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Mononuclear and dinuclear Pd(II) complexes with mercapto-1,3,4-thiadiazolate were prepared by reacting [Pd-
(OH)(terpy)](PF6) with 2-amino-5-mercapto-1,3,4-thiadiazole (Hamct) and 2,5-dimercapto-1,3,4-thiadiazole (H2dmct).
The reaction of [Pd(OH)(terpy)](PF6) and [Pt(Hdmct)(terpy)](PF6) resulted in the formation of the Pd(II)–Pt(II) hetero-
metallic complex [{Pd(terpy)}(�-dmct-S,S0){Pt(terpy)}](PF6)2, which showed that dmct2� can be utilized to prepare
rationally heterometallic systems. Crystal structure analysis of the complexes showed that the ligands coordinate to
the Pd(II) and Pt(II) centers by their mercapto groups in a �1S coordination mode. The electronic spectra, redox proper-
ties, and molecular orbitals of the palladium complexes have been compared to those of Pt(II) congeners that we reported
previously. The properties of a Pd(II)–Pt(II) mixed metal complex were elucidated based on the properties of each metal
center.

N-Heteroaromatic compounds with one or two exocyclic
thiol groups are useful polydentate ligands that utilize exocy-
clic sulfur atoms as well as the endocyclic nitrogen atoms
for coordination to afford a variety of transition-metal com-
plexes.1 2,5-Dimercapto-1,3,4-thiadiazole (H2dmct) is particu-
larly interesting because with its five donor atoms, it can
potentially bind to metal atoms in a variety of coordination
modes (Scheme 1).

Three coordination modes for Hndmctð2�nÞ� have been
found by X-ray structural analyses: (i) monodentate coordina-
tion of external thiolato sulfur atoms in [Ru(CO)(PPh3)2-
(Hdmct-S)(Hdmct-S,N)],2 (ii) bridging through two external
thiolato sulfur atoms in [{Hg(CH3)}2(�-dmct-S,S0)],3 [{Au-
(CNtBu)}2(�-dmct-S,S0)],4 [{Au(PR3)2}(�-dmct-S,S0)] (R3:
Ph3, Ph2Py, and Me3),

5 and [{Au(Ph2P-E-PPh2)}2(�-dmct-
S,S0)] (E: (CH2)6, (C5H4)Fe(C5H4), and CH2C6H4CH2),

5 (iii)
N,S-chelate mode in [{Tl(CH3)2}2(�-dmct-N,S)],6 [{Sn-
(nBu)2(�-dmct-N,N0,S,S0)}5],

7 and [Ru(CO)(PPh3)2(Hdmct-S)-
(Hdmct-S,N)].2 In the extended structures, thiolato sulfur atoms
further act as a bridge.

We have recently prepared new discrete Hndmctð2�nÞ� com-
plexes [{Pt(terpy)}(Hdmct-S)](PF6),

8 [{Pt(terpy)}2(�-dmct-
S,S0)](PF6)2,

8 and [{Ru(bpy)(terpy)}2(�-dmct-S,S0)](PF6)2.
9

The Pt(II) complex [{Pt(terpy)}(mcmt-S)](PF6)
8 has also been

prepared with a related ligand, 2-mercapto-5-methyl-1,3,4-
thiadiazolato (mcmt�). In these complexes, the Hndmctð2�nÞ�

ligand uses the thiolato sulfur atoms in either a monodentate
or a dithiolato-S,S0 bridged coordination mode. Precursor com-
plexes with only one coordination site available for H2dmct

or Hmcmt ligand, such as [PtII(OH)(terpy)]þ and [RuII(bpy)-
(terpy)(H2O)]

2þ, have been used for the preparation of discrete
complexes with these ligands.

Complexes with ratios of Hndmctð2�nÞ�:Pt(II) of 1:1 and 1:2
complexes were selectively obtained by controlling the ratio of
reactants. The 1:2 complex was also prepared by the reaction
of a second metal complex with the 1:1 complex.8

Another important aspect of the dinuclear complex is the re-
dox interaction through the bridging dmct2� ligand featured by
the mixed-valence state. For the dinuclear ruthenium complex
[{Ru(bpy)(terpy)}2(�-dmct)]2þ, the Ru(II)–Ru(III) mixed-
valence state was observed during oxidation. The splitting of
the oxidation wave into waves corresponding to the Ru2(II,II)/
(II,III) and Ru2(II,III)/(III,III) couples indicates that there is
electronic communication between the two Ru centers through
the bridging dmct2�.9 Upon protonation of a nitrogen donor
atom of the bridging ligand, the interaction between metal cen-
ters disappears. A similar interaction was not observed for the
diplatinum complex.

We have extended our work to include a comparatively
labile Pd(II) center by using [Pd(OH)(terpy)]þ as a starting
material. In addition to homometallic Pd(II) complexes, a
Pd(II)–Pt(II) complex, which is the first heterometallic com-
pound bridged by dmct2�, has been isolated. 2-Amino deriva-
tive, amct� (2-amino-5-mercapto-1,3,4-thiadiazolate) has also
been used as a ligand.

Experimental

Materials. The ligands H2dmct and Hamct were purchased
from Tokyo Kasei and Wako chemical, respectively. 2,20:60,200-
Terpyridine was purchased from Aldrich. All of the organic sol-
vents, nitric acid, and sodium hydroxide were obtained commer-
cially and used without further purification. The starting complex
[Pd(OH)(terpy)](PF6) was prepared by modifying the published
procedure for the corresponding perchlorate salt, i.e., by NaPF6
was used instead of NaClO4.

10 The Pt(II)–Hdmct complex
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Scheme 1. H2dmct and Hamct.
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[Pt(Hdmct-S)(terpy)](PF6) was prepared as reported previously.8

Synthesis. [Pd(amct-S)(terpy)](PF6) ([1](PF6)): A suspen-
sion of [Pd(OH)(terpy)](PF6) in acetone (50.2mg, 0.10mmol,
10 cm3) was added to a solution of Hamct (13.3mg, 0.10mmol)
in acetone (20 cm3) and heptane (1 cm3). Upon the addition of
the [Pd(OH)(terpy)](PF6) suspension, the mixture turned orange.
The solution was then filtered, and slow evaporation of the filtrate
at room temperature afforded red crystals of [1](PF6) after two
weeks. The crystals were collected by filtration, washed with a
small amount of acetone and dried under vacuum. Yield 38mg,
62%. Anal. Found: C, 32.74; H, 2.21; N, 13.75; S, 10.56%. Calcd
for C17H13F6N6PPdS2: C, 33.10; H, 2.12; N, 13.62; S, 10.40%;
1HNMR (DMSO-d6): � 6.92 (2H, s), 7.91 (2H, t), 8.45 (2H, t),
8.65 (5H, m), 8.92 (2H, d); UV–vis (CH3CN): �max/nm ("/
M�1 cm�1) 362 (1:02� 104), 345 (1:13� 104), 330 (1:03� 104),
270 (2:89� 104).

[Pt(amct-S)(terpy)](PF6) ([2](PF6)): A suspension of [Pt-
(OH)(terpy)](PF6) in acetone (59mg, 0.10mmol, 10 cm3) was
added to an acetone solution of Hamct (13.4mg, 0.10mmol,
70 cm3) to afford a red-purple solution. Then, the solution was
filtered, and slow evaporation of the filtrate at room temperature
resulted in the formation of red-purple crystals of [2](PF6) after
a few days. The crystals were collected by filtration, washed with
small amount of acetone and dried under vacuum (47mg, 0.067
mmol, 67%). Anal. Found: C, 28.96; H, 1.98; N, 11.86; S, 8.84%.
Calcd for C17H13F6N6PPtS2: C, 28.94; H, 1.86; N, 11.91; S,
9.09%; 1HNMR (DMSO-d6): � 6.82 (2H, s), 7.96 (2H, t), 8.51
(2H, t), 8.70 (5H, m), 9.09 (2H, d); UV–vis (CH3CN): �max/nm
("/M�1 cm�1) 492 (8:67� 102), 344 (1:58� 104), 329 (1:30�
104), 280 (3:10� 104).

[{Pd(terpy)}2(�-dmct-S,S0)](PF6)2 ([3](PF6)2): An acetoni-
trile solution of H2dmct (7.5mg, 0.05mmol, 5 cm3) was added
to an acetonitrile solution of [Pd(OH)(terpy)](PF6) (50.2mg, 0.1
mmol, 15 cm3), which afforded an orange solution. The solution
was then filtered, and diffusion of diethyl ether into the filtrate
resulted in the formation of orange needles of [3](PF6)2�2CH3CN
after 10 d. The crystals were collected by filtration, washed with
small amount of diethyl ether and dried under vacuum. The crystal
solvent is released from the crystals under reduced pressure. Yield
26mg, 47%. Anal. Found: C, 34.09; H, 1.99; N, 9.88; S, 8.25%.
Calcd for C32H22F12N8P2Pd2S3: C, 34.39; H, 1.98; N, 10.03; S,
8.61%; 1HNMR (DMSO-d6): � 7.83 (2H, t), 8.44 (2H, t), 8.66
(5H, m), 8.81 (2H, d); UV–vis (CH3CN): �max/nm ("/M�1 cm�1)
362 (1:90� 104), 345 (2:25� 104), 329 (2:27� 104), 268 (5:10�
104).

[{Pd(terpy)}{Pt(terpy)}(�-dmct-S,S0)](PF6)2 ([4](PF6)2): An
acetonitrile solution of [Pd(terpy)(OH)](PF6) (25.9mg, 0.05
mmol, 5 cm3) was added to an acetonitrile solution of [Pt(terpy)-
(Hdmct)](PF6) (36.1mg, 0.05mmol, 15 cm3). Then, the resulting
red solution was filtered, and the diffusion of diethyl ether into
the filtrate over 10 d afforded red crystals of [4](PF6)2�2CH3CN.
The crystals were collected by filtration, washed with diethyl
ether, and dried under vacuum. The crystal solvent is released
from the crystals under reduced pressure. Yield 33mg, 55%. Anal.
Found: C, 31.98; H, 2.02; N, 9.53; S, 7.83%. Calcd for C32H22-
F12N8P2PdPtS3: C, 31.87; H, 1.84; N, 9.29; S, 7.98%. 1HNMR
(DMSO-d6): � 7.85 (4H, m), 8.46 (4H, m), 8.66 (10H, m), 8.79
(2H, s), 9.03 (2H, t); UV–vis (CH3CN): �max/nm ("/M�1 cm�1)
481 (1:70� 103), 361 (1:39� 104), 344 (2:60� 104), 328 (2:54�
104).

X-ray Diffraction Studies. Suitable single crystals of
[1](PF6), [2](PF6), [3](PF6)2�2CH3CN, and [4](PF6)2�2CH3CN

were obtained as described in the preparation section, and were
mounted onto a thin glass fiber. Data for [1](PF6), [2](PF6), and
[4](PF6)2�2CH3CN were collected using a Mercury CCD area
detector coupled with a Rigaku AFC-8S diffractometer while a
Mercury CCD area detector coupled with a Rigaku AFC-7R dif-
fractometer was used for [3](PF6)2�2CH3CN. Data were collected
at �120 �C and the graphite-monochromated MoK� radiation
was employed. Final cell parameters were determined from least-
squares analyses of reflections with I > 10�ðIÞ. Space group de-
terminations were made on the basis of systematic absences, a
statistical analysis of intensity distribution, and the successful so-
lution and refinement of the structures. Data were collected and
processed using Crystal Clear.11 An empirical absorption correc-
tion resulted in acceptable transmission factors. The data were
corrected for Lorentz and polarization factors.

All calculations were carried out using a Silicon Graphics O2
computer system and the software package teXsan.12 The struc-
tures were solved by direct methods and expanded using Fourier
and difference Fourier techniques. The dmct2� ligands were disor-
dered in the structures of [3](PF6)2�2CH3CN and [4](PF6)2�
2CH3CN since those ligands were located on inversion centers.
When the space group was assumed to be P1, the disorder remain-
ed, and the R value did not improve. Therefore, the space group of
the crystals was determined as P�11. Details of crystal parameters
and structure refinement are summarized in Table 1. Selected
bond lengths and angles are listed in Table 2. Crystallographic
data have been deposited with Cambridge Crystallographic Data
Centre: Deposition numbers CCDC 299108–299111. Copies of
the data can be obtained free of charge via http://www.ccdc.
cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystal-
lographic Data Centre, 12, Union Road, Cambridge, CB2 1EZ,
UK; Fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).

Computational Methods. Molecular orbital calculations were
performed using the Gaussian 03 program13 at the B3LYP14 level
using a Lanl2DZ15 basis set. Single-point DFT calculations were
carried out for the cation complexes, [Pd(amct)(terpy)]þ and
[Pt(amct)(terpy)]þ. The structural parameters of the complex cat-
ions are taken from the results of X-ray analyses.

Results and Discussion

Syntheses. In our previous report, we showed that the
hydroxo complex [Pt(OH)(terpy)]þ is a good starting material
for the preparation of Hndmctð2�nÞ� and mcmt� complexes of
Pt(II).8 The ligands coordinate to Pt(II) by the external thiolato
group. The 1:1 complex [Pt(�1-S-Hdmct)(terpy)]þ was isolat-
ed, from which the 1:2 complex were prepared by reacting
with additional [Pt(OH)(terpy)]þ. The 1:2 complex was also
prepared directly from H2dmct and [Pt(OH)(terpy)]þ when
the reactants are in a 1:2 ratio, respectively.

In this study, a similar approach was used to prepare [Pt(�1-
S-amct)(terpy)](PF6) ([2](PF6)). The palladium congener [Pd-
(�1-S-amct)(terpy)](PF6) ([1](PF6)) was prepared similarly us-
ing [Pd(OH)(terpy)](PF6). However, the reaction of [Pd(OH)-
(terpy)]þ with H2dmct afforded only the dinuclear palladium
complex [{Pd(terpy)}2(�-dmct-S,S0)](PF6)2 ([3](PF6)2), which
has bridging dmct2� ligand. The 1:1 complex [Pd(Hdmct)-
(terpy)]þ has not been isolated even when the reactant ratio
was 1:1. The substitutionally labile Pd(II) center, in contrast
to inert Pt(II) center,16 may be responsible for the selective for-
mation of the dimer, and it is best to use a 1:2 reactant ratio
(H2dmct/[Pd(OH)(terpy)]þ) when preparing [3]2þ.
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Complexes [1](PF6) and [3](PF6)2 are the first examples of
palladium complexes having mercaptothiadiazolato ligands.
The mercaptothiadiazolato ligands are coordinated to palladi-
um centers by the exocyclic sulfur atoms (vide infra). The
amino nitrogen does not participate in the coordination. As
in the case of the Pt(II) complexes, the hydroxo ligand of
[Pd(OH)(terpy)]þ may remove the acidic proton of the mer-
captothiadiazoles in the formation of the mercaptothiadiazo-
lato complexes.

The reaction of [Pt(Hdmct)(terpy)](PF6) and 1 equiv of
[Pd(OH)(terpy)](PF6) afforded the mixed metal complex [4]-
(PF6)2. Complex [4](PF6)2 is the first example of a hetero-
metallic complex with dmct ligand. The result indicates that
the mononuclear Hdmct complexes [PtII(Hdmct)(terpy)]þ and
[RuII(Hdmct)(bpy)(terpy)]þ may be utilized as a building unit
for constructing heteronuclear complexes.

Structures. The crystal structures of [1](PF6), [2](PF6),
[3](PF6)2�2CH3CN, and [4](PF6)2�2CH3CN have been deter-
mined by single crystal X-ray analysis. The palladium atom in
[1]þ has a square-planar coordination geometry with the three
nitrogen atoms of terpy ligand and the exocyclic sulfur atom of
amct� (Fig. 1a). The bond distances around palladium ion are
in the range of those observed in other square-planar Pd(II)
complexes.17 The S1–C1 and N1–C1 distances are 1.747(5)
and 1.293(6) Å, respectively, meaning that the coordinated
amct� takes thiolate form.1,8 The distance between palladium
ion and the endocyclic nitrogen atom of amct� is 3.279(4) Å,
which is too long for any interaction between them.

In the crystal of [1](PF6), two complex cations form a pair-
wise structure via hydrogen bonds between the amine hydro-
gen and the endocyclic nitrogens (Fig. 1b). The structure is

similar to the pairwise structure of [Pt(Hdmct)(terpy)]þ, where
the hydrogen bonds formed between a thiolate hydrogen atom
and a ring nitrogen atom.8 Hydrogen bonds between coordinat-
ed amct ligands have been also reported for the gold complex
[Au(amct)(PPh3)].

18

The crystal structure of platinum amct complex [2](PF6)
was almost identical to that of [1](PF6). The differences in
cell constants between [1](PF6) and [2](PF6) are within 0.6%
(Table 2), which means that these crystals can be regarded
as isomorphous. Indeed, the coordination geometries and the
bond distances are almost identical between the two com-
plexes (Fig. 2).

The structure of complex cation [3]2þ is shown in Fig. 3.
The crystals of [3](PF6)2 contained two acetonitrile molecules
per unit cell; however, those of the Pt analog recrystallized
from acetone contained two acetone molecules.8 The structure
of the cation [3]2þ is similar to that of the Pt analog [{Pt-
(terpy)}2(dmct)]2þ in many respects. The complex cation has
a crystallographically imposed inversion center on the dmct2�

ligand. Two {Pd(terpy)}2þ units are identical and the thiadi-
azole ring of dmct2� is disordered in two positions. Although
the disorder in the dmct ligand prevents discussion of the S–C
and N–C bond distances in dmct2�, the thiol groups of dmct2�

should have been deprotonated to afford thiolate moieties, sim-
ilar to the corresponding platinum complex.8 The coordination
geometry and the bond distances around Pd atom are almost
identical to those in [1](PF6).

The structure of [4]2þ is shown in Fig. 4. The crystal of [4]-
(PF6)2�2CH3CN is isomorphous to that of [3](PF6)2�2CH3CN
(Table 1). Because of the similarity between {Pd(terpy)}2þ

and {Pt(terpy)}2þ units, the two sites are disordered in struc-

Table 1. Summary of X-ray Data Collection and Refinement

Compound [1](PF6) [2](PF6) [3](PF6)2�2CH3CN [4](PF6)2�2CH3CN

Formula C17H13F6N6PPdS2 C17H13F6N6PPtS2 C36H28F12N10P2Pd2S3 C36H28F12N10P2PdPtS3
Formula weight 616.81 705.50 1199.59 1288.28
Crystal system triclinic triclinic triclinic triclinic
Space group P�11 P�11 P�11 P�11

a/Å 6.688(1) 6.718(2) 6.128(2) 6.136(2)
b/Å 9.439(2) 9.413(4) 13.551(4) 13.555(4)
c/Å 16.918(4) 16.932(7) 13.035(4) 13.038(4)
�/� 102.382(3) 102.940(5) 95.684(8) 96.23(1)
�/� 99.778(4) 99.553(5) 82.208(7) 82.15(1)
�/� 89.880(4) 90.095(5) 101.176(7) 101.42(1)
V/Å3 1027.4(4) 1028.3(7) 1049.1(5) 1049.3(5)
Z 2 2 1 1
Temp/K 153 153 153 153
	calcd/g cm

�3 1.602 2.278 1.899 2.039
�/mm�1 1.259 7.151 1.181 4.068
No. of measured reflns 6582 5678 8654 6313
No. of unique reflns 4150 4009 4633 4265
Rint 0.022 0.028 0.019 0.026
No. of reflns (I > 2�ðIÞ) 3502 3941 4080 3656
No. of parameters 298 298 307 307
R1ðI > 2�ðIÞÞa) 0.0461 0.0286 0.0485 0.0466
wR2 (all)b) 0.1079 0.0834 0.1236 0.1077
GOFc) 1.019 1.040 1.372 1.177

a) R1 ¼ �jjFoj � jFcjj=�jFoj. b) wR2 ¼ f�½wðFo
2 � Fc

2Þ2�=�½wðFo
2Þ2�g1=2 with w ¼ f�2ðFo

2Þ þ ½xðmaxðFo
2; 0Þ þ 2Fc

2Þ=
3�2g�1. c) GOF ¼ ðð�wðjFoj � jFcjÞ2Þ=ðNo � NvÞÞ1=2; with No = no. of obsd reflns and Nv = no. of parameters.
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ture of [4](PF6)2�2CH3CN. A crystallographically imposed
inversion center causes disorder in the metal centers and in
the thiadiazole ring of dmct2�. Although the disorder prevents
a detailed discussion of coordination geometries around the
palladium and platinum atoms, the bond lengths are compara-
ble to the average values of M–N and M–S distances observed
in the two homometal dimers [{M(terpy)}2(�-dmct)]2þ (M ¼
Pd and Pt).

UV–Vis Absorption Spectra. UV–vis absorption spectra
of [1](PF6), [2](PF6), [3](PF6)2, and [4](PF6)2 in CH3CN are
shown in Fig. 5. All of the complexes show similar spectral
patterns, i.e., a broad visible band around 500 nm (" � 1�
103 M�1 cm�1), strong structured bands in UV region <350

nm (" � 1� 104 M�1 cm�1), and shoulders in the region of
350–400 nm (" � 5� 103 M�1 cm�1). Based on the spectra of
[Pt(Hdmct)(terpy)](PF6) and [{Pt(terpy)}2(�-dmct)](PF6)2,

8

these features may be assigned as S(p) to terpy(
�) LLCT
transition, intra-ligand 
–
� transition of terpy, and the
MLCT transition in {M(terpy)}2þ unit (M ¼ Pd(II) and Pt(II)),

respectively.8,19 The differences in the metal ions, Pd(II) or
Pt(II), and those in the ligands, amct�, Hdmct�, or dmct2�

do not appear to affect the spectral pattern significantly.
The spectrum of the mixed metal complex [4](PF6)2 can be

interpreted as the sum of the platinum and palladium com-
plexes, meaning that there is no strong electronic interaction

Table 2. Selected Bond Distances (Å) and Angles (�) for
[1](PF6), [2](PF6), [3](PF6)2�2CH3CN, and [4](PF6)2�
2CH3CN

[1](PF6)

Pd1–S1 2.296(1) S1–Pd1–N4 97.4(1)
Pd1–N4 2.044(4) S1–Pd1–N5 177.4(1)
Pd1–N5 1.965(4) S1–Pd1–N6 101.4(1)
Pd1–N6 2.035(4) N4–Pd1–N5 81.0(1)
S1–C1 1.747(5) N4–Pd1–N6 161.1(1)
N1–C1 1.293(6) N5–Pd1–N6 80.2(2)
N2–C2 1.301(6) Pd1–S1–C1 103.4(2)
N3–C2 1.351(6)

[2](PF6)

Pt1–S1 2.302(1) S1–Pt1–N4 97.43(10)
Pt1–N4 2.027(3) S1–Pt1–N5 177.59(10)
Pt1–N5 1.962(3) S1–Pt1–N6 101.12(10)
Pt1–N6 2.017(3) N4–Pt1–N5 81.0(1)
S1–C1 1.743(4) N4–Pt1–N6 161.4(1)
N1–C1 1.289(5) N5–Pt1–N6 80.5(1)
N2–C2 1.308(5) Pt1–S1–C1 104.6(1)
N3–C2 1.360(5)

[3](PF6)2�2CH3CN

Pd1–S1 2.306(1) S1–Pd1–N3 98.4(1)
Pd1–N3 2.029(4) S1–Pd1–N4 179.3(1)
Pd1–N4 1.970(4) S1–Pd1–N5 100.0(1)
Pd1–N5 2.034(4) N3–Pd1–N4 80.9(1)
S1–C1 1.710(8) N3–Pd1–N5 161.5(1)

N4–Pd1–N5 80.7(1)

[4](PF6)2�2CH3CN

M1–S1 2.317(2) S1–Pt1–N3 98.1(2)
M1–N3 2.020(6) S1–Pt1–N4 179.5(2)
M1–N4 1.955(5) S1–Pt1–N5 99.6(2)
M1–N5 2.024(5) N3–Pt1–N4 81.4(2)
S1–C1 1.70(1) N3–Pt1–N5 162.3(2)

N4–Pt1–N5 80.9(2)

Pd1 S1 

S2

N4

N5

N6
N1

N2
N3

N3

N2

N3'

N2'

(a)

(b)

Fig. 1. ORTEP diagrams of the cation complex [1]þ (a)
and its hydrogen-bonded dimeric structure (b) with 50%
thermal ellipsoids. Hydrogen atoms are omitted for clarity.

Pt1 S1 

S2

N4

N5

N6
N1

N2
N3

Fig. 2. ORTEP diagram of the cation complex [2]þ with
50% thermal ellipsoids. Hydrogen atoms are omitted for
clarity.

Pd1

N3

N4

N5

S1

S2

N1

N2

Pd1'

N3'

N4'

N5'

S1'

Fig. 3. ORTEP diagram of the cation complex [3]2þ with
50% thermal ellipsoids. Hydrogen atoms are omitted for
clarity. One position of disordered dmct2� is shown.

1226 Bull. Chem. Soc. Jpn. Vol. 79, No. 8 (2006) Pd(II) and Pd(II)–Pt(II) dmct Complexes



between the two metal centers bridged by dmct2�.
Since S-coordinated mercaptothiadiazoles have free nitro-

gen sites on the ring, the effects of protonation on the spec-
tra was examined by adding TsOH (p-toluenesulfonic acid)
(Fig. 6). The broad visible band of each complex blue shifted
upon addition of TsOH. Subsequent addition of one equivalent
of a base, such as NEt3, caused the initial spectra to reappear.
Thus, the spectral changes are due to an acid–base equilibrium.
The spectral changes were observed over the addition of five
equivalent amount of TsOH suggesting that the protonation
is not quantitative with TsOH. The basicity of the free coordi-
nation sites may not be sufficiently strong against TsOH in
CH3CN. The blue shift of the visible band on protonation is
in good agreement with the assignment of the band as an
LLCT band, since the protonation should stabilize the orbitals

on the anionic ligand.9 Although the dinuclear complexes
[3](PF6)2 and [4](PF6)2 have the isosbestic points during the
addition of TsOH, no isosbestic points were observed in case
of the amct complexes [1](PF6) and [2](PF6). However, the
original spectra reappeared upon the addition of the base.
The amct� ligands in these complexes have a free amine group
in addition to the nitrogen sites in the thiadiazole ring. The
competitive protonation of these two sites, or the formation
of hydrogen-bonded dinuclear complexes, may explain the
complicated behavior upon the addition of the acid.

Redox Properties. Cyclic voltammograms of [1](PF6),
[2](PF6), [3](PF6)2, and [4](PF6)2 in DMF are shown in Fig. 7.
In the potential region from �1:5 to 1.5V vs Ag/AgCl, no
reversible process was observed except for [2](PF6). The re-
duction and oxidation processes were observed at potentials
less than �0:6V and greater than 1.0V, respectively. In the
voltammogram of [2](PF6), two redox couples were observed
at around �0:7 and �1:3V, similar to [Pt(mcmt)(terpy)]þ,
[Pt(Hdmct)(terpy)]þ, and [{Pt(terpy)}2(�-dmct)]2þ, and are
assigned to the redox processes of the terpy ligand. Only
cathodic waves were observed for the palladium complexes
for the reduction processes. Since the irreversible cathodic
waves for the Pd complexes were observed at almost the same
potential to those of Pt analogues, these waves are also as-
signed to the reduction of the terpy ligand.8 The oxidation
process may be attributed to the oxidation of amino group in
case of [1](PF6) and [2](PF6) and to the oxidation of thiolate
groups in case of [3](PF6)2 and [4](PF6)2. No electronic inter-
action between the two metal centers was observed for the
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N1

N2
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N3'

N4'

N5'

S1'

Fig. 4. ORTEP diagram of the cation complex [4]2þ with
50% thermal ellipsoids. Hydrogen atoms are omitted for
clarity. Platinum and palladium atoms occupied the M
position with the same probability. One position of disor-
dered dmct2� is shown.
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Fig. 5. UV–vis absorption spectra of the palladium (a), platinum (b), and mixed metal (c) complexes in acetonitrile; (a): [1](PF6)
(solid line) and [3](PF6)2 (dotted line), (b): [2](PF6) (solid line) and [{Pt(terpy)}2(�-dmct)](PF6)2 (dotted line), (c): [4](PF6)2.

H. Tannai et al. Bull. Chem. Soc. Jpn. Vol. 79, No. 8 (2006) 1227



dinuclear complex [{Pt(terpy)}2(�-dmct)]2þ. Due to the high-
ly irreversible nature of the reduction waves of the dinuclear
complexes [3](PF6)2 and [4](PF6)2, it is not possible to deter-
mine if there is any electronic interaction between the two
metal centers.

Electronic Structures of [1]þ and [2]þ. Molecular orbital
calculations were performed on the Pd(II) ([1]þ) and Pt(II)
([2]þ) complex cations. The energies and components of
the molecular orbitals around frontier orbitals are shown in
Table 3. The calculated energies and components of the
MOs of the two complexes are very similar. The HOMOs of
both cations are mainly composed of orbitals from the amct
(>90%) and LUMOs are mainly terpy orbitals (>90%). More-
over, orbitals of the thiol groups make up 37% of the HOMOs,
while those of Pd ion make up less than 5% in the HOMOs.
This is consistent with the assignment of the lowest energy
band as an LL(S(p) ! terpy(
�)) CT transition.20

Conclusion

Three palladium mercaptothiadiazole complexes have been
prepared by using [Pd(OH)(terpy)](PF6) as the starting materi-
al. In case of the platinum complexes, dmct affords both mono-
and di-nuclear complexes; however, a mononuclear complex
was not obtained with {Pd(terpy)}2þ unit probably due to
the substitution lability of palladium(II) and the solubility of
the complexes. Clearly, the previous approach employing the
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Fig. 6. UV–vis absorption spectra of the palladium and platinum complexes in acetonitrile upon addition of TsOH. (a): [1](PF6),
(b): [2](PF6), (c): [3](PF6)2, (d): [4](PF6)2; solid line: without TsOH, broken line: 0.5 equiv of TsOH, dotted line: 1.0 equiv of
TsOH, dashed line: 2.0 equiv of TsOH. Insets: vertical expansion of spectra at visible region.
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Fig. 7. Cyclic voltammograms of the complexes in DMF.
(a): [1](PF6), (b): [2](PF6), (c): [3](PF6)2, (d): [4](PF6)2.
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Pt(II) complexes, which has only one coordination site avail-
able for the mercaptothiadiazole ligand, is useful to prepare
molecular Pd(II) complexes with mercaptothiadiazoles. Step-
wise introduction of the metal center to the two thiolate groups
of the dmct2� enables the preparation of the platinum–palladi-
um mixed metal dinuclear complex [{Pt(terpy)}(�-dmct){Pd-
(terpy)}](PF6)2. The synthesis of platinum–palladium mixed
metal complex indicates that dmct2� symmetrically coordi-
nates to metal ions to afford heterometallic complexes, as well
as homometallic ones. The electronic spectra, cyclic voltam-
mograms, and the MO calculation revealed the resemblance
of electronic structures among the corresponding platinum
and palladium complexes.
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