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ABSTRACT. This research paper explores preparation of furanoanthracene-12,14-dione (1) via the addition of 
malic anhydride to anthracene. The resultant compound was treated with urea to form the imide derivative (2). 
Subsequently (2) was reacted with formaldehyde, leading to the substitution of the nitrogen-bound proton with a 
hydroxymethyl group, yielding hydroxymethyl pyrroloanthracene (3). In the following step, various substituted 
anilines were reacted with (3) in the presence of triethylamine through an SN2 reaction to replace the hydroxyl 
group and producing substituted amino methyl-epipyrroloanthracene derivatives (4-10). Three of these derivatives 
(4-6) were employed as a ligands to synthesize three complexes square planer platinum(IV). The result of 
conductivity measurement, magnetic and C.H.N. prove the synthesis of the platinum(IV) complexes. The biological 
activities of the synthesized compounds were evaluated against four bacterial strains. Additionally, (4-10) were 
subjected to molecular docking studies against the target protein Penicillin Binding Protein (PDB ID: 3vsl), with 
Penicillin G serving as the control. 
 
KEYWORDS: Platinum complexes, Imides, Molecular docking, Biological activity   
 

INTRODUCTION 
 
In organic chemistry, heterocyclic nitrogenous chemicals make a large class of chemical 
compounds. Nitrogen often endows the compounds with strong characteristics [1] 

In general, imides can easily be prepared from anhydride by replace the oxygen between two 
carbonyls with nitrogen atom. This can be achieved by the reaction of the anhydride with 
ammonia, ammonium carbonate, amines or urea [2].  

Important components of several medication prospects are substituted succinimides. The 
creation and synthesis of compounds with potential use as human therapeutic agents is one of the 
core goals of organic and medicinal chemistry. In vivo, cyclic imides and their derivatives 
permeate biological membranes because they have an imide ring with the general structure CO–
N(R)–CO– [3]. 

Numerous medications are made using substituted succinimides, such as N-arylphathalamide 
(Figure 1), which are significant drug substances which is used against number of cancers [4].  
  

 
Figure 1. General structure of N-arylsuccinimide. 
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They have been linked to a wide range of biological activities and medicinal applications. For 
example, succinimide is a component of several active molecules that have been linked to a variety 
of biological activities, including CNS depressant [5], analgesic [6], antitumor [7], cytostatic [8], 
anorectic [9], nerve conduction blocking [10], antispasmodic [11], bacteriostatic [12], muscle 
relaxant [13], hypotensive [14], antibacterial [l5], antifungal [16], anti-convulsant [17], and anti-
tubercula [18].  

EXPERIMENTAL 
 
Materials and methods 
 
All chemicals and solvents were utilized without further purification and come from well-known, 
readily available commercial sources. Using KBr discs, infrared spectra (Vmax in cm-1) were 
examined on a Bruker FT-IR 8400 spectrometer. Furthermore, 1H-NMR spectroscopy was carried 
out with DMSO-d6 as the solvent and TMS as the chemical reference standard on a Bruker 
apparatus running at 400 MHz. 
 
Synthesis of 9,10-dihydro-9,10-[3,4] furanoanthracene-12,14-dione(1) [19] 
 
A 100 mL round-bottom flask was filled with 25 mL of dry xylene, (0.012 mol, 2.13 g) of 
anthracene was dissolved in 25 mL of dry xylene, followed by the addition of (0.012 mol, 1.17 g) 
of maleic anhydride. The mixture was then agitated for 30 min, allowed to cool, and the precipitate 
was filtered through Buchner funnel to produce a white precipitate (crystal) in 83%, m.p. (258-
260 °C). FT-IR (KBr, ν, cm-1) 3067, 3037 (=C-H), 2968 (-C-H), (1862, 1780) the symmetric and 
asymmetric ν(C=O) of the imide, 1068 (C-O). 1H-NMR (ppm): δ 7.46–7.16 (m, 8H) aromatic, 
3.39 (t, 2H) 2CH, 4.88 (t, 2H) 2CH. 13C NMR (ppm): (DMSO d6, 400 MHz) δ 39.35, 41.03, 
123.37, 124.87, 139.75, and 171.24. 
  
Synthesis of 9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione(2) [20] 
 
In a 50 mL round bottom flask mixed (8.13 mmol, 2.25 g) of (1) and (16.3 mmol, 0.95 g) of urea. 
The mixture was then allowed to come to room temperature and stirred for 15 min. After that, (10 
mL) of cold distilled water was added and the mixture was stirred for 15 min. The mixture was 
then filtered and recrystallized with ethanol. Then, dried at (40 °C) to produce a white powder 
precipitate in 89%, m.p. (195-198 °C), FT-IR (KBr, ν, cm-1) 3288 (N-H), 3038 (=C-H), 2970      
(C-H), (1754, 1698) the symmetric and asymmetric ν(C=O) of the imide, 1598 (N-H) bending, 
1226 (C-N). 1H-NMR (ppm): (DMSO d6, 400 MHz) δ: 8.11 (s, 1H) N-H, 7.28-7.11 (m, 8H) 
aromatic, 3.39 (t, 2H) 2CH, 4.79 (t, 2H) 2CH. 13C NMR (ppm): (DMSO d6, 400 MHz) δ 39.51, 
44.69, (123.37, 124.87, 139.75), and 178.97. 
  
Synthesis of 13-(hydroxymethyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione (3) 
[21] 
 
(4 mmol, 1.1 g) of (2) and (2.5 mL of 40%) formaldehyde were mixed in (50 mL) round-bottom 
flask. Then, (2 mL) of dimethylformamide (DMF) and (6 mL) of distilled water were added to 
the mixture. After 35 hours of stirring of the mixture a white precipitate was filtered and 
recrystallization from ethanol. A white powder resulted in 93%, m.p. (228-232 °C), IR cm-1 3382 
(O-H), 3048 (=C-H), 2969 (C-H), (1717, 1695) the symmetric and asymmetric ν(C=O) of the 
imide, 1461 (C-H) bending, and 1390 (O-H) bending. 1H-NMR δ: 7.38–7.12 (m, 8H) aromatic, 
5.67 (s, 2H) CH2, 4.09 (s, 1H) O-H, 4.76 (t, 2H) 2CH, 3.36 (t, 2H) 2CH. 13C NMR (ppm): (DMSO 
d6, 400 MHz) δ: 39.04, 41.72, 63.68 (123.37, 124.87, 139.75)), and 173.74. 
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Synthesis of 13-((substilamino)methyl)-9,10-dihydro-9,10-[3,4] epipyrrolo anthracene-12,14-
dione (4-10) [22-24]  
 
One drop of triethylamine (TEA) and one drop of dimethylformamide (DMF) were added to (1 
mmol, 0.305 g) of (3) and (1 mmol) of aniline substitutes. After 20 min of heating the mixture in 
an oil bath between (110 and 120 °C), it was cooled by adding 5 mL of cold water. The resulted 
precipitate filtered, recrystallized from acetone and dried (Table 1). 
  

 
 
Figure 2. Gineral structure for (22-24). 
 
Table 1. Physical properties of (4-10). 
 

Yield 
% 

 
m.p. 

      (°C) 

Color M.Wt 
g/mol 

Molecular formula 
 

X 
 

Comp 
no. 

91% 175-177 Pale yellow 380.45 C25H20N2O2 4-H 4 
79% 235-238 White  414.88 C25H19ClN2O2 4-Cl 5 

85% 243-245 Pale yellow 459.33 C25H19BrN2O2 4-Br 6 

80% 178-183 White  394.47 C26H22N2O2 4-CH3 7 

93% 201-204 Gray 395.46 C25H21N3O2 4-NH2 8 

89% 190-192 Yellow  425.43 C25H19N3O4 3-NO2 9 

83.5% 195-198 Dark yellow 425.43 C25H19N3O4 4-NO2 10 

 

13-((Phenylamino)methyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione (4)   
 
FT-IR (KBr, ν, cm-1) 3325 (N-H), 3048 (=C-H), 2973 (C-H), (1773, 1701) the symmetric and 
asymmetric ν(C=O) of the imide, 1523 (N-H) bending, 1248 (C-N). 1H-NMR (ppm): (DMSO d6, 
400 MHz) δ: 7.39–7.09 (m, 8H), 7.07-6.76 (m, 5H), 6.41 (s, 1H) N-H, 4.85-4.79 (s, 2H), 4.24-
4.22 (t, 2H) 2CH, 3.40-3.36 (t, 2H) 2CH. 13C NMR (ppm): (DMSO d6, 400 MHz) δ: 39.04, 41.72, 
48.93 (116.12, 119.61, 123.37, 124.87, 128.87, 139.75,146.00), and 179.78 belong to 2CH,CH2 
groups, aromatic rings carbons, and (C=O) imide. 
 
13-(((4-Chlorophenyl)amino)methyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione 
(5)  
 
FT-IR (KBr, ν, cm-1) 3339 (N-H), 3036 (=C-H), 2957 (C-H), (1754, 1695) the symmetric and 
asymmetric ν(C=O) of the imide, 1523 (N-H) bending, 1300 (C-N) and 755 (C-Cl). 1H-NMR 
(ppm): (CD3CN, 400 MHz) ) δ: 7.47–7.10 (m, 8H), 7.09-6.58 (m, 4H), 5.73 (s, 1H) N-H, 4.87-
4.85 (s, 2H) CH2 , 4.24-4.22 (t, 2H) 2CH, 3.17-3.16 (t, 2H) 2CH. 13C NMR (ppm): (DMSO d6, 
400 MHz) δ: 39.04, 41.72, 48.93 (116.92, 123.37, 124.89, 128.67, 139.75,144.80), and 179.78 
ppm belong to 2CH,CH2 groups, aromatic rings carbons, and (C=O) imide.  
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13-(((4-Bromophenyl)amino)methyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione 
(6)   
 

FT-IR (KBr, ν, cm-1) 3420 (N-H), 3072, 3049 (=C-H), 2972 (C-H), (1771, 1700) the symmetric 
and asymmetric ν(C=O) of the imide, 1533 (N-H) bending, 1248 (C-N) and 769 (C-Br). 1H-NMR 
(ppm): (DMSO d6, 400 MHz) ) δ: 7.49–7.14 (m, 8H), 7.10-6.60 (m, 4H), 5.70 (s, 1H) N-H, 4.85-
4.83 (s, 2H) CH2, 4.22-4.20 (t, 2H) 2CH, 3.16-3.13 (t, 2H) 2CH. 13C NMR (ppm): (DMSO d6, 
400 MHz) δ: 39.04, 41.72, 48.93 (110.11, 118.34, 123.37, 124.87, 131.87, 139.75,145.05), and 
179.78 ppm belong to 2CH,CH2 groups, aromatic rings carbons, and (C=O) imide.  
 

13-((p-Tolylamino)methyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione (7)  
 

FT-IR (KBr, ν, cm-1) 3349 (N-H), 3047(=C-H), 2948 (C-H), (1771, 1705) the symmetric and 
asymmetric ν(C=O) of the imide, 1619 (N-H) bending, 1511 (C-C), and 1254 (C-N). 1H-NMR 
(ppm): (DMSO d6, 400 MHz) δ: 7.40–7.15 (m, 8H), 7.02-6.74 (m, 4H), 5.87 (s, 1H) N-H, 5.02-
4.96 (s, 2H) CH2, 4.28-4.26 (t, 2H) 2CH, 3.15-3.13 (t, 2H) 2CH, 2.05 (s, 3H) CH3. 13C NMR 
(ppm): (DMSO d6, 400 MHz) δ: 21.13, 39.04, 41.72, 48.93 (115.69, 123.37, 124.87, 128.46, 
129.36, 139.75, 143.31), and 179.78 ppm belong to CH3, 2CH, CH2 groups, aromatic rings 
carbons, and (C=O) imide.  
 

13-(((4-aminophenyl)amino)methyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione 
(8)  
 

FT-IR (KBr, ν, cm-1) 3462 (N-H), 3381, 3351 (NH2), 3047 (=C-H), 2959 (C-H), (1778, 1708) the 
symmetric and asymmetric ν(C=O) of the imide, 1619 (N-H) bending, 1511 (C-C), and 1254      
(C-N). 1H-NMR (ppm): (DMSO d6, 400 MHz) ) δ: 7.30–7.15 (m, 8H), 6.80-6.60 (m, 4H), 5.32 
(s, 1H) N-H, 4.80-4.75 (s, 2H), 4.26-4.24 (t, 2H) 2CH, 3.99 (m, 2H) NH2, 3.40-3.36 (t, 2H) 2CH. 
13C NMR (ppm): (DMSO d6, 400 MHz) δ: 39.04, 41.72, 48.93 (116.25, 117.84, 123.37, 124.87, 
137.26, 139.75, -142.44), and 179.78 ppm belong to 2CH,CH2 groups, aromatic rings carbons, 
and (C=O) imide.   
 

13-(((3-nitrophenyl)amino)methyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione 
(9)  
 

FT-IR (KBr, ν, cm-1) 3435 (N-H), 3047(=C-H), 2956 (C-H), (1774, 1710) the symmetric and 
asymmetric ν(C=O) of the imide, 1620 (N-H) bending, 1529 asymmetric (N-O), 1340 symmetric 
(N-O), and 1286 (C-N). 1H-NMR (ppm): (DMSO d6, 400 MHz) )δ: 8.11-8.09 (m,2H), 7.32–7.05 
(m, 8H), 6.98-6.96 (m, 2H), 6.11 (s, 1H) N-H, 5.31 (s, 2H) CH2 , 4.36-4.37 (t, 2H) 2CH, 3.11-
3.09 (t, 2H) 2CH. 13CNMR (ppm): (DMSO d6, 400 MHz) δ : 39.04, 41.72, 48.93 (111.54, 111.97, 
118.77, 123.37, 124.87, 129.87, 139.7, 149.54, 149.82), and 179.78 ppm belong to 2CH,CH2 
groups, aromatic rings carbons, and (C=O) imide.   
 

13-(((4-Nitrophenyl)amino)methyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione 
(10)  
 

FT-IR (KBr, ν, cm-1) 3425 (N-H), 3036(=C-H), 2945 (C-H), (1777, 1707) the symmetric and 
asymmetric ν(C=O) of the imide, 1618 (N-H) bending, 1525 asymmetric (N-O), 1338 symmetric 
(N-O), and 1280 (C-N). 1H-NMR (ppm): (DMSO d6, 400 MHz) δ: 8.10-8.08 (m, 2H), 7.30–7.10 
(m, 8H), 6.98-6.96 (m, 2H), 6.09 (s, 1H) N-H, 5.29 (s, 2H) CH2 , 4.36-4.37 (t, 2H) 2CH, 3.11-
3.09 (t, 2H) 2CH. 13C NMR (ppm): (DMSO d6, 400 MHz) δ: 39.04, 41.72, 48.93 (116.07, 123.37, 
124.87, 126.39, 139.75, 140.42, 154.22), and 179.78 belong to 2CH,CH2 groups, aromatic rings 
carbons, and (C=O) imide.   
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General procedure of preparation of complexes in a ratio of (1:2) [25] 
 
Complexes were prepared at room temperature by self-assembly between an aqueous solution of 
chloroplatinic acid hydrate H2PtCl6.6H2O (0.25 mmol, 0.102 g) and a mixture solution of prepared 
ligands (0.5 mmol) in 25 mL acetonitrile and 10 mL H2O. The yellow solution mixture was stirred 
at room temperature for 30 min, and then the solution was kept enclosed at room temperature. 
After that, the resulting precipitate was filtered, recrystallized and washed with mixed solvents of 
CH3CN and H2O and were air-dried. 

Complex (11) was prepared from ligand (4) with (H2PtCl6.6H2O) and result in 53% as a pale 
yellow powder   (m.p. 275-278  ºC) , FT-IR (KBr, ν, cm-1)  3387 (N-H), 3043-3022 (=C-H), 2978-
2946 (C-H) alphate, (1736, 1681) the  symmetric  and asymmetric ν(C=O) of the imide, 1511   
(N-H) bending, 1260 (C-N), 462 (Pt-N) and 423 (Pt-O). CHNS elemental analysis calculated for 
C50H40Cl4N4O4Pt: C, 54.71%; H, 3.67%; N, 5.10%; Pt, 17.77%. Found: C, 54.29%; H, 3.44%; N, 
4.87%; Pt, 17.31%. 

Complex (12) was prepared from ligand (5) with (H2PtCl6.6H2O) and result in 66% as a orange 
powder   (m.p. 209-210d ºC) , FT-IR (KBr, ν, cm-1)  3401 (N-H), 3054-3027 (=C-H), 2989-2955 
(C-H) aliphatic, (1728, 1669) the  symmetric  and asymmetric ν(C=O) of the imide, 1501 (N-H) 
bending, 1245 (C-N), 760 (C-Cl), 438 (Pt-N) and 410 (Pt-O). CHNS elemental analysis calculated 
for C50H38Cl6N4O4Pt: C, 51.48%; H, 3.28%; N, 4.80%; Pt, 16.72%. Found: C, 51.08%; H, 3.01%; 
N, 4.43%; Pt, 16.59%. 

Complex (13) was prepared from ligand (6) with (H2PtCl6.6H2O) and result in 45% as a yellow 
powder   (m.p. 235-238 ºC) , FT-IR (KBr, ν, cm-1)  3355 (N-H), 3055-3025 (=C-H), 2961-2954 
(C-H) aliphatic, (1720, 1670) the  symmetric  and asymmetric ν(C=O) of the imide, 1500 (N-H) 
bending, 1243 (C-N), 432 (Pt-N) and 415 (Pt-O). CHN elemental analysis calculated for 
C50H38Br2Cl4N4O4Pt: C, 47.83%; H, 3.05%; N, 4.46%; Pt, 15.86%. Found: C, 47.23%; H, 2.88%; 
N, 4.18%; Pt, 15.55%. 
 
Biological activity of the compounds 
 
Both Gram-positive and Gram-negative bacteria were used in this investigation of the effects of 
several manufactured chemicals on four different genera of bacteria. Salmonella typhi, 
Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa were used kindly 
provided by Biology Department of the College. 
 
Inhibitory efficacy test 
 
Test for inhibitory efficacy: The Levne technique [26], which was taken from the Vandepitte 
technique [27], was kept. This entails adding individual colonies of the previously mentioned 
bacteria to the Nutrient Saline medium by injection, followed by incubation. For eighteen to 
twenty-four hours, the bacteria were cultivated at 37 ºC. After then, a concentration of 108 
cells/mL was obtained by a series of dilutions using regular saline solution, and this concentration 
was subsequently compared to the concentration in tube No. 1 (Macfarland standard tubes 1) 
Using a sterilized glass diffuser, the bacterial suspension was spread over the conventional 
nutritional agar surface. After that, the plates were incubated for 30 min to allow imbibition to 
occur. 

Paper discs were created. The carefully selected chemicals were then absorbed into these discs 
in predetermined amounts after being dissolved in dimethyl sulfoxide. Following that, the discs 
were applied to the agar plate surface using sterile forceps and incubated for eighteen to twenty-
four hours at 37 ºC. The diameter of inhibition was evaluated after incubation, and some plates 
were compared with control samples that included conventional antibiotics ampicillin. 
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RESULTS AND DISCUSSION 
 

The capacity to create substituted-9,10-dihydro-9,10-[3,4]epipyrroloanthracene derivatives, 
which may prove to be helpful building blocks for the synthesis of different chemicals, which 
may be used in different applications, Scheme 1. 
  

 
Scheme 1. Total synthesis. 
 

The synthesis of 9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione (1) was well known 
through [1, 4] addition of malic anhydride to anthracene via Dials Alder cycloaddition reaction. 
The resulted compound confirmed by their physical properties. In addition, IR spectra show bands 
belong to two anhydride carbonyls at 1780 cm-1, 1H NMR spectrum gives a doublet signal at  
4.88 and triplet at  3.39 belongs to 4 CH. Also, 13C NMR conform the structure. 
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In the next step imide (2) was prepared by using two equivalents of urea as a source of amine, 
to react with anhydride (1) without solvent. The reaction depends on simple hand mixed to let the 
reaction start and be easier to mix by stirrer. The physical properties of the resulting compound, 
such as differences in color and melting point comparing with starting material, as well as the 
characteristic infrared absorption spectra, were identified it by medium band in 3381 
corresponding to the secondary amine. In addition, 1770, 1716 cm-1 for symmetric and 
asymmetric of (C=O) imide. In 1H NMR the new singlet band at  8.11 corresponding the proton 
of imide. The 13C NMR band number confirms the carbon number of the compound. 

In the next step, the product (2) was reacted with 40% formaldehyde in water in the presence 
DMF as a solvent to give (3), This compound was identified by its physical properties (colour, 
melting point and infrared absorption bands), with peaks at 3382 cm-1 corresponding to OH and 
at 1781, 1651 cm-1 for symmetric and asymmetric of (C=O) imide for carbonyl of amide. In 
addition, the 1H NMR spectrum shows the absent of N-H proton and the appearance of new singlet 
band at  5.67 belong to CH2 with another band belong to O-H proton at  4.09. The 13C NMR 
bands number confirms the carbons number of the compound.  

In the last stage of the reaction, compounds (4-10) were formed in a moderate to excellent 
proportion when (3) was reacted with different aniline substituted using a straightforward SN2 
one-step reaction. The IR absorption at 3325, 3339, 3420, 3349, 3462, 3435 and 3425 cm-1, which 
correspond to the new N-H groups. Moreover, the nitro group of compounds (9, 10) has a unique 
value that falls between the stretches of symmetry (two oxygen atoms are bonded to nitrogen by 
a single bond) at 1340, 1345 cm-1 and asymmetry (one oxygen atom bonds to nitrogen by a single 
bond) at 1529, 1521 cm-1. The 1H NMR charts show new bands at  6.41-5.31ppm belongs to     
N-H proton depending on the substituent on the aryl ring. The 13C NMR bands number confirm 
the carbons number of the compound, Figures 3 and 4.  

Finally, the platinum(IV) complexes were prepared by using compounds (4-6) as a ligands 
form complex (11-13), respectively. These complexes were characterized by their physical 
properties and by IR spectra and CHN. A comparison between infrared spectra of the ligand and 
their complex show that the absorption of N-H was in complexes more than the ligand in 62 cm-1 
for ligand (4, 5) and complexes (11, 12), while complex (13) have less absorption than (6) in          
65 cm-1. In addition, the absorption of C=O in the ligand were more than their complexes for about 
16 to 30 cm-1, Figure 5 [32]. This result led to confirm that the coordination with the metal ion 
happened. 
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Figure 3. IR spectra of (4, 9) 
 
Magnetic measurement and electronic spectra 
 
The prepared platinum complexes of type (1:2) fall into the category of complexes with 
electrically conductive behaviors, and the molar electrical conductivity values of these complexes 
in the solvent (DMSO) ranged between (142.6-148.3) (cm2.ohm-1.mol-1)[28]. This confirms of 
four chlorine atoms side the coordination sphere [29]. The IR spectrum and molar conductivity 
values confirm the asymmetry of the compound. 
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Figure 4. 1H-NMR spectra of (4, 10). 
 

Table 2 shows the electronic spectra of platinum complexes(IV). Complexes (11-13) have 
three bands, the first band is located 1 (12048-12626) cm-1 and the second band is  2 (15923-
17241) cm-1 and the third is 3 (22321-23923) cm-1 in addition to the charge transfer band, which 
appears above (30000) cm-1 [30-32]. The appearance of these four transitions indicates the 
symmetry of the platinum(Ⅳ) complexes as square planar. The square planar geometry of the 
complexes was confirmed by magnetic measurements and electronic spectra. 

Figure 5. IR spectrum of complex (11). 
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Table 2. Molar conductivity, electronic and magnetic properties of platinum complexes.  
 

Suggested 
structure 

µeff 
B.M. 

C.T. 
(cm–1) 

1A1g  →  1T1g 
cm-1 
3 

1A1g  →  3T2g 
cm-1 
2 

1A1g  → 3T1g 
cm-1 

1 

Molar  
 conductivity
 .1–.ohm2(cm

 m) 1–mol
(DMSO) 

Ligand 
No.  

Comp. 
No. 

Square 
planar  

Dia.  34482  23923  15923  12048 142.6 4  11 

Square 
planar  

Dia. 33444  22727  16611  12626 148.3 5  12  

Square 
planar  

Dia. 34013 22321 17241 12077 146.1 6 13 

 
Docking study 

 
The synthesized compounds were subjected to molecular docking against the target protein 
penicillin binding protein (PDB ID: 3vsl) and Penicillin G (PNM) as the control. Docking was 
performed via the online server CB-dock2 [33], Table 3. 
 
Table 3. Binding affinity score, the hydrogen bonds and hydrophobic interactions compound.  
 

Compound Docking score Hydrogen bonding Hydrophobic interactions 
PNM -7.6 Arg484, Arg504 Lys273, Ser274, Asn501, Val493, 

Lys494, Leu256, Glu255 
4 -9.6 Tyr275, Asn501, 

Arg504 
Glu255, Ser274, Lys273, Leu256, 
Arg484, Asn487 

5 -10.6 Tyr275,Arg504 Pro500,Lys273,Arg484,Glu255,Ser274 
Asn501,Asn487,Ile507,Ile381 

6 -10.6 Tyr275,Asn501, 
Arg504 

Ser274,Leu256,Glu255,Arg484, 
Lys273,Asn487,Ile381,Ile507 

7 -10.6 Tyr275,Asn501, 
Arg504 

Ser274,Lys273,Glu255,Arg484, 
Asn487,Ile381,Ile507,Pro509 

8 -10.4 Tyr275,Arg504 Ser274,Glu255,Lys273,Arg484, 
Asn487,Ile507,Asn501,Ile381 

9 -3.0 Tyr379,Ser386, 
Thr385,Arg504 

Glu505,Ile507, 
Ile381 

10 -3.1 Ser66 Arg270,Asp227,Trp228,His50 

 
Table 3 shows that highest binding affinity score was (-10.6) belong to (5, 6, 7). While the 

lowest score was (-3.0) belong to (9). Due to the emerging of antimicrobial resistance, it is crucial 
to find new potential targets and new antibiotics [34]. Penicillin binding proteins is the target of 
β-lactam antibiotics where they are involved in biosynthesis of bacterial cell wall since it is 
responsible in cross-linking of the stem peptides [35]. In the study of Akves et al. [36] natural 
products from mushroom were used in docking several bacterial targets including pencilling 
binding proteins as virtual screening for new antimicrobials. 

Docking analysis found the compounds have higher binding affinity for the target than 
Penicillin G so these ligands may serve as lead compounds for developing new antibiotics. Figure 
6 shows the results, and the hydrogen bonds and hydrophobic interactions involved [37].  
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Figure 6. Interaction of target protein with compounds (4-9). Visualized by Lig plot. 
 
Biological effectiveness 
 
Salmonella typhi, Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa are the 
four types of Gram-positive and Gram-negative bacteria that have been used to evaluate the 
biological effects of a number of prepared compounds (4, 5, 6, 10, 11, 12, 13). 

Due to the importance of these bacteria in the medical field, the range of diseases they may 
cause, and their varying resistance to antibiotics and other drugs, the disc diffusion method was 
used for their selection. The inhibitory results in Table 4 show that a number of the compounds 
prepared have antibacterial properties. 

According to the inhibition domain, compounds (4, 5) had significant activity against 
Escherichia coli. Compounds (4, 5) had weak activity against Pseudomonas aeruginosa and 
Staphylococcus aureus, while the rest of the compounds showed good to moderate results. 
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Table 4. Biological activity of some prepared compounds (4-10). 
 

Salmonella typhi 
10 (mg/mL) 

ZI mm 

Pseudomonas 
aeruginosa 

10 (mg/mL) ZI mm 

Eschershia coli 
10 (mg/mL) 

ZI mm 

Staphylococcus aureus 
10 (mg/mL) 

*ZI mm 

Comp. 
No. 

8 0  18 0  4 
15 0  18 16  5 
12 15 16  14 6 
13  16 17 15 10 
15 25 15 11 11 
17 20 18 19 12 
15 17 16 19 13 
15 20 20 25 Ampicillin 

10 mg/disk 
 
*ZI = zone inhibiter in millimeter: 1 to 6 mm levels are considered as low activity, ranging from 6 to 12 mm 
considered moderate activity, and levels more than 12 mm are considered high active.  

 

CONCLUSION 
 

In this research paper we successfully prepared three platinum complexes derived from imides 
ligand which prepared from anthracene as starting material. The prepared compounds (4-6) were 
subject to docking analysis against penicillin binding protein and Penicillin G as the control. The 
result show that (5, 6, 7) have highest binding affinity score (-10.6) compare with the control. In 
addition, the biological activity of ligands (4, 5, 6) and their complexes (11, 12, 13) was tested 
against four types of bacteria strain, the result fluctuated from high inhibition to moderate and 
weak.  
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