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ABSTRACT 

The present research work involves the synthesis and antioxidant 

studies of urea and thiourea derivatives of glycine and proline 

conjugated 2,3-dichlorophenyl piperazine. The structures were 

confirmed by physical and spectroscopical measurements and the 

molecules were subjected to in vitro antioxidant studies by three 

different methods viz., DPPH, DMPD and ABTS radical scavenging 

methods. Interestingly compounds 1g, 1h, 2g and 2h bearing OCH3 

particularly at para position found to be most active. On the basis of 

results obtained a few interesting structure activity relationships were 

ascertained. 

 
KEYWORDS: Amino acids, Piperazine, Conjugation, Urea/thiourea, 

Antioxidant. 

 

INTRODUCTION 

The human body has a complex system of natural enzymatic and non-enzymatic antioxidant 

defenses which counteract the harmful effects of free radicals and other oxidants. Free 

radicals are responsible for causing a large number of diseases including cancer,[1] 

cardiovascular disease,[2] neural disorders,[3] Alzheimer’s disease,[4] mild cognitive 

impairment,[5] Parkinson’s disease,[6] alcohol induced liver disease,[7] ulcerative colitis,[8] 

aging,[9] and atherosclerosis.[10] Protection against free radicals can be enhanced by ample 
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intake of dietary antioxidants. Substantial evidence indicates that foods containing 

antioxidants and possibly in particular the antioxidant nutrients may be of major importance 

in disease prevention. There is, however, a growing consensus among scientists that a 

combination of antioxidants, rather than single entities, may be more effective over the long 

term. Antioxidants may be of great benefit in improving the quality of life by preventing or 

postponing the onset of degenerative diseases. In addition, they have a potential for 

substantial savings in the cost of health care delivery. 

 

In the past few decades, the synthesis of new heterocyclic compounds has been a subject of 

great interest due to their wide applicability. Heterocyclic compounds are widely occurring in 

nature and are significantly essential to life. Among a large variety of heterocyclic nuclei is 

piperazine which is interesting because its derivatives show various pharmacological and 

biological activities. A number of substituted piperazines exhibit significant pharmacological 

action such as antidiabetic,[11] antimicrobial,[12] acetyl cholinesterase inhibitors,[13] 

antimalarial,[14] dopamine transporter,[15] D2/D4 antagonist,[16] MC4 receptor,[17] and HIV-

proteinase inhibitor.[18] Indeed, amino acids and their metabolic and physiological 

ramifications are among the most investigated topics in biomedical science. The synthesis of 

compounds containing amino acids has attracted the attention of chemists due to their 

interesting biological activities with low toxicity and ample bioavailability.[19] 

 

Urea and thiourea are important functional groups in numerous natural products and drug 

intermediates, and are used as neutral receptor for various anions (anion complexation),20 and 

building blocks for various heterocycles. Urea and thiourea derivatives possess many 

promising biological activities, such as herbicidal,[21] antimicrobial,[22] antioxidant,[23] 

antiviral,[24] anti-HIV[25] and antitumor activity,[26] while urea derivatives exhibit anti-

inflammatory[27], antimalarial[28] and antidiabetic activities.[29] These compounds could also 

be used for the detoxification of super antigens from body fluids and for the treatment of 

hemoglobinopathies in the cases of sickle cell anemia and Beta (β) thalassemia,[30] and 

thiourea derivatives were reported to be non-nucleoside inhibitors (NNIs) of the reverse 

transcriptase (RT) enzyme of the human immunodeficiency virus (HIV).[31] Thiocarlide is a 

pharmacologically important thiourea drug used as a therapeutic agent in the treatment of 

tuberculosis.[32] Thiourea inhibitors of plant viruses have also given rise to widespread 

interest in both the biological and chemical sectors.[33] 
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Hence with this background and previous investigations from our group,[34-37] the present 

work was undertaken with a view to evaluate the antioxidant efficacy of the title compounds. 

Synthesis of these compounds was carried out as reported in literature.[38] 

 
EXPERIMENTAL 

MATERIALS AND METHODS 

Amino acids used were of L-configuration unless otherwise mentioned. TFA was purchased 

from Advanced Chem. Tech. (Louisville, KY, USA). NMM, phenyl 

isocyanates/isothiocyanates, DPPH, ABTS and DMPD were purchased from Sigma Chemical 

Co. (St. Louis, MO). Melting points were determined on a Superfit melting point apparatus 

(India) and are uncorrected. TLC was performed on pre-coated silica gel plates (Kieselgel 60 

F254, E. Merck, Germany) with the solvent system comprising chloroform/methanol/acetic 

acid in the ratio 98:2:3 (Rfa) and 95:5:3 (Rfb) and the compounds on TLC were detected by 

iodine vapors. Solvents used were of reagent grade. IR spectra of the compounds were 

recorded on Jasco Spectrometer (USA). 1H NMR spectra were obtained on VARIAN 400 

MHz instrument (USA) using DMSO-d6 and the chemical shifts are reported as parts per 

million (d ppm) using TMS as an internal standard. Mass spectra were obtained on Bruker 

(model HP-1100) (USA) electrospray mass spectrometer. Elemental analysis was performed 

by using VARIO EL III Elementar (Germany). All other chemicals used were of analytical 

grade. 

 

Chemistry 

General procedure for the conjugation of Gly/Pro to 1-(2,3-

dichlorophenyl)piperazine[38] 

1-(2,3-Dichlorophenyl)piperazine.HCl was synthesized as previously reported.[39] To Boc-

Gly/Pro-OH (0.002 moles) dissolved in acetonitrile (10 mL/g of compound) and cooled to 0 

°C was added NMM (0.21 mL, 0.002 moles). To this EDCI (0.383 g, 0.002 moles) dissolved 

in acetonitrile (4 mL) was added and stirred while maintaining the temperature at 0 °C. After 

stirring the reaction mixture for 10 min at this temperature, HOBt (0.306 g, 0.002 moles) in 

DMF (3 mL) was added slowly. The reaction mixture was stirred for an additional 10 min 

and a pre-cooled solution of 2,3-dichlorophenyl piperazine.HCl (0.536 g, 0.002 moles) and 

NMM (0.21 mL, 0.002 moles) in DMF (5 mL) was added slowly. After 20 min the pH of the 

solution was adjusted to 8 by addition of NMM and the reaction mixture was stirred over 

night at room temperature. Acetonitrile was removed under reduced pressure and the residual 
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DMF was poured into about 100 mL ice-cold 90% saturated KHCO3 solution and stirred for 

30 min. The precipitate was extracted into chloroform and washed sequentially with 5% 

NaHCO3 solution (3 × 20 mL), water (3 × 20 mL), 0.1N cold HCl (3 × 20 mL) followed by 

brine solution. The organic layer was dried over anhydrous Na2SO4, the solvent was removed 

under reduced pressure, triturated with ether and dried. 

 
General procedure for the synthesis of ureido and thioureido derivatives (1a-1h/2a-2h) 

Boc-Xaa-PZN (0.150 g) [where Xaa = Gly or Pro] was stirred with 1.5 mL of TFA for 45 

min at room temperature. After completion of the reaction (monitored by TLC), TFA was 

removed under vacuum, triturated with dry ether, filtered, washed with ether and dried to 

obtain TFA.H-Xaa-PZN. 

 

Further, TFA.H-Xaa-PZN (0.001 moles) was dissolved in DMF (10 mL/g of compound), 

cooled to 0 °C and NMM (0.10 mL, 0.001 moles) was added. To this solution respective 

substituted phenyl isocyanates and isothiocyanates (0.0012 moles) was added dropwise while 

maintaining the temperature at 0 °C. The reaction mixture was stirred for 8 h slowly warming 

to room temperature. DMF was evaporated under high vacuum and the residue was poured 

into about 50 mL ice-cold 90% saturated KHCO3 solution and stirred for 30 min. The 

precipitate was extracted into chloroform and washed sequentially with 5% NaHCO3 solution 

(2 × 10 mL), water (2 × 10 mL), 0.1N citric acid (2 × 10 mL) followed by brine solution. The 

organic layer was dried over anhydrous Na2SO4. The solvent was removed under reduced 

pressure, triturated with hexane and dried under vacuum. The analytic and spectroscopic data 

of all the synthesized compounds are reported.[37] 

 

PHARMACOLOGY 

DPPH (1,1-diphenyl-2-picryl-hydrazyl) assay: The radical scavenging activities of DPPH 

free radicals by synthesized compounds were determined according to the reported 

method.[40] Briefly, 50 µL of test compounds was mixed at different concentrations (25, 50, 

100, 200 and 300 µM/mL) with 1 mL of 0.1 mM DPPH in methanol solution and 450 µL of 

50 mM Tris HCl buffer (pH 7.4). Methanol (50 µL) only was used as the experimental 

control. After 30 min of incubation at room temperature, the reduction in the number of 

DPPH free radicals was measured by reading the absorbance at 517 nm. BHT 

(Butylatedhydroxyltoluene) was used as control similar to test concentrations. Percent 

inhibition was calculated from the following equation: 
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Proposed reaction mechanism of DPPH.with antioxidants. 

 

ABTS (2,2-azinobis-(3-ethylbenzothiazoline-6-sufonic acid) assay: The ability of the test 

sample to scavenge ABTS.+ radical cation was determined according to the literature 

method[41] with slight modifications. The ABTS.+ radical cation was pregenerated by mixing 

7 mM ABTS.+ stock solution with 2.45 mM potassium persulfate (final concentration) and 

incubating for 12–16 hrs in the dark at room temperature until the reaction was complete and 

the absorbance was stable. The absorbance of the ABTS .+ solution was equilibrated to 0.70 (± 

0.02) by diluting with distilled water at room temperature, then 2 mL was mixed with 

different concentration of the test sample (25, 50, 100, 200, and 300µM/mL) and the 

absorbance was measured at 734 nm after 6 min. The scavenging capability of ABTS .+ radical 

was calculated  using the following equation 

 

ABTS.+ scavenging effect (%) = [(Ac-As) /Ac] x 100 

 

Where, Ac is the initial concentration of the ABTS.+ and As is the absorbance of the 

remaining concentration of ABTS.+   in the presence of compounds. 

 

                        

ABTS                                                    ABTS.+ 

 

DMPD (N, N-dimethyl-p-phenylenediamine) assay: The DMPD radical scavenging ability 

of synthesized compounds was determined by the Fogliano et al., method[42] with slight 

modifications by Gulcin.[42] This assay is based on the capacity of the extract to inhibit 

DMPD.+ cation radical formation. Briefly, 105 mg of DMPD was dissolved in 5 mL of 
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distilled water. Then, 1 mL of this solution was added to 100 mL of 0.1 M acetate buffer (pH 

5.3). DMPD.+ was produced by adding 0.3 mL ferric chloride (0.05 M) to this solution. 

Different concentrations of standard antioxidants or synthesized compounds (25-300 μM/mL) 

were added, and the total volume was adjusted to 1 mL with distilled water. One millilitre of 

the DMPD.+ solution was directly added to the reaction mixture. The reaction mixtures were 

incubated in the dark for 15 min. The absorbance was measured at 505 nm. 

 

 

 

RESULTS AND DISCUSSION 

Table 1: Antioxidant activities of synthesized urea and thiourea derivatives  

 

Where Xaa = Gly (1a-1h) and Pro (2a-2h) 

 

Entry 
Antioxidant activity IC50 (µg/ml)a 

 DPPH ABTS DMPD 

 R Z  

1a H O >300 270 ± 3.25 285 ± 2.89 

1b H S 230 ± 1.85 240 ± 2.98 300 ± 2.85 

1c 2-OCH3 O 68 ± 1.62 95 ± 1.50 120 ± 1.22 

1d 2-OCH3 S 43 ± 0.98 50 ± 1.11 50 ± 0.83 

1e 3-OCH3 O 125 ± 1.48 93 ± 1.65 115 ± 1.18 

1f 3-OCH3 S 82 ± 1.95 78 ± 0.93 112 ± 1.98 

1g 4-OCH3 O 42 ± 0.65 38 ± 0.32 55 ± 0.94 

1h 4-OCH3 S 34 ± 0.35 20 ± 0.11 27 ± 0.09 

2a H O 290 ± 2.89 255 ± 2.67 300 ± 3.45 

2b H S 265 ± 2.55 250 ± 2.50 285 ± 2.63 

2c 2-OCH3 O 80 ± 1.25 80 ± 1.71 156 ± 1.85 

2d 2-OCH3 S 45 ± 1.02 60 ± 0.96 85 ± 1.18 

2e 3-OCH3 O 95 ± 1.26 83 ± 0.65 160 ± 1.89 

2f 3-OCH3 S 65 ± 0.85 64 ± 0.52 115 ± 1.23 

2g 4-OCH3 O 40 ±0.73 37 ± 0.22 40 ± 0.89 

2h 4-OCH3 S 32 ± 0.45 25 ± 0.12 28 ± 0.64 

AA   50 ± 0.20 57 ± 0.10 60 ± 0.12 

GA   45 ± 0.37 68 ± 0.09 50 ± 0.09 
aValues are mean of three determinations, the range of which are < 5% of mean in all cases 
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Reagents and Conditions: (a) EDCI, HOBt, NMM, 0 °C, overnight at rt,                                                            

(b) TFA, 45 mins, (c) R-C6H4-N=C=Z, NMM 

Scheme 1: Synthesis of uriedo/thiouriedo derivatives of Gly/Pro conjugated 2,3-

dichlorophenyl piperazine 

 

In vitro antioxidant activities of all the synthesized compounds were evaluated by (i) 1,1-

diphenyl-2-picryl-hydrazyl (DPPH) assay which is a rapid and convenient technique for 

screening the antioxidant activities of the antioxidants, (ii) 2,2-azinobis-3-

ethylbenzothiazoline-6-sufonic acid (ABTS) cation radical assay which is a conventional and 

excellent model for assessing the antioxidant activities of hydrogen donating and chain 

breaking antioxidants and (iii) N,N-dimethyl-p-phenylenediamine dihydrochloride (DMPD) 

cation radical assay which is similar to the DPPH radical scavenging assay. The values of 

IC50, the effective concentration at which 50% of the radicals were scavenged, were 

calculated to evaluate the antioxidant activities. A lower IC50 value indicated greater 

antioxidant activity. IC50 values of lower than 10 mg/mL usually implied effective activities 

in antioxidant properties. The IC50 of ascorbic acid (AA) and gallic acid (GA) was also 

determined for comparison. The results were shown in Table 1. 

 
Based on the activity profile, it was noticed that the compounds without –OCH3 derivatives 

have shown poor antioxidant activity whereas the compounds bearing –OCH3 substitutions at 

different positions on the phenyl ring found be very active antioxidants. This is in accordance 

with our earlier observation and also with literature data[43] Initially, synthesized urea and 

thiourea compounds with no substitution on the phenyl ring showed weak potency whereas 

derivatives 1d, 1g, 1h, 2d, 2g and 2h showed excellent potency toward radical scavenging 

activities with IC50 values 43, 42, 34, 45, 40 and 32 µg/ml, respectively in DPPH assay much 

better than the standard AA (IC50 = 50 µg/ml) and GA (IC50 = 45 µg/ml). In ABTS+ radical 
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scavenging assay, the compounds 1d, 1g, 1h, 2d, 2g and 2h showed potent antioxidant 

activity with IC50 values 50, 38, 20, 60, 37 and 25 µg/ml respectively which is much better 

than commercial standards AA (IC50 = 57 µg/ml) and GA (IC50 = 25 µg/ml). The compounds 

1d, 1h, 2g and 2h also exhibited excellent antioxidant activity with IC50 values 50, 27, 40 

and 28 µg/ml, respectively which is better than the standards AA (IC50 = 60 µg/ml) and GA 

(IC50 = 50 µg/ml) in DMPD assay. In all the three assays, it can be noticed that compounds 

with ortho and para methoxy substituent showed impressive antioxidant activities with IC50 

values much lower than the standards.  On the basis of above observation, compounds having 

–OCH3 group in the phenyl ring were found to be the most potent antioxidants. The 

compounds without substituent (1a, 1b, 2a and 2b) showed low antioxidants activity. 

Considering the activity profile of all the three types of antioxidant activities it was noticed 

that dominant radical scavenging activity was observed for thiourea compounds which bears 

methoxy substituents on the para position of the phenyl ring. 

 
CONCLUSION 

In conclusion, we have described the synthesis and structure-antioxidant activity relationships 

of urea and thiourea analogues with electron donating methoxy group at different positions 

on phenyl ring derived from Gly/Pro conjugated 2,3-dichlorophenyl piperazine in reasonably 

good yields. All the synthesized analogues were evaluated for their in vitro antioxidant 

activity. Among the analogues compounds 1h and 2h exhibited 2 fold antioxidant activities in 

comparison with standard drug. This study extends the knowledge of different electron 

donating substituent at the phenyl ring which might be of interest for the identification of 

novel class of antioxidants. 
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ABBREVIATIONS 

Boc: t-Butoxycarbonyl; EDCI: 1-(3-Dimethylaminopropyl)-3-ethyl-carbodiimide.HCl; 

HOBt: 1-Hydroxybenzotriazole; NMM: N-Methyl morpholine; PBS: Phosphate buffer saline; 

PZN: 1-(2,3-Dichlorophenyl)piperazine; TFA: Trifluoroacetic acid; DPPH: 2,2-diphenyl-1-

picrylhydrazyl; DMPD: (N,N-dimethyl-p-Phenylenediamine); ABTS: 2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid) 
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