR spectra were obtained on
a JEOL JNM-EX 270 NMR spectrometer at 270 MHz. Cyclic
voltammograms were obtained by using a Hokuto HZ-3000
system. The working, auxiliary and reference electrodes were
platinum electrode, platinum wire, and Ag/AgCl, respectively.
All the electrochemical measurements were performed under an
Ar atmosphere in DMF solutions containing 0.1 M tetra-
(n-butyl)ammonium hexafluorophosphate, with a complex
concentration of 0.5 mM.

X-Ray diffraction studies

Suitable crystals of 1, 2 and 3�2CH3COCH3 were obtained from
acetone solutions as described in the Syntheses section. The
selected crystals were mounted onto a thin glass fiber. Meas-
urements on 1 and 3�2CH3COCH3 were made on a Mercury

CCD area detector coupled with a Rigaku AFC-8S diffract-
ometer with graphite-monochromated Mo-Kα radiation. Final
cell parameters were obtained from a least-squares analysis of
reflections with I > 10σ(I ). Space groups were determined on
the basis of systematic absences, a statistical analysis of inten-
sity distribution, and the successful solution and refinement of
the structures. Data were collected at temperatures of 23 and
�153 �C for 1 and 3�2CH3COCH3, respectively, to a maximum
2θ value of 55�. Data were collected in 0.5� oscillations (in ω)
with 120.0 s exposures (in two 60.0 s repeats to allow dezinger-
ing). Sweeps of data were done using ω oscillations for �76 to
114� at χ = 45.0� and 
 = 0.0� and from �16 to 44� at χ = 45.0�
and 
 = 90.0�. The crystal-to-detector distance was 40.0 mm,
and the detector swing angle was 14.0�. Data were collected and
processed using Crystal Clear.26 An empirical absorption
correction resulted in acceptable transmission factors. The data
were corrected for Lorentz and polarization factors.

Measurement of 2 was made on a RIGAKU RAXIS-
RAPID diffractometer with an imaging plate area detector
using graphite-monochromated Mo-Kα radiation at �166 �C.
To determine the cell constants and the orientation matrix, two
oscillation photographs were taken with an oscillation angle
of 5�. Intensity data were collected by taking oscillation
photographs (total oscillation range were 220�, 44 frames, and
exposure time 180 s per degree). A numerical absorption correc-
tion was applied. The data were corrected for Lorentz and
polarization factors.

All the calculations were carried out on a Silicon Graphics
O2 computer system using TEXSAN.27 The structures were
solved by direct methods and expanded using Fourier and
difference Fourier techniques. The DMcT2� was disordered
in structure 3, since DMcT2� was located near the inversion
center. When the space group was assumed to be P1, the
disorder remained and the R value did not improve. Therefore,
the space group for the crystal of 3�2CH3COCH3 was deter-
mined as P1̄. Details of crystal parameters and structure
refinement are given in Table 1. Selected bond lengths and
angles are shown in Table 2.

CCDC reference numbers 203194–203196.
See http://www.rsc.org/suppdata/dt/b3/b301390c/ for crystal-

lographic data in CIF or other electronic format.

Results and discussion

Synthesis

We have used a {Pt(trpy)} unit for coordination of McMT� and
DMcTHn

(2 � n)� (n = 1, 2). The ligands tend to give polymerized
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species when a metal center has two or more available co-
ordination sites. The {Pt(trpy)} unit with only one free co-
ordination site has successfully provided a series of three
discrete complexes 1, 2 and 3 in quite high yields. The reactions
between [Pt(trpy)(OH)](PF6) and these ligands proceeded
smoothly at ambient temperature, although the platinum()
center is generally regarded as a substitution inert metal center.
The short reaction time found in the formation of 1, 2, and 3 is
in sharp contrast to, for example, the case of the preparation of
the Pt–trpy complexes of pyrimidinethiol and dithiouracil
that required reflux of the reaction mixture of [Pt(trpy)Cl]�

and corresponding sodium thiolates in MeOH for ca. 12 h.28

The basic hydroxo complex has now been proved to be a
much better platinum source for the reaction with the acidic
mercaptothiadiazole ligands. It appears that the transfer of the
proton from the ligand to the coordinated hydroxo group facili-
tates the substitution of the anionic ligand for the easily
replaceable H2O.

For the dimercapto ligand DMcTHn
(2 � n)�, both monomeric

and dimeric complexes with monodentate and bridging ligands,
respectively, have been prepared. The nuclearity of the product
has been controlled simply by the ratio of [Pt(trpy)(OH)](PF6)
to DMcTH2. With one and two equivalent amounts of plat-
inum complex to the ligand, the monomeric and dimeric com-
plexes, respectively, have been obtained. The dimeric complex
has also been prepared by stepwise reactions. Thus the addition
of one equivalent amount of [Pt(trpy)(OH)](PF6) to 2 has led
to the formation of the dimeric complex 3. In all these new
complexes, the ligands coordinate to the platinum center via a
sulfur donor site (vide infra), suggesting the soft nature of
the {Pt–trpy} unit, being consistent with the coordination
mode of the pyrimidinethiolate and dithiouracilate ligands to
the {Pt–trpy} moiety.28

Structures

The X-ray structure analyses have been performed on the three
complexes. Fig. 1 shows the ORTEP 29 drawing of McMT com-
plex 1. The square planar platinum atom is coordinated by
three nitrogen atoms of trpy and a sulfur atom of McMT�. The
two planar ligands, trpy and McMT�, are not in the same plane.
Ligand McMT� coordinates to the metal center in the thiolate
form rather than the thione form. The Pt–S1 distance is com-
parable to those of analogous pyridine- and pyrimidine-thiol Pt
complexes (Pt–S: 2.29–2.31 Å).28 The other sulfur atom S2 is
separated from Pt by 3.30 Å which is long enough to neglect
any bonding interaction. The intermolecular Pt–Pt distance
(4.92 Å) indicates no strong interaction between Pt atoms.

Table 2 Selected bond distances (Å) and angles (�) for 1, 2, and
3�2CH3COCH3

1

Pt–S1 2.308(2) S1–Pt–N3 100.7(2)
Pt–N3 2.028(5) S1–Pt–N5 98.3(1)
Pt–N4 1.954(7) N3–Pt–N4 79.8(3)
Pt–N5 2.035(5) N4–Pt–N5 81.3(2)
S1–C1 1.752(7) Pt–S1–C1 102.4(2)

2

Pt–S1 2.313(2) S1–Pt–N3 100.0(2)
Pt–N3 2.020(9) S1–Pt–N5 97.3(2)
Pt–N4 1.945(7) N3–Pt–N4 80.9(4)
Pt–N5 2.009(9) N4–Pt–N5 81.8(3)
S1–C1 1.75(1) Pt–S1–C1 105.2(3)
S3–C2 1.64(1)   

3�2CH3COCH3

Pt–S1 2.306(1) S1–Pt–N3 99.4(1)
Pt–N3 2.015(4) S1–Pt–N5 98.4(1)
Pt–N4 1.970(3) N3–Pt–N4 81.1(1)
Pt–N5 2.023(4) N4–Pt–N5 81.2(1)

As shown in Fig. 2, mononuclear DMcT complex 2 has a
very similar structure to that of McMT complex 1. The
ligand should be in a monoanionic form DMcTH� as con-
cluded from the detailed ligand structure as given below as
well as the expected chemical formula. The ligand coordinates
to the platinum atom with one of the thiolate sulfurs. The
second nearest donor site of the ligand to Pt is N1. The long
distance between Pt and N1 of 3.36 Å indicates, however,
no bonding interaction between them. It is noted that the
S–C distance of the coordinated mercapto group is longer than
that of the free mercapto group (S1–C1: 1.75 Å, S3–C2: 1.64
Å). The difference in the S–C distances provides some
information on the ligand tautomerism. It is well known that
the S–C distances in the thiol form are in the range 1.65 Å to
1.70 Å.1 Therefore, the coordinated mercapto group in 2 is in
the thiol form, whereas the free mercapto group is in the thione
form. In the difference Fourier map, electron density corre-
sponding to a hydrogen atom was found on N2 and not on N1,
which is consistent with the suggested thiol–thione form of
DMcT�. Fig. 3 shows hydrogen bonded coupling between the
two complex cations through the thioamide hydrogen. The
coupled dimer units are further piled up with π–π stacking of
{Pt(trpy)} units.

The 1H-NMR spectrum of complex 2 in acetonitrile solution
shows a characteristic signal at δ = 11.5 ppm. It has been
reported that thioamido forms are generally featured by the
signals around 8–11 ppm, while thiol forms are charcterised
by the signals around 3–4 ppm.1 It is thus concluded that the
thioamide form in 2 is intact also in solution.

In the crystal of dinuclear complex 3, the doubly depro-
tonated DMcT2� ligand bridges between the two platinum
units. The crystallographically imposed inversion center mani-
fests the disorder of the DMcT2� ligand over two positions,
which precludes a detailed discussion of bond lengths in the
DMcT2� ligand. For clarity, one set of DMcT2� ligands is
shown in Fig. 4. Since this molecule has an inversion center, two
{Pt(trpy)} moieties are parallel to each other.

Fig. 1 ORTEP plot of the structure of the complex cation [Pt(trpy)-
(McMT)]� with 50% probability ellipsoids.

Fig. 2 ORTEP plot of the structure of the complex cation [Pt(trpy)-
(DMcTH)]� with 50% probability ellipsoids.
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The structural features of the present Pt complexes may be
compared with those of other DMcTHn

(2 � n)� complexes. The
complexes whose structures are reported include one ruthen-
ium,22 one mercury,20 one thallium 21 and gold complexes.23,24

The thallium complex is not a discrete complex but a solid state
polymer constructed mainly of ionic interactions between
{Tl(Me)2}

� and DMcT2� (Tl � � � S > 3.2 Å, Tl � � � N > 2.7 Å),
and DMcT2� may be regarded as a counter anion rather than
a ligand. The mercury, gold and ruthenium complexes are
molecular complexes, in which the DMcT2� ligand coordinates
to the metal center via the thiolate sulfur atoms. The mercury
and gold complexes take dinuclear structures bridged by di-
anionic DMcT2�, similar to the platinum dinuclear complex 3.
The ruthenium complex is a mononuclear complex having two
monoanionic DMcTH� ligands, one of which coordinates to
the ruthenium atom in an N,S-chelate form and the other
in a monodentate thiolate form. Despite the difference in
coordination modes, both DMcTH� ligands in the ruthenium
complex have free mercapto groups in the thioamide forms,
the same as that in the mononuclear platinum complex 2. It
should be noted that both mono- and di-nuclear DMcT com-
plexes have been synthesized and structurally characterized
for the first time with a single metal center {Pt(trpy)} unit.
The stepwise introduction of the platinum centers into the
DMcTHn

(2 � n)� ligand indicates its potential usage as a building
unit for designed heterometallic complexes. Heterometallic
complexes thus obtained in this laboratory will be reported
elsewhere.

Fig. 3 Hydrogen bonds of 2 in the crystal structure.

Fig. 4 ORTEP plot of the structure of the complex cation
[(Pt(trpy))2(DMcT)]2� with 50% probability ellipsoids. Symmetry code:
* �x, �y, �z.

UV-vis and emission spectra

The UV-vis absorption spectra of 1, 2 and 3 are shown in Fig. 5.
All the complexes show strong bands in the region < 350 nm,
shoulders in the region 350–400 nm and weak broad bands
around 500 nm. Terpyridine ligands in various platinum()
complexes are known to show strong intra-ligand π–π*
transitions at < 350 nm with vibronic structures.28,30–35 Since
such vibronic structure is also observed in the spectra of 1 and
3, the absorption in this region should be originated mainly
from the terpyridine ligand. The characteristic vibronic feature
is not clearly seen in the spectrum of 2. The vibronic structure
has been recovered, however, on addition of triethylamine
(Fig. S1 †), which should cause the deprotonation of the
DMcTH� ligand to give DMcT2�. It may be that the N-proton-
ated thioamide form of DMcTH� possesses some absorption
in the region < 350 nm. Such absorption would disappear on
deprotonation and/or coordination by a sulfur atom. Accord-
ing to previous papers, the absorption bands of Pt–trpy com-
plexes in the visible region are attributed to metal-to-ligand
(ML),25,31–33,35 or ligand-to-ligand (LL) 28,34 charge transfer (CT)
transitions. The shoulders in the region 350–400 nm of the
present complexes may be assigned to MLCT transitions within
the {Pt(trpy)} unit.25,35 We have assigned the weak broad band
around 500 nm to a LLCT transition from S(p) (thiadiazole
ligand) to π*(trpy), by considering the following. The LLCT
absorptions are common to Pt–bipyridine and –phenanthroline
complexes with thiol ligands, since the relatively high lying S(p)
orbital and only slightly higher π* orbital of the diimine ligands
are involved.36–40 The Pt–trpy complexes with aromatic thiols
such as pyridinethiol, pyrimidinethiol and pyrdimidinedithiol
(dithiouracil), also exhibit LLCT bands around 500 nm
(λmax: 482–520 nm; ε: ≈103 mol cm�1).28

The luminescent properties of the new complexes have been
studied briefly, since the {Pt(trpy)} unit is well known as a
photochemically active center that shows various types of
emission such as intra-ligand, MLCT, MMLCT or LLCT
emissions depending on the ancillary ligands.25,28,31–33,35,36,41,42

The emission spectra of powdered samples of 1, 2 and 3 have
been measured at room temperature. As shown in Fig. 6,
monomeric complexes 1 and 2 show emission maxima at
620 nm and 607 nm, respectively, while dimeric complex 3 does
not show any emission. The luminescence properties of plat-
inum terpyridine complexes with the aromatic thiols mentioned
above have been reported to show emission bands in the region
from 640 to 710 nm in solution. These emissions were con-
sidered as being of the LLCT type.28 From the similarity of
absorption and emission energies among hitherto reported
complexes and present complexes 1 and 2, we have concluded
that the emissions of the present complexes are associated with
the LLCT excited state. It is interesting that dimeric complex 3

Fig. 5 UV-vis absorption spectra of 1 (––), 2 (- - -) and 3 (- � -) in
CH3CN.
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is non-emissive. It may be that there is some kind of interaction
between the two {Pt(trpy)} units through the bridging ligand to
produce some quenching pathways.

The nearest Pt � � � Pt distances in the crystal of complexes 1
and 2 are too long ( 4.916(1) Å and 4.619(1) Å, respectively) to
perturb the excited state effectively as observed for other
Pt(trpy) complexes.31–33,36,41,43 The distances between the neigh-
boring {Pt(trpy)} planes are 3.35 Å and 3.52 Å for 1 and 2,
respectively, which are within the range which can cause
excimer interaction,31,43,44 however.

Cyclic voltammetry

Fig. 7 shows the CV of 1, 2 and 3 in DMF solution. In
common to all three complexes, there are two redox waves
at ca. �0.7 V and �1.3 V vs. Ag/AgCl. It has been reported
that Pt–trpy complexes with an ancillary ligand show redox
couples around �0.6 and �1.2 V corresponding to the reduc-
tion of the terpyridine ligand.30 Since McMT�, DMcTH�

and DMcT2� are not reduced in the range from 0 V to �2 V,15–17

the observed redox waves should be based on the reductions
of the terpyridine ligands. The two redox waves of dinuclear
complex 3 do not show any sign of splitting indicating that

Fig. 6 Emission spectra of powdered samples of 1 (––) and 2 (- - -) at
room temperature with λex = 400 nm and λex = 450 nm, respectively.

Fig. 7 Cyclic voltammograms of 0.5 mM solution of 1, 2 and 3 in
0.1 M [(n-Bu4)N][PF6]/DMF with a platinum working electrode at a
scan rate of 100 mV s�1. (A): 1; (B): 2; (C): 3.

the redox interaction between the two {Pt–trpy} units is small.
Platinum() which has fully occupied dπ orbitals would not
provide an effective pathway for the electron-exchange. More-
over, the LUMO of the bridging DMcT2� should be much
higher in energy and therefore would make favourable π inter-
actions difficult. The perpendicular arrangement of trpy and
DMcT2� could be also relevant to the absence of redox
interactions.

Complex 2 has one free mercapto group on the thiadiazole
ligand. Although the complex does not show any oxidation
wave in the region studied, an irreversible oxidation wave
appears at Epa = �0.32 V on addition of the base (Fig. 8). The
wave disappears again on addition of acid (p-toluenesulfonic
acid). Thus the irreversible oxidation wave at �0.32 V corre-
sponds to the oxidative coupling of the free thiolate groups. The
proton coupled redox behavior of 2 is summarized in Scheme 2.
The oxidation of the thiolate group of the free ligands
DMcTH� and DMcT2� was observed at 0.2 V and 0.1 V,
respectively.15 It is seen therefore that coordination of
DMcTHn

(2 � n)� to a metal center causes significant influence of
the redox potential on the thiolate–dithiol redox process. This is
the first time that the redox reactions of the free end of
coordinated DMcT have been observed.

Conclusion
A series of mono- and di-nuclear DMcTHn

(2 � n)� (n = 0, 1) and
McMT� complexes have been prepared for the first time with
a single metal center, {Pt(trpy)}. Structural studies revealed
that while the Pt is coordinated at thiolate sulfur, the proton of
the monodentate DMcTH� resides on endocyclic nitrogen,
suggesting typical soft character of the {Pt(trpy)} unit. While
the redox processes of the two {Pt(trpy)} units in 3 are non-
interactive (no splitting of the redox wave), disappearance of
the photoluminescence on dimer formation indicates some
interactions between the two units. The stepwise introduc-
tion of {Pt(trpy)} units to a DMcT ligand indicates that
the mononuclear DMcT complex 2 is useful for the con-
struction of heterodimeric and oligomeric complexes based on
the compact bridging ligand.

Fig. 8 Cyclic voltammograms of 2 on the addition of Et3N. The
irreversible oxidation wave corresponding to the oxidation of the
thiolate group appeared at 0.32 V.

Scheme 2
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