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A series of ortho-metallated Pd and Pt complexes containing an imine ligand carrying three alkoxy chains and
N-benzoylthiourea derivatives as co-ligands were prepared and their liquid crystalline properties investigated.
Their structures were assigned based on elemental analysis, IR and 1H NMR spectroscopy, whereas thermal
properties were investigated by differential scanning calotimetry and polarising optical microscopy. All the
compounds exhibit monotropic transitions involving nematic and smectic A phases, with the mesomorphic
behaviour strongly related to the type of N-benzoylthiourea as well as the metal centre used. The thermally
stimulated depolarisation current technique was employed to determine the conduction mechanism, phase transi-
tion temperature and the activation energies for one of the ortho-metallated Pd complexes.
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1. Introduction

Palladium and platinum organometallic complexes

with nitrogen-containing heteroaromatic ligands

represent one of the most interesting and intensively

studied class of metallomesogens (metal-containing

compounds displaying liquid crystalline behaviour),

and consist of both dinuclear and mononuclear orga-

nometallic systems (1).
One of the most widely used class of heteroaromatic

ligands is represented by the imine ligands that have

been used in ortho-metallation reactions and have

shown a strong tendency to form, with palladium and

platinum precursors, cyclometallated five-membered

rings containing the metal ions in a square-planar envir-

onment. In this way, a large number of di- and mono-

nuclear species with liquid crystal properties has been
prepared and investigated, due to the different possibi-

lities for tuning the mesogenic properties of such com-

pounds, as well as other physico-chemical properties (2).

On the other hand, in order to reduce the transition

temperatures and to keep a broad mesomorphic range

in such systems containing the ortho-metallated imine

fragment, various co-ligands have been introduced,

which lead, in most of the cases, but not always, to
mononuclear compounds with more accessible and

sometimes more stable mesophases compared with

the dinuclear parent complexes. Several classes of co-

ligands were used to prepare mononuclear species with

improved mesogenic properties, e.g. �-diketones (3),

�-aminoenonates (3a, 4), �-amino acids (5), cyclopen-

tadienyls (6) or dialkyldithiocarbamates (7). For
example, it is well known that dimeric compounds

[(C-N)PdCl]2 (C-N = ortho-palladated imine with

two long alkyl chains) form smectic A (SmA) and

smectic C (SmC) phases at high temperatures, whereas

the monomeric complexes with �-diketonate ligands

[(C-N)Pd(acac)] form nematic and SmA phases at sig-

nificantly lower temperatures (3a–3c).

In previous studies, we have shown that the use of
N-benzoylthiourea derivatives as co-ligands in combi-

nation with the ortho-palladated imine fragment

destabilises the mesogenic behaviour of these com-

plexes and a monotropic nematic phase is observed

(8). Indeed, these derivatives proved to be very good

chelating ligands due to the presence of two very

strong donor groups (carbonyl and thioamide), react-

ing with transition metals mostly in monoanionic and
bidentate form by deprotonation, resulting in neutral

complexes with S,O-coordination (9). Only few other

studies (10–12) dealing with purely organic liquid

crystals based on N-benzoylthiourea moiety have

been reported previously, which prompted us to

extend the study regarding the influence of N-

benzoylthiourea derivatives on the mesogenic beha-

viour of ortho-metallated imine fragment in order to
establish some structure–property correlations and to

prepare liquid crystalline materials with low transition

temperatures and broad mesomorphic range.
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In this paper, we report the preparation, the meso-

genic behaviour and thermally stimulated depolarisa-

tion current (TSDC) measurements of a series of

ortho-metallated palladium and platinum complexes

with an imine ligand carrying three alkoxy chains and

having N-benzoylthiourea derivatives as co-ligands.

It was previously shown that the molecular geome-
try and the number of peripheral chains linked to the

aromatic core of imine ortho-metallated mesogens

greatly influence the type of mesophase exhibited in

the case of dinuclear complexes. Thus, the first exam-

ples of both mono- and dinuclear palladium ortho-

metallated complexes with imine ligands carrying

three alkyl chains were reported recently to show

SmA and SmC phases (13), whereas the related dinuc-
lear compounds with imine ligands bearing four alkyl

chains, due to their sheet-like shape, exhibit nematic

discotic mesophases (14).

The TSDC method is a powerful tool for determi-

nation of phase transitions, which often present reso-

lution difficulties with other techniques (15, 16),

activation energies and the nature of the conduction

mechanism in a material. The TSDC spectra exhibit
several peaks indicating different processes occurred

in the sample (depolarisation of permanent dipoles,

release of charges, polarisation changes connected to

phase transitions), whereas the optical transmission is

simultaneous.

2. Results and discussion

The synthetic pathway used to prepare the

palladium(II) and platinum (II) complexes is depicted

in Scheme 1. The dinuclear acetato-bridged palladium

complex 2 was obtained by ortho-palladation reaction

of the imine 1, by using [Pd(OAc)2]3, with good yield.

The mononuclear Pd(II) complexes were prepared by

reacting the dinuclear acetato-bridged complex with
sodium salts of N-benzoylthiourea derivatives

(NaBTU) in dichloromethane. These mononuclear

complexes were obtained in moderate to good yields

as yellow microcrystalline solid products, which are

stable under atmospheric conditions. The dinuclear

chloro-bridged ortho-platinated compound was pre-

pared by ortho-platination of the imine ligand using

[Pt(�-Cl)(�3-C4H7)]2 as starting material. The crude
product was used in the next step for the preparation

of the mononuclear species without further character-

isation and purification. The preparation of mono-

nuclear ortho-platinated complexes was carried out

by ligand exchange reaction of the chloro-bridged

dinuclear platinum(II) complex using the correspond-

ing sodium salts of the N-benzoylthiourea derivatives.

The new platinum(II) complexes were obtained in

moderate yields as orange microcrystalline solid

products.

All the new products were characterised by ele-

mental analysis, IR, 1H NMR spectroscopy whereas

the liquid crystal properties were investigated by dif-

ferential scanning calorimetry (DSC) and polarising

optical microscopy (POM).
The formation of the mixed-ligands ortho-metal-

lated mononuclear complexes can be confirmed read-

ily by IR and 1H-NMR spectroscopy when the

coordination of the N-benzoylthiourea derivatives in

the deprotonated form is confirmed by the disappear-

ance of �NH (,3300 cm-1) and �C=O (,1670 cm-1)

frequencies (compared to the IR spectra of free

ligands) together with a shift of �C-N frequency
towards lower wavenumbers. All this information sug-

gests the absence of NH hydrogen located between

carbonyl and thiocarbonyl groups of the benzoyl

thioureic moiety, which is further supported by
1H NMR spectroscopy.

The 1H NMR spectra of platinum(II) complexes

show the 195Pt satellites, which confirm that the ortho-

platination process occurred, and from which the cou-
pling constants 3JPt-H were deduced. The values of

these constants were in the expected range for such

compounds and are similar with those found for other

ortho-platinated complexes (17).

Another interesting feature of the 1H NMR spec-

tra of mononuclear palladium and platinum(II) com-

plexes is the presence of only one set of signals, which

suggests the presence of only one isomer in solution, as
was previously found in the case of ortho-metallated

palladium(II) complexes containing an imine ligand

with two alkoxy chains and N-benzoythiourea deriva-

tives as co-ligands (it is possible for these complexes to

exist as a mixture of two isomers, with the sulfur atom

of the N-benzoylthiourea ligand in trans or cis position

to the nitrogen atom of the azomethine group of the

imine ligand) (8).

2.1 Thermal behaviour

The palladium and platinum complexes were investi-

gated for their potential liquid crystal properties by a

combination of hot-stage POM and DSC. The ther-

mal data are presented in Table 1. The mesophases

were assigned based on their optical texture, three
examples of which are shown in Figures 1–2. It is

worth noting that the imine with three alkoxy chains

used as ligand is not a liquid crystal (1: Cr–I, 74�C).

Both palladium(II) and platinum(II) complexes

exhibit a monotropic SmA phase, which could be

assigned by the typical fan-shaped texture that can

be aligned homeotropically. The complexes 5 and 6

exibit an additional monotropic nematic phase on
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D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



cooling from the isotropic liquid, with typical schlie-

ren and marbled textures (Figure 3).
The thermal behaviour of these complexes is not

unexpected as they can be regarded as tricatenar sys-

tems for which the presence of smectic and nematic

phases is well known. The only compound reported in

the literature and available for comparison from this

point of view is an ortho-metallated Pd(II) complex

that posseses an imine ligand with three alkyl chains

and a �-substituted-phenyldiketonate as co-ligand,
which exhibits a monotropic nematic phase (18).

Thus, it is clear that the use of N-benzoylthiourea

derivatives as co-ligands together with the ortho-

metallated imine fragment destabilises the mesogenic

behaviour of these complexes to such an extent that

only monotropic behaviour is seen for all prepared

complexes, with the temperature of the transition to

mesophase within a broad range 10–45�C below the
clearing temperature, depending on the type of sub-

stituents of the benzoyl thioureic moiety.

Interestingly, the smectic phase of Pd complexes is

stable up to room temperature for several hours after

which a slow crystallisation process occurs, whereas in

the case of complex 3 several heating to isotropic

liquid–cooling cycles can be performed before crystal-

lisation occurs.

Obviously, the mesogenic behaviour of these com-

plexes is driven by the ortho-metallated imine frag-
ment, but the nature of the N-benzoylthiourea

derivative, in particular R1 and R2 substituents, has a

major influence on their mesogenic properties. It is

important to note that, when compared to previously

reported palladium(II) complexes bearing 4-hexyloxy

benzylidene-4¢-hexyloxyaniline as imine ligand and

N-benzoyl thiourea derivatives as co-ligands, which

exhibited only a strong monotropic nematic phase
(8), the introduction of an additional alkoxy chain

on the benzylidene ring together with longer carbon

chains are responsible for the stabilisation of the

lamellar phase. Thus, in the case of Pd(II) complexes

bearing N,N-dialkyl-N¢-benzoylthiourea derivatives

(3–7), the melting points and the temperature of the

transition from isotropic to SmA phase are influenced

by the chain length (see Figure 4); there is a clear
tendency of decrease of the stability of the SmA

phase with the increasing the chain length up to butyl

groups, followed by an increase when hexyl groups are

replaced with octyl groups. An explanation for such

behaviour could be discussed in terms of molecular

anisotropy of these complexes, e.g. the length-to-

breadth ratio (19). The terminal alkoxy chains on the

imine fragment are unchanged, which means that

OC10H21

N

OC10H21

C10H21O
i) [Pd(OAc)2 ]3/CH2Cl2

ii) BTUNa/CH2Cl2

OC10H21

N

OC10H21

M

O

S
N

NR1R2

C10H21O

1 M = Pd  3 - 12
M = Pt   13, 14

[Pt(μ-Cl)(η3-C4H7)]2/CH3OH

or

R1 = R2 = Et 3 R1 = H, R2 = Ph 8

Pr 4, 13 p-MeO-Ph 9

5 p-F-Ph 10Bu

Hex 6 p-Cl-Ph 11

Oct 7, 14 p-Br-Ph 12

OC10H21

N

OC10H21

Pd

C10H21O

OAc

2

2

Scheme 1. Preparation of mononuclear Pd(II) and Pt(II) ortho-metallated complexes.
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increasing the length of the alkyl chains of N-ben-

zoylthiourea derivatives leads to the increase of the

molecular breadth with immediate consequences on

mesogenic behaviour. In this way, the minimum stabi-

lity of the SmA phase is reached for complexes 5 and 6

when a short-range nematic phase appears. Further, as

the alkyl chain becomes longer on going from butyl to
octyl, we can assume that these chains adopt the con-

formation that runs along the mesogenic core and no

further significant change in the stability of the SmA

phase is seen. The same influence on transition tem-

peratures with increasing the alkyl chain length from

ethyl to octyl was observed for other ortho-metallated

palladium(II) complexes bearing imine ligands and dia-

lkyldithiocarbamates as co-ligands (7).
On the other hand, if we consider now the remain-

der of the materials, the Pd(II) complexes with N-

benzoyl-N¢-phenylthiourea derivatives (8–12), the

complex 8 could be a useful starting point, based on

an unsubstituted N-benzoyl-N¢-phenyl ligand. This

complex exhibits a low melting point, 71�C, and a

strong monotropic SmA phase stable at room tem-

perature with the lowest transition temperature from
isotropic to SmA phase of all complexes. One reason

for this behaviour could be the high flexibility of the

structure adopted by this type of ligand with a less

favourable molecular shape together with the intra-

molecular hydrogen bonds, N–H. . .S, that could be

formed between the S atom of the thiocarbonyl

group and the hydrogen atom of the amino –NHR

group of the N-benzoylthiourea ligand. Thus, several
new N-benzoylthiourea derivatives were introduced

with the aim of establishing some structure–property

correlations. It was found that, whereas the melting

points were higher by 10–30�C when compared to

their related complexes having N-dialkyl-N¢-ben-

zoylthiourea derivatives, the stability of SmA meso-

phase increased with increasing the size of the group

attached to the benzene ring of BTU derivative, on
going from F to Br and then to methoxy group. This

tendency originates from the favourable lamellar

packing as a consequence of the polarity of the lateral

substituent located on the N-benzoylthiourea co-

ligand combined with a space-filling effect. The most

dramatic change occurs with the introduction of fluor-

ine substituent in complex 9, when the temperature of

the transition from isotropic liquid to SmA was 32�C
higher than the one of complex 8. This could be readily

explained by the introduction of a lateral dipole, which

is responsible for the stabilisation of the lamellar pack-

ing. Now, a comparison of the mesogenic behaviour of

the palladium and platinum complexes, which possess

the same structure, reveals the same type of meso-

phases but with higher transition temperatures in the

case of platinum complexes, which is a consequence of

Table 1. Thermal data for palladium(II) and platinum(II)
complexes.

Compound M Transition T/�C �H /kJ mol-1

2 Cr–I 110 64.8

(I–SmA) (75) (4.3)

3 Cr–Cr¢ 53

Cr¢–I 62 60.6

(I–SmA) (53) (2.9)

4 Cr–I 63 58.0

(I–SmA) (51) (2.3)

5 Cr–Cr¢ 63

Cr¢–I 71 49.6

(I–N) (44) (0.7)

(N–SmA) (42) (0.7)

6 Cr–I 68 38.7

(I–N) (55) (0.9)

(N–SmA) (43) (0.2)

7 Cr–Cr¢ 53

Cr¢–I 62 25.5

(I–SmA) (52) (2.8)

8 Pd Cr–Cr¢ 43 3.0

Cr¢–I 71 57.0

(I–SmA) (26) (2.3)

9 Cr–Cr¢ 59 43.2

Cr¢–I 80 24.3

(I–SmA) (58) (4.3)

10 Cr–Cr¢ 67 58.5

Cr¢–I 85 8.7

(I–SmA) (53) (3.7)

11 Cr–Cr¢ 66 13.8

Cr¢–I 91 31

(I–SmA) (55) (3.3)

12 Cr–Cr¢ 71 24.7

Cr¢–I 93 29.8

(I–SmA) (56) (3.1)

13 Pt Cr–Cr¢ 67 53.7

Cr¢–I 73

(I–SmA) (63) (2.9)

14 Cr–I 79 35.9

(I–SmA) (70) (4.2)

Figure 1. Polarising optical microphotograph of the SmA
phase of compound 3 at 49�C (200·).
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replacing palladium with the heavier platinum metal

that brings an enhancement in polarisation. The sta-

bility of the smectic phase increased for both

platinum(II) complexes, 13 and 14 compare to their

Pd analogues (Figure 4). A similar change in meso-
genic properties, when replacing palladium with plati-

num, was reported for other ortho-metallated imine

complexes (20).

2.2 TSDC measurements

The experimental set-up for TSDC measurements has

been described in detail elsewhere (21, 22). Figure 5
shows the heating–cooling steps of the experiment. In

the first heating step (0), from room temperature to a

(a) (b)

Figure 2. Polarising optical microphotograph of the SmA phase of (a) compound 13 at 61�C and (b) 14 at 69�C (200·).

(a)

(b)

Figure 3. Polarising optical microphotographs of
compound 5, as observed on cooling: (a) nematic phase at
43�C; (b) SmA phase at 41�C (200·).

Figure 5. Heating–cooling cycles applied to the sample.

Figure 4. Thermotropic behaviour of Pd(II) and Pt(II)
complexes (TI-N is included for complexes 5 and 6).
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pre-established temperature (Tp), higher than the

smectic to isotropic transition temperature of the

liquid crystal, initial depolarisation of the sample

takes place. During the steps 1, 2, and 3 the polarising

field Ep = 0; these steps are performed to eliminate the

eventuality of charges existing due to previously treat-

ments applied to the sample (manufacturing or pre-
viously applied heating–cooling cycles and electric

field).

During step 4, at Tp, the polarising field Ep = Vp/g

is applied (Vp is the voltage applied to the sample and g

is the thickness of the sample) and it is maintained

during the cooling down to T0 (step 5). During the

step 6, the field Ep is cut off and the sample is short-

circuited to eliminate capacitive discharge. The depo-
larising currents are registered during step 7. The heat-

ing–cooling rates were 1 K min-1 and steps 2, 4 and 6

were 15 min in duration. In this experiment, the polar-

isation temperature is Tp = 80�C and T0 = 25�C.

The optical beam from a light source is transmitted

through the sample and measured by the photomulti-

plier; crossed polarisers have been used.

According to the heating–cooling cycles presented
in Figure 5, the electrical field Ep is applied to the

sample at the higher temperature Tp and it is main-

tained constant during cooling. The polarisation of

the dielectrics submitted to an external electric field is

due to the mechanisms involving microscopic or

macroscopic charge displacement. Since the internal

friction and ionic mobility depend exponentially on

temperature, heating a dielectric to a high temperature
Tp enhances the response time of permanent dipoles

and internal free charges to the applied electric field

and allows the equilibrium polarisation to be reached

in short time. When the polarisation field is main-

tained while cooling the sample to a temperature To

sufficiently low to increase the relaxation times of the

dipoles and ions to values of hours or more, these are

practically ‘‘frozen’’ in the electrical configuration
reached at Tp and consequently do not respond when

the field is switched off. The equilibrium polarisation

Pe(Tp) reached during the polarisation phase 5 is con-

sequently considered constant at the end of the cool-

ing, when the heating step begins (step 7).

In step 7, the thermally induced depolarisation cur-

rents are measured. The thermally stimulated depolar-

isation currents versus temperature are shown in Figure
6. It can be seen that at the smectic–isotropic phase

transition the current has a minimum, the value of

which increases with the polarising voltage.

Consider that the charge given by (23, 24):

Q ¼ �
Z t2

t1

i tð Þdt ¼ � dt

dT

Z T2

T1

i Tð ÞdT ; ð1Þ

where t1 and t2 represent the times between which the

temperature varies from T1 to T2 with a linear con-

stant rate. We notice that the sign of the charge

depends on the sign of the current and on the sign of
variation with temperature, dt

dT
; for step 7, the last term

is positive, because the temperature is increasing.

Considering the polarity of the voltage applied on

the sample positive compared to the ground, it follows

that if the current is positive, it is produced by a hetero-

charge (with a polarity opposing that of the electrode),

and if the current is negative, it is due to a homocharge.

In our experiments, the TSDC diagrams have shown
negative currents, due to homocharges (25).

The Arrhenius curve corresponding to a decrease

of the temperature, at 0.5 V, is depicted in Figure 7. As

can be seen from the graph, this slope exhibits a

discontinuity at approximate 53.7�C. When measured

at 0.5 V, the activation energy is 0.958 eV for

Figure 6. TSDC spectra for complex 3, step 7, after applying
different polarisation voltages in previous step 5.

Figure 7. Arrhenius curve, ln(I) = f(1/T), step 5, at the
decrease of the temperature, at 0.5 V polarisation voltage.

128 V. Cı̂rcu et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



temperatures higher than 62�C and 1.32 eV for tem-

peratures lower than 55�C. For a voltage of 1 V, the

activation energy becomes 0.968 eV above 62�C and

1.23 eV below 55�C. It follows that the difference

between the activation energies in the specified
domains decreases with the polarising voltage, which

can be assigned to the freezing of the structure with the

electric field.

Figure 8 shows the optical transmission measured

with increasing of the temperature, after applying dif-

ferent polarisation voltages to the sample. The follow-

ing observations can be made.

(1) The optical transmission has a sharp maximum

at the SmA–I phase transition temperature. This

might be explained by the presence of the SmA–I

phase transition frontier. This region is strongly

birefringent and might determine an increase of

the optical signal while it is present in the optical

field of the microscope. The temperature of

SmA–I transition was recorded during the heat-
ing cycle, step 7; it is important to note here that

this compound, on cooling, remains in the SmA

phase at room temperature.

(2) With a further increase of the temperature, to the

isotropic phase, the transmission decreases.

(3) The optical transmission depends slightly with the

polarising voltage applied in step 5, explained by

the partial ‘‘freezing’’ of the crystal structure.

3. Conclusions

A series of ortho-metallated Pd and Pt complexes con-

taining an imine ligand carrying three alkoxy chains

and N-benzoylthiourea derivatives as co-ligands have

been synthesised and their liquid crystalline properties

investigated. All the compounds exhibit monotropic

transitions with nematic and SmA phases being dis-

played, with the mesomorphic behaviour strongly

related to the type of N-benzoylthiourea ligand as

well as the metal centre used. The TSDC technique

was employed to determine the conduction mechan-

ism, phase transition temperature and the activation
energies for an organometallic palladium(II) com-

pound that contains an ortho-metallated imine frag-

ment. The influence of previously applied electric

fields on the phase transition temperature was studied.

The SmA–I transition temperature increases with an

increase of the pre-applied voltage. The optical trans-

mission in the smectic state increases slightly with a

previously applied electric field.

4. Experimental

Dichloromethane was distilled from phosphorus pen-

taoxide; other chemicals were used as supplied.
1H NMR spectra were recorded on a Varian

Gemini 300 BB spectrometer operating at 300 MHz,

using CDCl3 as solvent. 1H chemical shifts were refer-

enced to the solvent peak position, �7.26. Analysis by

DSC was carried out with Perkin-Elmer DSC7 and

Diamond instruments using 5 and 10�C min-1 scan-
ning rates. Two or more heating–cooling cycles were

performed on each sample. Mesomorphism was stu-

died by hot-stage POM using a Nikon 50i Pol micro-

scope equipped with a Linkam THMS600 hot stage

and a TMS94 temperature controller. Mesophases

were assigned by their optical texture (26). For sample

preparation for TSDC measurements, the liquid crys-

talline compound 3 was filled in an 18 �m thick ITO-
covered sandwich-type glass cell.

The N-benzoylthiourea derivatives and their

sodium salts used in this work were prepared accord-

ing to methods published in the literature (27).

4.1 Synthesis of imine ligand 1

To a solution of p-decyloxyaniline (0.249 g, 1 mmol) in
ethanol (20 cm3), 3,4-didecyloxybenzaldehyde

(0.418 g, 1 mmol) followed by five drops of glacial

acetic acid were added. The mixture was heated under

reflux for 2 h and then cooled to –25�C to give the crude

product. Recrystallisation from hot ethanol gave the

analytically pure product as off-white crystals.

4.2 Synthesis of dinuclear palladium(II) and
platinum(II) complexes

The imine ligand (2.5 mmol) was dissolved in dichlor-

omethane (30 cm3) and palladium acetate trimer

Figure 8. Optical transmission versus temperature,
measured for complex 3 in step 7, after different
polarisation voltages applied in step 5.
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(0.83 mmol) was added. The resulting mixture was

stirred at room temperature for 18 h after which the

solvent was removed in vacuo. The residue was crys-

tallised from a mixture dichloromethane–ethanol to

give the yellow-green crystalline products, which were

washed with cold ethanol and dried under vacuum.

In the case of chloro-bridged dinuclear
platinum(II) complexes, the starting material was

[Pt(�-Cl)(�3-C4H7)]2, which was prepared according

to literature data (28). Thus, the mixture of the imine

ligand and [Pt(�-Cl)(�3-C4H7)]2 in methanol, in molar

ratio 2:1, was stirred for 1 day at room temperature.

The resulting brown precipitate was filtered and

washed several times with cold methanol. The pre-

paration of the dinuclear platinum(II) complexes fol-
lowed the procedure described in the literature (29).

The crude product was used in the next step, for the

preparation of mononuclear species, without further

purification.

4.3 Synthesis of mononuclear palladium(II) and
platinum(II) complexes 3–14

The synthesis of 3 is described here. The other Pd(II)

and Pt(II) complexes were prepared in the same man-

ner using binuclear palladium or platinum complex/

sodium salt of N-benzoylthiourea with a molar ratio

of 1:3.

Solid sodium salt of N,N-diethyl-N¢-ben-

zoylthiourea (0.0715 g, 0.27 mmol) was added to a

solution of binuclear palladium complex (0.075 g,
0.09 mmol) in dichloromethane (15 cm3) and the mix-

ture stirred at room temperature for 24 h.

Evaporation of the solvent gave a yellow solid, which

was purified by chromatography on silica using

dichloromethane as eluent to give a yellow solid.

This was recrystallised from a mixture of dichloro-

methane/ethanol (1/1) at –25�C.

The platinum(II) complexes were recrystallised
from a mixture of acetone/methanol (1/1) at –25�C.

The yields, elemental analysis results as well as 1H

NMR data are presented below.

For complex 1: yield 47%, as off-white crystals;

m.p. 74�C. Elemental analysis: calculated for

C43H71NO3, C 79.5, H 11.0, N 2.2; found, C 79.1, H

11.4, N 2.4%. 1H NMR (300 MHz, CDCl3): 8.35 (s,

1H, CH=N), 7.60 (d, broad, 1H), 7.27 (dd, J = 1.8 Hz
and J = 8.3 Hz, 1H), 7.19 (AA¢BB¢ system, J = 8.9 Hz,

2H aniline ring), 6.92 (d, J = 8.9 Hz, 3H), 4.12–4.03

(m, 4H, 2OCH2 groups), 3.97 (t, J = 6.5 Hz, 2H,

OCH2), 1.90–1.25 (m, 40H, CH2 groups), 0.95–0.85

(m, 9H, CH3 groups). IR (cm-1): 1621 (�C=N), 1266,

1243 (�C-O-C).

For complex 2: yield 63%, as yellow crystals.

Elemental analysis: calculated for C90H146N2O10Pd2,

C 66.4, H 9.0, N 1.7; found, C 63.9, H 9.4, N 1.5%. 1H

NMR (300 MHz, CDCl3): 7.43 (s, 1H), 6.81 (s, 1H),

6.65 (q, J = 7.0 Hz, 4H), 5.99 (s, 1H), 3.99–3.45 (m,

6H), 1.89 (s, 3H), 1.78 (m, 6H), 1.52–1.24 (m, 26H),

0.95–0.85 (m, 9H). IR (cm-1): 1597 (�C=N), 1259

(�C-O-C).

For complex 3: yield 72%. Elemental analysis: cal-
culated for C55H85N3O4PdS(%), C 66.7, H 8.6, N 4.2;

found, C 66.3, H 9.1, N 4.7%. 1H NMR (CDCl3,

300 MHz): 8.08 (1H, s), 7.76 (2H, m), 7.40–7.35 (3H,

m), 7.24–7.21 (2H, m), 7.01–6.95 (4H, m), 4.17–3.83

(10H, m), 1.90–1.20 (48H, m), 0.88 (15H, m). IR

(cm-1): 1588(�C=N), 1528(�NH), 1418(�CN+CS).

For complex 4: yield 75%. Elemental analysis: cal-

culated for C57H89N3O4PdS(%), C 67.2, H 8.8, N 4.1;
found, C 66.9, H 9.2, N 3.8%. 1H NMR (CDCl3,

300 MHz): 8.08 (1H, s), 7.77 (2H, m), 7.40–7.33 (3H,

m), 7.22 (2H, m), 7.01 (2H, s br), 6.97 (2H, d, AA¢XX¢,
J = 8.8 Hz), 4.14 (2H, t, J = 6.8 Hz), 4.02 (2H, t, J =

6.5 Hz), 3.94 (2H, t, J = 6.7 Hz), 3.89–3.75 (4H, m),

1.96–1.20 (52H, m), 1.03 (3H, t, J = 7.4 Hz), 0.97–0.85

(12H, m). IR (cm-1): 1584(�C=N), 1515(�NH),

1420(�CN+CS).
For complex 5: yield 68%. Elemental analysis: cal-

culated for C59H93N3O4PdS(%), C 67.7, H 9.0, N 4.0;

found, C 67.5, H 9.4, N 3.85. 1H NMR (CDCl3,

300 MHz): 8.08 (1H, s), 7.77 (2H, m), 7.41–7.34 (3H,

m), 7.27–7.19 (2H, m), 7.01 (1H, s), 7.00 (1H, s), 6.97

(2H, d, AA¢XX¢, J = 8.9 Hz), 4.11 (2H, t, J = 6.7 Hz),

4.02 (2H, t, J = 6.5 Hz), 3.96–3.78 (6H, m), 1.94–1.23

(56H, m), 1.05 (3H, t, J = 7.3 Hz), 0.95–0.85 (12H, m).
IR (cm-1): 1585(�C=N), 1523(�NH), 1418(�CN+CS).

For complex 6: yield 81%. Elemental analysis: cal-

culated for C63H101N3O4PdS(%), C 68.6, H 9.2, N 3.8;

found, C 68.3, H 9.6, N 3.5%. 1H NMR (CDCl3,

300 MHz): 8.08 (1H, s), 7.77 (2H, m), 7.43–7.34 (3H,

m), 7.22 (2H, m), 7.01 (1H, s), 7.00 (1H, s), 6.97 (2H, d,

AA¢XX¢, J = 8.9 Hz), 4.13 (2H, t, J = 6.6 Hz), 4.02

(2H, t, J = 6.5 Hz), 3.97 – 3.75 (6H, m), 1.90–1.25
(64H, m), 0.95–0.85 (15H, m). IR (cm-1):

1586(�C=N), 1523(�NH), 1423(�CN+CS).

For complex 7: yield 65%. Elemental analysis: cal-

culated for C67H109N3O4PdS(%), C 69.4, H 9.5, N 3.6;

found, C 68.9, H 9.9, N 3.3%. 1H NMR (CDCl3,

300 MHz): 8.08 (1H, s), 7.78 (2H, m), 7.41–7.34 (3H,

m), 7.22 (2H, m), 7.01 (2H, s br), 6.97 (2H, d, AA¢XX¢,
J = 8.8 Hz), 4.14 (2H, t, J = 6.6 Hz), 4.02 (2H, t, J =
6.5 Hz), 3.97–3.75 (6H, m), 1.90–1.25 (64H, m), 0.95–

0.85 (15H, m). IR (cm-1): 1585(�C=N), 1522(�NH),

1418(�CN+CS).

For complex 8: yield 62%. Elemental analysis: cal-

culated for C57H81N3O4PdS(%), C 67.7, H 8.1, N 4.2;

found, C 67.4, H 8.5, N 3.8%. 1H NMR (CDCl3,

300 MHz): 8.08 (1H, s), 7.75 (2H, m), 7.62–7.57 (2H,

m), 7.41–7.35 (6H, m), 7.23–7.17 (2H, m), 7.02 (1H, s),
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6.98 (2H, d, AA¢XX¢, J = 8.9 Hz), 6.86 (1H, s), 4.12

(2H, m), 4.03 (2H, t, J = 6.5 Hz), 3.95 (2H, t, J =

6.7 Hz), 1.90–1.25 (42H, m), 0.89 (15H, m). IR

(cm-1): 1591(�C=N), 1534(�NH), 1417(�CN+CS).

For complex 9: yield 70%. Elemental analysis: cal-

culated for C58H83N3O5PdS(%), C 66.9, H 8.0, N 4.0;

found, C 66.8, H 8.2, N 3.8%. 1H NMR (CDCl3,
300 MHz): 8.07 (1H, s), 7.96 (2H, m), 7.71 (2H, m),

7.46 (2H, d, AA¢XX¢, J = 8.9 Hz), 7.38 (2H, d,

AA¢XX¢, J = 8.9 Hz), 7.24–7.17 (2H, m), 7.01 (1H, s),

6.97 (2H, d, AA¢XX¢, J = 8.9 Hz), 6.93–6.85 (2H, m),

4.12 (2H, m), 4.02 (2H, t, J = 6.5 Hz), 3.92 (2H, t, J =

6.6 Hz), 3.83 (s, 3H), 1.88–1.23 (42H, m), 0.87 (15H,

m). IR (cm-1): 1581(�C=N), 1536(�NH), 1430(�CN+CS).

For complex 10: yield 67%. Elemental analysis:
calculated for C57H80FN3O4PdS(%), C 66.5, H 7.8,

N 4.1; found, C 66.4, H 8.0, N 3.95. 1H NMR

(CDCl3, 300 MHz): 8.07 (1H, s), 7.71 (2H, m), 7.54–

7.48 (2H, m), 7.40–7.36 (3H, m), 7.22 (2H, t br), 7.07

(2H, t, AA¢MXX¢, J = 8.6 Hz), 7.01 (1H, s), 6.97 (2H,

d, AA¢XX¢, J = 8.8 Hz), 6.85 (1H, s br), 4.11 (2H, m),

4.02 (2H, t, J = 6.6 Hz), 3.94 (2H, t, J = 6.7 Hz), 1.90–

1.25 (42H, m), 0.89 (15H, m). IR (cm-1): 1586(�C=N),
1536(�NH), 1427(�CN+CS).

For complex 11: yield 73%. Elemental analysis:

calculated for C57H80ClN3O4PdS(%), C 65.5, H 7.7,

N 4.0; found, C 65.0, H 8.2, N 3.85. 1H NMR (CDCl3,

300 MHz): 8.07 (1H, s), 7.73 (2H, m), 7.53 (2H, d,

AA¢XX¢, J = 8.9 Hz)), 7.42–7.36 (3H, m), 7.33 (2H,

d, AA¢XX¢, J = 8.9 Hz), 7.25 (2H, m), 7.01 (1H, s),

6.98 (2H, d, AA¢XX¢, J = 8.9 Hz), 6.84 (1H, s br), 4.12
(2H, m), 4.02 (2H, t, J = 6.5 Hz), 3.94 (2H, t, J =

6.6 Hz), 1.90–1.25 (42H, m), 0.88 (15H, m). IR

(cm-1): 1589(�C=N), 1535(�NH), 1426(�CN+CS).

For complex 12: yield 64%. Elemental analysis:

calculated for C57H80BrN3O4PdS(%), C 62.8, H 7.4,

N 3.9; found, C 62.5, H 7.8, N 3.55. 1H NMR (CDCl3,

300 MHz): 8.07 (1H, s), 7.72 (2H, m), 7.48 (4H, s br),

7.43–7.36 (3H, m), 7.25 (2H, m), 7.01 (1H, s), 6.98 (2H,
d, AA¢XX¢, J = 8.9 Hz), 6.83 (1H, s br), 4.12 (2H, m),

4.03 (2H, t, J = 6.6 Hz), 3.94 (2H, t, J = 6.7 Hz),

1.989–1.26 (42H, m), 0.90 (15H, m). IR (cm-1):

1589(�C=N), 1535(�NH), 1425(�CN+CS).

For complex 13: yield 27%. Elemental analysis:

calculated for C57H89N3O4PtS(%), C 61.8, H 8.1, N

3.8; found, C 61.5, H 8.5, N 3.6%. 1H NMR (CDCl3,

300 MHz): 8.33 (1H, s, JPt-H = 115 Hz), 7.68 (2H, m),
7.40–7.35 (3H, m), 7.26–7.15 (2H, m), 7.05 (1H, s),

7.03 (1H, s), 6.97 (2H, d, AA¢XX¢, J = 8.9 Hz), 4.11

(2H, t, J = 6.9 Hz), 4.03 (2H, t, J = 6.5 Hz), 3.93 (2H, t,

J = 6.7 Hz), 3.89–3.75 (4H, m), 1.90–1.25 (52H, m),

1.05 (3H, t, J = 7.3 Hz), 0.95–0.85 (12H, m). IR

(cm-1): 1589(�C=N), 1514(�NH), 1417(�CN+CS).

For complex 14: yield 32%. Elemental analysis:

calculated for C67H109N3O4PtS(%), C 64.5, H 8.8, N

3.4; found, C 64.1, H 9.3, N 3.1%. 1H NMR (CDCl3,

300 MHz): 8.33 (1H, s, JPt-H = 114 Hz), 7.67 (2H, m),

7.42–7.35 (3H, m), 7.19 (2H, m), 7.05 (1H, s), 7.02 (1H,

s), 6.96 (2H, d, AA¢XX¢, J = 8.8 Hz), 4.13 (2H, t, J =

6.6 Hz), 4.03 (2H, t, J = 6.4 Hz), 3.93 (2H, t, J =

6.4 Hz), 3.86–3.73 (4H, m), 1.85–1.15 (64H, m),

0.92–0.82 (15H, m). IR (cm-1): 1587(�C=N),
151(�NH), 1417(�CN+CS).
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