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Abstract 

This paper presents the synthesis of novel copper(II) metal complex with ethyl 2-

(methylcarbamoyl)phenyl) carbamate and 3-methylquinazoline-2,4(1H,3H)-dione. The 

characterization of compound was conducted through various techniques, including melting point 

determination, IR, 1H NMR, and 13C NMR spectroscopy. The coordination compound was obtained 

after mixing water solutions of the metal salt and the ligand dissolved in DMSO and water solutions 

of NaOH, in metal-to-ligand to base ratio 1:2:2. The ligand and the metal chloride were brought in to 

reaction at room temperature in DMSO and H2O as solvents, respectively. We assume that the ligands 

are coordinated through N-donor atom. The results indicate the successful formation of a stable 

mixed-ligand Cu(II) coordination compound involving N-donor ligands. Spectroscopic data suggest 

that the deprotonated ligand (3-methylquinazoline-2,4(1H,3H)-dione) by using (NaOH) coordinated 

to metal ion as monodentate ligand through the nitrogen atom of the NH and ethyl 2-

(methylcarbamoyl)phenyl) carbamate coordinated as a monodentate through the nitrogen atom of 

amide group.  

Keywords: mixed ligand complex; copper(II) complexes; anthranilic acid derivative  

 

1. Introduction 

Copper (Cu²⁺) is an essential trace element involved in key biological processes, including 

mitochondrial respiration, antioxidant defense, connective tissue formation, and neurotransmitter 

synthesis. Its redox activity enables function in enzymes such as cytochrome c oxidase, lysyl oxidase, 

and superoxide dismutase (SOD) [1,2]. Proper Cu²⁺ homeostasis is crucial, as deficiency leads to 

impaired neurodevelopment and immunity, while excess induces oxidative stress and tissue damage 

[3]. Disorders such as Wilson’s and Menkes diseases underscore the importance of copper regulation 

[4–8]. Ongoing clinical trials are assessing the anticancer potential of copper complexes, and 

significant advances have been achieved in clarifying their pharmacological properties [9,10]. 

Anthranilic acid (2-aminobenzoic acid) is a valuable component in polymer systems, improving 

solubility, stability in neutral/alkaline media, and enabling easy modification via its carboxyl group. 

Its use has shown benefits in corrosion resistance, electronics, solar cells, and biosensors [11]. 

Recently, Rio et al. presented a series of 16 anthranilic acid derivatives with different substituent [12]. 

Prasher and Sharma covers the therapeutic potential of anthranilic acid derivatives, surveying their 

biological profiles and analyzing key drug candidates [13]. It should be noted the role of anthranilic 

acid derivatives as pharmacophoric elements in drug discovery. Figure 1 present the structures of 

biological important compounds used for rational therapeutic agents. In the chapter by 
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Ganeshpurkar et al., nucleoside and non-nucleoside RdRP inhibitors are described, based on 

scaffolds such as anthranilic acid, benzimidazole, indole, and others [14]. Nasr and co-workers 

reported various anthranilic acid analogues with potential anticancer, antimicrobial, insecticidal, 

antiviral, anti-inflammatory activities and other biological activities [15]. 

 

 

Figure 1. Anthranilic acid derivatives as key scaffolds in rational drug design. 

A series of metal complexes were obtained by reaction of anthranilic acid and various metal 

salts, including Ag(I), Cu(II), Ni(II), Co(II), Zn(II), Fe(II), Mn(II), VO(II), Al(III), Bi(III), and Cr(III) [16–

20]. Recently, Marinova and Hristov present the synthesis and biological application of new 

complexes with anthranilic acid and its analogues [21]. Additionally, Tsoneva et al. discussed the 

structure and antibacterial and cytotoxic activities of Ni(II) and Co(II) complexes with ethyl (2-

(Methylcarbamoyl)phenyl) carbamate [22]. 

The objective of the current study is to synthesize and characterize the structure of a novel 

copper(II) complex of ethyl (2-(methylcarbamoyl)phenyl)carbamate and 3-methylquinazoline-

2,4(1H,3H)-dione. The structures of the free ligands are given in Figure 2. 

 
 

                    L1                    L2 

Figure 2. Structure of ethyl (2-(methylcarbamoyl)phenyl)carbamate (L1) and 3-methylquinazoline-2,4(1H,3H)-

dione (L2). 

It should be noted that for the first time mixed ligand copper(II) complex of ethyl 2-

(methylcarbamoyl)phenyl)carbamate and 3-methylquinazoline-2,4(1H,3H)-dione is obtained. 
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2. Results 

2.1. Synthesis of Cu(II) complex of ethyl (2-(methylcarbamoyl)phenyl)carbamate (L1) and 3-

methylquinazoline-2,4(1H,3H)-dione (L2) – general procedure 

The metal complex was prepared by combining aqueous solutions of the metal salt with the 

ligand dissolved in DMSO and NaOH solution, using a metal-to-ligand-to-base ratio of 1:2:2. A 

neutral bright blue precipitate formed, which was subsequently filtered, washed repeatedly with 

water, and dried over CaCl₂ for two weeks. The synthesis followed a previously reported procedure 

[22]. 

2.1.1. Spectral Data of the Free Ligand and Its Copper(II) Complex 

ethyl (2-(methylcarbamoyl)phenyl)carbamate (L1): white crystals, 80% yield, mp= 136-137°C 

[12].  

IR (KBr, cm-1): 3345 (ν(N-H)), 3258 (ν(N-H, -NC(=O)O)), 3116 (ν (Csp2-H, Ph-)), 3072 (ν (Csp2-H, 

Ph-)), 2985 (νas(Csp3-H, CH3-)), 2951 (νas (Csp3-H, CH3-)), 2913 (νas (Csp3-H, >CH2)), 2880 (νs (Csp3-H, 

CH3-)), 1739 (ν(C=O)), 1664 (δ(-NH)+ ν(C=O)), 1633 (δ(-NH)+ ν(C=O)), 1605 (ν(C=C-C), Ph-), 1593 

(ν(C=C-C), Ph-), 1554 (δ(-NH)), 1530 (ν (C=C-C), Ph-), 1454 (ν(C=C-C), Ph-), 1409, 1390 (δs(-CH3)), 1364 

(δs(-CH3)), 1333, 1248, 1218 (νas(N-CO-O-)), 1167, 1149, 1122, 1114, 1063, 1049, 951 (νs(N-CO-O-)), 870, 

849, 820, 768, 753 (γ (Csp2-H, Ph-), 721, 669, 651, 536, 510 [22].  

Raman (cm-1) of L1: 2939, 1730 (C=O), 1641, 1604, 1592, 1555, 1463, 1454, 1392, 1366, 1334, 1305, 

1288, 1249, 1219, 1169, 1151, 1123, 1052, 1012, 915, 849, 822, 613, 395, 364 [22]. 
1H-NMR: 1.24 (t, J = 7.1, 3H, CH2CH3), 2.79 (d, J = 4.4, 3H, NHCH3), 4.13 (d, J=6.8, 2H, CH2CH3), 

7.07-7.11 (m, 1H, Ar), 7.49 (t, J = 7.8, 1H, Ar), 8.2 (d, J=8.3, 1H, Ar), 8.72 (broad s, 1H, CONHCH3), 

10.96 (s, 1H, NHCOO) [22].  
13C-NMR: 169.17, 153.38, 139.7, 132.5, 128.4, 122.17, 120.04, 119.06, 61.05, 26.69, 14.86 [22].  

IR (KBr, cm-1) Cu(II) complex: 3435 (ν(OH)), 3345 (ν(NH, -C(=O)-NH-CH3)), 3188 (ν(NH, -NH-

C(=O)OCH2CH3)), 3058 (ν(Csp2-H, -Ph)), 3005, 2956, 2921, 1717 (ν(C=O)), 1665 (δ(NH)+ν(C=O),-C(=O)-

NH-CH3)), 1645 (δ(NH)+ν(C=O),                               -NH-C(=O)OCH2CH3)), 1624, 1598, 

1556, 1530, 1514, 1493, 1453, 1430, 1386, 1341, 1302, 1295, 1219, 1174, 1155, 1040, 1025, 873, 837, 762, 

751, 713, 693, 683, 667, 563, 534, 467, 432. 
1H-NMR: 1.23*(t, 3H,) CH2CH3), 2.78*, 3.25**, 4.12*, 7.08*, 7.18**, 7.48*, 7.18**, 7.70*, 7.64**, 8.71*, 

8.18*, 7.92**, 10.95*, 11.42**. (* - signals of L1 protons in the complex; **- signals of L2 protons in the 

complex) 
13C-NMR: 169.16*, 162.64**, 153.43*, 150.82**, 139.62*, 139.76**, 132.52*, 135.32**, 128.40*, 127.72**, 

122.16*, 122.89**, 120.03*, 114.14**, 119.06*, 115.52**, 61.04*, 26.69*, 27.46**, 14.86* (* - signals of L1 

carbons in the complex; **- signals of L2 carbons in the complex). 

3. Discussion 

The structures of the metal complexes can be readily confirmed by comparing the IR spectra of 

the free ligands with those of the corresponding metal complexes. Selected experimental IR data 

(cm⁻¹) for the complex and its free ligands are presented in Table 1. 

Table 1. Selected experimental IR data (in KBr, wavenumber in cm-1) for free ligands and its copper(II) 

complex. 

Assignment L1 L2 [23] Cu(II) 

ν(OH) -  3435 

ν(NH, -C(=O)-NH-CH
3
) 

3345  3345 
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ν(NH, -NH-C(=O)OCH
2
CH

3
) 

3258 3165 3188 

ν(C
sp2

-H, -Ph) 
3072  3058 

ν(C=O) 1739 1715 1717 

δ(NH) + ν(C=O),                    -

C(=O)-NH-CH
3
) 

1664 1662 1665 

δ(NH) + ν(C=O),                               

-NH-C(=O)OCH
2
CH

3
) 

1633  1645 

 

In the IR spectrum of L1, bands at 3345 cm⁻¹ and 3258 cm⁻¹ correspond to N–H stretching 

vibrations. For L2, the N–H stretching band appeared at 3165 cm⁻¹ [23]. This band was shifted to 

higher frequencies by 23 cm⁻¹ in the copper(II) complex, indicating that the N–H group of L2 

participates in coordination. The band at 3258 cm⁻¹ in the IR spectrum of the complex was absent. 

This fact showed that the N-donor atom of L1 participates in coordination with copper(II). In the 

spectra of L1 and L2, bands at 1739 cm⁻¹ and 1715 cm⁻¹ were assigned to C=O stretching vibrations. 

Comparison with the spectra of the complex showed a band at 1717 cm⁻¹ that remains unchanged, 

suggesting that the C=O groups of L2 do not coordinate with the metal ion. Additionally, a broad 

band at 3435 cm⁻¹ appears in the complex spectrum, confirming the presence of coordinated water 

molecules. These findings are consistent with previously reported mixed-ligand complexes of 

anthranilic acid [24]. 

We found that the copper complex is stable in air and moisture, and its solubility is limited. The 

reaction of L1 with the transition metal ion afforded a 35 % yield of a stable solid compound. The 

obtained complex has a bright blue colour and limited solubility in DMSO and was insoluble in water, 

acetone (CH3COCH3), tetrahydrofuran (THF), ethanol (C2H5OH), ethyl acetate (EtOAc), and 

cyclohexane. The analytical data, including the yield percentage of the complex, are presented in 

Table 2. 

Table 2. Analytical and physical characteristic of copper(II) complex ethyl  (2-

(methylcarbamoyl)phenyl)carbamate (L1) and 3-methylquinazoline-2,4(1H,3H)-dione (L2). 

Compound 
Solubility,                

*limited 
Melting point (°C) Yield (%) Colour 

L1 soluble in DMSO and 

CHCl3 
136-137 80 colorless 

CuL soluble in DMSO* and 

insoluble in H2O, THF, 

CH3COCH3, EtOH, EtOAc 

and cyclohexane 

243-245  ᵒC 35 bright blue 

The experimental 1H-NMR data for the copper complex and its free ligands are presented in 

Table 3. In the 1H-NMR spectrum of the copper(II) complex, the signal for the proton from NHCH3  

group is shifted to a lower frequency by 0.01 ppm (see Table 3). The presented data is in agreement 

with the IR spectrum data. 

 

Table 3. 1H-NMR data for L1, L2 and its complex with Cu(II). 
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atom δ (1H) ppm 

L1 

δ (1H) ppm 

L2 [25] 

δ (1H) ppm 

Cu(II) 

NH(COO) 

 

10.96 (s) 
11.43 (s) 

10.95* 

11.42** 

NHCH3 

 

8.72 (q) 
 

8.71* 

CH 

 

8.19 (dd) 
7.93 (d) 

8.18* 

7.92**  

CH 7.70 (dd) 

7.64-7.66 (m) 

7.70* 

7.64** 

CH 7.48 (ddd) 

7.17-7.21 (m) 

7.48* 

7.18**  

CH 7.08 (ddd) 

7.17-7.21 (m) 

7.08* 

7.18**  

NHCH3 2.78 (d) 

3.26 (s) 

2.78* 

3.25**  

CH2 4.12 (q)  4.12*  

CH3 1.23 (t)  1.23* 

* - signals of L1 protons in the complex; **- signals of L2 protons in the complex. All signals in the complexes are 

broad singlets unless otherwise noted. 

The 13C-NMR data for the mixed ligand complex of ethyl (2-

(methylcarbamoyl)phenyl)carbamate (L1), 3-methylquinazoline-2,4(1H,3H)-dione (L2), and their 

metal complex are given in Table 3. 

Table 3. 13C-NMR data for L1, L2 and its Cu(II) complex. 

atom δ (13C) ppm 

L1 

δ (13C) ppm  

L2 [25] 

δ (13C) ppm  

Cu(II) 

NH(C=O) 169.16 162.6 
169.16* 

162.64** 

NH(COO) 153.37 150.8 
153.43* 

150.82** 

C 139.67 139.8 
139.62* 

139.76** 

CH 132.53 135.3 
132.52* 

135.32** 

CH 128.40 127.7 128.40* 
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127.72** 

CH 122.16 122.9 
122.16* 

122.89** 

C 120.03 114.1 
120.03* 

114.14** 

CH 119.05 115.5 
119.06* 

115.52** 

CH2CH3 61.04 - 61.04* 

NHCH
3
 26.68 27.5 

26.69* 

27.46** 

 

CH2CH3 14.85 - 14.86* 

* - signals of L1 in the complex; **- signals of L2 in the complex 

All signals in the complex are broad singlets unless otherwise noted. 

In the 13C-NMR spectrum of the copper(II) complex, the signal for the carbon from NH(C=O) 

group wasn’t shifted (see Table 3). In the same spectrum, the signal for the carbon from NH(COO) 

group wasn’t changed. Тhis is an indication that the two carbonyl groups do not coordinate with the 

metal ion. The presented NMR data were in agreement with the IR spectrum data. 

We assumed that the ligand in the complex coordinates monodentately through the N-atom (see 

Scheme 1). We observed a combination of two complexes for the copper(II). In the first, one hydroxyl 

group and one water molecule have been coordinated by the metal center, and both ligands L1 and 

L2 are engaged, while only ligand L2 is coordinated in the second one. Two water molecules are also 

linked to the Cu2+. The charge of the metal center is offset by the deprotonation of two L2. It should 

be mentioned that the structure of the complex probably contains two bulky ligands and two smaller 

ones due to steric reasons. The structures of the obtained complexes are analogous to the Pd(II) 

complex of N-(2-benzoyl-4,5-dimethoxyphenethyl)-2-phenylacetamide [26]. The data also align with 

previously reported Mn(II), Ni(II), Co(II), Cu(II), Zn(II), and Cd(II) complexes of anthranilic acid and 

pyridine-2-aldoxime synthesized under alkaline conditions [27]. More recently, Alwan reported the 

synthesis of mixed-ligand complexes of Cu(II), Ni(II), Co(II), and Zn(II) with anthranilic acid [28]. 

Square planar geometry was suggested for the Co(II) and Zn(II) complexes, while tetrahedral 

geometries were proposed for the Ni(II) and Cu(II) complexes [28]. Notably, these complexes were 

soluble only in DMSO and partially in hot ethanol, in agreement with our observations. Similarly, 

Al-Noor et al. confirmed tetrahedral geometries for Ni(II), Co(II), Fe(II), Zn(II), and Cd(II) mixed-

ligand complexes containing anthranilic acid and l-alanine [29]. These complexes were insoluble in 

water but soluble in DMSO and DMF. In contrast to Mehta and More, who obtained the Cu(II) 

complex with a binuclear chelate structure [20]. 

4. Materials and Methods 

4.1. Spectra Measurements 

The free ligands ethyl (2-(methylcarbamoyl)phenyl)carbamate and 3-methylquinazoline-

2,4(1H,3H)-dione is published previously [22]. The metal salts CuCl2 (Aldrich Chem) and solvents 

used for the synthesis of the complexes were of high purity, generally equal to A.C.S. grade and 

suitable for use in many laboratory and analytical applications. Melting points were measured on a 

Kruss M5000 melting point meter (A.Krüss Optronic GmbH, Hamburg, Germany). The IR spectra of 

L1 and its complex were registered in KBr pellet on a Bruker FT-IR VERTEX 70 Spectrometer from 

4000 cm-1 to 400 cm-1 at a resolution of 2 cm-1 with 25 scans. The NMR spectra of the ligand were 

registered on a Bruker Avance II NMR spectrometer operating at 600.130 and 150.903 MHz for 1H 
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and 13C, respectively, using the standard Bruker software. The NMR spectra of the metal complex 

were measured on a Bruker Avance III HD spectrometer operating at 500.130 and 125.76 MHz for 1H 

and 13C, respectively, using the standard Bruker software. The reaction scheme for the synthesis of 

the metal complex of the mixed ligand complex of ethyl (2-(methylcarbamoyl)phenyl)carbamate (L1) 

and 3-methylquinazoline-2,4(1H,3H)-dione (L2) with Cu(II) is given in Scheme 1. 

 

Scheme 1. The reaction scheme for the obtain of mixed-metal complex of ethyl (2-

(methylcarbamoyl)phenyl)carbamate (L1) and 3-methylquinazoline-2,4(1H,3H)-dione (L2) with Cu(II). 

5. Conclusions 

This work presents the synthesis of a new mixed ligand complex of ethyl (2-

(methylcarbamoyl)phenyl)carbamate (L1) and 3-methylquinazoline-2,4(1H,3H)-dione (L2) with 

Cu(II). The structure of the new complex is discussed based on melting point analysis, IR, 1H-, and 
13C-NMR spectroscopy. Based on the spectral data, we suggested coordination binding site of the 

ligands. We assume that the ligands are coordinated through the N-donor atom monodentately. 
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