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Abstract A series of ortho-metallated palladium(Il) com-
plexes with two dimeric liquid crystals Schiff base (methoxy
and decyloxy as terminal groups) as cyclometallated ligands
and N-aryl-N'-benzoyl thiourea derivatives as co-ligands were
prepared and investigated for their liquid crystalline proper-
ties. Their structures were assigned based on elemental anal-
ysis, FT-IR and "H NMR spectroscopy while the thermal
behaviour was investigated by differential scanning calorim-
etry and polarising optical microscopy. The complexes with
Schiff base ligand bearing methoxy group as terminal group
show extensive decomposition during melting while the
complexes with Schiff base having decyloxy group as termi-
nal group show monotropic nematic phases, with the
mesophase stability strongly related to the type of N-aryl-N'-
benzoyl thiourea derivative used. Their liquid crystalline
properties are compared with their analogues having N,N-
dialkyl-N'-benzoyl thiourea as co-ligands which were repor-
ted previously. One of the latter complexes was also investi-
gated by thermally stimulated depolarisation currents method
while the optical transmission was recorded simultaneously.
The thermally stimulated depolarisation currents and optical
transmission spectra confirmed the previous observation
regarding the phase transition temperatures. The current
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intensity—applied voltage dependencies of this complex were
investigated by specific electrical measurements.
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Introduction

In recent years, there have been a lot of studies dealing
with the design of multifunctional liquid crystals because
of their great potential in a wide range of applications like
sensors, LCDs and OLEDs. Liquid crystalline state has one
or more mesophases were they present orientation order
and lack (or have only a certain degree of) positional order
[1, 2].

Liquid crystalline materials based on metal complexes
(metallomesogens) represent one of the best examples where
the unique properties of anisotropic fluids are combined with
the specific properties of metals, such as colour, polariz-
ability, electrical and magnetic properties. Organometallic
compounds of palladium based on ortho-metallated com-
plexes with nitrogen-containing heteroaromatic ligands and,
in particular, Schiff bases, consisting of both dinuclear and
mononuclear organometallic systems, were extensively
studied as they offer a unique possibility to tune their phys-
ical properties by judicious chemical design [3, 4]. The
Schiff bases are commonly used as ligands in the preparation
of various metal complexes [5—-8]. The «-(4-cyanobiphenyl-
4'-0xy)-w-(4-n-alkyloxyanilinebenzylidene-4’-oxy) hexane
Schiff bases compounds used in this work are included in the
non-symmetric liquid crystalline dimers category and were
reported previously to show SmA and N enantiotropic
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phases, with an intercalated arrangement within the SmA
phase [9, 10], in which specific molecular interactions
between the two different mesogenic units are responsible
for this specific phase behaviour. The liquid crystal dimers
(also known as dimesogens), composed of either two iden-
tical (symmetric) or non-identical (non-symmetric) meso-
genic units connected via a flexible central spacer, were
largely investigated for their interesting physical properties
as well as the possibility to act as model compounds for semi-
flexible main-chain liquid crystalline polymers [11].

In this work, the nematogen dinuclear complexes
obtained through ortho-metallation reaction between such
Schiff bases and palladium(II) acetate were used to prepare
mononuclear complexes by reacting them with sodium
salts of simple N-aryl-N'-benzoyl thiourea derivatives. Our
previous results have shown that mixed-ligands palla-
dium(IT) complexes with these type of Schiff bases and
N,N-dialkyl-N'-benzoyl thiourea derivatives show liquid
crystals properties, with nematic and SmA phases being
displayed, the mesomorphic behaviour of such complexes
being strongly dependent on the type of the imine ligand
employed as well as the type of co-ligand [12]. Indeed, the
N-benzoyl thiourea derivatives proved to be very good
chelating ligands due to the presence of two very strong
donor groups (carbonyl and thioamide), reacting with
transition metals mostly in monoanionic and bidentate
form by deprotonation resulting neutral complexes with
S,0-coordination [13-15]. Only few other studies con-
cerning liquid crystals incorporating N-benzoyl thiourea
moiety were reported previously [16-21], either dealing
with purely organic liquid crystals or metallomesogens
based on palladium(II) or platinum(Il) complexes. The
mesomorphic behaviour of mononuclear compounds were
investigated by mean of differential scanning calorimetry
(DSC) and polarised light microscopy and they will be
discussed in connection with the type of N-aryl-N'-benzoyl
thiourea (BTU) derivative used as co-ligand and compare
to their analogues bearing N,N-dialkyl-N'-benzoyl thiourea
derivatives reported earlier [12]. The DSC technique is one
of the most powerful methods for establishing the phase
transition in the case of thermotropic liquid crystals [22]
and is always used in conjunction with polarised optical
microscopy observations. In this study, the DSC mea-
surements of one of the latter complexes are completed
with new results obtained by thermally stimulated depo-
larisation currents (TSDC), a method that can give further
insights for the determination of phase transitions often
with a better resolution compared to other techniques [23—
28]. The shape of the TSDC spectra clearly indicates
several peaks corresponding to different processes occur-
ring in the sample during the heating step (depolarisation of
permanent dipoles, release of charges, and polarisation
changes connected to phase transitions). Also, TSDC
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method can provide important information regarding the
conduction mechanism in the liquid crystalline phase
[29, 30].

Results and discussion

The preparation of the two Schiff bases used in this study
followed the procedure described already in the literature
[9] and is shortly depicted in Scheme 1. They were used
further in the ortho-metallation reaction with palladium
acetate in glacial acetic acid to prepare the dinuclear pal-
ladium(Il) complexes in moderate to good yields as
reported elsewhere [12]. These dinuclear complexes (not
shown in Scheme 1) were used in the next step for the
preparation of the mononuclear palladium(I) complexes
by reacting them with a series of sodium salts of N-aryl-N'-
benzoyl thiourea derivatives (Scheme 1). All the mono-
nuclear palladium(II) complexes are microcrystalline yel-
low solids, which are stable in normal conditions. Their
structure was confirmed by elemental analysis, IR, and
"H NMR spectroscopy. The formation of the ortho-metal-
lated mononuclear complexes can be confirmed readily by
"H NMR spectroscopy when a pattern specific to a 1,3,4-
substitution of an aromatic ring corresponding to the
aldehyde ring of the Schiff base can be seen as two dou-
blets and a doublet of doublets. The presence of the
cyanobiphenyl promesogenic unit in the molecule is clearly
seen in the IR spectra of all palladium(II) complexes where
an absorption band around 2,230 cm™' appears and is
assigned to vc=y. Furthermore, the coordination of BTU
derivatives in deprotonated form was confirmed by disap-
pearance of the vyy frequency in the IR spectra of palla-
dium(Il) complexes that suggest the absence of the NH
hydrogen, located between the carbonyl and the thiocar-
bonyl groups of the benzoyl thioureic moiety, information
that is further supported by 'H NMR spectroscopy.

These complexes can exist as a mixture of two isomers,
depending whether the sulphur atom of the BTU ligand is
in frans or cis position with respect to the nitrogen atom of
the imine group of the Schiff base ligand. The 'H NMR
spectra indicate for all prepared complexes the presence of
only one isomer in solution (one set of signals).

Thermal behaviour

The mononuclear palladium(I) complexes were investi-
gated for their potential liquid crystal properties by hot
stage polarised optical microscopy and differential scan-
ning calorimetry. The thermal data are summarised in
Table 1. Mesophases were assigned based on their optical
texture and one example is presented in Fig. 2. It is very
clear that the chain length of the terminal alkoxy group of
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Scheme 1 Preparation of
mononuclear Pd(I) complexes
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the Schiff bases has a crucial influence on the thermal
behaviour of these complexes. Thus, all complexes having
Schiff base with methoxy group in terminal position,
la-7a, show an extensive decomposition concomitant
with the melting process that can be easily seen in the
DSC traces where a strong exothermic peak follows the
endothermic peak corresponding to the melting process
(Fig. 1) and confirmed by optical microscopy. The only
exception is represented by complex 3a which, if not
heated above 180 °C, shows a monotropic nematic phase
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on cooling at 117 °C. In this case, it is obvious that the
methyl group linked in meta position of the aromatic ring
from the BTU co-ligand lead to a significant decrease of
the melting point, aprox. 22 °C compared to the analogue
with methyl group in para position, complex 2a, and
19 °C compared to the analogue bearing unsubstituted
aromatic ring, complex 1a; lowering of the melting point
has a clear consequence on avoiding the complex 3a
decomposition at a temperature near to its melting point

(Fig. 1).
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Table 1 Thermal data for palladium (II) complexes

Compound Transition T/°C AH/KJ mol™! AS/R
1a Cr-I* 186 61.0 16.0
1b Cr-1 160 66.6 18.5
(I-N) 122°
2a Cr-I* 189 54.0 14.1
2b Cr-1 164 71.1 19.6
(I-N)P< _ _ _
(N-Cr) 122°¢ 56.0 17.1
3a Cr-1 167 40.9 11.2
(I-N) 117 1.7 0.5
Tg 58 - -
3b Cr-1 156 84.3 23.6
(I-N) 117 22 0.7
Tg 36 - -
4a Cr-T* 193 50.6 13.1
4b Cr—Cr/ 139 21.2 6.2
Cr'-N - - -
N-I 152¢ 17.7¢ 5.0
I-N 151 2.7 0.8
5a Cr-I* 197 73.2 18.7
5b Cr-N - - -
N-I 140¢ 50.1¢ 14.6
I-N 139 2.0 0.6
6a Cr-I* 198 58.6 15.0
6b Cr-Cr' 122 5.5 1.7
Cr-1 153 472 13.3
(I-N) 116° - -
7a Cr-I* 174 384 10.3
7b Cr-1 152 70.0 19.8
(I-N) 132° - -
8b° Cr—Cr/ 104 12.9 4.1
Cr-N 118 33.6 10.3
N-I 138 1.6 0.5

# This transition is followed by decomposition

® Values taken from microscopy

¢ Transition occured just before crystallization

4 Combined enthalpies

¢ Taken from [12]

On the other hand, regarding the remainder of the
materials, the Pd(II) complexes with Schiff base having
decyloxy as terminal group (1b-7b), all of them exhibit a
monotropic nematic phase, which was identified on the
basis of the characteristic Schlieren optical texture that
show two- and four-brushes singularities observed when
viewed under the polarised light microscope; this texture
also flashed under mechanical stress (Fig. 2). Here, it is
important to mention that for complexes 1b, 2b, 6b and 7b
it was impossible to detect the peak corresponding to the
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Fig. 1 The DSC traces of complexes 1a—7a showing their melting
followed by decomposition

Fig. 2 Two pictures taken at the polarised optical microscope of the
nematic phase of complex 5b at 137 °C (a) and at 125 °C (b)

transition from the isotropic to nematic phase on the DSC
traces, such transition being associated with a very weak
enthalpic effect. This phase transition was evidenced only
by microscopy observations.

The complex 1b could be a useful starting point in
discussing the mesogenic properties of complexes 1b—7b,
as it contains the unsubstituted N-benzoyl-N'-phenyl thio-
urea ligand. This complex shows a relative high melting
point, 160 °C, and a strong enantiotropic nematic phase
that is stable over a little range before crystallization
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occurs. In our previous studies [19-21], we proposed sev-
eral reasons for such a behaviour that are related to the high
flexibility of the structure adopted by this type of ligands
resulting in a less favourable molecular shape from the
liquid crystalline molecular design point of view together
with the intramolecular hydrogen bonds N-HS, that
could be formed between the S atom of the thiocarbonyl
group and the hydrogen atom of the amino -NHR group of
the BTU ligand.

The next step was to introduce several new BTU
derivatives that contain one phenyl ring substituted with
various groups with the aim of establishing some structure—
properties correlations. It was found that, with the excep-
tion of complex 2b for which the melting point is 4 °C
higher than that of complex 1b, the melting points of all
other complexes were not highly affected by the intro-
duction of different groups in the BTU molecule and are
lowered by 3-8 °C compared to complex 1b. Complex 3b
shows, by cooling during the first heating—cooling cycle, a
monotropic nematic phase that follows the isotropic state.
The former can be further cooled to a glassy state with
T, = 36 °C (Fig. 3a). When this sample is subjected to the
second heating process, two successive crystallization
peaks can be seen in the range 75-110 °C (Fig. 3b) before
the melting one, around 160 °C, confirming the monotropic
nature of mesophase. On the other hand, the stability of
nematic phase is related to the size and polarity of the
group attached to the phenyl ring of BTU derivative. The
highest stability is seen for complex 4b that contains BTU
co-ligand with methoxy group in para position. Moreover,
the nematic phase of complex 4b is enantiotropic as it is for
complex Sb that contains fluorine group. Such a behaviour
is similar to that observed for other type of palladium(IIl)
complexes with the same BTU derivatives but different
Schiff base with two alkoxy groups instead of cyanobi-
phenyl promesogenic unit [21], when such a tendency was
a consequence of the polarity of the lateral substituent
located on the BTU co-ligand combined with a space-fill-
ing effect [31].

An interesting feature is given rise by comparing the
thermal behaviour of complexes 1b—7b with that of the
palladium(IT) analogues 8b bearing N,N-dialkyl-N'-benzoyl
thiourea derivatives which were reported elsewhere [12].
While most of the complexes in the present study (1b—7b)
show a narrow range monotropic nematic phase, their
Pd(Il) analogues having N,N-dialkyl-N'-benzoyl thiourea
derivatives show only an enantiotropic nematic phase with
a much higher thermal stability and with melting and
clearing points that are influenced by the chain length of
the corresponding BTU derivative (see Fig. 4). The
explanation for such a behaviour could be also related to
the much less favourable molecular shape adopted by
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Fig. 3 The DSC traces showing the first (a) and the second
(b) heating—cooling cycles for compound 3b

complexes with N-aryl-N'-benzoyl thiourea derivatives, as
mentioned above.

TSDC and electro-optical measurements

We chose to record the TSDC and electro-optical mea-
surements for complex 8b which has a broader mesomor-

phic range (approx. 20°C) and lower transition
temperatures, as well as a very high thermal stability (see
Fig. 4).

The schematic representation of the heating—cooling
cycles applied to the sample during the TSDC measure-
ments can be seen in Fig. 5 [32, 33]. In the preliminary
heating step (0), from room temperature to a pre-estab-
lished temperature (7},), higher than the nematic—isotropic
transition temperature of the liquid crystal, initial depo-
larisation of the sample takes place. In the steps 1, 2 and 3
there is no polarising field (E, = 0); these steps are
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Fig. 4 The DSC curve corresponding to complex 8b (first (a) and
second (b) heating—cooling cycles)
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Fig. 5 Schematic representation of the heating—cooling cycles
applied to complex 8b during TSDC measurements

performed to eliminate residual charges, induced by pre-
vious treatments applied on the sample.

During step 4, at T}, the polarising field E, = U,/g is
applied, (U, is the voltage applied on the sample and g is
the thickness of the sample) and it is maintained during the
cooling down to T (step 5). During the step 6, the field E,
is cut-off and the sample is short-circuited to eliminate
capacitive discharge. The depolarising currents (TSDC
spectra) are registered during step 7. The heating—cooling
rates were of 1 °C/min while the duration of steps 2, 4 and
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Fig. 6 The TSDC spectra of the complex 8b registered in step 7,
after applying different polarising electric fields on the sample (The
density of measurement point represented on the graph is reduced)

6 were of 15 min. For complex 8b, the polarisation tem-
perature (1},) was 150 °C while T, = 40 °C.

The TSDC spectra of the complex 8b, measured in step
7 after applying different voltages are depicted in Fig. 6.

All TSDC spectra show a peak (in absolute value) at
about 122 °C that corresponds to the very distinct Cr-N
transition. This transition involves a high energy and the
corresponding intensity peak overlaps the N-I peak, with
the exception of the curve registered after the highest pre-
applied electric field, that shows a distinct second broad
peak that is assigned to the N-I transition. The Cr-N
transition peak is very sharp and it has been more rarely
registered in this type of TSDC measurements. For exam-
ple, in a previous TSDC study on a liquid crystalline
organometallic palladium complex based on 4,4'-di-
hexyloxyazoxybenzene and acetylacetonate as co-ligand,
this transition was not detected, being totally overlapped by
the N-I corresponding peak [29].

Using the Arrhenius curve presented in Fig. 7, the value
of the activation energy was found to be E = 0.831 eV,
practically the same regardless the temperature.

The optical transmission measured in step 7, simulta-
neously with the thermally stimulated currents, is presented
in Fig. 8. The optical transmission is expressed in percent
(considering 100% for a perfect transparent sample and 0%
for a completely opaque one). A relatively high optical
transmittance was observed in the 40-60 °C temperature
range, when the complex 8b is in a supercooled nematic
mesophase. The optical transmission in this temperature
range is greater after higher pre-applied electric fields,
implying a higher degree of order. At about 60 °C, there is
an abrupt decrease in the optical transmission corre-
sponding to the transition to a non-birefringent crystalline
state. Further heating of the sample results in a strong
increase of the optical signal at around 125 °C,
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Fig. 8 Optical transmission of complex 8b measured in step 7
(heating without electric field). The pre-applied voltages, in step 4 and
5, are marked on the graph

concomitant with the transition from the crystalline state to
the nematic phase. The transition N-I can be easily seen at
about 140 °C when the transmission drops nearly zero
confirming the thermal behaviour seen on the second cycle
of heating in the DSC curve (Fig. 4b).

Figure 9 shows the optical transmission of 8b measured
in step 5. The compound passes from isotropic to nematic
around 140 °C, and it remains in the nematic state until the
room temperature. Again, there is a slight increase of the
optical transmission with the applied electric field, due to a
better orientation of the molecules. The current intensity
(I)—applied voltage (U) plots, I(U), for different voltages
ranging between —40 and 440 V were recorded both on
heating and cooling steps. The results are presented in
Fig. 10a for heating step and in Fig. 10b for the cooling
step
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Fig. 9 Optical transmission of complex 8b measured in step 5
(cooling with applied electric field).

As it can be seen, the dependence is practically ohmic for
the curves registered for lower applied electric fields
(=20 V, 420 V); at higher electric fields, especially for
relative higher temperatures, a nonlinear dependence is
much more pronounced. Obviously, as temperature increa-
ses, the electrical conductivity of the sample also increases;
this can be correlated with the decrease of the viscosity,
leading to a higher mobility of electrically charged carriers.

The slopes of the curves registered at 60 °C are pretty
different when measured during the heating or cooling
steps. This difference is related to thermodynamic stability
of the nematic phase. Thus, on cooling the sample from the
isotropic liquid to 60 °C, a supercooled nematic phase is
present in this temperature range, which is correlated with
a lower electrical resistance than the one corresponding to
the crystalline state which is present when the sample is
heated from the room temperature.

Experimental

Dichloromethane was distilled from phosphorus pentaox-
ide; the other chemicals were used as supplied.

"H NMR spectra were recorded on a Varian Gemini 300
BB spectrometer operating at 300 MHz, using CDCl; as
solvent. 'H chemical shifts were referenced to the solvent
peak position, 6 7.26 ppm.

The phase assignments and corresponding transition
temperatures for the palladium(Il) complexes were deter-
mined by optical-polarised light microscopy using a Nikon
50iPol microscope equipped with a Linkam THMS600 hot
stage and TMS94 control processor. Temperatures and
enthalpies of transition were obtained by DSC employing a
Diamond DSC Perkin Elmer. The materials (between 2 and
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4 mg) were studied at scanning rates of 5 and 10 °C/min
after being encapsulated in aluminium pans. Two or more
heating/cooling cycles were performed on each sample that
showed liquid crystalline properties. Mesophases were
assigned by their optical texture [34].

The experimental set-up for TSDC measurements has
been described in detail elsewhere [35]. In order to perform
the TSDC and electro-optical measurements, the complex
8b was filled in a 12 pm thick ITO covered sandwich glass
cell by capillarity. The optical transmission experiment
was performed in the following way: the optical beam from
a light source was transmitted through the cell and mea-
sured by the photomultiplier; crossed polarizers have been
used. The I(U) measurements were made by using a
Keithley 2400 electrometer and a temperature-controlled
hot stage Metler-Toledo 3200 series.

The synthesis of the two Schiff bases and of the dinu-
clear palladium(Il) complexes was carried out as described
elsewhere [9, 12]. The N-benzoyl thiourea derivatives as
well as their sodium salts used in this work were prepared
according to the methods published in literature [19, 36].

Synthesis of mononuclear palladium(II) complexes

The solid sodium salt of N-aryl-N'-benzoyl thiourea deriv-
ative (0.30 mmol) was added to a solution of the corre-
sponding binuclear complex (0.10 mmol) in CH,Cl, (15 ml)
and the resulting mixture was stirred at room temperature for
1 day. The solvent was removed and the solid was purified on
silica using CH,Cl, as eluant. The crude yellow solid was
recrystallised from a mixture of CH,Cl,/C,HsOH (1/1) at
—25 °C in the case of palladium(II) complexes.

The yields, elemental analysis results as well as 'H
NMR and IR data are presented below:

la Yield 51%, yellow crystals. Anal. Calcd for
C47H4oN4O4PdS: C, 65.2; H, 4.9; N, 6.5; Found: C, 64.8;
H, 5.3; N, 6.3.

'"H NMR (300 MHz, CDCl5): 8.12 (s, 1H), 7.74-7.51
(m, 12H), 7.42-7.34 (m, 5H), 7.22 (m, 2H), 7.03-6.98 (m,
4H), 6.90 (d, 1H, *J = 2.4 Hz), 6.60 (dd, *J = 8.4 Hz,
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4] = 2.4 Hz, 1H), 4.04 (m, 4H), 3.89 (s, 3H), 1.85 (m, 4H),
1.60 (m, 4H).

IR (cm™'): 2232w(ve—n); 1598, 1578s(veon); 1538,
1504, 1418vs(venycs), 1246vs(vey)-

1b. Yield 88%, yellow crystals. Anal. Calcd for
CseHgoN,O4PdS: C, 67.8; H, 6.1; N, 5.7; Found: C, 67.5;
H, 6.4; N, 5.5.

'"H NMR (300 MHz, CDCl5): 8.12 (s, 1H), 7.75-7.51
(m, 12H), 7.39 (m, 5H), 7.22 (m, 2H), 6.99 (m, 4H), 6.89 (s
br, 1H), 6.60 (dd, *J = 8.1 Hz, *J = 2.4 Hz, 1H), 4.04 (m,
6H), 1.83 (m, 6H), 1.62-1.30 (m, 18H), 0.89 (t,
3] = 6.5 Hz, 3H).

IR (ecm™Y): 2226w(ve—y); 1601, 1580s(veen); 1538,
1495, 1416VS(VCN+C5), 1249VS(VCN).

2a. Yield 72%, yellow crystals. Anal. Calcd for
C4sH44N,O4PdS: C, 65.6; H, 5.0; N, 6.4; Found: C, 65.3;
H, 54; N, 6.3.

'H NMR (300 MHz, CDCl3): 8.12 (s, 1H), 7.73 (d br,
2H), 7.64 (m, 4H), 7.53 (AA’BB’ system, °J = 8.8 Hz,
2H), 7.45-7.33 (m, 6H), 7.25-7.15 (m, 4H), 7.05-6.97 (m,
4H), 6.90 (s br, 1H), 6.60 (dd, *°J = 7.9 Hz, *J = 2.4 Hz,
1H), 4.04 (t, °J = 6.3 Hz, 4H), 3.89 (s, 3H), 2.36 (s, 3H),
1.85 (m, 4H), 1.58 (m, 4H).

IR (cm™'): 2224w(ve—y); 1603, 1579s(veon); 1539,
1505, 1419VS(VCN+C3), 1247VS(VCN).

2b. Yield 65%, yellow crystals. Anal. Caled for
Cs7HgN404PdS: C, 68.1; H, 6.2; N, 5.6; Found: C, 67.8;
H, 6.6; N, 5.3.

"H NMR (300 MHz, CDCl;): 8.13 (s, 1H), 7.73 (d br,
2H), 7.64 (m, 4H), 7.53 (AA’BB’ system, °J = 8.8 Hz,
2H), 7.45-7.33 (m, 6H), 7.25-7.15 (m, 4H), 6.99 (t,
AA'BB’ system, >J = 8.5 Hz, 4H), 6.90 (s br, 1H), 6.60
(dd, °J = 7.9 Hz, *J = 2.4 Hz, 1H), 4.09-4.01 (m, 6H),
2.36 (s, 3H), 1.85 (m, 6H), 1.62-1.28 (m, 18H), 0.89 (t,
3] = 6.5 Hz, 3H).

IR (cm™"): 2226w(ve—n); 1601, 1579s(veen); 1535,
1505, 1419vs(venacs), 1237vs(ven)-

3a. Yield 62%, yellow crystals. Anal. Calcd for
C43H4uN,4O4PdS: C, 65.6; H, 5.0; N, 6.4; Found: C, 65.2;
H, 5.3; N, 6.2.
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'H NMR (300 MHz, CDCl3): 8.13 (s, 1H), 7.75 (d br,
2H), 7.64 (m, 4H), 7.53 (AA’BB’ system, °J = 8.8 Hz,
2H), 7.45-7.33 (m, 7H), 7.25-7.21 (m, 3H), 7.00 (m, 4H),
6.91 (s br, 1H), 6.60 (dd, *J = 8.3 Hz, *J = 2.4 Hz, 1H),
4.07-4.01 (m, 4H), 3.90 (s, 3H), 2.38 (s, 3H), 1.85 (m, 4H),
1.59 (m, 4H).

IR (cm™'): 2224w(ve—y); 1604, 1579s(veon); 1540,
1504, 1417VS(VCN+CS)s 1247VS(VCN).

3b. Yield 70%, yellow crystals. Anal. Calcd for
Cs7HgN404PdS: C, 68.1; H, 6.2; N, 5.6; Found: C, 67.7,
H, 6.5; N, 5.4.

"H NMR (300 MHz, CDCls): 8.11 (s, 1H), 7.73 (d br,
2H), 7.64 (m, 4H), 7.53 (AA’BB’ system, °J = 8.8 Hz,
2H), 7.44-721 (m, 10H), 6.99 (t, AA'BB’ system,
3] = 8.5 Hz, 4H), 6.90 (d br, 1H), 6.60 (dd, *J = 8.3 Hz,
4] = 2.3 Hz, 1H), 4.09-4.01 (m, 6H), 2.35 (s, 3H), 1.85
(m, 6H), 1.62-1.28 (m, 18H), 0.89 (m, 3H).

IR (em™'):  2231w(ve=n); 1604,
1415vs(vengcs), 1250vs(ven)-

d4a. Yield 70%, yellow crystals. Anal. Calcd for
C4sH44N4O5PdS: C, 64.4; H, 5.0; N, 6.3; Found: C, 64.1;
H, 5.3; N, 6.0.

'"H NMR (300 MHz, CDCls): 8.11 (s, 1H), 7.75-7.62
(m, 6H), 7.53 (AA'BB’ system, °J = 8.8 Hz, 2H),
7.45-7.33 (m, 7H), 7.25-7.15 (m, 3H), 7.03-6.95 (m, 4H),
6.88 (d br, 1H), 6.60 (dd, *J = 8.1 Hz, *J = 2.4 Hz, 1H),
4.03 (t, °J = 6.6 Hz, 4H), 3.88 (s, 3H), 3.82 (s, 3H), 1.85
(m, 4H), 1.58 (m, 4H).

IR (cm™'): 2224w(ve_y); 1603, 1578s(veon); 1506,
1420VS(VCN+CS)’ 1247VS(VCN).

4b. Yield 73%, yellow crystals. Anal. Calcd for
Cs,Hg,N4O5PdS: C, 67.0; H, 6.1; N, 5.5; Found: C, 66.8;
H, 6.4; N, 5.3.

'"H NMR (300 MHz, CDCl5): 8.12 (s, 1H), 7.73 (d br,
2H), 7.64 (m, 4H), 7.53 (AA’BB’ system, °J = 8.8 Hz,
2H), 7.45-7.33 (m, 7H), 7.25-7.15 (m, 3H), 7.03-6.95 (m,
4H), 6.90 (s br, 1H), 6.60 (dd, *J = 8.1 Hz, *J = 2.4 Hz,
1H), 4.09-4.01 (m, 6H), 3.83 (s, 3H), 1.85 (m, 6H),
1.62-1.28 (m, 18H), 0.89 (m, 3H).

IR (cm™'): 2228w(ve—n); 1605, 1579s(veon); 1532,
1508, 1374VS(VCN+CS)a 1249VS(VCN).

Sa. Yield 50%, yellow crystals. Anal. Calcd for
C47H4 FN,O4PdS: C, 63.9; H, 4.7; N, 6.3; Found: C, 63.7,
H, 5.0; N, 6.1.

'H NMR (300 MHz, CDCly): 8.12 (s, 1H), 7.75-7.62
(m, 6H), 7.55-7.47 (m, 4H), 7.41-7.34 (m, 4H), 7.23 (m,
3H), 7.09-6.97 (m, 6H), 6.60 (dd, °J = 8.1 Hz,
4] = 2.4 Hz, 1H), 4.04 (t, °J = 6.6 Hz, 4H), 3.89 (s, 3H),
3.82 (s, 3H), 1.85 (m, 4H), 1.58 (m, 4H).

IR (cm™'): 2234w(ve—y); 1601, 1578s(veon); 1538,
1505, 143OVS(VCN+C3), 1247VS(VCN).

1581s(vean);

Sb. Yield 55%, yellow crystals. Anal. Caled for
Cs¢HsoFN,O4PdS: C, 66.6; H, 5.9; N, 5.5; Found: C, 66.2;
H, 6.3; N, 5.3.

"H NMR (300 MHz, CDCl5): 8.11 (s, 1H), 7.73 (m, 2H),
7.65 (m, 4H), 7.55-7.47 (m, 4H), 7.41-7.34 (m, 4H), 7.23
(m, 3H), 7.09-6.97 (m, 6H), 6.60 (dd, °J = 8.4 Hz,
4] = 2.2 Hz, 1H), 4.04 (m, 6H), 1.86 (m, 6H), 1.62—1.28 (m,
18H), 0.89 (m, 3H).

IR (cm™'): 2227w(ve=n); 1604, 1579s(veoy); 1540,
1506, 1423vs(venics), 1250vs(ven).

6a. Yield 73%, yellow crystals. Anal. Calcd for
C47H4CIN4,O4PdS: C, 62.7; H, 4.6; N, 6.2; Found: C, 62.6;
H, 4.7; N, 6.1.

'"H NMR (300 MHz, CDCls): 8.12 (s, 1H), 7.71-7.60
(m, 6H), 7.51 (t, AA'BB’ system, 3] = 8.5 Hz, 4H),
7.43-7.22 (m, 8H), 6.89 (d br, 1H), 6.59 (dd, °J = 8.5 Hz,
4] = 2.4 Hz, 1H), 4.05 (m, 4H), 3.89 (s, 3H), 1.86 (m, 4H),
1.58 (m, 4H).

IR (cm™'): 2226w(ve—n); 1602, 1578s(veon); 1533,
1505, 1429vs(venacs), 1246vs(ven).

6b. Yield 65%, yellow crystals. Anal. Calcd for
C56Hs9CIN,O4PdS: C, 65.6; H, 5.8; N, 5.5; Found: C, 65.4;
H, 6.4; N, 5.3.

'"H NMR (300 MHz, CDCls): 8.13 (s, 1H), 7.73-7.60
(m, 6H), 7.55-7.47 (m, 4H), 7.42-7.22 (m, 8H), 7.01-6.97
(m, 5H), 6.59 (dd, *J = 8.4 Hz, *J = 2.4 Hz, 1H), 4.05 (m,
6H), 1.86 (m, 6H), 1.62-1.28 (m, 18H), 0.89 (m, 3H).

IR (cm™'): 2223w(ve=n); 1602, 1579s(veey); 1537,
1504, 1420vs(venacs)s 1248vs(ven).

7a. Yield 53%, yellow crystals. Anal. Calcd for
C47H,BrN,O4PdS: C, 59.8; H, 4.4; N, 5.9; Found: C, 59.6;
H, 4.7; N, 5.7.

'"H NMR (300 MHz, CDCl5): 8.11 (s, 1H), 7.73 (d br,
2H), 7.65-7.33 (m, 13H), 7.20 (m, 3H), 6.99 (m, 4H), 6.86
(s br, 1H), 6.59 (dd, *J = 8.5 Hz, *J = 2.4 Hz, 1H), 4.05
(m, 4H), 3.88 (s, 3H), 1.86 (m, 4H), 1.58 (m, 4H).

IR (cm™'): 2225w(ve—n); 1602, 1579s(veon); 1538,
1504, 1418vs(venacs)s 1249vs(ven).

7b. Yield 55%, yellow crystals. Anal. Calcd for
Cs6H50BrN,O4PdS: C, 62.8; H, 5.6; N, 5.2; Found: C, 62.4;
H, 6.1; N, 5.0.

'"H NMR (300 MHz, CDCls): 8.11 (s, 1H), 7.73-7.60
(m, 6H), 7.55-7.47 (m, 4H), 7.42-7.20 (m, 8H), 7.01-6.97
(m, 5H), 6.61 (dd, *J = 8.4 Hz, *J = 2.4 Hz, 1H), 4.05 (m,
6H), 1.86 (m, 6H), 1.62-1.28 (m, 18H), 0.89 (m, 3H).

IR (cm™'): 2226w(ve—n); 1605, 1578s(veon); 1536,
1418vs(venics)s 1250vs(ven)-
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