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Two carboxamide ligands, H2bqbenzo {3,4-bis(2-quinolinecarboxamido)benzophenone} and
H2bqb {N,N′-bis[(2-quinolinecarboxamide)-1,2-benzene]}, have been prepared using
tetrabutylammonium bromide as an environmentally benign reaction medium. Two new Pd(II)
complexes, [PdII(bqbenzo)] (1) and [PdII(bqb)] (2), have been synthesized, characterized and
their structures determined by single crystal X-ray diffraction. The di-anionic ligands, bqbenzo2−
and bqb2−, are coordinated via two Namide atoms and the nitrogens of the two quinoline rings,
with Pd−Namide < Pd–Nquinoline bond lengths. The geometry around palladium(II) in both
complexes is distorted square planar. The electrochemical behaviors of the ligands and their
Pd(II) complexes have been investigated by cyclic voltammetry in DMF. An irreversible PdII/I
reduction is observed at –1.06 V for 1 and at –1.177 V for 2, indicating the influence of the R
substituent on the central phenyl ring of carboxamide ligands on the PdII/I reduction potential.
The ligands and palladium complexes were also screened for in vitro antibacterial activity. The
Pd(II) complexes show strong biological activity against S.typhi and E.coli as Gram –ve and
B.cereus and S.aureus as Gram +ve bacteria comparable to the antibiotic penicillin. The
antibacterial results also reveal that coordination of Pd(II) significantly improves the activity.
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1. Introduction
Palladium(II) complexes have been investigated because of the structural analogy between PtII
and PdII coordination compounds. This analogy has stimulated the synthesis of many new PdII
complexes and efforts have recently been made to design anticancer drugs based on palladium
compounds [1-3]. These compounds have attracted interest due to their applications in catalytic
processes [4-8], construction of chemical sensors [9], and for their cytotoxicity and antibacterial
activities [10-13]. Numerous Pd(II) complexes with different ligands have been synthesized and
their in vitro biological activities on various species of bacteria and fungi have been reported
[10-14]. The antiviral, antibacterial, antifungal, and in vitro/in vivo anticancer activity of many
Pd(II) complexes have been reviewed [15, 16].
The amide functional group, a key link in proteins and peptides, is an important ligand
construction unit for coordination chemists. The synthesis of transition metal complexes with
ligands containing amide functionality has attracted attention due to their potential applications
in medicine [17-19], catalysis [20-22], and construction of functional materials and ion selective
electrodes [23-25]. The conventional method for synthesis of carboxamide ligands is reaction of
amines with the appropriate carboxylic acids in pyridine (a volatile toxic solvent) solution in the
presence of an activator such as triphenylphosphite [26-31]. Replacement of hazardous solvents
with greener or more eco-friendly materials has become a high priority [32-34]; we have
prepared H2bqbenzo and H2bqb by a new method recently developed for the synthesis of
carboxamide ligands using the environmentally benign ionic liquid, tetrabutylammonium
bromide (TBAB), as the reaction medium and eliminating the need for pyridine as a solvent [35].
The simple work-up procedure, the shorter reaction time, and higher efficiency are other
advantages of this method. The conventional synthesis of H2bqb in pyridine has been reported
[29].
In continuation of our work on carboxamide compounds [28, 29, 35-42], herein we report
the synthesis of H2bqb and the new ligand H2bqbenzo (scheme 1) by the benign method and two
new complexes, [PdII(bqbenzo)] (1) and [PdII(bqb)] (2). These compounds have been
characterized by different spectroscopic methods. The X-ray crystal structures of 1 and 2, and the
spectroscopic and electrochemical properties of these compounds are reported and discussed.
The in vitro antibacterial activities of both ligands, their palladium complexes, and Pd(OAc)2
against gram –ve and gram +ve bacteria are evaluated. A comparison between the antibacterial
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activities of the complexes and that off the free ligands reveals that metal coordination leeads to
improved antibacterial activity.

Scheme 1. The chemical formula of H2bqbenzo and H2bqb ligands.
2. Experimental
2.1. Materials and general methods
All solvents and chemicals were of co
ommercial reagent grade and used as received from
m Aldrich
and Merck. Elemental analyses were performed
p
with a Perkin-Elmer 2400II CHNS-O eelemental
analyzer. IR spectra were measured with
w a FT-IR JASCO 680 spectrometer using KBr ppellets.
UV–visible spectra were recorded on a JASCO V-570 spectrophotometer. 1H NMR speectra were
obtained on BRUKER AVANCE III (400
(
and 500 MHz) spectrometers. Proton chemiccal shifts
are reported in ppm relative to an internal standard of Me4Si (scheme 1). Cyclic voltam
mmograms
were recorded by a SAMA 500 Reseaarch Analyzer using a three electrode system, a glaassy
carbon working electrode (Metrohm 6.1204.110
6
with 2.0 ± 0.1 mm diameter), a platinuum disk
auxiliary electrode and Ag wire as refference electrode. The glassy carbon-working elecctrode was
manually cleaned with 1 µm alumina polish prior to each scan. CV measurements weree
performed in DMF with tetrabutylamm
monium hexafluorophosphate (TBAH) as supportting
electrolyte. The solutions were deoxyg
genated by purging with Ar for 5 min. All electrocchemical
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potentials were calibrated versus the internal Fc+/0 (E0 = 0.45 V vs. SCE) couple under the same
conditions [43].

2.2. Synthesis
2.2.1. Synthesis of H2bqbenzo. A mixture of triphenylphosphite (3.103 g, 10 mmol),
tetrabutylammonium bromide (TBAB) (1.612 g, 5 mmol), quinaldic acid (1.731 g, 10 mmol),
and 3,4-diaminobenzophenone (1.061 g, 5 mmol) in a 25 mL round bottom flask was placed in
an oil bath. The reaction mixture was heated until a homogeneous solution formed. The solution
was stirred for 1 h at 120 °C. The viscous solution was treated with 10 mL methanol and the
resulting beige precipitate was isolated by filtration and washed with cold methanol [35]. Yield
64%. Anal. Calc. for C33H22N4O3: C, 75.85; H, 4.24; N, 10.72. Found: C, 75.68; H, 4.26; N,
10.68%. FT-IR (KBr, cm-1): νmax: 3330 (s, N–H), 1696 (s, C=Oamidic), 1646 (s, C=Obenzo), 1588
(s, C=C), 1529 (s, C–N). UV–Vis (DMF): λmax (nm) (ε, L mol-1 cm-1): 333 (50080), 293 (96100).
1

H NMR (CDCl3, 400 MHz): δ (ppm) = 11.07 (s, 1H, Hg), 10.58 (s, 1H, Hg'), 8.50-8.34 (m, 6H,

Ha,a',h, i,b,b',), 8.08 (d, 1H, Hj), 8.96 (d, 1H, Hk), 7.91-7.50 (m, 12H, Hf,f', e,e',c,c',d,d',k',m,1,1').
2.2.2. Synthesis of H2bqb. This ligand was synthesized by a procedure similar to that of
H2bqbenzo except that 1,2-phenylenediamine (0.540 g, 5 mmol) was used instead of
3,4-diaminobenzophenone. Yield 95%. Anal. Calc. for C26H18N4O2: C, 74.63; H, 4.34; N, 13.39.
Found: C, 74.45; H, 4.34; N, 13.37%. FT-IR (KBr, cm-1): νmax: 3320 (s, N–H), 1690 (s, C=O),
1590 (s, C=C), 1530 (s, C–N). UV–Vis (DMF): λmax (nm) (ε, L mol-1 cm-1): 315 (15570).
1

H NMR (CDCl3, 400 MHz): δ (ppm) = 10.61 (s, 2H, Hg), 8.45 (d, 2H, Ha), 8.37 (d, 2H, Hb),

8.03 (d, 2H, Hh), 7.89 (dd, 2H, Hf), 7.85 (dd, 2H, Hc), 7.60 (m, 4H, Hd,e), 7.37 (t, 2H, Hi) [28].
2.2.3. Synthesis of [PdII(bqbenzo)] (1). To a solution of Pd(OAc)2 (22.5 mg, 0.1 mmol) in
chloroform (160 mL) was slowly added a solution of H2bqbenzo (52 mg, 0.1 mmol) in
chloroform (160 mL). To the resulting red orange solution DMSO (16 mL) was added and stirred
for 4 h. The reaction mixture was filtered, and dichloromethane (32 mL) was added to the filtrate
and placed in the refrigerator. Slow evaporation of this solution afforded dark red crystals of 1a
suitable for X-ray crystallography after 17 days. The crystals were filtered off and dried in
vacuum. Yield 95%. Anal. Calc. for C33H20N4O3Pd: C, 63.22; H, 3.22; N, 8.94. Found: C, 63.09;
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H, 3.14 N, 8.99%. FT-IR (KBr, cm-1): νmax: 1641 (s, C=Oamidic), 1594 (s, C=Obenzo), 1571
(s, C=C), 1555 (s, C–N). UV–Vis (DMF): λmax (nm) (ε, L mol-1 cm-1): 440 (3100), 352 (17380),
314 (21040), 298 (19020). 1H NMR (DMSO-d6, 400 MHz): δ (ppm) = 8.91 (t, 2H, Ha,a'), 8.72
(d, 1H, Hh), 8.35 (d, 1H, Hi), 8.20 (t, 2H, Hb,b'), 8.11 (d, 1H, Hj), 8.05 (d, 1H, Hk), 7.75 (m, 2H,
Hf,f'), 7.68 (m, 4H, He,,e',c,c'), 7.58 (t, 2H, Hd,d'), 7.43 (d, 1H, Hk'), 7.37 (dd, 1H, Hm), 7.27 (m, 2H,
Hl, l').
In an alternative procedure, 1 was prepared in chloroform-DMSO (20: 1 v/v), and slow
evaporation of the solvent in the refrigerator gave dark red crystals of 1b,
C33H20N4O3Pd·2(CHCl3), suitable for X-ray crystallography after 13 days.
2.2.4. Synthesis of [PdII(bqb)] (2). This complex was synthesized by adding a solution of
Pd(OAc)2 (22.5 mg, 0.1 mmol) in dichloromethane (120 mL) to a solution of H2bqb (41.6 mg,
0.1 mmol) in chloroform (120 mL). To the resulting red orange solution was added DMSO
(12 mL) and stirred for 4 h. The final solution was filtered and dark red crystals suitable for
X-ray crystallography were obtained by slow evaporation of the solvent at room temperature
after 4 days. The crystals were filtered off and dried in vacuum. Yield 92%. Anal. Calc. for
C26H16N4O2Pd: C, 59.73; H, 3.08; N, 10.72. Found: C, 59.58; H, 3.03 N, 10.51%. FT-IR (KBr,
cm-1): νmax: 1619 (s, C=O), 1557 (s, C-N). UV–Vis (DMF): λmax (nm) (ε, L mol-1 cm-1): 474
(1890), 312 (22270). 1H NMR (DMSO-d6, 400 MHz,): δ (ppm) = 8.93 (d, 2H, Ha), 8.29
(AA′XX′, 2H, Hh), 8.20 (d, 2H, Hf), 8.13 (d, 2H, Hb), 7.69 (t, 2H, He), 7.45 (d, 4H, Hc), 7.23
(t, 2H, Hd), 6.94 (AA′XX′, 2H, Hi).
2.3. X-ray crystallography
Dark red crystals of [PdII(bqbenzo)] (1a) suitable for X-ray crystallography were obtained by
slow evaporation of solution of 1 in chloroform-dichloromethane-DMSO (20:2:1 v/v) in the
refrigerator. Bragg-intensities of 1a were collected at the Swiss-Norwegian Beamline at the
ESRF, Grenoble, France. A wavelength of 0.69633 Å was selected using a Si(111) double crystal
monochromator. A combination of curved mirrors and monochromators produced a focused
beam at the crystal position. The crystal was maintained at 100 K using an N2 Cryostream. The
data were collected by means of a Pilatus 2M pixel detector from Dectris Ltd. Cell refinement,
data reduction, and absorption correction were carried out with the program Crysalis (Version
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1.171.35.21) from Agilent Technologies [44]. The structure was solved with direct methods
using SIR-2011 [45], and structure refinement on F2 was performed with SHELXL-2014/7 [46].
All non-hydrogen atoms were refined anisotropically.
Dark red crystals of [PdII(bqbenzo)] (1b) and [PdII(bqb)] (2) suitable for X-ray
crystallography were obtained by slow evaporation of solution of 1 in chloroform-DMSO (20:1
v/v) in the refrigerator, and 2 in chloroform-dichloromethane-DMSO (10:10:1 v/v) at room
temperature. X-ray intensities of 1b and 2 were collected on a Stoe IPDS II diffractometer with
graphite-monochromated MoKα radiation (λ = 0.71073 Å). The crystals of 1b and 2 were
maintained at 133 and 95 K, respectively, using an N2 Cryostream. Cell refinement, data
reduction and a numerical absorption correction were performed with programs X-AREA (1.62)
[47] and XRED32 (1.31) [48]. The structure of 1b was solved with direct methods using
SIR-2004 [49] and that of 2 using SHELXS-97 [46]. The structures were refined using
SHELXL-2014/7 by full-matrix least-squares on F2 [46]. All non-hydrogen atoms were refined
anisotropically. Hydrogens were placed in geometrically idealized positions and restrained to
ride on their parent atoms. Crystallographic and refinement data are summarized in table 1 for all
compounds.

2.4. Antibacterial activities
Antibacterial activities of the ligands and corresponding Pd(II) complexes were tested by the
well-known diffusion method using Sabouraud dextrose agar and Müller Hinton agar [50]. The
zone of inhibition (MZI) was recorded upon completion of the incubation and the mean diameter
for each complex at 400 μg mL−1 was recorded. Stock solutions were prepared in DMSO. The
MZI produced by the compounds were compared with the standard antibiotic Penicillin of
similar concentration. Each test was carried out three times to minimize the error. In order to
clarify any effect of DMSO in the biological screening, blank studies were carried out, and no
activity was observed against any bacterial strains in pure DMSO.

3. Results and discussion
3.1. Synthesis and characterization
Since the recognition of ionic liquids as new reaction media and catalysts, these compounds have
been used for replacing hazardous solvents, reducing reaction time, and increasing yields of
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products compared to conventional methods [32-34]. We have used an efficient and benign
procedure for the preparation of the two carboxamide ligands, H2bqbenzo and H2bqb, by
eliminating the toxic pyridine and using TBAB as the reaction medium [35]. Significant
advantages of using TBAB are substitution of pyridine, reduction of the reaction time, simple
work up and getting a considerable increase in yields of products. The optimization of the
reaction condition by varying reaction temperature, period of heating, and amount of TBAB
were examined to obtain the products in high yield. In the preparation of H2bqb carried out by
this method, the ligand was obtained in high yield and the reaction time reduced from 4 to 1 h as
compared to the conventional method reported [29].
The two new Pd(II) complexes of bqbenzo2− and bqb2− were prepared by reaction of
equimolar quantities of the ligands and palladium acetate. Dark red needle-like crystals of
Pd(bqbenzo) (1) and Pd(bqb) (2) suitable for X-ray structure analysis were obtained by slow
evaporation of the solvent over a period of several days in the refrigerator and room
temperatures, respectively.

3.2. Description of structure of [Pd(bqbenzo)] (1) and [Pd(bqb)] (2)
The molecular structures of complexes 1 (1a, 1b) and 2 with the atom numbering scheme are
presented in figures 1, 2, 5, and selected bond angles and distances are listed in table 2; both
complexes crystallize in monoclinic space group C2/c. Both bqbenzo2– and bqb2– are tetradentate
di-anionic ligands and bind to the Pd(II) ions via two quinoline and two carboxamide nitrogens,
thereby forming three adjacent five-membered chelate rings.
1 (1a and 1b) has a square-planar structure distorted towards a tetrahedron. The trans
angles N4–Pd1–N2 and N3–Pd1–N1 are 162.6(3)° and 163.6(4)°, indicating that the
coordination geometry around the palladium is a distorted puckered square. The angles between
cis atoms at palladium vary between 78.7(4)° for N3–Pd1–N4 and 117.0(4)° for N1–Pd1–N4.
The dihedral angles between the two N,N-chelate rings of 12.86° (Pd1-N1-C9-C10-N2- and
Pd1-N3-C32-C33-N4) and 10.34° (Pd2-N5-C42-C43-N6- and Pd2-N7-C65-C66-N8) in 1a
indicate distortion from planarity. This kind of distortion has been reported in related palladium
compounds [51]. The Pd–Namide (1.834(14) and 1.939(9) Å) and Pd–Nquinoline (2.081(9) and
2.094(9) Å) bond distances of coordinated bqbenzo2– in this complex are similar to those
reported for other Pd(II) complexes with deprotonated amide [20, 22, 40]. The Pd–Namide bonds
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are shorter than the Pd–Nquinoline bond length, in accord with deprotonated amide nitrogen being a
very strong σ-donor. The average bond distances for C=O (1.22 Å) and Ccarboxy–N (1.36 Å) agree
with those reported for related deprotonated amide complexes [20, 40].
1b is solvated with two chloroform molecules per formula unit, only one of which is
independent. At T = 133(2) K this chloroform is almost fully ordered, but it nevertheless turned
out that a better model was obtained by considering two split orientations. Their threefold axes
are tilted, by ~15°, off the intersection of the three mirror planes (Supporting Information, S.2.4).
The chloroform molecules are situated between the layers of 1b and linked to them via
intramolecular interactions. The crystal packing of 1b is illustrated in figure 3. The major and
minor parts were refined anisotropically, yielding site occupancy ratios of 0.55 (7) / 0.45 (2).
Complex 1b without the benzoyl group is equivalent to 2 which displays approximate C2
symmetry. 1b lies around the twofold axis at (3/4,y,1/2) and therefore presents strict C2
symmetry. Since there is only one terminal benzoyl group in 1b, it is necessarily disordered
between two orientations (figure 4). Similar to 1a the average Pd–Namide bond length (1.952 Å) is
shorter than the Pd–Nquinoline bond length (2.096 Å).
Complex 2 (figure 5) has a square-planar structure by the trans angles N2–Pd1–N1ii of
162.03(6)°, indicating that coordination geometry around palladium is distorted square planar.
The angles between cis atoms at the metal center vary between 80.10(10)° for N1–Pd1–N2 and
117.04(12)° for N1–Pd1–N1ii. The dihedral angle between the two N,N-chelate rings
(Pd-N1-C9-C10-N2 and Pd-N1i-C9i-C10i-N2i) is 13.75°. The average Pd–Namide bond length
(1.951(2) Å) agrees with those reported for other deprotonated Pd–Namide bonds (1.957 Å)
[20, 22, 40] and is shorter than the Pd–Nquinoline bond length (2.087(2) Å). The average bond
distances for C=O (1.24 Å) and Ccarboxy–N (1.34 Å) agree well with those reported for related
complexes [20, 39].

3.3. Spectral studies
FT–IR spectral data of the free ligands, H2bqbenzo and H2bqb, and their Pd(II) complexes are
listed in Section 2. FT–IR spectra of the free ligands exhibit a band at 3330 and 3320 cm–1,
respectively, corresponding to the v(NHamidic) stretch. The absence of N–H stretching band in
spectra of the corresponding Pd(II) complexes confirms that the ligands are coordinated in their
deprotonated form [22]. The sharp C=O stretching bands at 1696 and 1646 cm–1 for H2bqbenzo
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and at 1690 cm–1 for H2bqb are shifted to lower frequencies and appear at 1641 and 1594 cm–1
for 1 and at 1619 cm–1 for 2. This is presumably due to resonance enhancement in the
deprotonated amide leading to weakening of the C=O bond [22, 52].
The UV–Vis spectra of H2bqbenzo, H2bqb, [PdII(bqbenzo)] and [PdII(bqb)] are recorded
in DMF solution and the data are presented in Section 2. The absorption spectra of free ligands
consist of intense bands at 333 and 293 nm for H2bqbenzo and at 315 nm for H2bqb, that are
attributed to intraligand transitions (n→π* and π→π*). The Pd(II) complexes show relatively
intense bands in the 298-474 nm region corresponding to intraligand and charge transfer
transitions. The absorption band at 440 nm in 1 and at 474 nm in 2 is assigned to the admixture
of ligand field and charge transfer transitions [22].
1

H NMR spectral measurement of H2bqbenzo was performed in CDCl3 solution and the

corresponding data are given in Section 2. The main features of the 1H NMR spectrum of
H2bqbenzo are amidic protons N-H at 11.07 and 10.55 ppm [53]. The aromatic protons of this
ligand are at 7.54-8.53 ppm. The 1H NMR spectrum of H2bqb is reported [29].
1

H NMR spectral measurement of Pd(II) complexes, [PdII(bqbenzo)] and [Pd(bqb)], were

performed in DMSO-d6 solution and the corresponding data are given in Section 2. There are
two main features in 1H NMR spectra of the complexes: i) the absence of the amidic proton
signal, confirming that the ligands are coordinated in their deprotonated form. ii) The downfield
chemical shifts of the aromatic proton signal [53]. The aromatic protons of these compounds are
at 6.945-8.94 ppm. Among the aromatic protons, the two Ha,a′ protons in 1 and the two Ha
protons in 2 are the most deshielded and at 8.91 (as two overlapping doublets) and 8.93 ppm (as
a doublet), respectively.

3.4. Electrochemical studies
The electrochemical behavior of H2bqbenzo and H2bqb and palladium(II) complexes has been
studied by cyclic voltammetry in DMF solution at a scan rate of 100 mV s-1, with 0.1 M TBAH
as the supporting electrolyte at a glassy carbon working electrode. As expected and previously
reported, the carboxamide ligands are electroactive in organic solvents [39]. The three
irreversible reduction waves of quinoline rings are observed at –1.482 V, –1.852 V and –2.049 V
in the voltammogram of H2bqbenzo (figure 6), and are expected to be shifted to more positive
values for 1. The irreversible reduction wave of the benzophenone ring is at –0.844 V.
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The electrochemistry of [Pd(bqbenzo)] (1) in DMF (figure 7) shows an additional
irreversible reduction process at –1.06 V attributed to reduction of PdII/I. This value is in
agreement with those reported in related Pd(II) complexes [54]. The last three irreversible
reduction processes at –1.34, –1.67 and –1.92 V are suggested to be mainly ligand centered due
to reduction of quinoline rings and are shifted to more positive potentials in Pd(II) complex
relative to the free ligand.
The H2qbq ligand is also electroactive in organic solvents. As shown in the
voltammogram of H2bqb (figure 8), the two irreversible reduction waves of quinoline rings are at
–1.56 and –1.87 V and are expected to shift to more positive values in 2.
The electrochemistry of 2 in DMF (figure 9) shows an irreversible reduction at –1.177 V
attributed to reduction of PdII/I, in agreement with those reported in related Pd(II) complexes
[54]. The reduction potential of PdII/I in 1 is more positive (117 mV) than that of 2, and the
difference is presumably due to the electron-withdrawing substituent (benzoyl) in 1. The
electron-withdrawing effect of the benzoyl group is also evident from the energy of the MLCT
transition, at 440 nm for 1 as compared to 474 nm for 2 (vide supra). There seems to be a good
correlation between the reduction potential of Pd(II) complexes and the MLCT transition energy.
This is apparently due to a common electronic effect induced by the electron-withdrawing nature
of (C(O)Ph) substituent. The last two irreversible reduction processes observed at –1.387 V and
–1.49 V are suggested to be mainly ligand centered due to the reduction of quinoline rings and
are shifted to more positive potentials in Pd(II) complex relative to the free ligand.
The redox behaviors of Pd(II) carboxamide complexes are influenced by the R
substituent on the central phenyl ring of carboxamide ligands. The cyclic voltammetric studies of
[PdII(Me2bqb)] reveal that Me2bqb2– favors reversibility of the Pd(II)-Pd(III) oxidation process
by stabilizing the Pd(III) species, presumably due to the existence of methyl substituents and
strong electron donating ability of Me2bqb2– carboxamide ligand [40]. However, the tendency of
[Pd(bqbenzo)] and [Pd(bqb)] to undergo Pd(II)-Pd(I) reduction is in accord with the more
electron-withdrawing character of bqb2– and bqbenzo2– ligands as compared to Me2bqb2–.
3.5. Antibacterial activity
The ligands, corresponding Pd(II) complexes and Pd(OAc)2 were tested for antibacterial
activities against Bacillus cereus and Staphylococcus aureus as Gram +ve and Salmonella typhi,
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Klebsiella pneumoniae and Escherichia coli as Gram –ve bacteria. The screening results (MZI)
are summarized in table 3. H2bqbenzo and H2bqb show lower antibacterial activity relative to
penicillin for Escherichia coli, Staphylococcus aureus and Bacillus cereus (MZI = 6, 16 and
15 mm for H2bqbenzo, MZI = 11, 10 and 12 mm for H2bqb, and MZI = 23, 44, 40 for penicillin,
table 3). However the [Pd(bqbenzo)] complex exhibits strong biological activity against E.coli as
Gram –ve and B.cereus and S.aureus as Gram +ve species (MZI = 22, 35 and 26, respectively),
comparable to the antibiotic penicillin (MZI = 23, 44 and 40, respectively). This complex is not
that effective against Salmonella and Klebsiella and has a small MZI (MZI = 12 and 9,
respectively) compared to penicillin (MZI = 38, 16). The [Pd(bqb)] complex has a high growth
inhibitory effect on S.typhi and E.coli as Gram –ve (MZI = 25 and 30) and B.cereus and S.aureus
as Gram +ve species (MZI = 29 and 28 respectively), comparable to that of penicillin (MZI = 38,
23, and 44, 40, respectively). Moreover, the antibacterial effect of these complexes on S.typhi,
Klebsiella, E.coli, B.cereus and S.aureus is more than that reported for Pd(II) complexes with
several heterocyclic ligands, for example: the MZI of [Pd(L1H2)Cl2], [Pd (L2)2] and [Pd (L3)2] for
E.coli are 10, 8, and 13 mm, and for S. aureus are 9, 7, and 11 mm, respectively) [55],
[Pd(MpipDTC)2] and [Pd(DBzDTC)2] (MZI = 18 and 14, respectively) on S.typhi [56],
[Pd(Ph2PzTSC)2] (MZI = 0, 0, 14 mm) on E.coli, Klebsiella and S. aureus [57], and
[Pd(pyrm)2Cl2] (MZI = 0, 0 and 12 mm) on E.coli, B.cereus and S. aureus respectively [58]. A
comparison between the antibacterial activity of the [Pd(bqbenzo)] and [Pd(bqb)] complexes
with that of the free ligands revealed that coordination improved the antibacterial activity;
Pd(OAc)2 did not exhibit any antibacterial activity (table 3).
The results suggest that the antibacterial activity occurs due to synergy between the metal
and the ligand. This finding indicated that the metal ion improved the antibacterial activity
compared to that of the free ligands. This behavior can be explained by the Overtone’s concept
of cell permeability [59] and Tweedy’s chelation theory [60].

4. Conclusion
This paper describes the synthesis and characterization of two tetradentate carboxamide ligands
and their Pd(II) complexes. The coordination geometry around Pd(II) in these complexes is
distorted square planar. Complex 1 with the benzoyl substituent on the central phenyl ring of
carboxamide ligand was prepared under two different experimental conditions giving 1a with no
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solvent and 1b as the chloroform solvate 1b·2CHCl3. In 1b the benzoyl group is disordered
between two orientations. An irreversible Pd(II)–Pd(I) reduction process is observed in the CV
of the palladium complexes. A good correlation exists between the reduction potential of Pd(II)
complexes and the MLCT transition energy, presumably due to a common electronic effect
induced by the electron-withdrawing nature of (C(O)Ph) substituent on the bqbenzo2–
carboxamide ligand. The ligands and the corresponding palladium complexes were also screened
for their in vitro antibacterial activity. A comparison between the antibacterial activity of the
complexes and that of the free ligands revealed that coordination of Pd(II) improved the activity.
The Pd(II) complexes have strong biological activity against E.coli as Gram –ve and B.cereus
and S.aureus as Gram +ve bacteria comparable to that of penicillin.

Appendix A. Supplementary data
Crystallographic data for the structural analyses have been deposited with the Cambridge
Crystallographic Data Centre, CCDC No. 1451919 for 1a, No. 1451918 for 1b, and No. 1451920
for 2. These data can be obtained free of charge from the Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Figure 1. The molecular structure of 1a with its atom labelling scheme. The displacement
ellipsoids are drawn at the 50 % probability level.

16

Figure 2. The molecular structure of 1b with its atom labelling scheme. The displacement
ellipsoids are drawn at 50 % probability. Note that only the major of the two orientations of
chloroform is shown.

17

Figure 3. Crystal packing in 1b as viewed along the crystallographic a-axis.

18

Figure 4. Presentation of the disordereed terminal benzoyl group which is necessarily spllit into
two orientations in 1b.
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Figure 5. The molecular structure of 2 with its atom labelling scheme. The displacemennt
ellipsoids are drawn at the 50 % probaability level.
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Figure 6. Cyclic voltammogram of H2bqbenzo in DMF at 298 K, c ≈ 5×10–4, scan rate =
100 mV s–1.
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Figure 7. Cyclic voltammogram of [Pd(bqbenzo)] in DMF at 298 K, c ≈ 5×10–4, scan raate =
100 mV s–1.
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Figure 8. Cyclic voltammogram of H2bqb in DMF at 298 K, c ≈ 5×10–4, scan rate = 1000 mV s–1.
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Figure 9. Cyclic voltammogram of [Pd(bqb)] in DMF at 298 K, c ≈ 5×10–4, scan rate =
100 mV s–1.
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Table 1. Crystallographic parameters, data collection and refinement details for 1a, 1b and 2.
Empirical formula

C33H20N4O3Pd (1a)

C33H19N4O3Pd·2(CHCl3) (1b)

C26H16N4O2Pd (2)

Formula weight

626.93

864.66

522.83

Radiation, wavelength (Å)

Synchrotron, 0.69633

MoKα, 0.71073

MoKα, 0.71073

Temperature (K)
Crystal system
Space group
a (Å)
b (Å)
c (Å)
β (°)
V (Å3)
Z
Dcalc (Mg/m3)
µ (mm-1)
Crystal size (mm)
F(000)

100(2)
Monoclinic
C2/c
24.6595(4)
27.8855(9)
14.4190(3)
90.583(2)
9914.6(4)
16
1.680
0.76
0.125 × 0.025 × 0.015
5056
26.6-1.6

133(2)
Monoclinic
C2/c
18.174(9)
17.854(9)
10.560(5)
90.16(4)
3426(3)
4
1.676
1.05
0.85 × 0.04 × 0.03
1724
29.4-1.6

95(2)
Monoclinic
C2/c
17.9005(9)
13.0063(8)
9.0967(5)
111.145(4)
1975.3(2)
4
1.758
0.98
0.19 × 0.09 × 0.07
1048
29.1-2.4

-31≤h≤31,
-25≤k≤25,
-17≤l≤17
Empirical
0.909, 0.989
22216
0.075
8128 / 6 / 739

-24≤h≤24,
-24≤k≤24,
-13≤l≤14
Integration
0.890, 0.970
20603
0.091
4637 / 32 / 295

-24≤h≤23,
-17≤k≤17,
-12≤l≤12
Integration
0.867, 0.958
9173
0.042
2643 / 0 / 150

1.09
R1 = 0.1171,
wR2 = 0.2763
R1 = 0.1509,
wR2 = 0.3010
4.44 / −2.29
1451919

0.93
R1 = 0.0404,
wR2 = 0.0701
R1 = 0.0713,
wR2 = 0.0774
0.94 / −1.07
1451918

1.06
R1 = 0.026,
wR2 = 0.0533
R1 = 0.0362,
wR2 = 0.0560
0.63 / −0.90
1451920

θ range (°)
Index ranges

Absorption correction
Min. and max. transmission
Reflections collected
Rint
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [I> 2σ(I)](a)
Rindices (all data)
Largest diff. peak / hole (e.Å-3)
CCDC number
a

R1 = ∑||Fo|-|Fc||/ ∑|Fo|, wR2 = {∑[w(Fo2-Fc2)2]/ ∑[w(Fo2)2]}1/2
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Table 2. Selected bond lengths (Å) and angles (°) for 1a, 1b and 2.
1a

1b

2

Bond lengths
Pd1–N1

2.081(9)

Pd2–N5

2.108(11)

Pd1–N1

2.099(4)

Pd1–N2ii

1.952(2)

Pd1–N2

1.834(14)

Pd2–N6

1.947(9)

Pd1–N2i

1.950(4)

Pd1–N2

1.951(2)

Pd1–N3

1.939(9)

Pd2–N7

1.926(12)

Pd1–N2

1.950(4)

Pd1–N1

Pd1–N4

i

2.094(9)

Pd2–N8

2.105(8)

Pd1–N1

80.3(4)

N6–Pd2–N5

80.0(4)

N2i–Pd1–N2

2.096(2)
ii

2.099(4)

Pd1–N1

2.096(2)

83.40(2)

N2–Pd1–N2ii

Bond angles
N2–Pd1–N1
N2–Pd1–N3
N3–Pd1–N1

84.5(5)
162.7(5)

N7–Pd2–N6
N7–Pd2–N5

83.3(5)
162.4(4)

i

N2 –Pd1–N1
N2–Pd1–N1

i

i

i

80.01(16)
162.07(14)

ii

N2 –Pd1–N1
N2–Pd1–N1

ii

83.40(14)
80.50(7)

ii

162.14(8)

ii

N2–Pd1–N4

162.5(4)

N6–Pd2–N8

162.0(5)

N2 –Pd1–N1

162.07(14)

N2 –Pd1–N1

162.14(8)

N1–Pd1–N4

117.0(4)

N8–Pd2–N5

117.1(4)

N1i–Pd1–N1

117.02(2)

N1–Pd1–N1ii

117.04(12)

N3–Pd1–N4

78.7(4)

N7–Pd2–N8

80.2(4)

N2–Pd1–N1

80.10(10)

N2–Pd1–N1

80.10(10)

Symmetry codes: (i) -x,y,3/2-z. (ii) 1-x,y,1/2-z.
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Table 3. MZI (mm) for the antimicrobial activity of Pd(OAc)2, H2bqbenzo, H2bqb and their Pd(II)
complexes.

Compound

S. typhi

Klebsiella

E. coli

S.
aureus

B.
cereus

H2bqbenzo

NI

NI

6 ± 0.22

16 ±
0.36

15 ±
0.25

[Pd(bqbenzo)]

12.5 ±
0.29

9.0 ± 0.41

22 ± 0.43

35.1 ±
0.21

26 ±
0.40

H2bqb

NI

NI

11.2 ±
0.22

10 ±
0.51

12 ±
0.16

[Pd(bqb)]

25 ± 0.40

5 ± 0.16

30 ± 0.25

29 ±
0.73

28 ±
0.16

Pd(OAc)2

NI

NI

NI

NI

NI

Penicillin

38 ± 0.25

16 ± 0.35

23 ± 0.38

44 ±
0.33

40 ±
0.36

DMSO

NI

NI

NI

NI

NI

Data are expressed as the mean ± standard deviation of samples analyzed individually in triplicate.
NI = No inhibition.
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