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Over the past two decades, aromatic heterocyclic rings
such as thiophene and pyrrole have attracted great interest
due to the possible applications of the corresponding poly-
mers. Highly conjugated conducting polymers are excellent
materials for eectronic devices, for example, eectrolytic
capacitors, actuators, sensors, artificial muscles, and light-
emitting diodes® An interesting feature of the pyrrole
system is the ability to prepare many functionalized poly-
mers by polymerizing pyrrole derivatives monomers. An
electrochemically prepared polypyrrole shows high con-
ductivity, relative stability to air and moisture in its oxidized
form, the ability to form strong coherent films, and ease of
synthesis? The properties of polypyrrole have aso been
modified by polymerizing pyrrole derivatives with 3-methyl,
34-dimethyl substituents. The conductivities of these
polymers are 4 and 10 Scm™, respectively.® Previously, we
reported the synthesis and properties of substituted poly-
pyrrole derivatives such as poly(1-hexyl-2,5-pyrrolylene)
(1.2 x 10°° Scm™) and poly(1-hexyl-2,5-pyrrolylene vinyl-
ene) (2.5 Scm™). The driking difference in the conductivity
between them could be due to steric interactions between
adjacent rings.* A new soluble conducting polymer, poly(1-
hexyl-3,4-dimethyl-2,5-pyrrolylene), shows strong blue
luminescence with a quantum yield of Q = 36%.° Based on
the results of calculations, it appears that the enhanced
guantum yield of the polymer results mostly from conju-
gation between neighboring pyrrole rings. Goldoni et al.®
reported the synthesis and properties of new conjugated
compounds with alkylthio since thioether ligands are well-
known for their ability to complex soft transition metal ions.
Such conjugated compounds could act as probes or modu-
lators of the activity of the catalytic centre. In this paper, we
describe the synthesis, and structural and optical properties
of a new [PdCIly{ 1-nonyl-3,4-bis(methylthio)pyrrole}] (3)
made by exchanging the benzonitrile ligands in [PdClx-
(PhCN);] for pyrrole derivatives with thioether side chains.
The new palladium(I1) complex (3) will form a new conju-
gated conducting polymer using oxidative polymerization.

The single-crystal X-ray structure of the Pd(l1) complex
was determined at room temperature. A view of the mole-
cule is shown in Figure 1. The crystal contains a discrete
mononuclear unit of the complex, in which Pd forms a four-
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Figure 1. Perspective ORTEP drawing of the complex, showing
the atom-numbering. Thermal ellipsoids of 50% are shown.

coordinated complex with two Cl and two S atoms. Aslisted
in Table 1, the Pd-S distances are 2.2795(9) and 2.2763(10)
A, which are very comparable with those observed in other
Pd complexeswith aryl alkyl (2.259(2), 2.266(2) A),” dithio-
ether (2.316(2) and 2.297(2) A).2 pyrrolthiosemicabazone
(2.241(4) and 2.244(4) A)® or dibenzyl sulfide (2.258(2) and
2.277(2) A) ligand.’® The Pd-Cl distances of 2.3051(10) and
2.3099(10) A are dlightly longer than those of Pd-S. The
sum of angles about Pd (Cl1-Pd-CI2 93.93(4)°, Cl2-Pd-S1
87.21(4)°, S1-Pd-S2 86.59(4)°, S2-Pd-Cl1 86.59(4)°) is
360.00°. The rms deviation of the five atoms from the least-
square’s plane is only 0.0003 A. These results indicate that
the four-coordinated Pd unit is exactly square planar. The
coordination of Pd to two S atoms results in a five-member
ring between Pd and the pyrrole ring. The bond lengths of
S1-C4 and S2-C3 are 1.756(3) and 1.753(4) A, respectively.

Table 1. Sdected bond lengths (A) and angles (°) for [PdCI{ 1-
nonyl-3,4-bis(methylthio)pyrrole} ]

Pd-S(1) 2.2795(9) Pd-S(2) 2.2763(10)
Pd-Cl(1) 2.3051(10) Pd-Cl(2) 2.3051(10)
S(1)-C(1) 1.816(3) S(1)-C(4) 1.756(3)
C(3)-5(2) 1.753(4) 2)-C(2) 1.812(4)
N(1)-C(7) 1.470(4) C(5)-N(1) 1.362(4)
N(1)-C(6) 1.363(4)

S(2)-Pd-S(1)  92.27(3) S(2)-Pd-Cl(1)  86.59(4)
S(1)-Pd-CI(2)  87.21(4) Cl(1)-Pd-Cl(2)  93.93(4)
C(3)-S(2-Pd  101.40(12) C(5)-N(1)-C(6) 110.0(3)
C(5)-N(1)-C(7) 125.4(3) C(6)-N(1)-C(7) 124.6(3)
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Figure 2. Absorption spectrum of (3) dissolved in CHxCla.

These values are in agreement with those for Pd-S com-
plexes.®!° In the five-member ring of the Pd coordination
environment, the sum of five angles (S1-Pd-$4 92.27(3)°,
Pd-$4-C3 101.40(12)°, $4-C3-C2 122.6(3)°, C3-C2-S1
121.9(3)°, C2-S1-Pd 103.86(13)°) is 542.03° and the rms
deviation of the five atoms from the least-square’s plane is
0.0320 A, indicating that the five-member ring is amost
square planar.

Figure 2 shows the absorption spectrum of the Pd(I1)
complex dissolved in CH,Cl,. The Pd(l1) complex produced
two weak absorption bands at 409 nm (¢ = 1.8 x 10° M
cm™) and 320 nm (= 2.7 x 10> M *ecm™), respectively, and
astrong band at 248 nm (&= 26.4 x 10°* M ‘cm™) (hereafter,
these bands are referred to as A-, B- and C-absorption bands
in order of increasing energy). The luminescence and excita:
tion spectra of the free ligand and the Pd(I1) complex were
measured in CH2Cl,, As shown in Figure 3, although the A-
and B-band transitions of the free ligand were amost
forbidden, the A- and B-band excitations produced the 525
and 390 nm luminescence, respectively. The luminescence
properties of these two bands are very similar to those of the
thiol and pyrrole derivatives,™*? respectively. For the Pd(l1)
complex, the B-and excitation also produced the 390 nm
luminescence, but the A-band excitation yielded a new
emission band peaking at 470 nm. The 470 nm band of the
Pd(I1) complex could be associated with the charge transfer
from the ligand to Pd(11).

In addition, the structural property of the complex mole-
cule was studied using Gaussian 03 for quantum mechanical
caculation.®® SDD basis functions (LanL2DZ for Pd; 6-
31G(d) for Sand Cl; 6-31G for H, C, N and O) were used to
optimize the geometry, and the configuration interaction
singles (CIS) caculations were applied to elucidate interpret
the experimental absorption data. The optimized geometry is
in good agreement with the observation. The calculated
bond lengths of Pd-Cl (2.3422 A) and Pd-S (2.4707 A) are
dightly longer than the corresponding observed lengths. The
caculated bond angles (Cl1-Pd-Cl2 95.89°, Cl2-Pd-S1
87.64°, S1-Pd-S2 88.65°, S2-Pd-Cl1 87.64°) are very close
to the observations. We calculated the eectronic structures
and transitions for the optimized geometry of the molecule
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Figure 3. Emission and excitation spectra of the freeligand (1) and
the complex (2) dissolved in CH.Cl, (concentration: 1 x 107 M):
(@) Aexn = 409 Nnm and Aems = 525 nm, and (b) Aexn = 325 nm and
Aems =383 nm.

using the ZINDO semiempirical method.”® The highest
occupied molecular orbital (HOMO) consists of two 7-
bondings of pyrrole ring and the lowest unoccupied mole-
cular orbital (LUMO) comprises ¢ -antibonding of Pd-S.
The contribution of the Pd atomic orbitals to the LUMO is
the greatest at ca. 50%. The first excited state arises predo-
minantly from the transition from o (Pd-S) to the LUMO,
while the oscillator strength of this transition with f = 0.003
is amost negligible and the change of charge of S atomsis
negligible. Accordingly, the weak low-energy luminescence
(Aems = 470 nm) of the Pd(I1) complex can be attributed to
theintraligand transition of S atoms.

Although the eectronic structure and transitions of square-
planar complexes of platinum(l1) and paladium(ll) with d®
electronic configuration have been extensively investigated
for various ligand systems, the luminescence properties of
planar mononuclear Pd(11) and Pt(I1) complexes have been
not well understood. In this study, we reported the structural
and optica properties of a new [PdCl{ 1-nonyl-3,4-bis-
(methylthio)pyrrole}]. The four-coordinated Pd unit and the
five-member ring between Pd and the pyrrole ring form the
square-planar geometry. The complex, excited by UV light,
produced the violet and blue luminescence. The high-energy
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luminescence corresponds to the intraligand transition
associated with the nitrogen atom, and the blue lumine-
scence can be attributed to the intraligand transition of the
sulfur atoms. In conjunction with the Pd(ll) complex, the
structural and luminescence properties of the Pt(l1) complex
are under investigation. These studies will propose the
comprehensive model for the luminescence properties of
square-planar complexes of Pd(I1) and Pt(l1).

Experimental Section

1-Nonyl-3,4-bis(methylthio)pyrrole (2) was synthesized
by alkylation of 3,4-bis(methylthio)pyrrole with sodium
hydride and 1-bromononane. The chelate Pd complex 3 was
obtained by reacting an equimolar amount of the dithioether
compound (2) in dichloromethane with [PdCI»(PhCN),], as
shown in Scheme 1.

Synthesis of 1-nonyl-3,4-bis(methylthio)pyrrole (2):
Compound 3,4-bis(methylthio)pyrrole (0.89 g, 0.005588
mol) was dissolved in anhydrous dimethylformamide (DMF;
8 mL) and degassed before hexane-washed sodium hydride
(0.67 g, 0.0279 mol) was added in one portion. The mixture
was dtirred for 15 min a room temperature, causing the
initialy yellow solution to become orange, whereupon 1-
bromononane (3.72 mL, 0.0196 mol) was added in one
portion, causing a color change to yellow. The reaction
mixture was gtirred for 1 h at room temperature, and then
water was carefully added. The yellow suspension was ex-
tracted with CHCls. After drying (MgSO.) and evaporating
the solvent, the resulting yellow oil was purified by column
chromatography on silicagel (ethyl Acetate:hexane = 1:4) to
afford 1.52 g (95.6%) of the title compound as a yellow
liquid: FTIR (neat) 3113 (=C-H), 2956 (-SCHj3), 2921 (-C-
H), 2854, 1504 (C=C), 1461, 1336, 1297, 1121, 972, 792,
620 cm™; *H NMR (400 MHz, CDCl3) §6.67 (s, 2H), 3.78-
3.75(t, 2H), 2.35 (s, 6H), 1.72 (m, 2H), 1.25 (m, 12H), 0.87-
0.85 (t, 3H); *C NMR (100 MHz, CDCl3) § 123.7, 117.1,
50.1, 31.7, 31.0, 29.3, 29.1, 29.0, 26.5, 22.5, 20.1, 14.0.

Synthesis of [PdCl2{ 1-nonyl-3,4-bis(methylthio)pyrrole}]
(3): The 1-nonyl-3,4-bis(methylthio)pyrrole (0.58 g,
0.00203 mol) was added to a solution of [PdClz(PhCN)]
(0.78 g, 0.00203 mal) in dry dichloromethane (40 mL).
After stirring at room temperature for 20 min, the solvent
was removed in vacuo and benzene was added to give a
yellow precipitate of (3), which was filtered off and dried in
vacuo with ayied of 83% (0.78 g). FT-IR (KBr) 3121 (=C-
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H), 3019, 2991 (-SCH3), 2929 (-C-H), 2858, 1508 (C=C),
1465, 1418, 1297, 1125, 976, 804, 749, 624 cm™; 'H NMR
(400 MHz, CDCl3) & 6.89-6.84 (d, 2H), 3.94-3.88 (q, 2H),
2.91-2.85 (d, 6H), 1.81-1.79 (m, 2H), 1.30-1.26 (m, 12H),
0.89-0.86 (t, 3H); *C NMR (100 MHz, CDClz) § 122.0,
121.3,31.7, 311, 31.9, 30,5, 29.3, 29.1, 28.9, 26.4, 22.6, 14.0.
UV-Vis-NIR: neutral films. Amax = 315.6 nm and 411 nm;
Anal. Caled for CisH27CloPANS;: C, 38.93; H, 5.88; N, 3.03;
S, 13.86. Found: C, 38.1866; H, 5.1398; N, 3.7207; S, 13.8274.

Crysta data for CisH2;Cl,NPAS, (3): M = 462.80, T =
295(2) K, A =0.71073 A, monoclinic, space group P2(1)/c,
a=7.7838(8) A, b =16.3784(13) A, c = 15.5354(10) A, #=
90.136(8)°, V = 1980.5(3) A3, Z = 4, Dey = 1.552 Mg/m?,
F(000) = 944, Ry(I > 20(1)) = 0.0377, WR; (all data) = 0.0842.
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