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Abstract 

A series of substituted oxime esters have been synthesized and tested for their anticancer, antibacterial, DNA 

photocleavage and molecular docking studies. The in-house synthesized oxime esters were characterized by IR, 1H 

NMR, and mass spectra. Most of oxime esters showed good antibacterial and anticancer activity. All these 

compounds were found to cleave DNA upon irradiation with 365 nm UV light. The results indicated that oxime 

esters underwent homolysis of their weak N-O bonds on direct and photosensitized UV photolysis to afford iminyl 

and carboxy radicals which can then cause the cleavage of the pUC 19 DNA. A plausible reaction mechanism is 

also proposed. The interaction of between DNA protein with oxime esters was also evaluated by CT-DNA binding 

and molecular docking studies.  

Keywords: Oxime esters, Antibacterial, Anticancer, DNA photocleavage, DNA binding, Molecular docking. 

 

1. INTRODUCTION 

The understanding and quantification of DNA–ligand interactions [1,2], are of paramount importance for the study 

of biological mechanisms and for many applications such as drug design. Intercalation by stacking of smaller 

aromatic ligand moieties between the nucleobases plays a significant role in a multitude of DNA interactions [3]. 

There have been however; relatively few consistent experimental studies on the parent association energies and 

their dependence on ligand structure until now. Small molecules can interact with DNA in non-covalent fashion and 

in most important applications it is by an intercalative mode. Generally the intercalative molecules should contain 

an extended heteroatom, as its stacking between base pairs is considered to be a major driving force that leads to 

binding [4]. The binding mode and strength are sensitively dependent on the shape, planar area, size and electron 

density of the interacting aromatic rings. So a systematic study on the influence of varying parameters on the 
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interaction of small molecules with DNA would be valuable in the rational design of new drugs and therapeutic 

reagents targeted to DNA [5-10]. 

The compounds with efficient photo-induced DNA cleavage activity are of increasing importance in nucleic 

acid chemistry and medicinal applications based on the photodynamic therapy (PDT) for cancer [11-14]. To 

achieve significant photocytotoxic effect, most modern PDT applications involve three key components: a 

photosensitizer, a light source and tissue oxygen [15-17]. The procedure requires exposure of tissues to a photo-

sensitizing drug followed by irradiation with visible light of the appropriate wavelength, usually in the red or near-

infrared region and compatible with the absorption spectrum of the drug. Upon absorption of a photon, the 

photosensitizer undergoes one or more energy transitions and usually emerges in its excited triplet state. The triplet 

state can participate in a one-electron oxidation–reduction reaction (type I photochemistry) with a neighboring 

molecule, producing free radical intermediates that can react with oxygen to produce peroxy radicals and various 

reactive oxygen species (ROS) [15-17]. 

Molecular docking has been a focus of attention for many years. In the current scenario, the flexible docking 

program is able to predict protein ligand complex structures with reasonable accuracy and speed [18]. There has 

been very little application of docking studies to interpretation of the DNA binding affinity, in modern chemistry 

and biochemistry. To obtain a significant correlation, it is essential that appropriate descriptors are employed, 

whether they are theoretical, empirical or derived from readily available experimental characteristics of structures. 

Many descriptors reflect simple molecular properties and can thus provide insight into the physicochemical nature 

of the activity/property under consideration [12]. Subsequently, several researchers have reported correlations for a 

wide variety of chemical properties such as including DNA binding studies [19,20]. 

Further, oxime esters functional group systems are an important class of nitrogen-oxygen hetero junction 

with many synthetic applications as functional units of many molecules of biological interest that has made them 

useful intermediates in medicinal chemistry [21]. Due to their biological activities, they have been the subject of 

extensive experimental studies [22-26], and many synthetic methods have been employed in the synthesis [27-29]. 

The advantages of oxime esters include their ease of handling and characterization in comparison with peroxides or 

azo-compounds, and therefore further investigation of the scope and limitations of their free radical chemistry was 

an attractive prospect  [30,31]. 

 

 

 

 

 

Fig.1. Biologically important oxime esters.  

Recently, Walton, explained that, the functionalized oximes as efficient precursor materials for the 

generation of carbon-, nitrogen- and oxygen-centered radicals for novel biological activities [32]. In this context, 

oximes appear quite attractive due to their relative biological versatility. The oxime esters, being appeared in 
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several known anticancer or DNA photocleaver (Fig.1) [33], has been angularly fused to the aromatic skeleton. The 

introduction of methoxy group and similar analogues commonly applied in anticancer drugs, were incorporated into 

the parent structure not only to increase the affinity with DNA but also to elucidate the influence of them on 

biological activities [33]. 

In recent years much interest has been focused on design and synthesis of biologically active compounds 

that can bind to DNA with a high affinity and specificity. There is an evidence that antitumour activity is due to the 

intercalation between the base pairs of DNA and interference with normal functioning of the enzyme topoisomerase 

II that is involved in the breaking and releasing of DNA strands [34]. Our previous study has demonstrated that the 

presence of oxime esters containing weak N–O bond showed photocleaving ability of DNA [34]. On the basis of 

introducing a fused aromatic ring to the oxime skeleton to result in higher antitumor and/or DNA photocleaving 

activities. The study of the reaction is greatly aided by the simple procedure, but this also implies that new variants 

must be unusually novel to be useful. We have been interested in developing the new anticancer drugs, particularly 

by radical species. Taking inspiration from the above and as a part of our continuing research on the synthesis and 

anticancer, antibacterial, DNA photocleavage and molecular docking studies of biologically active compounds 

[35,36]. Hence, the need to be replaced by newer drugs periodically. In this perspective, we proposed the synthesis 

and development of oxime esters unit targeting anticancer, antibacterial, DNA binding, DNA photocleavage and 

molecular docking. In continuation of our research, the main objective is to discover new anti-cancer agents.  

2. MATERIALS AND METHODS 

Materials and equipment 

All the chemicals used in the present study are of AR grade. M/s Sigma-Aldrich, and Merck, USA and M/s S.D. 

Fine Chem. Pvt. Ltd, Mumbai, India. Calf thymus DNA (CT DNA) and supercoiled pUC19 DNA (cesium chloride 

purified) was obtained from Bangalore Genei (India). Agarose (low melt, 65°C, molecular biology grade for DNA 

gels), ethidium bromide, bromophenol blue, Tris(hydroxymethyl)aminomethane (Tris), sodium chloride, ethylene 

diamine tetraacetic acid disodium salt (EDTA-Na2), sodium azide,  were of molecular biology grade, obtained from 

Himedia (India). 

 Melting points were recorded on an open capillary tube with a Buchi melting point apparatus and are 

uncorrected. Elemental analyses were carried out using Perkin-Elmer 240C CHN-analyzer. IR spectra were 

recorded on a FT-IR infrared spectrophotometer. 1H- NMR spectra were obtained using a 300 MHz and 400 MHz 

on a Bruker spectrometer (chemical shifts in δ ppm). Mass spectra were recorded using a micro spray Q-TOF MS 

ES Mass spectrometer. 

 

3. EXPERIMENTAL 

General procedure for the preparation oxime esters: 

Triethylamine (1.50 eq., 15 mmol, 2.10 mL) was added to a solution of oxime (1.00 eq., 10 mmol) in CH2Cl2 (15 

mL) followed by a solution of acid chloride (1.05 eq., 10.5 mmol) in CH2Cl2 (15 mL), dropwise at room 

temperature. After 2 h of stirring water (20 mL) was added. The organic phase was separated, and the aqueous layer 
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was extracted with CH2Cl2 (3×10 mL). The combined organic phases were then washed with water (20 mL), dried 

over anhydrous NaSO4, filtered and concentrated to give crude oxime ester which was purified by crystallization or 

flash chromatography.  

(E)-Benzylideneamino-oxy-(phenyl)methanone (3a). Yield 92%, m.p. 93–95 °C. IR (KBr): 1734 cm–1. 1H NMR 

(400 MHz, CDCl3): δ 6.98-7.00 (d, J=8.0 Hz, 2H), 7.16-7.18 (d, J=8.0 Hz, 2H), 7.77-7.80 (d, J=8.0, 2H), 8.08-8.10 

(d, J=8.0 Hz, 2H), 8.50 (s, 1H).  

 

(E)-Benzylideneamino-oxy-(4-methoxyphenyl)methanone (3b). Yield 94%. Colorless crystals, m.p. 97–99 °C. IR 

(KBr): 1732 cm–1. 1H NMR (400 MHz, CDCl3): δ 3.80 (s, 3H), 6.97-6.99 (d, J=8.0 Hz, 2H), 7.16-7.18 (t, J=8.6 Hz, 

2H), 7.80-7.82 (dd, J=8.0 Hz, 2H), 8.06-8.08 (d, J=8.0 Hz, 2H), 8.55 (s, 1H).  

(E)-4-Methyl-benzylideneamino-oxy-(4-methoxyphenyl)methanone (3c). Yield 90%. Colorless crystals, m.p. 128–

130 °C. IR (KBr): 1729cm–1. 1H NMR (400 MHz, CDCl3): δ 2.53 (s, 3H), 3.86 (s, 3H), 6.94-6.96 (d, J=8.0 Hz, 

2H), 7.25-7.28 (d, J=8.0 Hz, 2H), 7.70-7.72 (d, J=8.0 Hz, 2H), 8.10-8.13 (d, J=8.0 Hz, 2H), 8.52(s, 1H). 

(E)-4-Methoxy-benzylideneamino-oxy-(4-methoxyphenyl)methanone (3d). Yield 90%. Colorless crystals, m.p. 

147−149 °C. IR (KBr): 1733 cm–1. 1H NMR (400 MHz, CDCl3): δ 3.84 (s, 3H), 3.90 (s, 3H), 6.96-6.98 (d, J=8.0 

Hz, 2H), 7.08-7.11 (d, J=8.0 Hz, 2H), 7.78-7.80 (d, J=8.0 Hz, 2H), 8.08-8.10 (d, J=8.0 Hz, 2H), 8.48 (s, 1H). 13C 

NMR (75.5 MHz, CDCl3): δ 55.6, 55.8, 113.5, 114.7 121.3, 122.8, 131.0, 131.6, 155.9, 162.6, 163.2, 163.5. 

 (E)-4-Chloro-benzylideneamino-oxy-(4-methoxyphenyl)methanone (3f). Yield 88%. Colorless crystals, m.p. 

151–152 °C. IR (KBr): 1732 cm–1. 1H NMR (400 MHz, CDCl3): δ 3.86 (s, 3H), 6.95-6.98 (d, J=8.0 Hz, 2H), 7.41-

7.44 (d, J=8.5 Hz, 2H), -7.72-7.74 (d, J=8.0 Hz, 2H), 8.06-8.08 (d, J=8.0 Hz, 2H); 8.53 (s, 1H). 13C NMR (75.5 

MHz, CDCl3): δ 55.3, 113.3, 121.4, 128.6, 129.4, 130.0, 131.5, 137.4, 155.6, 162.0, 163.0. 

(E)-4-Bromo-benzylideneamino-oxy-(4-methoxyphenyl)methanone (3g). Yield 75%. Colorless crystals, m.p. 162–

164 °C. IR (KBr): 1733 cm–1. 1H NMR (400 MHz, CDCl3): δ 3.90 (s, 3H), 6.96-6.98 (d, J=8.0 Hz, 2H), 7.56-7.58 

(d, J=8.0Hz, 2H), 7.66-7.68 (d, J=8.0Hz, 2H), 8.08-8.10 (d, J=8.0 Hz, 2H), 8.56 (s, 1H).  

(E)-4-Fluoro-benzylideneamino-oxy-(4-methoxyphenyl)methanone (3i). Yield 90%, m.p. 116–118 °C. IR (KBr): 

1730 cm–1. 1H NMR (400 MHz, CDCl3): δ 3.89 (s, 3H), 6.95-6.99 (d, J=8.0 Hz, 2H), 7.15-7.18 (d, J=8.0 Hz, 2H), 

7.80-7.82 (d, J=8.0, 5.4 Hz, 2H), 8.10-12 (d, J=0.0 Hz, 2H), 8.50 (s, 1H).  

(E)-4-(Trifluoromethyl)-benzylideneamino-oxy-(4-methoxyphenyl)methanone (3j). Yield 95%. Colorless crystals, 

m.p. 148–150 °C. IR (KBr): 1728 cm–1. 1H NMR (400 MHz, CDCl3): δ 3.91 (s, 3H), 6.96-6.98 (d, J=8.0 Hz, 2H), 

7.70-7.73 (d, J=8.0 Hz, 2H), 7.94-7.96 (d, J=8.0 Hz, 2H), 8.10- 8.13 (d, J=8.0 Hz, 2H), 8.62(s, 1H).  

 

(E)-4-Nitro-benzylideneamino-oxy-(4-methoxyphenyl)methanone (3k). Yield 85%. Yellowish crystals, m.p. 

178−180 °C. IR (KBr): 1741 cm–1. 1H NMR (400 MHz, CDCl3): δ 3.90 (s, 3H), 6.94-6.96 (d, J=8.0 Hz, 2H), 8.00-

8.03 (d, J=8.1 Hz, 2H), 8.06-8.08 (d, J=8.0 Hz, 2H), 8.20-22 (d, J=8.0 Hz, 2H), 8.63 (s, 1H).  
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(E)-3,5-Dinitro-benzylideneamino-oxy-(4-methoxyphenyl)methanone (3l). Yield 95%. Colorless crystals, m.p. 

183–185 °C. IR (KBr): 1748 cm–1. 1H NMR (400 MHz, CDCl3): 3.92 (s, 3H), 6.78-6.81 (d, J=8.0 Hz, 2H), 6.94-

6.97 (d, J=8.0 Hz, 2H), 7.64-7.67 (d, J=8.0 Hz, 2H), 8.06-8.08 (d, J=8.0 Hz, 2H), 8.55 (s, 1H).  

 

4. RESULTS AND DISCUSSION 

In our attempts to search for novel antitumor agents, we extended the interest to biocompatible oximes and 

synthesized series oxime derivatives with the aim of evaluating their diverse biological activity.  

4.1. CHEMISTRY 

 

 

 

 

 

 

 

 

Scheme 1: Synthetic route of Oxime esters. Reagents and conditions: (i) NH2OH.HCl, Et3N, EtOH, rt; (ii) 

RCOCl,Et3N, CH2Cl2, 0°C. 

As shown in Scheme 1 and Table 1, the treatment of substituted oximes with one molecules of aromatic acid 

chlorides in the presence of triethyl amine afforded the corresponding biocompatible oxime esters (3a−3l) in good 

yields (Scheme 1) [34]. These methodologies resulted in high yield of products with shorter reaction time for all the 

substrates (Table 1). The final products were well characterized using FT-IR, 1H NMR spectra and mass 

spectrometry. In general, the compounds containing carbonyl group shows absorption in the region of 1600-1750 

cm-1. In all the compounds 3a−3l, strong band appeared in the double bond region at 1739-1752 cm-1 which 

confirmed the formation of oxime ester (C=O). The presence of imino group (C=N) in the structure gives the band 

at 1641-1607 cm-1. For the convenience, compound 3d has selected for the NMR spectral discussion, the two sets 

of signals appeared in the region 3.84 (s, 3H) and 3.90 (s, 3H), ppm with the presence of two methoxy functional 

groups. One singlet that appeared in the region at 8.48 ppm corresponds to the deshielded proton. In the 13C NMR 

spectrum of compound 3d, the aromatic C-atoms appeared in the region of 121.3-131.6 ppm. The imino carbon 

(C4) and O-benzoyl carbonyl carbon appear in downfield region at 163.2 and 163.5 ppm, respectively. In the 

upfield region, methoxy group attached to aromatic carbon is observed at 55.6 and 55.8 ppm respectively. 
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4.2. BIOLOGICAL ACTIVITY 

4.2.1. ANTIBACTERIAL ACTIVITY 

All the synthesized oxime esters exhibited a wide range of in vitro antibacterial activity from higher concentration 

(10 µg/mL) against Escherichia coli and Staphylococcus aureus bacterial strains by disc diffusion method [37,38]. 

Discs measuring 6.25 mm in diameter  were punched from Whatman no. 1 filter paper. Batches of 100  discs were 

dispensed to each screw  capped bottles and sterilized by  dry heat at 140 ⁰C for an hour. The test compounds were 

prepared  with different concentrations using dimethylsulphoxide. One  milliliter containing 100 times the amount 

of chemical in each disc was added to each bottle, which contains 100 discs. The discs of  each concentration were 

placed in triplicate in nutrient agar  medium seeded with fresh bacteria separately. The incubation was carried out at 

37 ⁰C for 24 h. Ciprofloxacin was used as a standard drug. Solvent and growth controls were prepared and kept. 

Zones of inhibition and minimum inhibitory concentrations (MICs) were noted. The results of antibacterial studies 

are given in Table 2.  

The investigation of antibacterial screening data revealed that all  the tested compounds showed moderate to good 

bacterial inhibition. Compounds 3a-3l are active at 10 mg/ml against S. aureus Compounds 3a, 3b, 3c, 3f, 3g, 3h, 

3i, 3j, 3k, 3l, are active at 10 mg/ml  concentrations against E. coli. Compounds 3d and 3e, are inactive at 10 mg/ml  

concentrations against E. coli. 

From the above observations, it is obvious that flouro (3i) substituted oxime esters recorded excellent 

activity; among the substituted oxime esters, chloro- and nitro-substituted oxime esters also registered good 

activity. 

Table 1: Synthesis of oxime esters. 

Entry Product MP Yield (%) 

3a N

H

O

O  

93-95 92 

3b N

H

O

O

OMe

 

97-99 94 

3c N

H

O

O

OMe

Me  

128-130 °C 90 

3d N

H

O

O

OMe

MeO  

147-149 °C 90 

3e N

H

O

O

OMe

OMe

 

98-100 °C 92 

3f N

H

O

O

OMe

Cl  

150-152 °C 88 

3g N

H

O

O

OMe

Br  

162-164 °C 75 
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3h N

H

O

O

OMe

Br

 

107-109 °C 70 

3i 
N

H

O

O

OMe

F

 

116-118 °C 90 

3J N

H

O

O

OMe

F3C  

148-150 °C 95 

3k N

H

O

O

OMe

O2N  

178-180 °C 85 

3l N

H

O

O

OMe

O2N

NO2  

183-185 °C 95 

a All the products were characterized by elemental analysis, 1H NMR, 13C NMR and mass spectral data.  
bYields of isolated products 

Table 2: In-vitro antimicrobial activity of 3(a-l) derivatives. 

Compounds 

Zone of inhibition(mm) 

S. aureus E. coli 

Concentration per well(200µg) 

3a 8 11 

3b 7.5 9 

3c 9 9 

3d 9.5 - 

3e 13 - 

3f 13 8 

3g 12 8.5 

3h 16 9 

3i 18 15 

3J 8.5 9 

3k 8.5 8.5 

3l 9 9 

Ciprofloxacin(2.0µg/well) 21.2±0.44 21.2±0.83 
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Fig.2. Antibacterial activity of Biocompatible Oxime Esters. 

 

 

4.2.2. ANTICANCER ACTIVITY 

In literature, few reports were available of the anticancer activity of different heterocyles, by taking the The 

cytotoxic activity of the oxime esters against two human cancer cell lines such as MCF-7 (breast cancer) and HeLa 

cells (cervical carcinoma) were evaluated. For comparison, the corresponding standard drug doxorubicin used 

according to the literature procedures and their cytotoxicity evaluated [38,39]. Cultured cancer cells were treated 

with compounds with different concentrations for 48 h, and the percentage of cell growth inhibition was determined 

by MTT assay [38,39]. The GI50 values are given in Table 3.  

Considering the varied structure–activity relationships of different series of compounds, it cannot be 

inferred that the biological behaviour of a drug is determined by the influence of a single parameter or variable. 

Furthermore, in most cases, the presence or introduction of various functional groups in a compound does not allow 

to accurately explain the kind and intensity of its biological activity. However, and taking the necessary 

precautions, the information in Table 3 may allow us to make some general remarks on the structure and anticancer 

activity of the oxime esters. From Table 3, it is clear that anticancer activity of oxime esters increases accordingly 

on replacing hydrogen atom with oxygen and halogen atoms at 4-position of aromatic ring. Methoxy substitution on 

both aromatic ring analogues of oximes (3d) have more anticancer activity as compared to other derivatives. From 

the results, it was observed that, the compound (3e) was not so effective against MCF-7 cells. The oxime esters 3a, 

3g and 3h were found to be inactive in both cell lines tested, except the 3d, 3d, 3i and 3j which is highly toxic to 

MCF-7 cells and HeLa cells compared with standard drug Doxorubicin (Table 3). This increase in activity is 

probably due to the presence of methoxy and fluorine at 4-position which is the most electronegative atom. Above 
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results show that electron-donating and electronegative groups are responsible for the anticancer activity of oxime 

esters provided these groups are at 4-position in ring-A and ring-B rather than any other position.  

 

Table 3. Effect of oxime esters (OE) on proliferation of human cancer cell lines assessed by MTT assay. A fixed 

number of cells (1 × 104) grown in a 96-well culture plate were exposed to different concentrations of OE for 24 h 

followed by MTT addition and absorbance was recorded at 540 nm by ELISA reader. IC50 value of after 24 h drug 

incubation with MCF-7 and HeLa cell lines by MTT assay. All values are expressed as mean ± SEM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2.3. DNA BINDING STUDIES. 

Since DNA and genetic material contain all cellular information, the study of DNA interaction is a very important 

aspect at present. Interaction of small molecules with DNA has been investigated and it attracted more attention for 

the designing of more effective drugs which target to DNA. Classical and nonclassical intercalation and groove or 

electrostatic modes of binding have been studied by various interaction modes of drug-DNA [40–43]. Thus, 

studying the interactions of target compounds with DNA is important to get an indication about their anticancer 

impacts and imaginable mechanisms of action. In general, a compound and DNA formed covalent and noncovalent 

bonds. Through covalent bonding, a labile compound is switched by a nitrogen atom of the DNA base, such as N7 

of guanine, in which the interactions like electrostatic, intercalation, and groove binding are conceivable in non-

covalent binding [43,44]. Meanwhile, The change in the wavelength or absorption or both is characteristic of the 

Drugs Conc. 

( μg/mL) 

% growth inhibition after 24 h incubation 

MCF-7 cells HeLa cells 

 

3a 

5 NA NA 

10 NA NA 

 

3b 

5 NA NA 

10 42.16 ± 0.31 NA 

 

3c 

5 15.03± 0.11 16.00 ± 0.11 

10 38.57 ± 0.24 36.44 ± 1.00 

 

3d 

5 10.50 ± 0.66 11.09 ± 0.17 

10 20.78 ± 0.10 21.07 ± 0.10 

 

3e 

5 11.00 ± 0.50 10.88 ± 1.00 

10 20.11 ± 0.87 22.20 ± 1.04 

 

3f 

5 15.54 ± 0.05 16.08 ± 0.05 

10 42.87 ± 0.11 43.68 ± 0.15 

 

3g 

5 NA NA 

10 NA NA 

 

3h 

5 NA NA 

10 NA NA 

 

3i 

5 12.03 ± 0.10 12.30 ± 1.04 

10 22.02 ± 0.10 23.42 ± 1.05 

 

3j 

5 12.57 ± 0.11 13.06 ± 1.04 

10 22.66 ± 0.10 23.10 ± 1.05 

 

3k 

5 17.33 ± 0.12 17.02 ± 1.04 

10 49.77 ± 0.12 47.24 ± 1.05 

 

3l 

5 19.22 ± 0.08 19.30 ± 1.04 

10 36.95 ± 0.10 37.52 ± 1.05 

Doxorubicin 5 14.03± 0.11 15.00 ± 0.11 
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interactions and intercalative modes including strong stacking interactions between DNA base pairs and aromatic 

chromophores [43,44]. It is supposed that bathochromism means breakage of the secondary structure of DNA and 

hyperchromism involves covalent binding. Moreover, considerable red shifts revealed that the compounds were 

coordinated to DNA via N7 position of guanine  [43-46]. On the other hand, no or slight shifts in UV spectra are 

indicative of an outside groove binding, generally with minor hyperchromicity [43-46]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. DNA binding studies of Biocompatible Oxime Esters (3a-3f). UV absorption spectra of  (3a-3f) upon 

addition of calf thymus (ds) DNA. Concentration of control [DNA] = 0.5 μM and we have increase the 

Concentration of [DNA] =10 μM, 20 μM and 30 μM [---] respectively. Arrow shows the absorbance changing upon 

the increase of DNA concentration. The inner plot of [DNA]/(εa-εf) vs [DNA] for the titration of DNA with oxime 

ester. 
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Fig.4. UV absorption spectra of  (3g, 3j, 3k and 3l) upon addition of calf thymus (ds) DNA. Concentration of 

control [DNA] = 0.5 μM and we have increase the Concentration of [DNA] =10 μM, 20 μM and 30 μM [---] 

respectively. Arrow shows the absorbance changing upon the increase of DNA concentration. The inner plot of 

[DNA]/(εa-εf) vs [DNA] for the titration of DNA with oxime ester. 

 

In this study, the absorption bands of the tested oxime esters (3a–3l) are recorded in the absence and 

presence of CT-DNA. The DNA binding spectra for 3a, 3b, 3c, 3d, 3e, 3f, 3g, 3j, 3k are shown in Fig. 3 and Fig. 4 

respectively . The UV–vis spectral data for (3a–3l) are summarized in Table 4. The association 3a to DNA in 

buffered solution was monitored by spectrophotometeric titrations. The effect of progressively increasing higher 

concentrations of DNA on the absorption spectra of oxime ester (3j) is shown in Fig. 3(j). The spectral change 

involved essentially a progressive red shift and hypochromicity, i.e., the interaction of oxime ester (3j) with DNA 

resulted in a strong decrease of the absorption intensity. The absorption of oxime ester (3j) in the peak was 

decreased by about 20.33% at 360 nm peak maximum along with a bathochromic shift of 3–5 nm. This 

hypochromism and bathochromic shift may be due to strong interaction between the electronic states of the 

interacalating chromophore and that of the DNA base pairs [40–43]. Such changes are obvious evidence of the 
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formation of DNA adducts. It is believed that these hypochromic shifts are probably due to the covalent and 

noncovalent bonds, which were observed in all target compounds [40]. 

4.2.4. DNA PHOTOCLEAVAGE STUDIES 

Free radicals were mostly generated in various bio-oxidative processes that damage various body 

components such as fat and proteins and cause various harmful diseases such as cancer, hypertension, Parkinson’s 

disease, and Alzheimer’s disease. Therefore, to develop new therapeutic drugs to neutralize the effect or damage 

caused by free radicals is to achieve more attention [47,48]. The development of therapies which are selective for 

tumour tissues is one of the most important goals in anticancer research, within this framework photodynamic 

therapy (PDT) can be considered as a very promising approach [39]. 

 

 

 

 

 

 

Fig. 5. pUC19 DNA photo cleavage by oxime esters (3a-3l) at 80μM concentration. The oxime esters (3a-3l) was 

irradiated with UV light at 365 nm. Lane; 1: control DNA (without compound), Lane 2 to Lane 13 with oxime 

esters. 

 

The H abstraction from C-4' is the most important process in DNA cleavage. The gel Electrophoresis was an 

effective method for examining the DNA cleavage studies[39]. When circular plasmid DNA is subject to 

electrophoresis, relatively fast migration will be observed for the intact supercoil form (Form I). If scission occurs 

on one strand (nicking), the supercoil will relax to generate a slower-moving open circular form (Form II). If both 

strands are cleaved, a linear form (Form III) that migrates at rates between Form I and Form II will be generated 

[39]. From our previous results, the methoxy groups are highly reactive radicals, which abstracts hydrogen atoms 

efficiently at C-4' of 2-deoxyribose. It is of interest to note that methoxy group has been reported to bring about 

oxygen radical mediated DNA damage in the presence of photoirradiation. Therefore keeping in mind we have 

selected synthesis of alkoxy substituted oxime esters for nuceolytic activity [34].  

The Fig. 5, shows gel electrophoresis separation of pUC19 DNA after incubation with different 

concentration of oxime esters and irradiated for 2h, in 1:9 DMSO/trisbuffer (20 μM, pH- 7.2) at 365 nm. No DNA 

cleavage was observed for the control in which oxime esters were absent (lane 1) (Fig. 5). The concentration 

depended DNA cleavage is also studied by selecting oxime esters like, 3a, 3b, 3d, 3i, 3j and 3l. With increasing 

concentration of these oxime esters (Fig. 6, lanes 2-7), the amount of Form I of pUC 19 DNA diminished gradually, 

whereas Form II increased (Fig. 6). At 40 μM concentration, the compound (3d) can promote only 18% conversion 

of DNA from Form I to II (Fig. 6). Whereas at 60 μM concentration, the compound (3d) can promote 45% 
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conversion of DNA from Form I to II (Fig. 6).  But, the compound (3d) can almost promote 90% conversion of 

DNA from Form I to II at 80 μM concentration (Fig. 6).  

 

 

 

 

 

 

 

Fig. 6. Concetration-dependence of pUC19 DNA photocleavage by oxime ester. The oxime ester (3d) was 

irradiated with UV light at 365 nm. Lane-1: control DNA (without compound), Lane 2: DNA + (3d) 10μM,  Lane 

3: DNA + (3d) 20μM, Lane 4: DNA + (3d) 40μM, Lane 5: DNA + (3d) 50μM, Lane 6: DNA + (3d) 60μM, Lane 7: 

DNA + (3d) 80μM, respectively. 

 

However, Fig. 7 shows the gel electrophoresis separation of pUC19 DNA at 80 μM concentration of oxime 

esters 3a-3l, the compound (3d) cleave efficiently, this is because of 3d has two methoxy substituent in structure.   

We have also observed the DNA separation by oxime esters at 80 μM concentration as shown in Fig. 7. Even at 

higher concentrations around 120 μM, compounds shows DNA cleavage activity, but around 140 μM concentration 

the compounds gets precipitated and there is no moment in the DNA. This reveals that, oxime esters nuclease is 

capable to accelerate the cleavage of plasmid DNA is purely concentration dependent.  

 

 

 

 

 

 

Fig. 7. Light-induced cleavage of DNA by oxime esters at 365 nm. Supercoiled DNA runs at position I (SC), linear 

DNA at position III (LC) and nicked DNA at position II (NC). Lane; 1: control DNA (without compound), Lane; 2: 

80μM (3a), Lane; 3: 80μM (3b), Lane; 4: 80μM (3c), Lane; 5: 80μM (3d), Lane; 6: 80μM (3e), Lane; 7: 80μM (3f), 

Lane; 8: 80μM (3g), Lane; 9: 80μM (3h) Lane; 10: 80μM (3i) Lane; 11: 80μM (3j) Lane; 12: 80μM (3k) Lane; 13: 

80μM (3l). 

 

4.2.5.  MOLECULAR DOCKING STUDIES. 

The DNA–drug and RNA–drug dockings of small organic compounds are generally less investigated. In particular, 

we did not find a docking scoring function for DNA–oxime ester molecular docking. The molecular dynamics of 

the DNA–drug complexes is central for drug design towards chemotherapy. Molecular dynamics has become the by 
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foremost well established, computational technique to investigate structure and function of bio-molecules and their 

respective complexes and interactions [49–51]. In this sense, it is of high relevance taking into account that, the 

previous non-covalent binding between drug and DNA has a strong influence on the subsequent photoreaction and 

therefore on their biological activity [39].  

In order to rationalize the observed spectroscopic results and to get more insight into the intercalation 

modality, the oxime esters (3a–3l) were successively docked [39], within the DNA duplex of sequence 

d(CGCGAATTCGCG)2 dodecamer (PDB ID: 1BNA) (Fig. 8) in order to predict the chosen binding site along with 

preferred orientation of the ligand inside the DNA minor groove. All synthesized oxime ester (3a–3l) derivatives 

were drawn in ChemSketch and structures were saved in .mol format. Afterwards the .mol format was used in 

Hyperchem-7, to adjust their fragments, followed by total energy minimization of ligands so that they can attain a 

stable conformation and the file was saved in .pdb format.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. View of the energy minimized docked poses of oxime esters (3a-3l) with DNA d(CGCGAATTCGCG)2 

(PDB ID: 1BNA). 
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Fig. 8. Interaction of oxime esters (3l) with DNA d(CGCGAATTCGCG)2 (PDB ID: 1BNA). 

 

 

Protein 3D structure of B-DNA was obtained from RCSB PDB (an information portal to biological 

macromolecular structures). The water molecules were removed from the file, and the protein was protonated in 3D 

to add polar hydrogen’s. Binding pocket was identified using site finder, and the respective residues were selected. 

Docking parameters were set to default values and scoring algorithm, the docking runs were retained to 30 

conformations per ligand. The docked protein structures were saved in .pdb format, and ligand’s conformations 

were investigated one by one. Complexes with best conformations were selected on the basis of highest score, 

lowest binding energy and minimum RMSD values [39]. 

 

Table 4: Molecular Docking studies of oxime esters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Products Docking Energy 

(Kcal/mol) 

Inhibition constant 

(M) 

RMSD DNA binding 

constant Kb 

3a -7.45 4.35 x 10-7 2.5 5.2 x 104 M-1 

3b -25.60 3.84 x 10-16 2.5 2.6 x 104 M-1 

3c -25.32 2.91 x 10-16 5.5 2.9 x 104 M-1 

3d -25.89 2.96 x 10-7 3.4 5.8 x 104 M-1 

3e -7.05 6.22 x 10-7 3.4 6.1 x 104 M-1 

3f -7.47 6.76 x 10-7 3.8 5.7 x 104 M-1 

3g -7.80 6.36 x 10-7 2.0 5.8 x 104 M-1 

3h -7.32 7.55 x 10-16 2.0 6.2 x 104 M-1 

3i -7.77 5.85 x 10-7 2.5 5.5 x 104 M-1 

3j -24.07 2.41 x 10-16 2.0 2.5 x 104 M-1 

3k -7.39 6.33 x 10-7 2.5 5.6 x 104 M-1 

3l -8.22 6.10 x 10-7 2.5 5.5 x 104 M-1 
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Molecular docking was carried out between rigid receptor protein and the flexible oxime esters. Table 4 

shows the details of the docking results including RMSD and binding energy values of protein–ligand complexes. 

The oxime esters (3b, 3c, 3d and 3j) bind strongly to B-DNA as inferred by their minimum binding energy values, 

that is, −25.60, −25.32, −25.89 and 24.07 kcal/mol, respectively as shown in Table 4 (Fig. 8). Interaction of DNA 

base pairs with compound 3l was showed in Fig. 9. Docked compounds were analysed in terms of hydrogen 

bonding, energy, noncovalent, and hydrophobic interaction between compounds and DNA. The docked results 

clearly explained that there is strong interaction between the compounds and 1BNA. 

 

CONCLUSION  

In conclusion, we have synthesized biocompatible oxime esters and evaluated their biological and 

nucleolytic activity. The synthesized oxime esters were demonstrated as versatile synthons for the antibacterial, 

anticancer, DNA binding and DNA Photoclevage studies. Few compounds showed good bacterial inhibition almost 

equivalent to standard drug. It is concluded from the results that substituents on the oxime esters skeleton are 

responsible for the enhancement of the antibacterial activity. It can further be concluded that the percentage 

inhibition of anticancer activity increases as the electronegativity of the aromatic ring increases. Upon 

photoirradiation, the iminyl and carboxy radicals resulting from N-O bond homolysis of oximes are highly reactive 

radicals, which abstracts hydrogen atoms efficiently at C-4' of 2-deoxyribose of B DNA. The presences of methoxy 

substituents in the aryl group of oxime 3d responsible for spontaneous photolysis to radicals might be more 

efficient compare to the other oxime esters to cleave DNA. Results obtained from our present work would be very 

useful to understand the radical photoinduced DNA cleavage. The initial in-vitro biological activity and docking 

studies showed that the oxime ester scaffold had little effect on the antitumor activities, while variations in 

substitutions of the aryl moieties had a significant impact on the activities and alkoxy substitution produced the best 

potency. Further studies will be carried out in near future. 
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