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Abstract: There are numerous derivatives having urea scaffold in the literature, and these have many 

biological activities such as anticancer, antioxidant, antibacterial. Therefore, it aimed to synthesize urea 

derivatives containing substituted phenethylamine rings and investigate their biological properties such 

as anticancer, antimicrobial, and antioxidant. The antibacterial activity was carried out against four 

different bacterial strains (Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, 

Enterococcus faecalis ATCC 29212, and Pseudomonas aeruginosa ATCC 27853) by disc diffusion 

test. The synthesized compound was analyzed for their in vitro anticancer activity on SH-SY5Y (human 

neuroblastoma), HeLa (human cervical cancer), and A549 (non-small cell lung carcinoma) cell lines by 

using MTT, and LDH assays. The compound was inactive against all tested bacterial strains. The 

anticancer activity studies revealed that the unsymmetrical urea compound had remarkable activity 

against the tested cell lines, especially against the HeLa cell line with 50,61 µg/ml IC50 value. The 

compound was also analyzed for its antioxidant capacity by DPPH, ABTS, and CUPRAC methods. 

According to the results, the compound showed good to moderate activity against standard antioxidants. 

Therefore, this compound may be considered an anticancer and antioxidant agent in treating cancer and 

other related diseases.  

Keywords: unsymmetrical urea; phenethylamine; antibacterial activity; anticancer activity; antioxidant 

properties. 
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1. Introduction 

Phenethylamine is a natural monoamine alkaloid, which acts as a neurotransmitter in 

the human central nervous system [1]. It is also a trace amine and is found throughout the 

central nervous system. Trace amines play important roles in neurotransmission and 

neuromodulation. Determination of trace amines in the brain is very important to understand 

their role in neuropsychiatric disorders. Trace amines like phenethylamine have significant 

roles in a wide range of psychiatric and neurological disorders such as depression, 
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schizophrenia, Parkinson's, epilepsy, attention deficit hyperactivity disorder, and Reye's 

syndrome [2].  

Urea is an important functional group. Its derivatives have various applications in the 

agricultural field, medicinal chemistry, and chemical transformations [3]. Urea derivatives 

have a broad spectrum of biological activities such as anti-HIV, antibacterial, antiviral, 

analgesic, HDL elevating [4], and anti-Alzheimer [5]. There are many studies on the synthesis 

of urea derivatives in the literature, especially based on anticancer activity [6]. Many aromatic 

urea derivatives have been shown to have good anticancer activity [7]. For example, 

unsymmetrical urea compound 1 containing phenethylamine ring has been reported to have 

cytotoxicity against KB, MCF-7, NCI-H187, and Vero cell lines [8]. Symmetrical urea 

compound 2 has been reported to promote adipocyte differentiation in 3T3-L1 cells [9]. 

Another example is that unsymmetrical urea compound 3 has exhibited significant activity 

against the HT-29 cell line (Figure 1) [10].  

 
Figure 1. Some biologically active urea derivatives 1-3. 

Lung [11] and cervical [12] cancers are the greatest harm to human health among the 

numerous forms of cancer. Chemotherapy has proven unsatisfactory in recent years due to 

multidrug-resistant tumors [13]. Cancer treatment, on the other hand, remains a substantial 

challenge for medicinal chemists. 

Both the phenethylamine and urea moieties have important biological functions, as can 

be observed. As a result of the foregoing, the goal of this study was to synthesize an 

unsymmetrical phenethylamine urea derivative and examine its antibacterial, anticancer, and 

antioxidant activities. 

2. Materials and Methods 

2.1. General methods. 

4-Methoxyphenethylamine (98%), 3-Methoxyphenethylamine (97%), 1,1′-

carbonyldiimidazole (CDI) (reagent grade), CDCl3 (99.8%) were obtained from Sigma-Aldrich 

and were used without purification. The reactions were followed using thin-layer 

chromatography (TLC) by utilizing aluminum-backed Merck Silica-Gel 60 F254 plates. 

Preparative TLC was performed using Merck silica gel 60 HF254+366. The characterization 

of the organic product was performed using a 400 MHz Bruker NMR instrument. The melting 

point was determined on the Electrothermal IA 9100 capillary melting point apparatus and is 

uncorrected. IR spectrum was obtained from solutions in 0.1 mm cells with a Perkin-Elmer 

spectrophotometer. Elemental analysis was performed on a Leco CHNS-932 apparatus.  
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2.2. Synthesis procedure for 1-(3-methoxyphenethyl)-3-(4-methoxyphenethyl) urea (6). 

4-Methoxyphenethylamine (5) (0,75 g, 1mmol) was taken in water at room temperature 

and stirred at 0°C. CDI (0,97 g, 1.2 mmol) was added to the reaction mixture at the same 

temperature. The reaction mixture was stirred at 0°C for 1 hour and then warmed up to room 

temperature. The reaction was monitored with TLC. After complete formation of 

carbonylimidazolide intermediate, 3-Methoxyphenethylamine (0,90 g, 1.2 mmol) was added. 

The reaction mixture was stirred at room temperature for 4 hours and monitored by TLC. At 

the end of the reaction time, the mixture was filtered. The precipitate obtained was washed with 

cold water and dried. Recrystallization from EtOAc/Hexane afforded unsymmetrical urea 

compound 6 (1,10 g, 67%). White solid. Mp 91-93°C. IR (CH2Cl2, cm-1): 3354, 3320, 3023, 

2930, 1615, 1568, 1503, 1245, 1036.  
1H NMR (400 MHz, CDCl3): δ = 7.18 (dd, J = 14.0, 6.3 Hz, 1H, ArH), 7.12 – 6.99 (m, 

3H, ArH), 6.84 – 6.78 (m, 2H, ArH), 6.77 – 6.69 (m, 2H, ArH), 4.78 (br.s, 2H, NH), 3.79 (s, 

6H, OCH3), 3.34 (m, 4H, CH2), 2.70 (dt, J = 16.2, 7.0 Hz, 4H, CH2); 
13C NMR (100 MHz, 

CDCl3): δ = 159.8 (CO), 158.3 (C), 158.2 (C), 140.9 (C), 131.2 (C), 129.7 (2CH), 129.5 (CH), 

121.1 (CH), 114.5 (CH), 114.0 (2CH), 111.7 (CH), 55.2 (OCH3), 55.1 (OCH3), 41.8 (CH2), 

41.5 (CH2), 36.5 (CH2), 35.5 (CH2). Anal. Calcd for (C19H24N2O3): C, 69.49; H, 7.37; N, 8.53. 

Found: C, 69.46; H, 7.40; N, 8.55.  

2.3. Bioassay. 

2.3.1. Culture of cells. 

All cell lines were purchased from ATCC (American Type Culture Collection, 

Manassas, VA, USA). The cells were grown and maintained in Dulbecco's Modified Eagle 

Medium / Nutrient Mixture F-12 (DMEM-F12) medium containing 10% fetal bovine serum 

(FBS) and 1% penicillin-streptomycin (Gibco, Life Technologies GmbH, Germany). Cells 

were cultured in a humidified atmosphere at 37°C in 5% CO2. The medium was refreshed every 

2 days.  

2.4. Measurement of cell growth by MTT assay. 

Antiproliferative effects of 1-(3-methoxyphenethyl)-3-(4-methoxyphenethyl) urea 6 on 

SH-SY5Y, HeLa, and A549 were determined by MTT cell proliferation assay. MTT (3-[4,5-

dimethylthiazol-2-yl]-2,5- diphenyltetrazolium bromide) is a yellow auxiliary agent that 

reduces formazan crystals in living cells. MTT was purchased from Sigma Chemical Company 

(St. Louis, Missouri, USA). 2x104 cells were inoculated in each well of 96- well plates. The 

cells were incubated in the absence or presence of 1-(3-methoxyphenethyl)-3-(4-

methoxyphenethyl) urea 6 (3.125, 6.25, 12.5, 25, 50, 100, 200 µg/ml) for 48 h. After incubation 

periods, 20 μl of MTT solution (MTT stock solution: 5mg/ml in phosphate-buffered saline) 

was added to each well, and the cells were incubated at 37°C, 5% CO2 containing incubator 

for 3 hours. Then, plates were centrifuged at 1800 rpm for 10 minutes. The supernatant was 

removed, and 150 μl DMSO (Sigma-Aldrich ®, USA) was added to each well to dissolve the 

formazan crystals. Finally, the absorbance values were measured at 570 nm by a 

spectrophotometer [14]. The viability was determined as the percentage of absorbance of 1-(3-

methoxyphenethyl)-3-(4-methoxyphenethyl) urea 6 treated cultures compared with untreated 

control cultures. In the experiment used as a positive control, cells were treated with 1% Triton 
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X-100  (Sigma-Aldrich ®). Whereas used as a negative control, cells were studied without 1-

(3-methoxyphenethyl)-3-(4-methoxyphenethyl) urea 6 [15]. 

2.5. LDH release assay. 

Cell membrane integrity is evaluated by LDH (lactate dehydrogenase) method. For this 

purpose, the level of cytoplasmic lactate dehydrogenase (LDH) released from dead or damaged 

cells is determined. This study applied LDH cytotoxicity assay kit (Cayman Chemical 

Company®, Ann Arbor, MI, USA) according to the manufacturer's instructions for LDH assay 

application. The cells were seeded to 96-well plates, and from 3.125 to 200 µg/ml of 1-(3-

methoxyphenethyl)-3-(4-methoxyphenethyl) urea 6 were applied to cell culture as triplicates 

for 48 hours. Then, 100 µL supernatant was transferred to a fresh 96-well plate, and 100 µl of 

the reaction mixture was added to the samples and incubated for 30 min at room temperature. 

Finally, a microplate reader was used to analyze the absorbance of the cultures at 490 nm [14]. 

2.6. Antibacterial activity. 

The utilized test bacteria were obtained from the ATCC (American Type Culture 

Collection, Rockville, MD). Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 

25923, Enterococcus faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 27853 were used 

for antibacterial activity. The disc diffusion method on Mueller Hinton Agar (MHA) was used 

to determine antibacterial activity [16,17]. 

All bacterial strains prepared for MacFarland standardization (0.5), which is 

1.5x108/ml cell density, are inoculated in the Mueller-Hinton Broth. Then, 100 μl bacterial 

suspension was inoculated in MHA plates. Empty sterilized disks were used to apply 

compound 6 (31.25-, 62.5-, 125-, 250-, 500- and 1000 µg ml-1 ). Tetracycline and streptomycin 

were used as the positive control. DMSO was used as a negative control. Then, these plates 

were incubated under suitable conditions, which was at 37ºC for 24 h. At the end of the 

incubation, antimicrobial activity was measured using the inhibition zone in mm against the 

tested strains. The experiments were repeated in triplicates [18]. 

2.7. Antioxidant determination. 

The total radical scavenging capacity of the tested compounds was determined by the 

DPPH• scavenging method as per the reported procedure and compared to that of BHT, β-

Carotene, Trolox, and ascorbic acid [19]. The solution of DPPH• was daily prepared, stored in 

a flask coated with aluminum foil, and kept in the dark at 4°C. In brief, a fresh solution of 

DPPH• (0.1mM) was prepared in ethanol. Then, 1.5 mL of each novel urea compound 6 in 

ethanol has added an aliquot (0.5 ml) of this solution (6.25–200 µg/ml). These mixtures were 

mixed vigorously and incubated in the dark for 30 min. Finally, the absorbance value was 

recorded at 517 nm in a spectrophotometer [20].  

ABTS•+ scavenging method is based on the method's ability described by Re et al. [21]. 

The ABTS solution (2 mM) in water with an oxidizing agent of potassium persulfate (2.3 mM) 

yielded the ABTS cation radical (ABTS•+), which was soluble in both aqueous and organic 

solvents. It was diluted with phosphate buffer (0.1 mM, pH 7.4) to adjust inquired absorbance 

(0.700 ± 0.025) at 734 nm. Finally, the tested sample solution (3 ml) at various concentrations 

(6.25-200 μg/ml) has interacted with ABTS•+ (1 ml), and the remaining absorbance was 

spectrophotometrically recorded at 734 nm. 
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The capability to scavenge the DPPH• and ABTS•+ radical were calculated using the 

following equation: 

RSE (%) = [1 - As /Ac)] x 100 

where, RSE is radical scavenging effects, AC is the absorbance value of the control, and AS is 

the absorbance value of the sample [22,23].  

The half-maximal scavenging concentration of the sample (IC50) was determined from 

the graph plotted inhibition percentage against compound concentrations (μg/ ml) [24]. 

Cupric ions (Cu2+) reducing power was used as the reducing ability method for 

compound 6. Cu2+ reducing capability was performed according to the reported method [25]. 

For this purpose, aliquots of CuCl2 solution (0.25 ml, 0.01 M), ethanolic neocuproine solution 

(0.25 ml, 7.5 × 10−3 M), and NH4Ac buffer solution (0.25 ml, 1 M) were transferred to a test 

tube, which contains compound 6 at different concentrations (6.25–200 μg/ml). Total volume 

was completed with distilled H2O to 2 mL and shaken. The absorbance of samples was 

recorded at 450 nm after 30 min. 

2.8. Statistical analysis. 

Statistical analysis was performed using SPSS Statistics for Windows, statistical 

program SPSS software (version 20.0, SPSS, Chicago, IL, USA. Duncan's test was used to 

determine whether any treatment significantly differed from controls or each other. Statistical 

decisions were made with a significance level of 0.05. 

3. Results and Discussion 

3.1. Chemistry. 

There are various methods and reagents for the synthesis of symmetrical or 

unsymmetrical ureas in the literature. Oxidative carbonylation of amines [26], dialkyl-based 

exchange processes [27], phosgene, triphosgene, 1,1՛-carbonylimidazole (CDI), 

chloroformates, isocyanates [28], and carbonylimidazolium salt [29] are some of these methods 

and reagents. There are some disadvantages associated with many of them, although these 

reagents have still been used extensively. Phosgene and triphosgene are not especially useful 

because of high toxicity and moisture sensitivity. CDI is moisture sensitive, but it reacts with 

amines to give N-substituted carbonylimidazolide intermediate, converted to urea. Padiya has 

developed a new method for synthesizing ureas with CDI and concluded that an in-water 

imidazolecarbonylation reaction provides a highly efficient and general method for preparing 

ureas [30]. In this method, an anhydrous solvent and an inert atmosphere do not require. Our 

previous study also synthesized substituted phenethylamine-based urea and investigated their 

anticancer activity [31]. We thus decided to apply this method for the synthesis of 

unsymmetrical urea. For this purpose, 4-methoxyphenethylamine 4 was reacted with CDI and 

obtained N-substituted imidazolide intermediate. Then, this intermediate was reacted with 3-

methoxyphenethylamine 5 in situ. As a result of this procedure, unsymmetrical urea compound 

6 was synthesized. The synthetic route to the title compound is shown in Figure 2. 

The chemical structures of the synthesized compound were elucidated with 1H NMR, 
13C NMR, IR, and elemental analysis. In the 1H NMR spectrum of compound 6, the 

characteristic signals due to the –HN(CO)NH- and two –OCH3 protons on the unsymmetrical 

urea appeared at 4.78 ppm as broad singlet and 3.79 ppm as a singlet, respectively. In the 13C 

NMR spectrum of compound 6,  -CO and two -OCH3 signals appeared at 159.8, 55.2, and 55.1 
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ppm, respectively. In addition to these signals, four -CH2 signals belonging to the 

phenethylamine ring appeared at between 41.8 and 35.5 ppm. Furthermore, the total number 

of carbon signals were appeared as 17 because of the symmetry of the methoxy group attached 

to carbon at the para position of the left phenethylamine ring. These spectral data confirm the 

structure of 1-(3-methoxyphenethyl)-3-(4-methoxyphenethyl) urea 6. 1H and 13C NMR spectra 

are given in Figure 3.  

 
Figure 2. The synthetic route to the title compound 6. 

 
 

 
 

Figure 3. 1H and 13C NMR spectra of unsymmetrical urea 6 (CDCl3). 

3.2. Bioassay. 

In biological assays, the synthesized compound had no antimicrobial activity against E. 

coli ATCC 25922, S. aureus ATCC 25923, E. faecalis ATCC 29212, and P. aeruginosa ATCC 

27853.  

 
Figure 4. Cytotoxic effects of 1-(3-methoxyphenethyl)-3-(4-methoxyphenethyl) urea 6 on SH-SY5Y cells 

(p<0.05) (Error bars represents standard deviations (SD), p<0.05 was considered as significant). 
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The synthesized compound 6 was screened for cytotoxic activity against SH-SY5Y, 

HeLa, and A549 cell lines.  

 
Figure 5. Cytotoxic effects of 1-(3-methoxyphenethyl)-3-(4-methoxyphenethyl) urea 6 on HeLa cells (p<0.05) 

(Error bars represents standard deviations (SD), p<0.05 was considered as significant). 

 
Figure 6. Cytotoxic effects of 1-(3-methoxyphenethyl)-3-(4-methoxyphenethyl) urea 6 on A549 cells (p<0.05) 

(Error bars represents standard deviations (SD), p<0.05 was considered as significant). 

 
Figure 7. The lactate dehydrogenase (LDH) cytotoxicity results of 1-(3-methoxyphenethyl)-3-(4-

methoxyphenethyl) urea 6 on SH-SY5Y cells. Cell line was treated with 1-(3-methoxyphenethyl)-3-(4-

methoxyphenethyl) urea 6 in a range of concentrations from 3.125 to 200 µg/ml based on the results of MTT. 

Triton X-100 (1%) solution was used as a positive control. 

All cells were treated with increasing concentrations of 1-(3-methoxyphenethyl)-3-(4-

methoxyphenethyl) urea 6 for 48 hours, and MTT cell proliferation assay was carried out to 
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determine the antiproliferative effects of the agent on these cells. The cells were exposed to 1-

(3-methoxyphenethyl)-3-(4-methoxyphenethyl) urea 6 from 3.125 to 200 µg/ml. The results 

showed that there were dose-dependent decreases in cell proliferation as compared to untreated 

controls (p<0.05). 

 
Figure 8. The lactate dehydrogenase (LDH) cytotoxicity results of 1-(3-methoxyphenethyl)-3-(4-

methoxyphenethyl) urea 6 on HeLa cells. Cell line was treated with 1-(3-methoxyphenethyl)-3-(4-

methoxyphenethyl) urea 6 in a range of concentrations from 3.125 to 200 µg/ml based on the results of MTT. 

Triton X-100 (1%) solution was used as a positive control. 

 
Figure 9. The lactate dehydrogenase (LDH) cytotoxicity results of 1-(3-methoxyphenethyl)-3-(4-

methoxyphenethyl) urea 6 on HeLa cells. Cell line was treated with 1-(3-methoxyphenethyl)-3-(4-

methoxyphenethyl) urea 6 in a range of concentrations from 3.125 to 200 µg/ml based on the results of MTT. 

Triton X-100 (1%) solution was used as a positive control. 

As a result, IC50 concentration of 1-(3-methoxyphenethyl)-3-(4-methoxyphenethyl) 

urea 6 on SH-SY5Y, HeLa, and A549 cells was calculated from cell proliferation plots and 

found to be 104 µg/ml, 50,61 µg/ml, and 72,33 µg/ml, respectively (Figure 4-6). 

In order to confirm cytotoxic effects of 1-(3-methoxyphenethyl)-3-(4-

methoxyphenethyl) urea 6 on SH-SY5Y, HeLa, and A549 cells were performed LDH release 

assay (Figure 7-9). Similar to MTT, LDH assay also gave similar results on SH-SY5Y, HeLa, 

and A549 cells. 

Compounds having CS, CO, and NH groups have been shown to exhibit antibacterial 

activities, particularly against gram-negative bacteria [32], due to their ability to produce 

antibacterial activity by interacting with the carboxyl and phosphate groups on the bacterial 
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oxygen in the urea, the presence of electron-withdrawing group on the aromatic ring are much 

more active in terms of antibacterial activity [34-36]. In parallel with these results, we 

demonstrated that substituted phenethylamine-based thiourea derivatives showed antibacterial 

activity [37]. Based upon these results, probably, our compound did not show any antibacterial 

activity against all tested bacteria because of the urea group in our structure.  Therefore, it will 

be necessary to optimize the synthesized compound with different groups for antibacterial 

effect. 

Looking at the cancer studies of the urea derivatives in the literature, similar to our 

results, Banti and co-workers indicated that urea derivatives have a strong antiproliferative 

effect against breast (MCF-7) and cervix (HeLa) carcinoma cell lines [38]. Mohamed and co-

workers indicated that newly synthesized urea compounds showed significant cytotoxic 

activity against liver (HePG2) and MCF-7 cell lines [39]. According to a recent study, most 

EWG (electron-withdrawing groups), such as the fluoro group, have more activity than EDG 

(electron-donating groups), such as the methyl and methoxy groups [40]. Despite the presence 

of a methyl (EDG) group in the para position of the phenethylamine ring in our molecule, it 

has a significant level of action against the HeLa cell line. Notably, we demonstrated that 

substituted phenethylamine-based urea derivatives showed highly strong anticancer activity 

against HeLa and A549 cell lines [41]. Despite investigating the cytotoxic activities of these 

urea compounds, the newly synthesized urea compound in the present study has not been 

previously examined against cancer cells. 

Cytostatic drugs have shown their antitumor effects by disrupting specific cell 

structures or metabolic pathways of cancer cells. Radiotherapy and some chemotherapeutics 

have caused cellular death by producing free radicals, while antioxidants neutralize free 

radicals and free radical-mediated oxidative reactions [42,43]. To prevent cell damage, the 

levels of reactive oxygen species must be maintained at all times. When this balance cannot be 

maintained, the body activates the antioxidant defense system [44]. In this study, BHT, β-

carotene, ascorbic acid, and Trolox were used as standard antioxidants.  

When looking at the antioxidant results, our newly synthesized compound showed 

moderate activity compared to BHT, while less active than other standard antioxidants on the 

DPPH.  Unlike the DPPH method, our compound demonstrated strong activity on the ABTS 

method compared to standard antioxidants, except ascorbic acid. In addition to these, our 

compound showed that moderate antioxidant activity compared to β-carotene on the Cuprac 

method. 

Table 1. IC50 values of compound 6 on cancer cell lines and DPPH, ABTS, CUPRAC values of compound 6. 

(p<0.05). 

IC50 (µM) λ450* 

 

Compound 

HeLa A549 SH-SY5Y DPPH 

 

ABTS 

 

CUPRAC 

MTT LDH MTT LDH MTT LDH 

 

 
50,61 

 
46,65 

 
72,33 

 
73,06 

104 102  
98,65 

 
48,98 

 

 
0.093 ± 0.001 

Trolox – – – – – – 96,85 58,89 0.173 ± 0.002 

BHT – – – – – – 105,97 86,29 0.151 ± 0.001 

Ascorbic acid – – – – – – 67,31 35,32 0.960 ± 0.002 

β-carotene – – – – – – 68,87 81,53 0.087 ± 0.001 

Cells were treated with concentrations ranging from 6.25 to 200 μM for 48 h. 
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Notably, urea compounds containing methoxy or halogen have improved antioxidant 

activity, according to a recent study [45]. Our product has two methoxy groups on the 

phenethylamine ring. Therefore, our product showed good to moderate antioxidant activity. 

As a result, the synthesized compound 6 has remarkable anticancer activity on SH-

SY5Y, HeLa, and A549 cells, especially against the HeLa cell line. Therefore, this new 

compound may be considered an anticancer and antioxidant agent in treating cancer and other 

related diseases.  

4. Conclusions 

Starting from substituted phenethylamine together with CDI, we synthesized 

unsymmetrical urea compound 6. The synthetic compound was investigated for anticancer, 

antibacterial, and antioxidant properties. The synthesized compound did not show any 

antibacterial activity against all tested bacteria. Further studies on the development of new urea 

compounds with effective groups may increase the application of the unsymmetrical urea 

compound 6 as an antibacterial agent. On the other hand, this compound significantly reduced 

the growth of neuroblastoma, HeLa, and A549 cancer cells, especially against the HeLa cell 

line. The unsymmetrical urea compound 6 was also investigated for its antioxidant capacity by 

DPPH, ABTS, and CUPRAC methods. According to our results, this compound showed strong 

to moderate activity compared to standard antioxidants. Therefore, it may be considered an 

anticancer and antioxidant agent in treating cancer and other related diseases. However, it will 

be aimed at improving the more active urea compounds based upon these experiments' results. 
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