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Many substituted acridin-2-yl(phenyl) methanones have been successfully prepared in good yields by 
reacting functionally substituted aryl halides with many internal acetylenes in presence of a palladium 
catalyst Pd(dba)2. The end product of this reaction has also been synthesized via reaction of cis- and trans-
3-(2-chloro-6-methoxyquinolin-3-yl)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one palladium complexes 
towards acetylene in an aqueous medium. This reaction was believed to proceed via region-selective aryl-
palladation of the acetylene and subsequent nucleophilic displacement of the palladium, which further 
produced vinylpalladium intermediates. The intermediates and the final products have been tested for 
broad-spectrum antibacterial and antibiofilm activities. 
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Aqueous-organic two-phase organometallic catalysis 
plays a crucial role in the green chemical technology 
development (fig. 1). Water is considered as an 
environmentally friendly solvent. In order to separate 
the catalyst from the hydrophobic products, it should be 
rendered water-soluble via its ligands. The meta-carbon 
bond in ortho-palladated aromatic compound undergoes 
insertion reaction with carbon monoxide, alkenes, acyl 
halides and alkynes and after decomposition yields 
attractive organic products[1-7]. Organo-palladium 
compounds are commonly used in many organic reactions 
such as ortho-metallated arylpalladium complexes and 
alkynes that afford a special interest[5,8,9]. Nevertheless, 
neither the ortho-metallation of aromatic aldehydes nor 
the synthesis of ortho-formyl arylpalladium complexes 
has been reported in a preliminary communication[10]. 
It has been reported that the quinoline ring systems 
are essential structural units in naturally occurring 
alkaloids and synthetic compounds with attractive 
biological activities[11]. Moreover, It has been reported 
that acridine derivatives as a class of compounds 

that are being effectively applied as anticancer 
drugs regardless of their high cytotoxic activity[12]. 
Furthermore, the development of new annulation 
processes, the most efficient and economical reactions 
of creating cyclic molecules, is considered as one of 
the most impressive and crucial steps in the synthesis 
of organic compounds[13]. In addition, coupling two or 
more independent acyclic moieties to compose several 
bonds in one direct process leads to the rapid synthesis 
of complex molecules without spending time and 
chemicals in the separation of intermediate-products and 
their reintroduction into consequent steps. Palladium, 
transition metals, is particularly advantageous in the 
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synthesis of organic compounds as it imposes the 
most accomplished possibilities for carbon-carbon 
bond formation[14,15]. Palladium reagents have been 
applied abundantly to synthesis numerous heterocyclic 
compounds via cyclic carbopalladation and annulation 
reactions[16]. It has been previously reported that 
substrates bearing a ketone group can easily mediate 
palladium processes, which further leads to products 
with remains intact ketonic group[17]. At this time, 
the full details of internal carboannulation of alkynes 
and bicyclic alkenes by 2-iodobenzonitrile (1), which 
induce 2,3-diarylindenones (3) and related polycyclic 
aromatic ketones have been outlined. With regard to 
previous reports on the alkyne annulation process, the 
mechanism of the formation of 2,3-diarylindenones (3) 
from 2-iodobenzonitrile (1) and diphenylacetylene (2) 
was proposed[18]. Furthermore, the oxidative addition of 
2-iodobenzonitrile (1) to Pd(0), leads to the formation of 
Pd(II), which preceded diphenylacetylene (2) insertion 
afterward produces vinyl palladium intermediate. The 
latter adds up across the carbon-nitrogen triple bond of 
the neighbouring cyano-group to have an intermediate, 
which further hydrolyses to the indenone (3)[19]. The 
reduction of the intermediate Pd(II) species is needed 
and important to afford a catalytic reaction that takes 
place at some steps in the reaction. 

In this work, the development of an oxidative addition 
reaction and an annulation reaction in an aqueous 
medium has been disclosed, which further described 
the first preparation of some acridin-2-yl(phenyl)
methanone 7a,b at room temperature as a new method. 
Recently, there is a lot of growing interest in the synthesis 
and evaluation of the biological and pharmaceutical 
activities of the new organometallic complexes[20-22]. 
The role of metal ions in the structure and biological 
action is essential. However, the mechanistic action 
at a molecular level is not well understood[23,24]. The 
hypothesized antibacterial mechanism of organometallic 
complexes such as palladium complex compounds 
can be mainly attributed to their ability to inhibit the 
metabolic pathway, which alters the DNA replication. 
Furthermore, such compounds have a strong ability to 
form hydrogen bonding with the constituents of cell 
mainly the cell wall[20]. The application of palladium 
complex compounds was directed not only for inhibiting 
the microorganism present in bulk phase (planktonic) 
but also for the microorganisms that attached to biotic 
and abiotic surfaces (biofilms). Biofilms are layers of 
one multi-species microbial community, extracellular 
polymeric substances (EPS), inorganic material and 
water[25]. Biofilm, the highly constructed microbial 

communities, has huge negative impact on human 
health, environment and industries[26]. In this regard, 
nowadays, scientists are looking for an effective method 
to prevent biofilm development on different surfaces by 
inhibiting/reduce the initial microbial attachment[27]. 
Therefore, the aim of the present work was directed 
to evaluate the antibacterial and antibiofilm activity 
of the synthesized vinylpalladium intermediates in 
comparison to the final reaction product. 

MATERIAL AND METHODS

All chemicals were purchased from Sigma-Aldrich and 
all melting points were uncorrected. Nuclear magnetic 
resonance (NMR)-spectra and high-resolution 
mass (HRMS)-mass spectra were recorded using a 
Brucker-300 MHz spectrometer and Brucker FT-MS, 
respectively. Dichloromethane was distilled over 
calcium hydride. In addition, Thin layer chromatography 
(TLC) was accomplished using commercially prepared 
60-mesh silica gel plates. All reagents in this study were 
obtained commercially unless otherwise stated. All 
reactions were performed under nitrogen atmosphere in 
well-dried glassware.

Synthesis of 3-(2-chloroquinolin-3-yl)-1-arylprop-2-
en-1-one derivatives:

3-(2-chloro-6-methoxyquinolin-3-yl)-1-(3,4,5-
trimethoxyphenyl)prop-2-en-1-one (6) were prepared 
by the reaction of 2-chloroquinoline-3-carboxaldehyde 
derivative (4) with acetophenone derivative (5)[28].

Synthesis of trans-chloro[3-(6-methoxyquinolin-
3-yl)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one]
bis(triphenylarsine) palladium(II) (7): 

A mixture of [Pd(dba)2] (432 mg, 0.75 mmol), triphenyl 
arsine (459.3 mg, 1.5 mmol) and ketone (6) (0.75 mmol) 
was mixed under N2 in dry acetone (30 ml). The reaction 
mixture was stirred for 3-5 h at room temperature, 
concentrated and CH2Cl2 (25 ml) was added. The solution 
was further passed through a pad of silica gel-MgSO4 
(3:1) in a fritted funnel, and then evaporated under 
reduced pressure to dryness and washed with Et2O. The 
product was filtered affording pale brown solid (348 
mg, 41 % w/w yield). TLC (ethanol:petroleum ether, 
1:1), Rf=0.739; mp: 164-166º; Analytically calculated 
value for C59H53As2ClNO5Pd (1147.77) is C 61.74 %,  
H 4.65 %, N 1.22 %. Found C 65.96 %, H 4.67 %, N 1.03 
%. IR (ʋ, cm-1): 1655 (C=O), 1618 (C=N,C=C), 1580, 
1233 (C-O), 1125, 2923 (C-H aliphatic), 2986 (=C-H) 
and 3050 (C-H aromatic) cm-1. 1H-NMR (300 MHz, 
CDCl3): δ 8.19-8.14 (d, 1H, 1,3JHH=15.6 Hz,=CH-
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CO), 7.13-7.08 (d, 1H, 1,3JHH=15.9 Hz, Ar-CH=), 
3.97 (s, 6H, m-OCH3), 3.92 (s, 3H, Quinoline-OCH3), 
3.61 (s, 3H, p-OCH3), 8.39 (s, 1H, Quinoline-H4), 7.96-
7.93 (d, 1H, 1,3JHH=9.3 Hz, Quinoline-H8), 7.78  
(s, 1H, Quinoline-H5) and 7.73-7.32 (m, 33H, Ar-H).

Synthesis of cis-chloro[3-(6-methoxyquinolin-3-
yl)-1-(3,4,5-trimethoxy phenyl)prop-2-en-1-one]
(1,10-phenanthrene)palladium(II) (8): 

A mixture of [Pd(dba)2] (432 mg, 0.75 mmol), 
1,10-phenanthrene (135 mg, 0.75 mmol) and ketone 
(6) (0.75 mmol) was mixed under N2 in dry acetone  
(30 ml). The reaction mixture was stirred for 3-5 h at 
room temperature, then was concentrated and CH2Cl2 
(25 ml) was added. The solution was then passed 
through a pad of silica gel-MgSO4 (3:1) in a fritted 
funnel, and then evaporated under reduced pressure to 
dryness and washed with Et2O. The product was filtered 
to gives a green solid (248 mg, 47 % w/w yield). 
TLC (ethanol:petroleum ether, 1:1), Rf=0.708; mp:  
184-188º; Anal. Calc. for C34H28ClN3O5Pd.CH2Cl2 
(700.48) is C 53.52 %, H 3.85 %, N 5.35 %. Found C 
55.84 %, H 4.08 %, N 4.57 %. IR (ʋ, cm-1): 1663 (C=O), 
1616 (C=N,C=C), 1580, 1233 (C-O), 1125, 2940 (C-H 
aliphatic), 3016 (=C-H) and 3052 (C-H aromatic) 
cm-1. 1H-NMR (300 MHz, DMSO): δ 8.04-7.99  
(d, 1H, 1,3JHH=15.6 Hz,=CH-CO), 7.49-7.43 (d, 1H, 
1,3JHH=15.5 Hz, Ar-CH=), 3.93 (s, 12H, OCH3), 
9.06 (s, 1H, Quinoline-H4), 8.97-8.94 (d, 1H, 1,3JHH 
=8.4 Hz, Quinoline-H8) and 8.74-7.42 (m, 12H, Ar-H).

General procedure for the reaction of trans/cis-
palladium complexes with acetylene:

Acetylene was bubbled for 5 min through a solution of 
complex (100 mmol) in CH2Cl2 (15 ml) and few drops of 
water were added. The reaction mixture was stirred for 
24 h under the acetylene atmosphere. Decomposition 
to metallic palladium was noticed. The suspension was 
further filtered and the filtrate was then evaporated 
under reduced pressure to dryness and Et2O (10 ml) was 
added. The resulting suspension was filtered and the 
filtrate was evaporated again under reduced-pressure to 
dryness and n-hexane (10 ml) was added. The resulting 
suspension was filtered to give the following reaction:

Reaction of trans-palladium complexes with 
acetylene: 

Reaction of trans-chloro[3-(6-methoxyquinolin- 
3-yl)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one]
bis(triphenylarsine)palladium(II) (7) afforded pale 
brown solid (24 mg, 75 %w/w yield); mp: 202-204º. 

IR (ʋ, cm-1): 1662 (C=O), 1617 (C=N,C=C),1580, 
1234 (C-O), 1125, 2939 (C-H aliphatic) and 3051 (C-H 
aromatic) cm-1. 1H-NMR (300 MHz, CDCl3): δ 3.97  
(s, 12H, OCH3), 8.38 (s, 1H, acridine-H9) and 
8.18-7.15 (m, 8H, Ar-H). MS, m/z (%): 404 (M+1),  
378 (100), 210 (10), 168 (42), 152 (16), 91 (3), 77 (5), 
50 (11).

Reaction of cis-palladium complexes with acetylene:

Reaction of cis-chloro[3-(6-methoxyquinolin- 
3-yl)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one]
(1,10-phenanthrene)palladium(II) (8) afforded a pale 
brown solid (17 mg, 33 %w/w yield), mp: 202-204º. 
IR (ʋ, cm-1): 1659 (C=O), 1616 (C=N,C=C),1590, 
1245 (C-O), 1128, 2940 (C-H aliphatic) and 3050 (C-H 
aromatic) cm-1. 1H-NMR (300 MHz, CDCl3): δ 3.97  
(s, 12H, OCH3), 8.40 (s, 1H, acridine-H9) and  
8.20-7.18 (m, 8H, Ar-H).

Evaluation of the reaction intermediates and final 
compounds as antimicrobial agents: 

The following strains Staphylococcus aureus (DSMZ 
3463), Bacillus subtilis (ATCC 6633), Escherichia coli 
(ATCC 8739) and Pseudomonas aeruginosa (ATCC 
9027) were used in this study.

The antibacterial activity of the produced vinylpalladium 
intermediates (7,8) that represented trans and cis-
palladium complexe intermediate compounds, 
respectively and the final product (9) were determined 
using a modified agar well diffusion method[29]. The 
tested bacterial strains were streaked on the nutrient-
agar plates. A sterile 10 mm borer was applied to make 
wells and 0.1 ml of the reaction-products (7,8,9) were 
introduced into each well. Furthermore, the plates were 
incubated overnight at a temperature of 37°. Afterward, 
the antibacterial activities the reaction-products (7,8,9) 
were evaluated by measuring the inhibition zone 
diameter (mm) in 3 different fixed directions. The 
average values of the 3 measurements were reported. 
The negative control (sterile water) and the positive 
controls (tetracycline 30 µg and nalidixic acid 30 µg) 
were used.

Minimum inhibitory concentrations (MICs) and 
minimum bactericidal concentrations (MBCs): 

MIC and MBC values of the reaction-products (7,8,9) 
were estimated using a two-fold microdilution method 
in 96-well flat-bottomed microtiter plates[31,32]. The 
tested bacterial strains were cultivated in a trypticase 
soy broth (TSB, Difco Co; Becton Dickinson, Sparks, 
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of pH 7.4 phosphate buffered saline (PBS) for 3 times 
in order to remove non-adherent cells. Afterwards, 
the plates were dried in an inverted position at 65° for  
1 h. The plates were fixed with 200 μl of 97 % ethanol 
and stained with 200 μl of 1 % (w/v) crystal violet 
(Merck, Germany) for 5 min. The rest of the stain was 
rinsed off using tap water and then dried for 2 h. The 
attached cells have appeared as purple rings formed on 
the bottoms and sides of the wells[38]. The experiment 
was performed in triplicates. The MBIC is defined as 
the lowest concentration of the antibiofilm agent that 
inhibited the development of visible microbial growth 
adherence (biofilm) on TSB after an incubation period. 

To confirm the antibiofilm activity of the reaction 
products (7,8,9) at MIBC against bacterial biofilms, 
scanning electron microscopy (Model Quanta  
250 Field Emission Gun at magnification ranging 
from 14X up to 1 000 000 and resolution for Gun 1n 
and operated at an acceleration voltage of 30 KV, FEI 
company, Netherlands) was applied in comparison to 
the positive biofilms. The experiment was estimated 
using glass slices (1×1 cm) and at the end of the 
incubation period, the slices were washed twice with 
pH 7.4 PBS for 5 min each. The slices were fixed with 
4 % glutaraldehyde for 15 min and washed twice with 
PBS. Afterward, the slices were dehydrated using 
different concentrations of ethanol (25, 50, 75 and  
100 %) 15 min each and at the end stored in a desiccator.

RESULTS AND DISCUSSION:

Recently the authors have been focusing on 
palladium-catalysed cross-coupling methodology 
that formed the impetus to examine 2-chloro- 
3-quinolinecarboxaldehyde 6 as a possible substrate for 
annulation onto acetylene using a standard method via 
one-pot reaction conditions in order to produce acridin-
2-yl(phenyl)methanone (9) in good yields, as outlined 
in fig. 2[38-41]. This study has been energized by the 
achievement of the intramolecular reaction of an α,β 
unsaturated ketone, a group that normally inert to organo-

MD). The inoculum was prepared as previously reported 
by Labena et al. and according to McFarland standard 
0.5[33,34]. The reaction-products (100 µl, 7,8,9) were 
serially diluted using TSB onto the microtiter plates 
and further inoculated with a 100 µl of the microbial 
suspension to achieve a final volume of 200 µl parallel 
with one positive (inoculated without the reaction 
products) and negative control (only media without 
the reaction products) wells. The plates were incubated 
under aerobic condition at 37° for 20-22 h. This test 
was performed 3 times. The MICs were defined as the 
lowest concentration of the reaction products (7,8,9) 
that inhibited the development of visible bacterial 
growth on TSB after the incubation period. A sample 
of 10 µl was taken from wells that showed no visible 
growth and further sub-cultured onto TSB plates[35]. The 
plates were incubated for 20-22 h at 37° until microbial 
growth can be observed in the positive control plate. 
The MBCs were evaluated by determining the lowest 
concentrations of the reaction products (7,8,9) that 
inhibited the visible bacterial growth on TB plates after 
the incubation period. All tests were performed three 
times. 

Antibacterial biofilms and minimum biofilm 
inhibition concentration (MBIC): 

The protocol of antibacterial biofilms activity was 
estimated by a semi-quantitative adherence assay on 
96-well tissue culture plates NunclonTM (use F, PS, not 
tissue-culture treated, Nunc GmbH & Co., Wiesbaden, 
Germany)[36,37]. The bacterial innocula of this 
experiment has been prepared as previously reported 
in the McFarland turbidity 0.5 method[34]. A sample of  
100 µl of the reaction products (7,8,9) were serially 
diluted using TSB (supplemented with 1 % glucose) 
onto the microtiter plates and further inoculated with 
a 100 µl of the microbial suspension to achieve a final 
volume of 200 µl parallel with one positive and negative 
control wells. Afterward, the plates were incubated for 
20-22 h at 37°. After incubation, the cell suspension 
was discarded. The plates were then washed with 200 μl 
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 Fig. 2: Annulation reaction scheme
Annulation of internal acetylene with 3-(2-chloro-6-substitutedquinolin-3-yl)-1-(3,4,5-tri substitutedphenyl)prop-2-en-1-one (6) to 
produce (7-substitutedacridin-2-yl)(3,4,5-trisubstitutedphenyl) methanone (9)
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palladium species, as it has been previously reported[42]. 
Therefore, these compounds have attracted scientific 
attention in organic synthesis thus to study the reaction 
of cis- and trans-3-(2-chloro-6-substitutedquinolin-
3-yl)-1-(3,4,5-trisubstitutedphenyl)prop-2-en-1-one 
palladium complexes (7) and (8) with acetylene through 
an oxidative addition reaction. This interest was mainly 
attributed to 2 reasons, firstly such reactions have 
not been noted and secondly, related to their distinct 
behavior in comparison to their analogous complexes 
that were having vinylquinoline palladium complexes. 
Thus, more stable insertion products were expected 
due to their greater aqueous characters. These reactions 
were taken place at room temperature with mild 
conditions appropriate with a lot of functional groups, 
providing high yields of cyclic homoallylic ketones, 
including heterocyclic derivatives. The reaction of 
acetophenone derivative (5) with chloro-quinoline 
(4) afforded 3-(6-methoxy-2-chloroquinolin-3-yl)-
1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (6). The 
reaction of those prepared quinoline derivative using 
oxidative addition reaction with Pd(dba)2 and the mono-
dentate triphenyl arsine was afforded the corresponding 
trans-quinoline-palladium complexes (7). Insertion 
reaction of Pd(II) by a reaction of (6) with Pd(dba)2, 
in the presence of triphenyl arsine in acetone at room 
temperature, afforded trans-palladium complexes (7) 
with derivatives in position-3, which was reacted with 
acetylene to give vinyl palladium complexes. This 
reaction was cyclized using depalladation reaction in 
an aqueous medium to afford the desired compounds 
as outlined in fig. 2 converted into acridin-2-yl(aryl)
methanone (9) in around 65 % yield and confirmed by 
IR, 1H-NMR (300 MHz) and GC/MS. Similarly, the 
development of the previous method for the synthesis 

of (9) via reaction of cis-palladium complexes (8) 
with acetylene to give vinyl palladium complexes 
that cyclized and undergo depalladation in an aqueous 
medium finally afforded the same products as outlined in 
fig. 3. By comparing cis- and trans-palladium complexes 
in their capability towards insertion reactions, it was 
observed that the trans-palladium complexes were 
reacted with acetylene with a greater yield than their 
corresponding cis-palladium complexes. This finding 
was attributed to the steric hindrance that present in  
cis-complexes, which further reduces the acetylene 
moiety to attack palladium carbon bond and further 
leading to smaller product yield. The application of 
an aqueous medium in palladium-catalysed reactions 
has attracted attention. This may be attributed mainly 
to it is the water-based synthetic process, is inherently 
safer and considered as inexpensive. Furthermore, 
this reaction was not required dry solvents and the 
end products may simply be separated by extraction 
and in the end, it greatly expedites the whole 
operation. Therefore, the application of water in  
palladium-catalysed reactions describes the highest 
economically and environmentally viable options for 
several organic transformations.

The antibacterial activity of the intermediate 
compounds (7,8) in comparison to the final product 
compound (9) were evaluated using the agar well 
diffusion method. Results reported in Table 1 showed 
broad antibacterial spectrum represented by inhibition 
zones of the reaction-products ranging from 32-
21 mm. The intermediate trans-palladium complex 
compound (7) showed greater antibacterial activity in 
comparison to the intermediate cis-palladium complex 
compound (8) as it has been previously reported 
(fig. 4)[43,44]. The final product (9) displayed very low 
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Fig. 3: Synthetic scheme of trans-aryl palladium(II) intermediates
The trans-aryl palladium (II) intermediates (7) in these annulations are usually generated by oxidative addition of aryl halide (6) 
to a Pd (0) catalyst
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activity, which was attributed mainly to the absence of 
palladium. Moreover, all the compounds have exhibited 
better activity towards Gram-positive bacteria (32 
-26 mm) than the Gram-negative bacteria (25-21 mm). 
This result could be attributed to the cell membrane 
characteristics, in Gram-positive bacteria, it is a single 
bilayer that is very sensitive to antibacterial agents. 
While the cell membrane in Gram-negative bacteria 
is a bilayer more resistant to antibacterial agents. 
Moreover, the stability of the bacterial cell membrane 
disruption has relied on two factors, the number of 
terminal charged groups and (ii) the bio-permeability 
which related to size and molecular weight and/
or lipophilic groups[45,46]. The results in Table 2 
displayed the MICs and the MBCs of trans- and cis-
palladium complex compounds (7,8) in comparison 

to the final product (9). The trans-palladium complex 
intermediate (7) showed lower MICs and MBCs for 
the Gram-positive bacteria (130.3 and 156-312.5 ppm) 
than for the Gram-negative bacteria (312.5 and 312.5 
–520.8 ppm), respectively. While the cis-palladium 
complex intermediate (8) MICs and MBCs for the 
Gram-positive bacteria (156.4 and 208.4–312.5 ppm) 
were lower than those for Gram-negative bacteria 
(312.5-416.6 and 625 ppm). Furthermore, the final 
compound (9) demonstrated MICs and MBCs for 
the Gram-positive bacteria (156.4-312.5 and 208.4 
-312.5 ppm) were lower than Gram-negative bacteria 
(416.6 and 625 ppm). The results that reported that the 
lowest MIC/MBC were attributed to the trans-palladium 
complex intermediate (7)[47]. The hypothesized 
antibacterial mechanism of the palladium complex 
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Fig. 4: Synthetic scheme of cis-aryl palladium(II) intermediates and the final product
The cis-aryl palladium(II) intermediates (8) in these annulations are usually generated by oxidative addition of aryl halide (6) to a 
Pd (0) catalyst

Samples
Staphylococcus aureus 

(DSM 3463)
Bacillus subtilis  

(ATCC 6633)
Escherichia coli  

(ATCC 8739)
Pseudomonas aeruginosa 

(ATCC 9027)
7 32 26 25 23
8 30 25 25 22
9 28 23 22 21
TE (30 µg) 24 23 -  - 
NA (30 µg) -  -  20 - 

TABLE 1: ANTIBACTERIAL ACTIVITY OF PALLADIUM COMPLEX INTERMEDIATES

Antibacterial activity of 7. trans-palladium complex intermediate, 8. cis-palladium complex intermediate in comparison to 9. the final 
reaction product. Numbers are the mean of the inhibition zone diameter (mm). TE is tetracycline and NA is nalidixic acid.
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engaged in cell division and is smaller in size; thus, 
these are less permeable to antimicrobial agents. The 
third mechanism is the antibiotic degrading enzyme 
(β-lactamase) produced by many bacterial species, 
which can inhibit the activity of the β-lactam ring of 
many antibiotics as penicillin and cephalosporins. 
Furthermore, β-lactamases can be immobilized and 
highly accumulated in the EPS that strongly inactivate 
the action of antimicrobial agents[51]. It has been 
reported that there is a great concern in inhibiting and/or 
eradicating the bacterial biofilms on different surfaces. 
Therefore, one of the aims of this work was directed to 
study the novel application of the trans and cis-palladium 
complex intermediates (7,8) in comparison to the final 
reaction product (9) as antibacterial biofilms against the 

compounds may relate to their metabolic pathway 
inhibitory action, which alters the DNA replication (the 
complexes carry metal to the target DNA). Furthermore, 
these compounds also have the strength of hydrogen 
bonding to the cell wall[48]. 

Bacterial biofilm, which considered as an example 
of physiological modifications of bacteria that are 
displaying high resistance to different antibacterial 
agents[49,50]. This bacterial resistance may be interpreted 
by different mechanisms, not necessarily related to 
ones. The first mechanism may be attributed to the 
extracellular polymeric substances (EPS) produced 
from bacterial biofilms that prevent antimicrobial agent 
penetration. The second mechanism is related to the 
embedded bacterial biofilm that is in fact, not actively 

Samples
Staphylococcus aureus 

(DSM 3463)
Bacillus subtilis (ATCC 

6633)
Escherichia coli Pseudomonas aeruginosa

(ATCC 8739 ) (ATCC 9027)
MIC MBC MIC MBC MIC MBC MIC MBC

(PPM) (PPM) (PPM) (PPM) (PPM) (PPM) (PPM) (PPM)
7 130.3±36.9 156.4±0.0 130.3±36.9 312.5±0.0 312.5±0.0 312.5±0.0 312.5±0.0 520.8±147.3
8 156.0±0.0 208.4±73.6 156.4±0.0 312.5±0.0 312.5±0.0 625±0.0 416.6±147.3 625±0.0
9 156.4±0.0 208.4±73.6 312.5±0.0 312.5±0.0 416.6±147.3 625±0.0 416.6±147.3 625±0.0

TABLE 2: THE MINIMUM INHIBITORY CONCENTRATIONS (MIC) AND THE MINIMUM BACTERICIDAL 
CONCENTRATIONS (MBC) OF PALLADIUM COMPLEX INTERMEDIATES 

The minimum inhibitory concentrations (MIC) and the minimum bactericidal concentrations (MBC) of 7. trans-palladium complex intermediate 
and 8. cis-palladium-complex intermediate in comparison to 9. the final reaction product against different standard bacterial strains. The 
results expressed as mean of the samples concentrations (ppm) with standard deviations (SD).

 
Fig. 5: SEM pictomicrographs of the bacterial biofilms on glass surfaces
SEM images of the bacterial biofilms (a) Bacillus subtilis (ATCC 6633) biofilm, (b) Escherichia coli (ATCC 8739) biofilm, (c) Bacillus 
subtilis biofilm treated with trans-palladium-complex intermediate (7) at a concentration of 312.5 ppm and (d) Escherichia coli 
biofilm treated with trans-palladium-complex intermediate (7) at a concentration of 416.6 ppm
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bacterial strains that induced positive biofilms Bacillus 
subtilis and Escherichia coli (fig. 5a and 5b). The trans 
and cis-palladium-complex intermediates (7,8) and 
final reaction product (9), have displayed antibiofilms 
activity against the positive-induced bacterial biofilms 
with MIBCs of 312.5-625 ppm (fig. 6 and Table 3). 
The trans-palladium-complex intermediate compound 
(7) exhibited better antibiofilm activity against the  
B. subtilis and E. coli at MIBCs 312.5 and 416.6 ppm, 
respectively in comparison to the cis-palladium-complex 
intermediate compound (8) with MIBCs 312.5 and  
625 ppm (Table 3). The palladium-complex intermediates 
(7,8) have demonstrated better antibacterial biofilms 
activity in comparison to the final reaction product 
(9) that was mainly attributed to the effect of the non-
palliated compound on the bacterial cells in planktonic 
and biofilms forms. One of the initial hypotheses of 
the action of novel synthesized palladium compounds 
on biofilm inhibition is their high binding ability to 
intracellular DNA. Such binding has been displayed as 
an important factor in the extracellular biofilm`s matrix 
which further leads to rapid disruption[52,53]. 

In summary, alternative access to cyclopenta[b]
quinolin-1-one derivatives (7) has been developed. 
The major by-product of these reactions was dibenzal 
acetone associated with Pd(dba)2 and accordingly, 

this applied method does not need the initial synthesis 
of a requisite (poly) organometallic compound. 
Hence, it will reduce the reaction steps. Therefore, 
this synthesis process has displayed economic and 
environmental visibility to cyclopenta[b]quinolin- 
1-one derivatives. The carbon-oxygen double bond 
of heteroaryl carboxaldehyde has been reported to 
take part in the organo-palladium annulation reaction. 
The process reaction was appropriated with many 
functional groups and afforded products in high 
yields. Furthermore, the synthesized intermediate 
products have shown a great activity than non-palliated 
compounds. The synthesized trans and cis-palladium-
complex intermediate compounds (7,8) in comparison 
to the final reaction product (9) have been successfully 

 
Fig. 6: SEM pictomicrographs of the bacterial biofilms on glass surfaces contd
SEM images of the bacterial biofilms (e) Bacillus subtilis biofilm treated with the cis-palladium-complex intermediate compound (8) 
at a concentration of 312.5 ppm and (f) Escherichia coli biofilm treated cis-palladium complex intermediate (8) at a concentration of 
625 ppm, (g) Bacillus subtilis biofilm treated with the final reaction product (9) at a concentration of 625 ppm, and (d) Escherichia 
coli biofilm treated with the final reaction product (9) at a concentration of 625 ppm.

Samples Bacillus subtilis
(ATCC 6633)

Escherichia coli 
(ATCC 8739 )

7 312.5±0.0 416.6±147.3
8 312.5±0.0 625.0±0.0
9 625.0±0.0 625.0±0.0

TABLE 3: THE MINIMUM BIOFILM INHIBITORY 
CONCENTRATIONS (MBIC) OF PALLADIUM 
COMPLEX INTERMEDIATES 

The minimum biofilm inhibitory concentrations (MBIC) of 7. trans-
palladium complex intermediate and 8. cis-palladium complex 
intermediate in comparison to 9. the final reaction product against 
different standard bacterial biofilms. The result expressed as the 
mean samples concentrations  in ppm) and standard deviations (SD).
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applied as antibacterial agents. The trans-palladium 
complex intermediate (7) displayed better antibacterial 
activity with low minimum inhibitory concentration/
minimum bactericidal concentration in comparison to 
the cis-palladium complex intermediate (8) and the 
final reaction product (9). Furthermore, the synthesized 
trans and cis-palladium complex intermediates (7,8) in 
comparison to the final reaction product (9) have been 
successfully applied as antibacterial biofilms against 
standard bacterial strains that induced positive biofilms. 
In addition, the trans-palladium-complex intermediate 
(7) has displayed greater antibacterial biofilms activity 
at very low minimum biofilm inhibitory concentration.
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