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Summary

Novel Pd and Pt SCS-pincer complexes with an azulene unit were synthesized from
the reaction of a metal precursor with an azulene molecule having two thioamide
moieties. The crystal structures of the complexes were confirmed by X-ray diffractional
study. Their structural and optical properties were investigated in comparison with those
of related complexes with a benzene and pyrrole unit by NMR and UV/Vis spectroscopy.
DFT calculations for the azulene complexes revealed that the origin of the
long-wavelength absorption is assigned to a transition from the metal center to the

extended & system of the azulene unit.
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Introduction

Pincer complexes of group 10 metals have been intensively investigated in the fields
of catalysis and material science.' Pincer complexes generally have a tridentate ligand
(ECE ligand) composed of a cyclometallating carbon and donating groups such as PR,
NR; and SR. We have investigated pincer complexes bearing thioamide moieties as a

donating group.”” The strong interaction between the thioamide group and transition



metals allows the formation of stable SCS-pincer complexes with a central benzene unit
from a reaction under mild conditions (A in Scheme 1). The flexible structure and
strong coordination of the thioamide moiety in the pincer ligand make it possible to
obtain SNS-pincer complexes with a central pyrrole unit’ (B in Scheme 1), which is
unstable in the case of another donating group because the five-membered pyrrole unit
destabilizes the chelating M-E bond owing to steric strain.’ The high capability of the
thioamide-based ligand motivated us to synthesize a new pincer ligand with an azulene

unit, which affords an SCS-pincer complex with a five-membered central unit (C in

Scheme 1).
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Scheme 1. Molecular structures of the M-(K3SCS) and M-(K3SNS) complexes.

Azulene is a nonbenzenoid aromatic compound consisting of a cyclopentadiene ring
fused with a cycloheptatriene ring, which exhibits a blue color owing to the unique
n-electron system. Azulene derivatives are utilized in the fields of optical materials,’
conducting polymers® and colorimetric sensors of small molecules.” From the viewpoint
of organometallic chemistry, azulene derivatives are recognized as conjugated m-ligands,
which allow several coordination modes such as ° and n’.'"° In contrast, there are
limited examples of a single bond existing between a transition metal and a carbon atom
in an azulene moiety owing to the large number of m-electrons having coordinative
ability. Lash et al. reported Ni(II), Pd(Il) and Pt(Il) complexes with porphyrin
derivatives incorporating an azulene unit (azuliporphyrins), which have a single bond

between the transition metal and the azulene.!' However, there is no example of a pincer



complex with an azulene unit to the best of our knowledge. Since one of the resonance
structures of azulene can be described as a fused ring of a cyclopentadienyl anion and a
cycloheptatrienyl cation (D in Scheme 1), the pincer complex is expected to undergo an
interesting interaction between the electron-rich cyclopentadienyl anion moiety and the
metal center through the carbon-metal bond and through the thioamide moiety. We here
report the syntheses and crystal structures of the pincer complexes with the azulene unit
as well as their optical properties. DFT calculations were performed to analyze the

optical properties.

Results and discussion
Synthesis and NMR study

The pincer ligand with thioamide groups 1 was synthesized by the reaction of the
corresponding amide molecule'” with Lawesson’s reagent.”” The reaction of ligand 1
with PdCl, and LiCl in methanol at the reflux temperature yielded palladium->SCS
pincer complex 2 with a 77% yield (Scheme 2). Similarly, Pt complex 3 was obtained
with an 85% yield from the reaction of 1 with PtCl,(PhCN), in acetonitrile at 65 °C.
Referenced compounds 4 and 5 were synthesized by a method similar to that previously

reported. >
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Scheme 2. Syntheses of the pincer Pd and Pt complexes with an azulene unit.

Compounds 1-3 were characterized by '"H NMR, IR, mass spectroscopy and
elemental analysis. The resonance of the C-H proton between the thioamide groups in
ligand 1 (7.47 ppm) disappeared in the spectra of 2 and 3, which proves the C-H bond
activation at this position. In the '"H NMR spectrum of 1, the resonance of a -CH,NCH,-
moiety in the piperidyl group appears nonequivalently at 4.47 and 2.78 ppm. The
nonequivalence is probably due to the slow rotation of the piperidyl group owing to the
contribution of the C=N double-bond character in the thioamide group, which is caused
by the charge transfer from the N atom to the S atom as described in the literature (E in
Scheme 3)."* However, in the case of complexes 2 and 3, the corresponding methylene
resonance equivalently appears as a slightly broad resonance at 4.13 ppm for 2 and 4.14
ppm for 3. These results indicate the small contribution of the C=N double-bond
character in the pincer complexes in comparison with that in the ligand. When the
thioamide group is effectively conjugated to the azulene unit, the deviation of charge
distribution may occur through the azulene unit to the thioamide unit because of a stable
aromatic cycloheptatrienyl cation (F and G in Scheme 3). According to the results of

our NMR study, the coordination is likely to enhance the conjugation between the



thioamide and azulene moiety, which weaken the C=N double-bond character.
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Scheme 3. Proposed charge distribution of the thioamide group in the ligand and

the pincer complex.

Crystal structures
The solid-state structures of 1-3 were determined by X-ray diffractional studies.
Dark blue single crystals of 1 suitable for X-ray diffraction study were obtained by the
slow diffusion of hexane into its solution in CH,Cl,. In the solid state, ligand 1 has a
crystallographic mirror plane (Figure 1a). Single crystals of 2 and 3 were obtained by
recrystallization from DMF/ethanol. Complexes 2 and 3 crystallize in the monoclinic
space group P2;/n with a solvating DMF molecule (Figures 1b and Ic). Each metal
center has a distorted square-planar geometry.
Figure 1
Table 1 shows selected bond distances and angles of 1-3. From the comparison of ligand
1 and the complexes, it can be seen that the S=C bond length significantly increases
(0.055 - 0.075 A) upon coordination to the metal center. In contrast, the coordination
shortens the C2-C7 and C6-C13 bonds by 0.036 A in Pd complex 2 and by 0.038 A in
Pt complex 3 on average compared with those in ligand 1, which are more significant
than the shortens of N1-C7 and N2-C13 bonds (0.017 A for 2 and 0.015 A for 3). The
significantly shortened C2-C7 and C6-C13 bonds in the complexes are consistent with
the result from the NMR study indicating the structure of G in Scheme 3 rather than a

structure with a C=N double-bond character such as E. Since the shortening of the



C2-C7 and C6-C13 bonds was not significant (0.014 A) 3® in reference complex 4, this
structural form of G is a characteristic of the azulene central ligand. The sulfur atoms in
the azulene complexes lie in almost the same plane of the azulene unit, which is
confirmed by the small torsion angles of S1-C7-C2-C1 in 2 (15.7°) and 3 (12.4°). The
coplanar structure indicates effective conjugation between the thioamide moieties and
the azulene unit. The effective conjugation is likely to enhance the delocalization of the
positive charge to the central azulene unit and weaken the C=N double-bond
contribution. In contrast, ligand 1 has a large torsion angle of S1-C7-C2-C1 (70.1°),
indicating ineffective conjugation and localization of the charge on the nitrogen atom.
Table 1
Figure 2
To discuss the effect of the central azulene unit, the crystal structure of Pd complex 2
was compared with those of SCS-pincer complex 4 and SNS-pincer complex 5.
Selected bond lengths and angles of 4 and 5 are also shown in Table 1. In terms of the
bond length between the Pd center and the cyclometallating atoms, C1 and N3, azulene
complex 2 (1.918 A) and pyrrole complex 5 (1.938 A) have shorter M-C or M-N bond,
respectively, than the benzene complex 4 (1.961 A) (Figure 2). The bond length mainly
depends on the structure of the central unit, which is five-membered ring or
six-menbered ring. The ideal angle of a substituent on a five-membered ring is 126°,
which is larger than that of a six-membered ring (120°). In fact, the angle of C1-C2-C7
in ligand 1 is 125.9°. The large angle induces steric strain on the metallacycles and pulls
the metal center close to the central unit. This steric strain on the metallacycle is
expected to be the origin of the short Pd-C bond in azulene complex 2. The steric strain
on 2 is also confirmed by the small S1-Pd-S2 angle (166.0°) compared with that in 4
(170.8°). Recently, Bourissou et al. reported a pincer Pd complex bearing a
2-indenylidene unit with thiophosphonyl sidearms.'> Although the 2-indenylidene unit

has a five-membered ring, the Pd-C bond is relatively long (1.984 A), presumably due



to the long S=P bond in the thiophosphonyl sidearm, which reduces the steric strain. On
the other hand, the Pd-CI bond length should depend on the electron-donating effect of
the cyclometallating atom at the frans position, the so-called trans influence.'® Since
complexes 2 and 4 have longer Pd-Cl bonds (2.3957 and 2.3973 A) than complex 5
(2.3159 A), the cyclometallating carbon atom has a stronger donating property than the

nitrogen atom.

|
Cl Cl
4 5
UV/Vis spectroscopy

Ligand 1 displays an intense absorption band at 295 nm (¢ = 43800 L mol'cm™),
which can be assigned to the m-n* transition of the azulene moiety (Figure 3a).'” The
absorption spectra of complexes 2 and 3 exhibit a bathochromic shift of the intense
absorption to 350 and 353 nm, respectively. The bathochromic shift of the =m-m*
transition is presumably due to the effective conjugation between the azulene and the
thioamide moiety by the metallation, which is observed in the crystal structures. In
addition to the n-m* absorption, Pd complex 2 exhibits weak absorption at 480 nm and
broad absorption up to 600 nm. The spectrum of Pt complex 3 exhibits broad absorption
up to 650 nm. The absorbances in the long-wavelength region were assigned on the
bases of DFT calculations (see below). Figure 4 shows the absorption spectra of Pd
complexes 2, 4 and 5 in order to compare the effect of the central structure on
absorption. Owing to the central benzene and pyrrole structures of 4 and 5, the

absorption of the m-m* transition is weaker than that of the azulene complex. The



absorptions of complexes 4 and 5 reach 500 and 450 nm, respectively, which are shorter
wavelengths than that for complex 2. The effect of the central structure on the
absorption spectrum was also investigated by performing DFT calculations.
Figure 3
Figure 4
DFT calculations
To better understand the UV/Vis absorption spectra in solution, compounds 1-5 were
examined by theoretical calculations. After optimization of the geometrical structures,
time-dependent density functional theory (TD-DFT) calculations were performed at the
B3LYP level for 1 and at the B3PWO91 level for 2-5 with the LANL2DZ basis set
implemented in the Gaussian 03 program suite.'*'” Figure 3b exhibits the calculated
UV/Vis spectra of 1-3, which were obtained by the TD-DFT calculations. The
calculated spectra of the complexes are in good agreement with the measured spectra
shown in Figure 3a. Table 2 shows the main electronic singlet-singlet vertical
excitations, their oscillator strengths and their corresponding assignments. Figure 5
shows contour plots for the molecular orbitals of 1-3, which are related to significant
transitions with large oscillator strengths (£>0.01) in the low-lying electronic transitions.
The results show that the HOMO, LUMO and LUMO + 1 of 1 are localized on the
azulene unit and sulfur atoms with r character. The HOMO — 2 of 1 is localized on the
azulene unit with a significant contribution of the lone pair of electrons on the sulfur
atom. On the basis of the calculation, a nn* transition (HOMO to LUMO + 1) and nm*
transition (HOMO - 2 to LUMO) were observed at 465 and 457 nm, respectively (Table
2). The calculated absorption at about 460 nm accounts for these two transitions, which
is probably related to the absorption at 415 nm in the measured spectrum (Figure 3).
The HOMO — 1 of Pd complex 2 is mainly localized on the d orbital of the Pd metal,
while the LUMO and LUMO + 2 are basically composed of the & orbital of the pincer

ligand. The calculated excitation at 609 nm corresponds to the transition from the metal



center (HOMO — 1) to the ©* orbital on the azulene moiety (LUMO), which can be
categorized as metal-to-ligand charge transfer (MLCT) (Figure 5b). The MLCT
absorption is the origin of the broad absorption reaching 600 nm in the measured
spectra (Figure 3a). The other MLCT from HOMO — 1 to the m* orbital on the
thioamide moiety (LUMO + 2) is attributed to the absorption at 480 nm. The HOMO —
1 and HOMO - 2 of Pt complex 3 are localized on the d orbital of the Pt center and
partly on the m orbital of the ligand. The LUMO of 3 is delocalized exclusively on the
expanded 7 orbital of the pincer ligand. In contrast to Pd complex 2, Pt complex 3 has
three strong theoretical transitions at 600, 524 and 448 nm. The lowest transition at 600
nm is associated with MLCT, which is mainly composed of the transition from HOMO
-1 to LUMO (Figure 5c¢). The other transitions are composed of a mixture of MLCT and
a nr* transition. These close-lying transitions are likely to be the origin of the broad
absorption from 450 nm to 650 nm in the measured spectrum of 3. TD-DFT calculations
also provided information on the electronic transitions of the reference complexes 4 and
5. According to the lowest electronic transition energy with large oscillator strength
(~0.01), complexes 4 and 5 have larger transition energies (2.11 and 2.23 eV,
respectively) than azulene complex 2 (2.04 eV). This tendency is in agreement with the
wavelength of the absorption edge shown in Figure 4. The lowest-energy transition of 4
is assigned to the transition from the Pd center (HOMO — 1) to the n* orbital on the
central aromatic unit (LUMO), which is similar to the lowest-energy transition of the
azulene complex. Since the energy levels of HOMO — 1 in 2 and 4 are essentially the
same (-5.29 and -5.32 eV, respectively), the difference in the lowest transition energy is
attributed to their LUMO levels (-2.83 and -2.64 eV, respectively). Since their LUMO
are composed of ©* orbitals on each central unit such as azulene and benzene, the low
LUMO level of azulene complex 2 is due to the extended m electron system of the
azulene unit. Therefore, the azulene complex has an MLCT band in a

longer-wavelength region compared with the reference complexes.



Conclusion

SCS-pincer complexes with an azulene unit were synthesized and characterized by
X-ray crystallography. Their structural and optical properties were discussed in
comparison with those of related complexes with a benzene and pyrrole unit. The
unique structure of the azulene unit affects the electron density of the thioamide moiety
in the complex; the positive charge on the nitrogen atom is delocalized in the azulene
unit to form an aromatic cycloheptatrienyl cation. DFT calculations for the azulene
complexes revealed that the origin of the long-wavelength absorption is a transition

from the metal center to the extended © system of the azulene unit.

Experimental

General, measurement, and materials. "H-NMR spectra were recorded on a JEOL
Lambda-300 and a JEOL EX-270 NMR spectrometer. IR spectra were recorded on a
JASCO IR-810 spectrophotometer. UV/Vis spectra were measured with a Shimadzu
UV-2550 and UV-3100PC UV-visible spectrophotometer. Mass spectrum was recorded
on a JEOL JMS-700 MStation using m-nitrobenzyl alcohol as a matrix. Elemental
analyses were carried out with a Yanaco MT-5 CHN autorecorder. Azulene, PdCl,,
[PtCI(PhCN);] and other chemicals were used as received from commercial suppliers.
Anhydrous THF and DMF were purchased from Kanto Chemical and used as a dry
solvent. 1,3-Bis(piperidinocarbonyl)azulene'? and Pd complex 4 were prepared

according to the literature methods.

1,3-Bis(piperidinothiocarbonyl)azulene (1).
A mixture of 1,3-Bis(piperidinocarbonyl)azulene (90 mg, 0.22 mmol) and
Lawesson’s reagent (177 mg, 0.44 mmol) in anhydrous THF (5 mL) was heated under

reflux for 15 h in a nitrogen atmosphere. After cooling to room temperature, the product
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was isolated by column chromatography on silica-gel using CHCls as an eluent (111 mg,
84%). Crystal of 1 suitable for the X-ray diffraction study was obtained by
recrystallization from CH,Cly/hexane. '"H NMR (300 MHz, CDCl;): & 8.57 (2H, d, J =
9.7 Hz), 7.74 (1H, s), 7.69 (1H, t, J = 9.9 Hz), 7.32 (1H, t, J = 9.9 Hz), 4.47 (4H, br),
2.78 (4H, br), 1.88-1.30 (12H, m). “C{'H} (75 MHz, CDCl;): & 194.0, 139.9, 137.3,
136.1, 133.3, 129.4, 125.7, 53.8, 50.7, 27.4, 25.8, 24.3. FT-IR (KBr, cm™) 3003, 2935,
2853, 1591, 1573, 1480, 1440, 1413, 1367, 1237, 1132, 1022, 1006, 746. Anal. calcd for
CxHa6N2S»'CH,Cly: C 59.09, H 6.04, N 5.99; found C 59.42, H 6.26, N, 5.97.

Chloro[2,6-bis(piperidinothiocarbonyl-KS)azulenyl-KCl]palladium(II) 2).

To a solution of PdCl, (11 mg, 0.062 mmol) and LiCl (5.3 mg, 0.13 mmol) in
MeOH (2 mL) was added ligand 1 (30 mg, 0.078 mmol). The mixture was heated under
reflux for 18 h in a nitrogen atmosphere. After cooling to room temperature, the
precipitate was collected by filtration and washed with MeOH (25 mg, 77%). Crystal of
2-DMF suitable for the X-ray diffraction study was obtained by recrystallization from
DMF/EtOH. '"H NMR (270 MHz, DMSO): § 8.24 (2H, d, J=10.0 Hz), 7.99 (1H, t, J =
9.7 Hz), 7.79 (2H, t, J = 9.9 Hz), 4.13 (8H, br), 1.76 (12H, s). FT-IR (KBr, cm™) 2929,
1515, 1455, 1388, 1240, 1011, 864, 744. HRMS(FAB): 487.0528 (Calcd. for [M-CI]":
487.0501). Anal. calcd for CyyHsN>CIPdS;,-0.5H,0: C 49.63, H 4.92, N 5.26; found C
49.88, H 4.65, N, 5.25.

Chloro[2,6-bis(piperidin0thi0carbonyl-KS)azulenyl-KCl]platinum(II) 3).

To a solution of PtCI,(PhCN), (16 mg, 0.031 mmol) in CHCI; (1 mL) was added
ligand 1 (17 mg, 0.043 mmol) in acetonitrile (3mL). The mixture was stirred at 65 °C
for 18 h in a nitrogen atmosphere. After cooling to room temperature, the precipitate
was collected by filtration and washed with MeOH (22 mg, 85%). Crystal of 3-DMF

suitable for the X-ray diffraction study was obtained by recrystallization from
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DMF/EtOH. 'H NMR (270 MHz, DMSO): § 8.28 (2H, d, J= 9.0 Hz), 8.07 (1H, t, J =
9.6 Hz), 7.68 (2H, t, J = 9.9 Hz), 4.14(8H, br), 1.78 (12H, s). FT-IR (KBr, cm™") 2933,
1521, 1427, 1238, 1009, 827, 760, 482. HRMS(FAB): 576.1141 (Calcd. for [M-CI]":
576.1109). Anal. calcd for CoHasN>CIPS,-0.5H,0: C 42.54, H 4.22, N 4.51, C15.71, S
10.32; found C 42.34, H 3.94, N 4.69, C15.68, S 10.02.

1,3-Bis(piperidinothiocarbonyl)pyrrole.

To a mixture of sulfur (Sg) (65 mg, 2.0 mmol) and piperidine (0.24 mL, 2.4 mmol) in
anhydrous DMF (4 mL) was added pyrrole-2,5-dicarbaldehyde (100 mg, 0.81 mmol).
The mixture was stirred at 115 °C for 20 h in a nitrogen atmosphere. After cooling to
room temperature, an aqueous solution of NH4Cl was added. The organic material was
extracted with CHCl;. The product was isolated by column chromatography on
silica-gel using CHCl; as an eluent (194 mg, 74%). '"H NMR (270 MHz, CDCl5): & 10.1
(1H, br), 6.28 (2H, s), 4.15 (8H, br), 1.56-1.25(12H, m). *C{'H} (75 MHz, CDCL): &
186.5, 133.1, 109.7, 53.1, 26.4, 24.5. FT-IR (KBr, cm™) 3364, 2936, 2851, 1524, 1508,
1487, 1439, 1260, 1241, 1005, 784. MS(FAB): 322 (Calcd. for [M]" : 322). Anal. calcd
for C16H23N3S,: C 59.77, H 7.21, N 13.07 ; Found C 59.66, H 7.02, N 13.01.

Chloro|2,6-bis(piperidinothiocarbonyl-kS)pyrrole-k/V]palladium (5).

To a solution of PdCl, (12 mg, 0.068 mmol) and LiCl (5.9 mg, 0.14 mmol) in
MeOH (3 mL) was added 1,3-bis(piperidinothiocarbonyl)pyrrole (20 mg, 0.062 mmol).
The mixture was heated under reflux for 10 h in a nitrogen atmosphere. After cooling to
room temperature, the precipitate was collected by filtration and washed with MeOH
(21 mg, 73%). Crystal of 5 suitable for the X-ray diffraction study was obtained by
recrystallization from CHCls/hexane. '"H NMR (270 MHz, CDCl3): & 6.37 (2H, s), 4.19
(4H, br), 3.99 (4H, br), 1.78(12H, br). “C{'H} NMR (100 MHz, CDCl):
8 187.1, 142.7, 115.7, 53.7, 26.4, 25.7, 23.4. FT-IR (KBr, cm™) 2934, 2852, 1537, 1265,

12



1244, 1017. MS(FAB): 426 (Calcd. for [M-Cl]+: 426). Anal. calcd for C;¢H2,CIN3PdS;:
C 41.56, H 4.80, N 9.09, CI 7.67, S 13.87; found C 41.31, H 4.60, N 9.13, Cl1 7.74, S
13.66.

Computational Details.
The geometrical structures were optimized at the B3LYP for 1 and the B3PWO91
level for 2-5 with LANL2DZ basis set implemented in Gaussian 03 program suite.!'® "

Using the optimized geometries of 1-3, TD-DFT calculations were performed at the

B3LYP for 1 and the B3PW91 level for 2-5 to predict their absorptions.

Crystal structure determination.

Crystals of 1, 2, 3 and 5 for X-ray analysis were obtained as described in the
preparations. Intensity data were collected on a Rigaku R-AXIS Rapid diffractometer
with Mo Ka radiation. Crystals were mounted on glass capillary tubes. Crystallographic
data and details of refinement of the complexes are summarized in Table 3. A full matrix
least-squares refinement was used for non-hydrogen atoms with anisotropic thermal
parameters method by SHELXL-97 program. Hydrogen atoms were placed at the
calculated positions and were included in the structure calculation without further
refinement of the parameters. CCDC 750102, 750103, 750104 and 750105 contains the
supplementary crystallographic data for compounds 1, 2, 3 and 5, respectively. These
data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html,
or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2
1EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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Table 1.

Selected Bond Distance (A) and Angle (deg) for Compound 1-5
2 3 ¢

1 4 5
M-C1 1.918(2) 1.910(3) 1.961(2) 1.938(2)°
M-Sl 2.3128(6) 2.3056(9)  2.2939(5)  2.298(3)°
M-S2 2.3374(6) 2.311(1) 2.2984(4)  2.31002)°
M-Cl1 2.3957(6) 2.408(1) 23973(5)  2.3159(6)
S1-C7 1.680(2) 1.7522)  1.743(3) 1.720(2) 1.740(3)
S2-C13 1.735(2)  1.755(4) 1.723(2) 1.741(3)®
C2-C7 1.487(4) 1.455(3)  1.449(5) 1.487(2) 1.460(4)
C6-C13 1.448(3)  1.450(5) 1.480(2) 1.457(4)
N1-C7 1.343(3) 1.321(3)  1.336(5) 1.324(2) 1.363(3)
N2-C13 1.332(3)  1.320(5) 1.327(2) 1.357(3)
C1-M-S1 96.81(2)  97.19(3) 96.18(2) 95.93(6)*°
C1-M-S2 96.73(2)  95.90(3) 92.97(2) 96.32(5)*
Cl1-M-C1 178.97(7)  178.6(1) 176.83(5)  179.56(5)"
S1-M-S2 165.96(2) 166.91(3)  170.84(2)  167.81(7)
S1-M-C1 82.68(7)  83.0(1) 85.52(5) 83.70(9)*
S2-M-C1 83.71(7)  83.9(1) 85.33(5) 84.04(9)*

* C1 indicates N3 in complex 5, ° The average length and angle of disordered atoms.

¢ From reference 3b.
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Table 2. Main Theoretical Electronic Transitions, with Composition, Corresponding Oscillator
Strength (f) and Assignment

Compound Calcd Transition(nm) Composition* f > Assignment
1 465 H—-L+1(56%) 0.0429 ¥
457 H-2— L (58%) 0.0262 nr*
2 609 H-1— L (67%) 0.0118 MLCT
487 H-1—-L+2(43%) 0.0623 MLCT
3 600 H-1— L (63%) 0.0168 MLCT
524 H-2— L (50%) 0.0393 MLCT/an*
448 H-1-L+2(58%) 0.0775 MLCT/an*
4 589 H-1— L (69%) 0.0137 MLCT
5 556 H— L (57%) 0.0135 MLCT

“H denotes HOMO and L denotes LUMO. * Oscillator strengths.

19



Table 3.

Crystal Data and Details of Structure Refinement of Complexes 1, 2, 3 and 5

1 2 3 5

Chemical formula CpH,6N,S, CHLCl, CpH,sN,CIS,Pd- CyHysN,CIS, Pt CH2,N;CIPdS,
C;H;NO C;H,NO

Formula weight 467.51 596.52 685.21 462.34
Crystal system orthorhombic monoclinic monoclinic triclinic
Space group Pnma (No. 62) P2;/n (No. 14) P2;/n (No. 14) P-1 (No 2)
a, A 16.1348(6) 12.7161(6) 11.6349(3) 9.4925(5)
b, A 16.0405(7) 14.7195(5) 15.3558(4) 10.1758(4)
c, A 8.8982(3) 13.6311(6) 13.7152(3) 10.9510(4)
a, deg 61.6480(10)
B, deg 91.4037(14) 96.3359(8) 73.5321(17)
, deg 85.2855(17)
v, A} 2302.95(15) 2550.64(19) 2435.44(10) 891.00(6)
Z 4 4 4 2
u, cm’™ 4.757 10.198 60.440 14.278
F(000) 984 1224 1352 468
Deareas g €M™ 1.348 1.553 1.869 1.723
Crystal size, mm 0.30x0.15x0.15 0.20x0.10x0.10 0.25x0.20x0.20 0.30x0.30x0.20
Exposure rate sec. / © 60.0 150.0 60.0 20.0
No. of date 20625 23767 23350 8856
No. of unique date 2713 5793 5525 4033
No. of variables 144 299 282 207
R (I>20(])) 0.0501 0.0317 0.0279 0.0213
R (All reflections) 0.0884 0.0436 0.0329 0.0282
Ry, (A1l veflections) 0.1578 0.0705 0.0631 0.0548
GOF 1.183 1.085 1.074 1.162
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S2 [ Pd1 S1

S2 Pt1 S1

@ CHi

Figure 1. ORTEP drawing of (a) 1, (b) 2 and (c) 3 with thermal ellipsoids shown at the
30% probability level. Hydrogen atoms and solvating molecules are omitted for clarity.
Atoms with asterisks are crystallographically equivalent to those having the same

number without asterisks.
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S2 pa1  S1

Je CcH
Figure 2. ORTEP drawing of 5 with thermal ellipsoids shown at the 30% probability
level. Hydrogen atoms are omitted for clarity. S1 and S2 atoms show one of the

disordered positions.
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Figure 3. (a) UV/Vis spectra in CH,Cl, (b) Calculated UV/Vis spectra of 1, 2 and 3.
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Figure 4. UV/Vis spectra of 2, 4 and 5 in CH,Cl,.
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Figure 5. Contour plots of (a) ligand 1, (b) Pd complex 2 and (c) Pt complex 3.
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