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Abstract Two palladium(Il) nitroaryl complexes frans-
[bromo(p-nitrophenyl)bis(triphenylphosphine)palladium(II)]
1 and ftrans-[bromo(2,4-dinitrophenyl)bis(triphenylphos-
phine)palladium(II)] 2 have been synthesized. The complexes
were characterized by FTIR and NMR ('H, *C and *'P)
spectroscopy and elemental analysis. The molecular structure
of complex 2, as confirmed by X-ray crystallography, reveals
that the Pd atom and its neighboring groups (two PPhs, Br and
phenylene group) lie in a slightly distorted square plane. In the
UV-Vis spectra of the complexes 1 and 2, the palladium to
aryl charge transfer bands were observed. The emission peaks
from the singlet excited states (S; — Sp) were observed in the
photoluminescence spectra of the complexes. The thermal
stability of the complexes has been studied by thermal
gravimetric analysis (TGA). TGA data showed that both
complexes are thermally stable up to 200 °C, and complex 11is
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more stable than 2. The catalytic efficiency of the new palla-
dium(II) complexes was studied as demonstrated using the
Sonogashira coupling reactions with good yields. The
experimental results suggest that the Sonogashira coupling
reactions can be performed at moderate temperature (50 °C)
using these new palladium(II) complexes as catalysts.
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1 Introduction

Remarkable progress has been made in the area of palla-
dium(II) complexes due to their promising properties in
applied sciences, mostly owing to the high efficiency as
homogeneous catalysts in a variety of coupling reactions in
organic synthesis [1]. Such palladium(II) catalysts have
been widely applied to prepare biologically-active mole-
cules, natural products, conducting polymers and macro-
cycles with acetylene links [2, 3]. Palladium(II) catalysis
has also gained widespread use in industrial and academic
synthetic chemistry laboratories as a powerful methodol-
ogy for the formation of C—C and C-heteroatom bonds [4].
Besides, the palladium-catalyzed cross-coupling between
sp>-hybridized carbon atoms (C(sp?)) of aryl, heteroaryl,
and vinyl halides and sp-hybridized carbon atoms of ter-
minal acetylenes (C(sp)) pertains to the family of modern
and extremely powerful synthetic methods for the synthesis
of important organic intermediates and products. Collec-
tively, the seminal works by Stephens and Castro [5],
Dieck and Heck [6], Cassar [7] and Sonogashira, Tohda,
and Hagihara [8] have initiated an outstanding number of
studies in the fields of organic chemistry, organometallic
chemistry and materials science [9].
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Many Pd-catalyzed reactions were developed over the
past three decades, and the growing number of scientific
publications in this area shows its high demand. There are
two main reasons for the growing interest in this field. The
first is that this catalyst system provides a simple and
feasible method for creating carbon—carbon and carbon—
nitrogen bonds under sustainable conditions with excellent
yield, and at the same time, due to mild reaction conditions,
it is highly tolerable by many functional groups [10]. The
most commonly used catalytic systems for this transfor-
mation include PdCIl,(PPhs),, PdCl,/PPh;, and Pd(PPhj),
together with Cul as the co-catalyst and a large amount of
amines as the solvents or co-solvents [11-13]. In this
connection, the palladium-catalyzed coupling reactions
reported by Sonogashira-(Hagihara) [8, 14] are recognized
as a powerful and reliable synthetic method for the for-
mation sp”’C—spC bonds in substituted or non-substituted
acetylenes. The unique properties of acetylenic arrays
continue to attract considerable interest with research in
nonlinear optical electronic devices and in natural product
synthesis [15, 16].

In the present work, we report the synthesis of two new
palladium(II) complexes [bromo(p-nitrophenyl)bis(triph-
enylphosphine)palladium(I)] 1 and trans[bromo(2,4-dini-
trophenyl)bis(triphenylphosphine)palladium(Il)] 2 which
furnish a highly active catalyst for Sonogashira coupling,
providing a mild, efficient and general method for the
reactions of nitroaryl bromides with different terminal
acetylenes.

2 Experimental
2.1 Materials and Methods

All the reagents used in this research work were analytical
grade and chemically pure. The solvents were dried
according to the standard procedures [17]. Palladium(II)
chloride (palladium 59.9 %), triphenylphosphine (99 %)
and hydrazine hydrate (99 %) were obtained from Johnson
Metthey, Acros and BDH, respectively. p-Nitrobro-
mobenzene (99 %), 2.4-nitrobromobenzene (99 %),
2-methyl-3-butyn-2-ol (98 %), phenylacetylene (98 %),
tolylacetylene (98 %) and copper(I) iodide (99.999 %)
were purchased from Sigma Aldrich. Toluene (>99 %),
DMSO (=99 %), n-hexane (=95 %), diisopropylamine
(99 %), piperidine (99 %) and trimethylsilylacetylene
(98 %) were obtained from MERCK. Dichloromethane
(99.8 %) was obtained from RCI labscan, Thailand. The
FT-IR spectral measurements were done using KBr as
pellets on Shimadzu IR spectrophotometer (Prestige-21) in
the range 4000400 cm™'. Elemental analysis was
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performed using Vario Micro Cube elemental analyzer. All
the NMR samples were prepared as CDCl; solutions, and
standard '"H- and 'C NMR spectra were recorded on
Bruker NMR spectrometer at 400 and 101 MHz, respec-
tively. '"H- and '*C NMR spectra were referenced to
residual CHCl; of the solvent. The *'P NMR spectra of the
complexes were obtained at room temperature using o-
phosphoric acid as a reference. Emission spectra were
recorded on Shimadzu RF-5301PC spectrofluorophotome-
ter, and TGA data were recorded on Shimadzu TGA-50
thermogravimetric analyzer. Single crystal of complex 2,
suitable for X-ray crystallographic analyses, was chosen
and mounted on a glass fiber using epoxy resin. Crystal
data and other experimental details are summarized in
Table 2. The diffraction experiments were carried out at
173 K on a Bruker APEX-II CCD area-detector diffrac-
tometer using graphite-monochromated Mo-K, radiation
(A =0.71073 A). The collected frames were processed
with the software SAINT [18], and an absorption correc-
tion (SADABS) was applied to the collected reflections
[19]. The structures were solved by direct methods, and
expanded by difference Fourier syntheses using the soft-
ware SHELTXL [20]. Structure refinements were made on
F? by the full-matrix least-squares technique. In each case,
all the non-hydrogen atoms were refined with anisotropic
displacement parameters. The hydrogen atoms were placed
in their ideal positions but not refined (CCDC 1478703).

2.2 Syntheses
2.2.1 Tetrakis(triphenylphosphine)palladium(0)

The tetrakis(triphenylphosphine)palladium(0) was synthesized
according to the previously reported procedure [21]. PdCl,
(0.100 g, 0.565 mmol) and triphenylphosphine (0.745 g,
2.82 mmol) were added to 15 mL of dry and degassed DMSO.
Then the reaction mixture was heated at 140 °C for 0.5 h. The
resulting solution was cooled down to room temperature, and
hydrazine hydrate (0.113 mL, 3.62 mmol) was added to the
solution with vigorous starring. During stirring a yellow pre-
cipitate was formed which was filtered and washed with dry
ethanol and ether, and dried under vacuum. The pure product
was isolated as a yellow solid in 93 % yield.

2.2.2 Trans-[bromo(p-nitrophenyl)bis(triphenylphosphine)
palladium(Il) Complex 1

Tetrakis(triphenylphosphine)palladium(0) (0.240 g, 0.207
mmol) and 4-nitrobromobenzene (0.053 g, 0.249 mmol) were
added to the freshly dried and degassed toluene (15 mL). The
reaction was subsequently refluxed for 5.5 h [22]. The solvent
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Scheme 1 Synthesis of trans-[bromo(p-nitrophenyl)bis(triphenylphosphine)palladium(II)

was removed under reduced pressure, and the residue was
subjected to silica column chromatography (3/1: dichlor-
omethane/n-hexane, v/v). The pale yellow product was dried
under vacuum and isolated in 93 % yield.

FTIR: 3054, 2923, 1588, 1557, 1503, 1480, 1464, 1433,
1348, 1310, 1178, 1094, 1070, 1047, 847, 823, 738, 692,
507, 453, 422 cm™'; '"H NMR (8 ppm): 6.86 (d, 2H,
37 =84Hz), 701 (d, 2H, 3J=84Hz).,754 (dd,
3] =6 Hz, 12H), 7.25 (t, °J = 7.4 Hz, 12H), 7.34 (t,
3] = 7.2 Hz, 6H); *C (3 ppm), 174.16, 136.10, 120.80,
143.74, 130.75 (t, 'Je_p =23.55Hz), 13467 (t,
*Je_p = 6.1 Hz), 128.07 (t, *Jo_p = 4.75 Hz), 130.25 (s);
3C NMR (135 DEPT) (8 ppm): 136.10, 120.80, 143.74,
134.67, 128.07, 130.25; *'P NMR (8 ppm): 24.98 (s) Anal.
Calc. for C4H54NO,BrPd: C 60.56; H 4.11; N 1.68.
Found: C 61.14; H 3.67; N 1.67 %.
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2.2.3 Trans-[bromo(2,4-dinitrophenyl)bis(triphenylphos-
phine)palladium(Il) Complex 2

As for the formation of 1, but using 2,4-dinitrobromoben-
zene (0.200 g 0.173 mmol) the reaction gave ftrans-
[bromo(2,4-dinitrophenyl)bis  (triphenylphosphine)palla-
dium(Il) 2 as a pale yellow solid in 40 % yield.

FTIR (KBr): 3057, 2924, 1577, 1508, 1481, 1435, 1340,
1330, 1232, 1188, 1159, 1134, 1097, 1072, 1031, 999, 908,
833,734, 692, 522, 511,493, 426 cm™'; "H NMR (3 ppm):
7.44 (dd, 1H, *J = 3 Hz), 7.65 (d, 1H, *J = 8.4 Hz), 7.90
(s), 7.56 (dd, 13H, °J = 3 Hz), 7.26 (t, 13H, °J = 7.4 Hz),
735 (t, 7H, *J = 7.4 Hz); °C NMR (8 ppm): 175.93,
152.24, 120.11, 144.45, 12335, 137.77, 130.15 (t,
"Je_p = 23.8 Hz), 134.42 (t, 2Jc_p = 6.2 Hz), 128.22 (t,
3Jc_p =5 Hz), 13047 (s); >C NMR (135 DEPT) (5

Fig. 1 "H NMR spectra of trans-[bromo(p-nitrophenyl)bis(triphenylphosphine)palladium(II)]
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Table 1 'H, '°C and *'P NMR data of complexes 1 and 2

Complex 'H (8 ppm) 13C (8 ppm) 3P (8 ppm)
trans-[bromo(p-nitrophenyl)bis (triphenylphosphine)palladium(Il) 1 6.86 (d, 2H, H,) 174.16 (C-1(ipso)) 24.98 (s)
7.01 (d, 2H, H,) 136.10 (s, C-2)
7.54 (dd, 12H, H,) 120.80 (s, C-3)
7.25 (t, 12H, H,,) 143.75 (C-4 (ipso))
7.34 (t, 6H, H,) 130.25 (s, C-8)
134.67 (t, C-6)
128.07 (t, C-7)
130.25 (s, C-8)
7.44 (dd, 1H, H,) 175.93 (C-1(ipso)) 22.65 (s)

7.65 (d, 1H, Hy)
7.90 (s 1H, Hy)
7.56(dd, 13H, H,)
7.26 (t, 13H, H,,)
7.35 (t, 7H, H,)

152.24 (C-2(ipso))
120.11 (s, C-3),
144.45 (C-4(ipso))
123.35 (s, C-5)
137.77, (s, C-6)
130.15 (t, C-7(ipso))
134.42 (t, C-8)
128.22 (t, C-9)
130.47 (t, C-10)

ppm): 120.11, 123.35, 137.77, 134.42, 128.22, 130.47; *'P
NMR (& ppm), 22.65 (s), Anal: Calc. for C4H33N,0,4
BrPd.0.5 n-hexane: C 58.68; H, 4.38; N, 3.04. Found: C
58.49; H 3.92; N 3.09 %.

2.3 General Procedure for Sonogashira Coupling
Reactions

Sonogashira coupling reactions of 4-nitrobromobenzene
with different terminal acetylenes, using palladium(II)
complex 1 or 2 as the catalyst, was carried out following
the general procedure given below [8, 14]. 4-Nitrobro-
mobenzene and acetylene were added to a freshly dried and
degassed diisopropylammine (25 mL) or piperidine
(10 mL) in the presence of complex 1 (2 mol %), PPh;
(4 mol %) and Cul (2 mol %) in an ice bath with a
positive flow of nitrogen. After 30 min, the reaction tem-
perature was raised to 50 °C, and the reaction was stirred
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for 20 h. Once the reaction was complete, the mixture was
filtered, and the solvent was removed by a rotary evapo-
rator. Then the residue was extracted by diethyl ether, and
the ether solution was washed with 10 % aqueous HCI,
saturated aqueous NaHCO; and brine solution, and dried
over anhydrous MgSO,. Then the solvent was removed
under reduced pressure and the residue was subjected to
silica column chromatography using dichloromethane/n-
hexane as eluent. The products were characterized by
comparing spectroscopic data of the authentic samples
reported in the literature [23-26].

3 Results and Discussion
3.1 Syntheses

Palladium(Il) complexes of trans-[bromo(p-nitrophenyl)bis
(triphenylphosphine)palladium(II) 1 was formed in 93 % yield
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Fig. 2 13C NMR 135 DEPT spectra of trans-[bromo(p-nitrophenyl)bis triphenylphosphine)palladium(II)]

Fig. 3 A perspective view of complex 2, with the thermal ellipsoids
shown at the 50 % probability level

by the oxidative addition of 2-nitrobromobenzene to tetrakis
(triphenylphosphine)palladium(0) in toluene (Scheme 1).
Trans-[bromo(2,4-dinitrophenyl)bis(triphenylphosphine)palla-
dium(II) 2 was formed similarly.

The analytical data of the palladium(II) complexes 1 and
2 are in good agreement with the calculated values, thus
confirming the proposed mononuclear composition for both
complexes. The new complexes are stable at room tem-
perature, and soluble in common organic solvents such as
dichloromethane, ethanol, methanol and DMSO.

3.2 Characterization
The structures of complexes 1 and 2 were confirmed by

FT-IR and multinuclear NMR (‘H, '*C and °'P)
spectroscopy.

3.2.1 FT-IR Spectroscopy

The FT-IR spectra of both reactants were compared with the
spectra of the synthesized products in order to confirm the
formation of new complexes 1 and 2. A band was observed
at 425 cm ™! for both complexes, which is the characteristic
peak of Pd-Br bond [27]. The peaks displayed at 1514 and
1346 cm ™" in the IR spectrum of p-nitrobromobenzene were
assigned to the presence of aromatic nitro group which had
been shifted to the lower frequencies at 1508 and 1340 cm ™"
in complex 1. The peaks observed at 1579 and 1471 cm™'
due to the presence of aromatic C=C bond also shifted to
1586 and 1479 ¢cm ™', indicating the formation of complex 1.
Similar IR spectral features were also observed for complex
2, which confirmed the formation of such complex.

3.2.2 NMR Spectroscopy

Figure 1 shows the '"H NMR spectrum of trans-[bromo(p-
nitrophenyl)bis (triphenylphosphine)palladium(Il)] (complex
1), where the proton signals arise from the phenyl ring of the
triphenylphosphine and nitrobenzene. Complex 1 displayed
two doublets at 6.86 and 7.01 ppm due to the four H, and H,,
protons of nitrobenzene. Two doublets of doublet at
7.54 ppm, one triplet at 7.25 ppm and one triplet at 7.34 ppm
are attributed to the protons attached to the ortho (12 protons),
para (12 protons) and meta (6 protons) positions of the phenyl
ring attached to the phosphorus atom (Fig. 1) [28].

The 'H NMR spectrum of trans-[bromo(2,4-dinitro-
phenyl)bis (triphenylphosphine)palladium(Il)] (complex 2)
also displayed similar signals in the expected region
(Table 1). The '*C NMR spectra of the palladium(II)
complexes showed peaks at 120-176 ppm region due to the
presence of aromatic carbons. Complex 1 displayed five
signals at 174.16, 136.10, 120.80, 143.74, and 130.25 for
C-1, C-2, C-3, C-4 and C-8 carbon. Here, C-5, C-6 and C-7
carbon appear as a triplet at 130.75, 134.67 and

@ Springer
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Table 2 Crystal data and

structure refinement for i
complex 2 Formula weight

Empirical formula

Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

O-range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F2
Final R indices [I > 20(I)]
R indices (all data)

Largest diff. peak and hole

C4,H33BrN,O,P,Pd
877.95

173(2) K

0.71073 A

Monoclinic

P 2/n

a = 13.0266(10) A

b = 13.9558(10) A
c=213712) A

B = 99.44(2)°

3832.7(6) A®

4

1.522 Mg/m?

1.654 mm™"

1768

0.35 x 0.30 x 0.20 mm’
1.715-27.522°
—12<h<16,-18<k=<17 -24<1<27
34365

8783 [R(int) = 0.0806]

99.9 %

SADABS

0.7386 and 0.6324

Full-matrix least-squares on F° 2
8783/0/469

1.038

R, = 0.0315, wR, = 0.0761
R, = 0.0384, wR, = 0.0805
0.615 and —1.738 e.A—?

1.0{Complex 2 Complex 2 1.0
8 Complex 1
S o038 0.8 =
S =
Q .
9 06 0.6 =
o 2
N - —
5 0.4 0.4 2
N g
© 0.2 0.2 =
: 2
S 09 0.0

300 350 400 450 500 550 600 650

Wavelength (nm)
Fig. 4 Normalized absorption and emission spectra of complexes 1

and 2 in CH,Cl,

128.07 ppm (3]pC = 23.55, 6.1 and 4.75 Hz) due to the
coupling of the carbon with the phosphorus atom. The '*C
NMR (135 DEPT) spectra (Fig. 2) did not show any signal

@ Springer

N

Complex 1
Complex 2

% Weight loss
S 22PN WAA

Temperature (°C)

Fig. 5 TGA curves of complexes 1 and 2

for ipso carbon (C-1, C-4 and C-5) which confirmed the
presence of nonhydrogenated carbon. Trans-[bromo(2,4-
dinitrophenyl)bis (triphenylphosphine)palladium(II)]
(complex 2) also displayed similar signals in the '*C NMR
spectra (Table 1).
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OZNOBr + HC=C—R 2mol % Catalyst1/Catalyst2 ON : : C—C—R
4mol % PPhs, 2mol % Cul; 50°C, 20 h
R = SiMe;, CMe,(OH),
CeHs, CeHs-p-CHj
Scheme 2 Sonogashira coupling reactions of 4-nitrobromobenzene with different terminal acetylenes using catalyst 1/catalyst 2
Table 3 Bond lengths [A] and angles [°] for complex 2
Pd(1)-C(1) 1.992(2) Pd(1)-P(1) 2.3259(7)
Pd(1)-P(2) 2.3315(7) Pd(1)-Br(1) 2.4913(3)
P(1)-C(13) 1.812(2) P(1)-C(19) 1.814(2)
P(1)-C(7) 1.832(2) P(2)-C(25) 1.817(2)
P(2)-C(31) 1.822(2) P(2)-C(37) 1.828(2)
O(1)-N(1) 1.228(4) O(2)-N(1) 1.214(4)
0O(3)-N(2) 1.225(2) O(4)-N(2) 1.221(3)
N(1)-C(4) 1.465(3) N@2)-C(2) 1.472(3)
C(1)-Pd(1)-P(1) 88.64(6) C(1)-Pd(1)-P(2) 88.82(6)
P(1)-Pd(1)-P(2) 176.485(19) C(1)-Pd(1)-Br(1) 176.91(6)
P(1)-Pd(1)-Br(1) 92.714(16) P(2)-Pd(1)-Br(1) 89.713(16)
C(13)-P(1)-C(19) 107.26(10) C(13)-P(1)-C(7) 104.68(10)
C(19)-P(1)-C(7) 102.18(11) C(13)-P(1)-Pd(1) 111.30(7)
C(19)-P(1)-Pd(1) 111.0909) C(7)-P(1)-Pd(1) 119.35(7)
C(25)-P(2)-C(31) 108.92(11) C(25)-P(2)-C(37) 103.10(10)
C(31)-P(2)-C(37) 102.77(10) C(25)-P(2)-Pd(1) 112.74(8)
C(31)-P(2)-Pd(1) 112.86(7) C(37)-P(2)-Pd(1) 115.54(7)
O(2)-N(1)-0(1) 123.8(3) O(2)-N(1)-C(4) 117.93)
O(1)-N(1)-C(4) 118.3(3) 0O(4)-N(2)-0(3) 121.9(2)
O0(4)-N(2)-C(2) 120.03(18) 0(3)-N(2)-C(2) 118.11(19)

The *'P NMR spectra were recorded for complexes 1
and 2 in order to confirm the presence of triphenylphos-
phine group and its geometry in the new palladium(II)
complexes. The *>'P NMR spectrum clearly showed a signal
at 24.98 ppm for complex 1 (Fig. 3a), which is attributed to
the bonded triphenylphosphine ligand on palladium. The
chemical shift in the *'P NMR spectrum of the starting
complex tetrakis(triphenylphosphine)palladium(0)  at
ambient temperature in DMF-d; was & 17.1 ppm which is
in the downfield side of the spectrum compared to the &
value of complex 1. Complex 2 also displayed similar
signals in the *'P NMR spectrum.

3.3 Single-Crystal X-ray Crystallography

The molecular structure of complex 2, as confirmed by
X-ray crystallography, is shown in Fig. 3, and Table 3 lists
the bond lengths (Table 2) and bond angles. In complex 2,
the Pd atom and its neighboring atoms, P(1), P(2), Br and
C(1) lie in a slightly distorted square plane. A least-squares

plane calculation reveals the planarity of the P(2)-P(1)-
C(1)-Br core (largest deviation 0.08 A). The Pd-O bond
distance of 2.829 A indicates no bonding interaction
between the nitrogen atom and the palladium center.
Within the dinitrobenzene and triphenylphosphine ligands,
the geometries are consistent with a significant partial
double bond character in the C-C bonds. The Pd-C
[1.992(2) A] and Pd-Br [2.4913(3) A] lengths for 2 are in
good agreement with the reported values [29, 30].

In the complex, the Pd(1)-P(1) bond length [2.3259(7)
1&] is slightly shorter than that of Pd(1)-P(2) [2.3315(7) 1&].
Both P atoms of the triphenylphosphine ligands have
similar distorted tetrahedral geometry. The P(2)-Pd(1)-
Br(1) angle is less distorted from 90° than the P(1)-Pd(1)-
C(1) and P(2)-Pd(1)-C(1) angles. The P(1)-Pd(1)-Br(1)
angle is greater than 90° in the complex due to the steric
effect of the dinitrophenyl ligand. The N—O bond distances
(average = 1.222 A) are almost similar in all the nitro
groups of the dinitrophenyl rings indicating the partial
double bond character.

@ Springer
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3.4 Electronic Spectroscopy

The UV-Vis spectra of the new complexes 1 and 2 have
been recorded in CH,Cl, solution in the region
800-200 nm (Fig. 4). The absorption band for complex 1
at Apax 330 nm is assigned to a spin-allowed 4d
(Pd) —» (L) (MLCT) transition [30]. Complex 2 also dis-
played similar absorption band. The emission spectra of 1
and 2, at room temperature, in CH,Cl,, upon excitation at
330 nm are shown in Fig. 4. For complex 1, the lumines-
cence peaking at 404 nm was assigned to the emission
from singlet excited state (S; — Sp) with small Stokes
shift (74 nm) between the absorption and emission bands.
It is ascribed to the metal-perturbed intraligand excited
states [31]. Complex 2 also displayed similar spectral
features.

3.5 Thermal Studies

The thermal stability of complexes 1 and 2 was studied by
thermogravimetric analysis (TGA) under a nitrogen
atmosphere. The TGA curves of complexes 1 and 2 are
presented in Fig. 5. A single step decomposition process
for 1 and 2 is observed for both complexes in the range of
temperature 288-321 °C and 244-339 °C, respectively.
Thus, these two complexes show different thermal stability
behaviors, and the complex 1 is more stable than complex
2. For the complex 1, the percentage of weight loss was
61.5 %, while for complex 2 the weight loss was 75.0 %.
The total % weight loss of the complexes may correspond
to the loss of the respective ligands [32].

3.6 Catalytic Activity

3.6.1 Sonogashira Coupling Reactions of 4-
nitrobromobenzene with Different Terminal
Acetylenes

The newly formed palladium(Il) complexes were
employed as the catalyst (complexes 1 and 2 are termed as
catalysts 1 and 2, respectively) for the Sonogashira cou-
pling reactions (Scheme 2). The effects of catalysts were
investigated using 4-nitrobromobenzene with different
terminal acetylenes as shown in Table 2. To optimize the
reactions, the reaction of 4-nitrobenzene and trimethylsi-
lylacetylene was carried out at 30, 40 and 50 °C. Among
these three reaction temperatures, 50 °C was found to be
the best, as the reaction was found to be incomplete at
other two temperatures (30 and 40 °C). The reaction
temperature of 50 °C was, therefore, used for all the cou-
pling reactions. It is to be noted that Sonogashira coupling
reactions typically require reaction temperature of ~ 80 °C
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Table 4 Sonogashira coupling reactions using trans-[bromo(p-nitrophenyl)bis(triphenylphosphine)palladium(II)] 1 (catalyst 1) and trans-[bromo(2,4-dinitrophenyl)bis(triphenylphosphine)-

palladium(II)] 2 (catalyst 2) at 50 °C

Melting point

Yield (%)

Product

Solvent

Acetylene

4-nitrobromobenzene

Entry

Catalyst 2

Catalyst 1

60 82-83

64

C—SiMe,

OH
c—<

C—CyH

C

0,N

Diisopropylamine

C—Si—

HC

Br

O,N

107-108

53

70

C

Piperidine

o
F

HC

O,N

122-123

80

82

C

O,N

Diisopropylamine

C

HC

Br

O,N

156-157

79

90

C—C¢Hs-p-CH;

C

O,N

Diisopropylamine

CH,

C

HC

Br

O,N
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or even at higher temperature [33-35]. Using the new
palladium(II) complexes as catalysts, it is possible to per-
form Sonogashira coupling reaction at a moderate tem-
perature (50 °C) with good yields.

Using catalyst 1, the most efficient reaction (isolated
yield: 90 %) was obtained from the reaction between
4-nitrobromobenzene and tolylacetylene (entry 4, Table 4).
For catalyst 2, the highest yield was obtained in the case of
phenylacetylene (entry 3, Table 4). Thus, our new palla-
dium(IT) complexes showed better catalytic efficiency in
Sonogashira coupling reactions than the previously repor-
ted catalysts [33-35].

Similar catalytic activities using different palladium(II)
complexes were reported in the literature. Hundertmark
et al. [15] reported the catalytic activity of Pd(PhCN),Cl,/
P(+-Bu); in Sonogashira coupling reaction at room tem-
perature. In our case, the palladium(II) complexes and their
synthesis routes are different.

4 Conclusions

Palladium(Il) nitroaryl complexes trans-[bromo(p-nitro-
phenyl)bis(triphenylphosphine)palladium(II)] 1 and trans-
[bromo(2,4-dinitrophenyl)bis-(triphenylphosphine)palla-
dium(Il)] 2 have been synthesized by the oxidative addition
of aryl bromide to tetrakis(triphenylphosphine)palla-
dium(0), and characterized by FT-IR, NMR (lH, 13C and
3P) and elemental analysis. In complex 2, the square
planar geometry of the palladium atom was confirmed by
the single-crystal X-ray crystallography. Both the com-
plexes showed better catalytic efficiency than typical cat-
alysts used in the Sonogashira coupling reactions. The
complexes exhibit intense luminescence peaks at 404 nm.
Thermal studies showed that both complexes possess good
thermal stability, and complex 1 is more stable than com-
plex 2.

5 Supplementary Materials Available

Crystallographic data (comprising hydrogen atom coordi-
nates, thermal parameters and full tables of bond lengths
and angles) for the structural analysis has been deposited
with the Cambridge Crystallographic Centre, CCDC No.
1478703 (2). Copies of this information may be obtained
free of charge from The Director, CCDC, 12 Union Road,
Cambridge, CB2 1EZ, UK (Fax: +44-1223-336-033;
e-mail: deposit@ccdc.cam.ac.uk or www: http://www.
ccde.cam.ac.uk).
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