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Abstract: 

6-Amino-5-nitrosouracils are synthesized by the condensation reaction of urea or N, N'-dimethyl urea, 

cyanoacetic acid and acetic anhydride followed by nitrosation reaction with sodium nitrite. The 

synthesized compounds are characterized by various spectroscopic techniques like FTIR, NMR, single 

crystal XRD, and UV-vis absorption spectroscopy. From a single-crystal X-ray crystallography study of 

DANU, it is found that the compound is crystalline with one water molecule. The binding properties of 

both compounds with various metal ions are studied using UV-vis spectroscopy, where ANU shows a 

colour change from colourless to yellow colour-forming complex with cobalt metal ion. While DANU 

shows a colour change from colourless to dark yellow forming complex with copper and nickel cation, 

respectively. These compounds showed the job’s plots with Cu2+, Ni2+, and Co2+ in various stoichiometric 

ratios to form the respective metal complex. The association/binding constant (Ka) values are calculated 

by plotting Benesi–Hilderbrand plots of ANU with Co2+ ion and is found to be 9.524 * 102. Whereas, 

DANU with Cu2+, Ni2+ are found to be 3.956 * 103, 2.041 * 103, respectively. These cations may be used 

in metal ions complexation for the respective ligand. The LOD values for ANU-Co2+, DANU-Cu2+ & 

DANU-Ni 2+ are obtained as 33.9428 μM, 93.8082 μM and 48.396 μM, respectively, whereas the LOQ 

values are found as 102.857 μM, 284.2675 μM and 146.653 μM, respectively. 
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1. Introduction : 

In recent years, selective complexation of a metal complex with nitrogenous containing organic 

compounds is one of the major challenges. The successful development of this complex is significant to 

their applications in molecular recognition, molecular magnetism, crystal engineering, catalysts and 

pharmaceutical drugs. Uracil derivatives, a nitrogenous containing heterocyclic compounds are widely 

used for biological and pharmaceutical applications [1-9]. Moreover, they also have a large number of 



binding or chelating locations for transition/heavy-metal ions, including the amide as well as heterocyclic 

nitrogen atoms [10, 11]. 6-Amino-5-nitrosouracils, an important uracil derivative having a good ligating 

property, may occur in several tautomeric forms: (A) diketonic, (B) nitroso-phenolic as well as (C) keto-

oximic form. According to infrared spectroscopic data of 6-amino-5-nitrosouracil (ANU) and 1,3-

dimethyl-6-amino-5-nitrosouracil (DANU) in the solid phase, the diketonic forms are most stable [12]. 

When the ligands are coordinated to metals ions in the anionic form, nitrosophenolic (B) and keto-oxime 

forms (C) are favored because both have frequently dissociable H atoms, thereby the production of 

chelate appear most readily (Scheme 1). The various tautomeric forms of ANU & DANU may bind with 

metal atoms in the bidentate mode, through the nitrogen atom of the C5 situated nitroso group and the 

oxygen atom joined on the C4 position or the nitrogen atom from the 6-amino group. This coordination 

mode formed a five-membered meta cycle chelate ring to a few metal complexes with 6-amino-5-

nitrosouracil derivatives [13-17].  

 

Scheme 1: Structure, naming and various tautomeric forms of the nitrosouracils {(Where R’=R=H, 6-

amino-5-nitrosouracil (ANU); R’= R=CH3, 1,3-dimethyl-6-amino-5-nitrosouracil (DANU)} (A) diketonic 

(B) nitroso-phenole and (C) keto-oximes. 

 

However, few reports on the metal complexes of 6-amino-5-nitrosouracil are available in the 

literature, where the most normal coordination modes are observed as bidentate N, N (mode A) and 

bidentate O, O (mode B) (Scheme 2). Uncommon bis(bidentate bridging (mode C) and tridentate bridging 

(mode D) patterns are also observed in some polynuclear complex [18,19] and a chain structure, 

respectively [20]. The rhenium (I) complexes of uracil with a few 5-nitrosouracil appears to be 

monomeric and performed in a neutral form in a bidentate mode through N(5) and O(4) atoms [21]. 

Further, J. R. DeMember et al. reported the bidentate coordination including N(1) and O(2) within the 

case of Ag(I)-uracil complex [22]. While silver (I) complexes of 5-nitrosouracil and its derivatives are 

prepared and the ligand is O-O facilitated within the keto-oximic form and coordinated by N(5) and O(4) 

atoms within the other complexes [23,24]. Moreover, Zn(II) & Cd(II) complexes of nitrosouracil are also 

found where ligand is coordinated to metal atom through C5 mpsition of nitroso group and C-6 position 

of the amino group [12]. Recently, we have reported that different functional groups in violuric acid 

(acidification product of nitrosouracil) derivatives, are also providing a large variety of bonding behavior. 

While the presence of several hydrogen bond donor and acceptor sites together with a uracil ring may 



favor diverse non-covalent interactions, thus ensuring a rich metallosupramolecular/coordination 

chemistry of such compounds [25-28]. However, we are unable to synthesize the metal complexes of 

nitrosouracils and we believe that a solution is found from our present studies.   

 

Scheme 2: Different coordination modes of 5-nitrosopyrimidines such as (A) bidentate-N,N; (B) 

bidentate-O,O; (C) bis(bidentate)bridging; (D) tridentate bridging. 

 

 

2.  Experimental Section: 

2. 1: Reagents 

All chemicals are purchased from S. D. fine, Merck, Sigma-Aldrich, and Himedia and used without 

further purification. Synthesis and spectroscopic analysis are studied using analytical grade solvents. 

 

2. 2: General method 

Shimadzu model Iraffinity-1s ce FT-IR spectrophotometer is used for the IR spectra of the compound in 

the wavelength region of 4000–400 cm-1. 1H NMR and 13C NMR spectra are taped on a Bruker (AC) 300 

MHz and a Bruker DRX-500 MHz FT-NMR spectrometer in the DMSO solvent and TMS used as the 

internal standard. The electronic spectra are recorded using the Thermo fisher scientific model EV0300 

PC UV-vis spectrophotometer in which quartz cuvettes are used for absorption measurements of solution. 

 

2. 3: Synthesis of ANU and DANU 

ANU and DANU are prepared by using the modification of the reported method [29]. The one-pot 

synthesis process is carried out using cyanoacetic acid (85g), urea (60.06 g) and 125 ml of acidic 

anhydride in a flask at 60oC for 3 hours. After that, 5M sodium hydroxide solution (10 ml) is included 

gradually to the chilled mixture and stirred continuously until the 6-aminouracil is precipitated out. A 

solution of 83 g of sodium nitrite in 500 ml of water is included in the chilled agitated mixture and then it 

is acidified by the drop-by-drop addition of acidic acid over an hour of time duration. The reaction 

mixture is chilled; the red-violet precipitate is filtered and washed with an aqueous ethanol solution 

(Scheme-3). Yield 141 g. (82%), m.p. 320oC. In the case of DANU, we have used N, N-dimethyl urea 



(88.11g) instead of urea. The rest procedure is the same as in the case of ANU synthesis. Yield 162 g. 

(80%) m.p. 233 oC. 

 

Scheme 3: Synthesis of 6-amino-5-nitrosouracils (Where R’= R= H, for ANU & R’= R= CH3, DANU) 

 

FTIR, NMR and elemental analysis of ANU: 

IR (KBr, cm −1), νmax: 3506, 3441, 3281, 3178, 2901, 2804, 2363, 2338, 1691, 1627, 1541, 1516, 1447, 

1418, 1381, 1315, 1256, 1229, 1136, 1086, 986, 931, 816, 764, 706, 694, 658, 552, 513, 447, 440. 1H 

NMR (DMSO-d6, 400 MHz): δH 11.5 (br s, 1H, NH of uracil ring), 11.0 (br s, 1H, NH of uracil ring), 

3.75 (br s, 2H, NH2). 
13C NMR (DMSO-d6, 100 MHz): δC 162 (C6), 151 (C2), 147 (C4), 140 (C5). 

CHNS analysis: C4H4N4O3 (156.10) calcd. C = 30.47, H = 2.58, N = 35.89; found C = 30.44, H = 2.57, N 

= 35.93. 

 

FTIR, NMR and elemental analysis of DANU: 

IR DANU (KBr, cm −1), νmax: 3545, 3315, 3011, 2361, 1713, 1653, 1585, 1512, 1462, 1439, 1381, 1329, 

1288, 1236, 1140, 1076, 1049, 951, 920, 824, 766, 716, 679, 629, 496, 426. 1H NMR (DMSO-d6, 400 

MHz) : δH 3.5 (s, 3H, NCH3 of uracil ring), 3.57 (s, 3H, NCH3 of uracil ring), 9.1 (br s, 2H, NH2). 
13C 

NMR (DMSO-d6, 100 MHz): δC 161 (C6), 150 (C2), 146 (C4), 140 (C5), 29 (NCH3) 27 (NCH3). CHNS 

analysis:  C6H10N4O4 (202.17) calcd. C = 35.65, H = 4.99, N =27.71; found C = 35.63, H = 4.97, N = 

27.73. 

 

2. 4. X-Ray crystallography: 

The single-crystal X-ray diffraction data are collected at 293 K with Mo Kα radiation (λ = 0.71073 Å) 

using a Bruker Smart Apex II CCD diffractometer equipped with an Oxford Cryostream low-temperature 

device and a fine focus sealed-tube X-ray source (graphite monochromated) operating at 50 kV and 30 

mA. APEX3 software [30] is used for the preliminary determination of the unit cell. Using Olex [31-32] 

the structure is solved with the Superflip [33] structure solution program using the Charge Flipping 

solution method and refined with the ShelXL [34] refinement package using Least Squares minimization. 

All the non-hydrogen atoms are refined anisotropically and the hydrogen atoms are placed based on the 

Fourier difference maps. 

 



2. 5. Procedures of the metal ions complexation. 

2. 5. 1. UV-vis analysis of ANU and DANU for metal ion detection 

The electronic absorption spectra of ANU and DANU are considered in natural solvents of different 

hydrogen holding parameters (dH), viz. non-polar: C6H14 (0.0) and CHCl3 (5.7); polar-aprotic: CH2Cl2 

(7.1), DMSO (10.2) and DMF (11.3); polar protic: EtOH (19.4) and MeOH (22.3) over the wavelength 

range of 260–500 nm. The cation identification behavior of complexation ANU and DANU with 

transition and heavy metal ions (Fe2+, Ni2+, Cu2+, Zn2+, Cd2+, Mo2+, Mn2+, Co2+ Ag2+, Hg2+) is studied 

using UV-vis absorption spectroscopy.  

 

 2. 5. 2. Sample preparation, binding constant and LOD/LOQ value determination 

The absorption spectrum of ANU and DANU with different metal ions was taken, in which the inclusion 

of five equivalents of different cations (50µL, 1 x 10-2 M, in water) to a 5 x 10-5 M solution of ANU and 

DANU in CH3OH. The Co2+ ion is able to perturb the absorption spectra of ANU and the Cu2+, Ni2+ ions 

are capable to perturb the absorption spectrum of DANU productively. The association constant is 

determined using the Benesi-Hilderbrand plots (or double-reciprocal plots) as shown in Eq. (1) [35] 
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For the confirmation of metal complexation and its stoichiometry, we studied the job’s plots for ANU & 

DANU with Co2+, Cu2+, and Ni2+ ions at λmax 455 nm, 405 nm, and 450 nm, respectively.  

 

3. Results and discussion: 

3. 1. FTIR and NMR spectral studies: 

For ANU the ν(N–H) stretching of primary amines at 6-position of the uracil ring generally appear at 

3506 cm-1. Whereas, the two ν(N-H) stretching vibrations are observed at 3281cm-1, 3178 cm-1 due to the 

two secondary amino groups at N1 and N3 positions of uracil ring, respectively. The sharp intense peaks 

appeared at 1691 cm-1 is due to the ν(C=O) stretching vibration of two oxo groups at positions 2 and 4 of 

the uracil ring, respectively. The ν(C=C) stretching frequency of conjugated double bond between C5 and 



C6 of ANU ring appears at 1627 cm-1. The ν(N=O) stretching vibration of the C5 position of uracil ring 

has appeared at 1541 cm-1. Whereas, for DANU the ν(N–H) stretching frequency of primary amines of 

the uracil ring at the 6-position appears at 3545 cm-1. However, two ν(N-H) stretching vibrations are not 

observed as two protons at N1 and N3 positions are replace with a methyl group in DANU. The sharp 

intense peaks appeared at 1713 cm-1 is due to the ν(C=O) stretching vibration of oxo groups at positions 2 

and 4 of the uracil ring, respectively. The ν(C=C) stretching frequency of conjugated double bond 

between C5 and C6 of ring appears at 1653 cm-1. The ν(N=O) stretching frequency of C5 position of 

uracil ring is observed at 1512 cm-1. The IR spectral data of ANU & DANU are shown in Fig. S1 of the 

supporting information. 

ANU shows a 1H NMR chemical shift values at 11 ppm and 11.5 ppm for two protons N1(H) and 

N3(H), respectively. A broad peak appeared in ANU at 3.75 ppm due to the water molecule present in the 

DMSO-d6 solvent merged with amino group protons attached at C6. For DANU, 1H NMR chemical shift 

values are observed at 3.5 ppm and 3.57 ppm due to the two NCH3 protons of uracil ring, respectively. 

The amine protons attached at C6 position showed the broad chemical shift value at 9.1 ppm. The proton 

NMR spectra of both ANU and DANU are shown in Fig. S2 of supporting information. In the case of 13C 

NMR of ANU, the C6 is deshielded and peak appears at 162 ppm due to the presence of an electron-

donating NH2 group. Other peaks at 151 ppm and 147 ppm are observed which may be due to the 

presence of two oxo groups at positions 2 and 4 of uracil ring, respectively. Due to the effect of 

substituent electron-withdrawing NO group, the C5 is a little bit shielded and chemical shift value is 

observed at 140 ppm. Similarly, in the case of 13C NMR of DANU, peaks appear at 161 ppm, 150 ppm, 

146 ppm and 140 ppm is due to the C6, two oxo groups (2 and 4 position) and C5 of uracil ring, 

respectively. In addition, peaks appear at 27 ppm and 29 ppm is due to the two NCH3 protons of uracil 

ring (Fig. S3 of supporting information).  

3. 2. Crystal structure of DANU: 

DANU is crystallized with one water molecule as shown in the ORTEP diagram (Fig. 1). The details of 

the crystallographic data are listed in Table 1. The molecule is orthorhombic in nature with a space group 

pnma. DANU having C5-C6 bond length is greater than that of uracil molecule; this may be the 

mesomeric effect of the presence of -NH2 group at C6 position and -NO group at the C5 position. The -

NO group have a negative inductive effect due to which it attracts bonding electron towards itself and 

affects the C5-C6 bond length. Selected bond lengths and angles are shown in Table S1 of supporting 

information. Moreover, DANU shows intramolecular hydrogen bonding with a nitrogen atom of the 

nitroso group and the oxygen atom of the carbonyl group of the same uracil ring as well as with the water 

molecule. Intermolecular hydrogen bonding with the nitrogen atom of the amino group with a water 



molecule and oxygen atom of the carbonyl group of DANU and nitrogen atom of the amino group of 

another DANU molecule are shown in Fig. 2. 

 

Fig. 1: ORTEP representation of compound with the ellipsoid contour 50% probability. 

 

Table 1: Crystallographic data and structure refinement of DANU. 

Empirical Formula 

CCDC number                          

C6H8N4O3. H20 

1979301 

Temperature/K                                    298 K 

Crystal system                                     Orthorhombic 

Space group                                          P n m a 

 a [ Å]                                                     13.9694(14) 

b [ Å]                                                      6.3336(6) 

c [ Å]                                                      9.6251(9) 

α [0]                                                       90 

β [0]                                                       90 

γ [0]                                                       90 

Volume/Å3                                           851.60(14) 

Z                                                            8 

λ [ Å]                                                    0.71073 

ρcalcd [gcm-3]                                         1.577 

μ [mm-1]                                               0.133 mm-1 

F[000]                                                  424 



2ϴ range for data 

collection/°           

2.57 to 28.34° 

Index ranges                                     −18≤h≤ 18, −8≤k≤8, 

 − 12≤l≤ 12 

Parameters                                              93 

Final R indexes R1                                0.0454 

wR2                                                  0.1229 

Parameters 93 

 

 

 

Fig. 2: Intermolecular and intramolecular hydrogen bonding as shown in DANU. 

 

3. 3. UV–vis absorption and solvatochromic studies: 

The UV-vis spectra showed a broad peak with a shoulder at a longer wavelength (Fig. 3). There are well-

defined maximum absorption bands in the wavelength range 319±5 nm as observed in the spectrum. ANU 

and DANU showed an equilibrium mixture of tautomeric forms (Scheme 2) or deprotonated and 

protonated forms of the tautomeric form in these solvents. Solvatochromic study of ANU and DANU are 

carried out in various solvents (hexane, MeOH, EtOH, EtOAc, DCM, DMSO, DMF, and CHCl3). ANU 

shows a solvatochromic study with DMSO, DMF, MeOH, and EtOH. Other solvents like hexane, EtOAc, 

DCM, CHCl3 did not responded in solvatochromic properties with ANU ligand due to poor solubility 

parameter. Whereas, in the case of DANU maximum absorption with DMSO, DMF, EtOH and EtOAc 

and less absorption (hypochromic shift) with DCM, MeOH, CHCl3, and hexane are observed. The effect 

of solvents to the electronic transition of both ANU & DANU i.e. their bathochromic & hypsochromic 

shift in terms of λmax are shown in Table 2. 



 

 

 

 

 

 

 

 

 

 
 
 
Fig. 3. UV-vis absorption spectra of (a) (ANU), (b) (DANU) with different solvents. Solvents showing * 

mark does not appear in the graph. 
 

Table 2: Effect of solvent on the electronic absorption properties of ANU and DANU. 

Solvents A (ANU) 
(λmax (nm)) 

B (DANU) 
(λmax (nm)) 

Hexane *  298 

DCM *  324 

Chloroform *  323 

Ethyl acetate *  314 

Methanol 318 318 

Ethanol 320 322 

DMF 320 324 

DMSO 324 322 
*Not observed any prominent peak due to solubility problem. 

 

3. 4. Metal ions complexation study: 

The absorption spectrum of nitrosouracils with different metal ions in the methanol solvent shows two 

absorption bands at 227 nm and 318 nm due to π-π* and n- π* electronic transition, respectively. To 

observe the effects of various metal ions, five equivalents of different cations (50µL, 1 x 10-2 M, in water) 

is taken to a (5 ml, 5 x 10-5 M, in CH3OH) solution of nitrosouracils. Co2+ ion is able to perturb the 

absorption spectra of ANU and the Cu2+, Ni2+ ions are capable to perturb the absorption spectrum of 

DANU productively as shown in Fig. 4. As shown in Fig. 4 (a), all metals follow the same wavelength 

pattern except Co2+ ions in the case of ANU ligand. The colour change is observed after the addition of 
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Co2+ ions in the case of ANU ligand. Similarly, in Fig. 4 (b), the colour of DANU changes after the 

addition of 5 equivalent copper and nickel metal ions but other metal ions didn’t show the change in 

colour. All metals follow the same wavelength pattern except Cu2+ and Ni2+ metal ions in the case of 

DANU. If we add aqueous Co2+ ions to the ANU solution, it will lead to the loss in the absorption band 

from 334 nm and display of new broadband between 334-420 nm due to the interaction of the 

paramagnetic Co2+ with ANU {Fig. 5(a)}. In case of the DANU-metal complex, copper ions showed 

hypsochromic shift upon complexation with DANU ligand, whereas nickel showed a bathochromic shift 

upon complexation with DANU ligand. On adding aqueous Cu2+ ions to the DANU solution, the 

absorption band at 318 nm disappeared and a new peak in the longer wavelength in the range at 350-500 

nm due to the interaction of the paramagnetic Cu2+ with DANU {Fig. 5(b)}. On adding aqueous Ni2+ ions 

to the DANU solution, it led to a bathochromic shift in the absorption band from 318 nm to 350 nm {Fig. 

5(c)}. The colour change of ANU with Co2+ cations and DANU with Cu2+, Ni2+ cations is due to the 

appearance of new charge transfer.  

Both ANU and DANU may act as a bidentate ligand because there are two binding sites i) 

nitrogen atom of 5th positioned nitroso group of uracil and ii) nitrogen atom of 6th positioned amino group 

of uracil. In this metal complexation HSAB principle works. i.e. soft acids bind with soft bases and hard 

acids bind with hard bases. Both ANU and DANU acts as a soft acid analogous because there is 

delocalization of electron takes place from C6 attached lone pair present on nitrogen atom of amino group 

to C5 attached nitroso group. In case of DANU, two methyl group positioned at N1 and N3 atoms 

increases the delocalistion of electrons to some extend due to electron donating nature of methyl group. 

Therefore, it has more tendency to bind or form complexes with soft metal atoms. Transition metal like 

cobalt, copper and nickel atoms are soft bases in nature. Based on this HSAB principle, ANU form 

complexation with Co2+ cations and DANU forms complexation with Cu2+ and Ni2+ cations. 
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Fig. 4: Absorption spectra of the compounds (a) ANU and (b) DANU with different metals ions (cations). 

To determine the binding ability and the limit of detection the UV-vis absorption titration is later 

implemented upon consecutive addition of 1-10 equivalents of Co2+ ions with ANU and Cu2+, Ni2+ ions to 

the DANU solution. On consecutive addition of Co2+ with ANU ligand, the maximum absorbance 

wavelength at 319 nm reduced continuously and shoulders extended up to 475 nm as shown in Fig. 5(a). 

The formation of the complex between ANU and Co2+ ions in solution is confirmed by the formation of 

the isosbestic point at 331 nm in UV-vis absorption titration. In another case, DANU with the successive 

addition of Cu2+, the absorbance wavelength at 318 nm decreased continuously and λmax shifted to shorter 

wavelength with extension shoulders up to 500 nm as shown in Fig. 5(b). The formation of the complex 

between DANU and Cu2+ ions in solution is confirmed by the formation of the isosbestic point at 341 nm 

in UV-vis absorption titration. Again in DANU with the successive addition of Ni2+, the absorbance at 

wavelength 318 nm decreased continuously with the extended shoulders up to 500 nm as shown in Fig. 

5(c). The formation of a complex between DANU and nickel ions in solution is confirmed by the 

formation of the isosbestic point at 334 nm in UV-vis absorption titration. 

Finally, LOD and LOQ values calculated with relative standard deviation is shown in Fig. S4 to 

Fig. S6 of supporting information. The absorbance calibration values are normalized between the least 

intensity and the extreme intensity and after that, a straight regression curve is fitted to these normalized 

data to get the slope. The calculated LOD and LOQ values are found to be 33.9428 μM & 102.857μM, 

respectively for the ANU-Co2+ complex. Similarly, the LOD and LOQ values are found to be 93.8082 μM 

& 284.2675 μM for DANU-Cu2+ complex, respectively and 48.396 μM & 146.653 μM for DANU-Ni 2+ 

complex, respectively. 
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Fig. 5: Change in absorption spectra of nitrosouracil ligands upon gradational addition of (a) ANU with 

Co2+ ions (1-10 equiv.) (ΔA at λmax = 455 nm) as a function of Co2+ ions concentration. (b). DANU with 

Cu2+ ions (1-10 eqiiv.) (ΔA at λmax = 405 nm) as a function of Cu2+ ions concentration. (c). DANU with 

Ni2+ ions (1-10 eqiiv.) (ΔA at λmax = 450 nm) as a function of Ni2+ ions concentration. 

 
3. 4. 1. Calculation of the binding association constant using the Benesi-Hilderbrand plots 

Benesi-Hilderbrand plot (or double-reciprocal plot) is shown in Fig. 6 [35], where; A is the 

experimentally measured absorption intensity, A0 is the absorption intensity of free nitrosouracil and Amax 

is the saturated absorption intensity of the ANU-Co2+, DANU-Cu2+, and DANU-Ni2+ complexes, 

respectively. The association constant (Ka) is graphically estimated by plotting 1/[A–A0] versus 1/[Co2+], 

1/[Cu2+] and 1/ [Ni2+] as shown in Fig. 6. The graph is plotted between (a) 1/ΔA against 1/[Co2+] in case 

of ANU ligand (b) 1/ΔA against 1/[Cu2+] in case of DANU ligand and (c) 1/ΔA against 1/[Ni2+] in case of 

DANU ligand to obtain association constant (ka) value as shown in Fig. 6. The resultant graph is a 

straight line (matched as Benesi-Hilderbrand condition) and the Ka value is achieved from the slope and 

intercept of the line. The Ka value is found to be 9.524 * 102 (R2 = 0.985) for ANU-Co2+, 3.956 * 103 (R2 

= 0.9629) for DANU-Cu2+complex and 2.041 * 103 (R2 = 0.9899) for DANU-Ni2+ complex, respectively. 

The values revealed that the ANU has high attachment towards Co2+ ions and DANU has high attachment 

towards Cu2+, Ni2+ ions. From the Ka values of DANU-Cu2+ and DANU-Ni2+, it is clear that Cu2+ metal 

ions have high affection towards DANU as compare to Ni2+ metal ions.  
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Fig. 6: Benesi–Hilderbrand plots of nitrosouracil ligands with cations for estimation of the association 

constant or binding constant for (a) Co2+ ions with ANU ligand (where ΔA is at λmax= 455 nm). (b) For 

Cu2+ ions with DANU (where ΔA is at λmax= 405 nm). (c) For Ni2+ ions with DANU (where ΔA is at 

λmax= 450 nm). 

 

3. 4. 2. Determination of stoichiometry using job’s plots method 

Job’s plots method helps to determine the stoichiometry of the metal complex [36]. Using the Job’s plots 

method the coordination between metal ions and ANU, DANU are studied for the determination of molar 

ratio as shown in Fig. 7. In this method, each experiment is observed with divergent concentrations of 

ANU-Co2+ ions, DANU-Cu2+ ions, and DANU-Ni2+ ions, respectively. The plots achieved by calculating 

the absorbance at 455 nm, 405 nm and 450 nm for nine specimens of the sample with molar fraction of 

respective nitrosouracil (ANU-co2+, DANU-Cu2+, and DANU-Ni2+) from 0 to 1. The maximum 

absorbance intensity at 455 nm, 405 nm, and 450 nm is observed when the molar fraction of respective 

nitrosouracil (ANU-Co2+, DANU-Cu2+, and DANU-Ni2+) is 0.2, 0.5, 0.7, which showed that the 1:2, 1:1, 

2:1 stoichiometry is the considerable binding mode nitrosouracil-metal ions. (ANU-co2+, DANU-Cu2+, 

and DANU-Ni2+) 
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Fig. 7:  Job’s plots for the determination of (a) 1:2 stoichiometry upon ANU-Co2+ ions complexation 

(where, ΔA is at λmax = 455 nm). (b) 1:1 stoichiometry upon DANU-Cu2+ ions complexation  (where, ΔA 

is at λmax = 405 nm) (c) 2:1 stoichiometry upon complexation of DANU-Ni 2+ ions complexation (where, 

ΔA is at λmax = 450 nm). 
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3. 5. Comparative study of ANU and DANU after the complexation of Co2+, Cu2+, and Ni2+ cations. 

The ANU and DANU can binds to the Co2+, Cu2+, and Ni2+ ions via binding positions enclosing of amino 

nitrogen at the C-6 position and a nitroso group nitrogen at the C-5 position, respectively. All reported 

crystal structures show the above-mentioned binding positions for metal complex formation [16-17, 37-

40]. Thus, the lone pair of electrons of the amino and nitroso groups of the ANU and DANU is 

delocalized to the vacant orbital of Co2+, Cu2+, and Ni2+, respectively. This electron donation or charge 

transfer results in increment to a colour change from colourless to clear yellow solution. The cobalt, 

copper, and nickel are in +2-oxidation state and hence there should be two negative charges as a counter 

anion for charge noninterference in case of Co2+, Cu2+, and Ni2+ ions. Hence, we suggest the 

deprotonation of -NH2 group and the formation of two SO4
2- counter ion in the case of ANU and DANU 

at the complex formula. ANU binds with Co2+ ions in the 1:2 stoichiometry. However, DANU binds with 

Cu2+ and Ni2+ metal ions in the 1:1 and 2:1 stoichiometry ratio. Additionally, for confirmation of the 

binding of the Co2+, Cu2+, and Ni2+, we performed FTIR spectroscopic studies on ANU and DANU by 

adding Co2+, Cu2+, and Ni2+ solutions, respectively. We have taken 1:2 molar ratio of ANU: Co2+ cations, 

1:1 molar ratio of DANU: Cu2+ cations and 2:1 molar ratio of DANU: Ni2+ cations for the FTIR 

spectroscopic conformation. 

  From FTIR spectroscopy of ANU-Co2+ complexation solution formed in a 1:2 molar ratio 

between ANU: Co2+ metal ion in methanol solvent shows that the change in the spectroscopic peak at 

3317 cm-1 is due to ν(N-H) stretching vibration of the amino group. However, for ANU we observed a 

peak at 3506 cm-1 due to ν(N-H) stretching vibration of the same amino group. The sharp change of peak 

from 3506 cm-1 to 3317 cm-1 indicates the successful interaction of the amino group to the corresponding 

metal ions. The ν(N-H) stretching of cyclic secondary amines appear at 3282 cm-1, 3178 cm-1 and shifted to 

2945 cm-1 and 2831 cm-1, respectively. The ν(C=O) stretching vibration for oxo groups the uracil ring is 

shifted from 1691 cm-1 to 1699 cm-1. Similarly, the ν(C=C) stretching vibration is also shifted from 1627 

cm-1 to 1652 cm-1. The ν(N=O) stretching of ANU is shifted to 1516 cm-1 from 1541 cm-1 in a 

complexation solution as shown in Fig 8(a). 

FTIR spectroscopic data of DANU-Cu2+ and DANU-Ni2+ complexation is also found to vary 

from original spectra as shown in Fig 8(b). DANU shows the ν(N-H) stretching frequency of an amino 

group at 3545 cm-1, while that of DANU-Cu2+ and DANU-Ni2+ complexation solution shows a broad ν(N-

H) stretching frequency for the amino group at 3303 cm-1 and 3317 cm-1, respectively. The sharp changes 

in the stretching frequency of amino group of DANU corresponds to their metal complexation and 

indicates successful interaction of their corresponding metal complexation. The sharp intense peaks 

appeared at 1713 cm-1 and 1653 cm-1 of ‘oxo’ groups the uracil ring has remained same without any sharp 

changes. Less intense peaks are seen at 1647 cm-1 and 1516 cm-1 in case of DANU-Cu2+ complexation 



solution and 1651 cm-1 and 1516 cm-1 in the case of DANU-Ni2+ complexation solution is due to C=C 

stretching and N-H bending vibration, respectively. The ν(N=O) stretching frequency of DANU at 1512 

cm-1 is shifted to 1541 cm-1 after the respective complexation of Cu2+ and Ni2+ metal ions.  

FTIR data reveals that both ANU and DANU can bind to the Co2+, Cu2+, and Ni2+ ions as a 

bidentate coordination mode via their binding sites of amino nitrogen at the C-6 position and nitroso 

nitrogen at the C-5 position, respectively. The vibration frequency at 3744-3740 cm-1 is also observed 

additionally of respective metal complexation of ANU and DANU with Co2+, Cu2+, and Ni2+ ions, 

respectively. This may be due to the intramolecular O-H stretching frequency of water molecule, which 

corresponds to participate in complex formation. Therefore, the expected binding sites of ANU and 

DANU as a bidentate N-N-mode and the possible structures are shown in Fig. 9. 

 

 

 

 

 

Fig. 
8: FTIR spectroscopic 

data of nitrosouracils after metal complexation in methanol solvent; (a) ANU with Co2+ metal ion in 1:2 
mole ratio, (b) DANU with Cu2+ and Ni2+ metal ions in 1:1 and 2:1 mole ratio, respectively. 

 

 

Fig. 9: Expected condition for binding of Co2+ ion with ANU and Cu2+, Ni2+ with DANU as displayed by 
the colour change. (Where M = transition metal i.e. Co2+, Cu2+, and Ni2+) 
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Herewith, we have reported a successful synthesis of ANU and DANU and their characterization by using 

various spectroscopic techniques like FTIR, NMR, single-crystal X-ray crystallography, and UV-vis 

absorption spectroscopy. Co2+, Cu2+and Ni2+ cations are used in metal ions complexation for ANU and 

DANU, respectively. The association constant (Ka) values as obtained from Benesi–Hilderbrand plots of 

ANU with Co2+ and DANU with Cu2+, Ni2+ cations are 9.524 * 102 M, 3.956 * 103 M, 2.041 * 103 M, 

respectively. It concludes that copper ions have more tendency towards the formation of a complex with 

DANU than nickel-metal ion. ANU-Co2+ job’s plot showed a 1:2 stoichiometry upon ANU-Co2+ ions 

complexation. DANU-Cu2+ and DANU-Ni2+ job’s plots showed 1:1 and 2:1 stoichiometry upon DANU 

with Cu2+, Ni2+ ions complexation, respectively. The same as the stoichiometric molar ratio of respective 

metal complexes cations are confirmed by FTIR spectroscopy. The calculated LOD values for ANU-Co2+, 

DANU-Cu2+ & DANU-Ni 2+ are found to be 33.9428 μM, 93.8082 μM and 48.396 μM, respectively. 

Whereas the LOQ values are obtained as 102.857 μM, 284.2675 μM and 146.653 μM, respectively. As 

uracil derivatives are bioactive compounds, so we believe that their metal complex may be used as 

potential drugs in pharmaceutical and biomedical research. 
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Highlights 

• Crystal structure of DANU is studied and molecule is found to be crystalline with one water 

molecule attached. 

• Solvatochromic and metal ions binding properties are analyzed for both ANU and DANU. 

• Benesi–Hilderbrand plot of nitrosouracil ligand with metal ions is calculated for association 

constant. 

• Job’s plot of nitrosouracils with Co2+, Cu2+, and Ni2+ ions are studied to understand their 

stoichiometric molar ratio for complexation. 


