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ARTICLE INFO ABSTRACT
Keywords: Herein, a new series of azo ligands HL-1 (5-(2-chloro-6-(phenylcarbonyl)phenyldiazenyD)-6-
Azo compounds hydroxydihydropyrimidines-2,4dione), HL-2 (5-(2-chloro-6-(phenylcarbonyl)phenyldiazenyl)-6-hy-

Antimicrobial agents
Antioxidant
Metal complexes

droxy-2-thioxottetrahydropyrimidin-4one), HL-3 (5-(2,4-dichloro-6-(phenylcarbonyDphenyl) dia-
zenyl)-6-hydroxydihydropyrimidines-2,4dione), HL-4 (5-(2,4-dichloro-6-(phenylcarbonyl) phenyl)
diazenyl)-6-hydroxy-2-thioxotetrahydropyrimidin-4one) and their metal complexes with Cu(II) & Ni
(I1) were synthesized successfully having excellent yield, in reproducible conditions and for
structure elucidation different advance spectroscopic techniques (FTIR, 'H NMR, '*C NMR and
Mass Spectrometry) were applied. In FTIR analysis, the absence of peak at 3450-3550 cm™ due to
~NH; and presence of a new peak of N=N at 1390-1520 cm ! confirmed synthesis of the ligands.
The 'H NMR spectra of azo ligands showed singlet peak at 11.5-13.5 ppm (Ar-OH) for hydroxyl
group and -NHj signals disappearance of anilines at 4-5 ppm also gives strong indication for the
synthesis of azo compounds. On complexation two most important peaks (M-O, M-N) appeared in
all the metal chelates in the range of 400-600 cm ™! which were not present in any of the ligands,
confirmed the formation of complexes. Molecular ion peaks in mass spectra at 273, 388, 407 and
423 m/z value for ligands as well as for complexes at 803, 835, 871 and 904 m/z also give strong
indication that proposed ligands and their metal complexes are produced successfully. Biological
screening of the synthesized compounds were also carried out against different bacterial strains
(E.coli, S.typhi, and B.subtilis), antifungal (C.albicans, A.niger, and C.glabrata) strains and antiox-
idant activity. From results it was observed that HL-4 and Cu complexes exhibited maximum
inhibition against all bacterial and fungal strains as compared to other ligands and standard drug.
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1. Introduction

The emergence of multi-drug resistant (MDR) pathogens is the current issue now a days that the modern biochemists have been
facing for many decades [1, 2]. Because of exceptional applications of drugs based on pyrimidine have been extensively studied in
current years. Derivatives of pyrimidine are very proficient for antibacterial, antitumor, anti-HIV agent [3, 4, 5]. They also used in
hypnotic drugs and diagnosis of cancer. Over the previous five decades, azo compounds having heterocyclic moiety played an
imperative function in the expansion of azo coordination compounds because of their glorious claims in many fields like medicinal,
biological, analytical and industrial research as they have extensive conjugation and easily existing lone pair of electrons [6]. Het-
erocyclic azo compounds and their metal chelates have been broadly studied because of their antimicrobial as well as antioxidant
activities. Heterocyclic azo derivatives are well known for their pharmaceutical worth, familiar for their use as antidiabetics, anti-
bacterial, antituberculosis, antitumor, antineoplastic, antiseptics and are famous to be participated in various biological reactions [7,
8, 9] e.g synthesis of protein, nitrogen fixation inhibition of RNA, DNA and HIV inhibitors of viral replications because azo derivatives
bind with the reverse transcriptase and protease of retrovirus [10, 11, 12, 13, 14]. 3-aryl-azo-4-hydroxy coumarin and their Ni(II) and
Co(II) metal complexes showed excellent antibacterial and antifungal activities [15, 16, 17, 18]. The Ni(II) and Cu(Il) metal complexes
with azo derivatives based upon phenazone displayed outstanding activity against Gram negative and Gram-positive bacteria than free
ligands. Heterocyclic azo derivatives of sulfamethoxazole exhibited brilliant antituberculosis activity against Mycobacterium tuber-
culosis [19, 20, 21, 22]. Azo derivatives of salicylic acid displayed cytotoxic, antioxidant, antiviral, antimalarial and antiproliferative
activities since 40 years [23, 24, 25, 26].

Azo derivatives have variety of applications as remedial agents in polypeptides activities, in enzymes modifications and in diag-
nosis of Alzheimer’s disease. Naphthalene based azo derivatives expressed many biological applications such as HIV-1 integrase
inhibitory activities [27, 28, 29]. Heterocyclic series of mono-azo dyes are exhibiting considerable antimicrobial activities against
fungi and bacteria [30]. Many azo compounds are important for biomedical and medicinal research as an anticoagulant, anti-
proliferative, antioxidant, antibacterial, antihypertensive and antifungal agents [31, 32, 33, 34]. Polymers based on azo dyes are under
study in many countries for the treatment of liver, colon diseases as well as their cancer. Azo derivatives of rhodamine and their metal
complexes with transition metals are tangled in biochemical processes and reactions including antimicrobial activities against fungi,
bacteria and DNA inhibition activities [9, 35, 36, 37]. There are many derivatives of heterocyclic azo compounds like as pyrimidine azo
derivatives which can easily coordinated with metals and form ring structure metal complexes, applied as cationic and anionic bio
sensors [38, 39, 40].

In this study, a new series of heterocyclic azo compounds were produced using 4, 6-dihydroxy-2-thiopyrimidine and 4, 6-dihydrox-
ypyrimidine as coupling reagent. In a consequence, the current work is performed for the study of structural elucidation of the syn-
thesized pyrimidine azo compounds/derivatives by different techniques such as FTIR, 'H NMR, '*C NMR, and mass spectrometry.
Further these synthesized compounds were screened against bacteria, fungus and antioxidant potential.

2. Experimental
2.1. Materials

Barbituric acid, thio-barbituric acid, 2-methyl aniline, 2-nitro aniline, hydrochloric acid and sodium hydroxide of Merck and BDH
were purchased and used as such without further purification. Solvents such as DMSO, DCM, CCl4, n-hexane, ethanol, methanol and
water were used after double distillation.

2.2. Instrumentation

FTIR spectrophotometer BRUKER Tensor 27 were used by ATR technique in the range of 600-4000 cm ! at room temperature. For
'H NMR and 'C NMR spectra BRUKER 300 MHz were used having CDCl; as internal reference solvent. JEOL JMS 600-H instrument
were used for recording MS spectra.

2.3. Synthetic procedure for azo ligands: (Diazotization and coupling)

Azo ligands of barbituric acid and thio-barbituric acid have been synthesized by diazotization and coupling reaction by adopting
the previous procedure [41] with minor modifications as given in (Scheme 1). In a typical method 30 mmol of aniline (3-chlor-
o-2-aminobenzophenone and 3,5-dichloro-2-aminobenzophenon) was dissolved in a mixture of 30 mL distilled water and 5 mL of 12 M
HCI with continuous cooling and stirring until temperature decreased to 0-5 °C. Then freshly prepared 30 mmol aqueous solution of
sodium nitrite added drop wise in above solution with constant stirring until yellow color benzophenone diazonium chloride was
formed in ice bath. Resulting diazonium chloride solution was added drop wise in a reaction flask having 30 mmol of freshly prepared
solution of coupling reagent (barbituric acid and thio-barbituric acid] at 0-5 °C. The color of mixture was changed from yellow to
reddish brown and reaction was completed in 3 hr with constant stirring below 0-5 °C. Reddish brown precipitates of azo ligands
(HL1-HL4) were filtered out and washed several times with hot water and ethanol mixture. Monitoring of reaction and purification of
products was confirmed using TLC.
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Scheme 1. Synthetic Route of Azo Ligands.
2.3.1. Physical properties and characterization data of ligands

2.3.1.1. HL-1 (5-(2-chloro-6-(phenyl carbonyl) phenyl) diazenyl)-6 hydroxydihydropyrimidines-2,4dione). M.P: 189 °C, Color: Red,
Yield: 60%, Solubility: CoHsOH, CH30H, DMSO. FTIR (cm™1): N=N: 1508.56s; NH: 3445.54s: OH: 3161.13b; CH spa: 3021.64w; C=0:
1602.65s; C-0: 1256.03; Cl: 818.56s and 750sp (Figure 1a). 'H NMR (DMSO) & ppm OH (1H): 11.235; aryl protons (8H): 6.22-7.35m
NH (2H): 9.23-9.21 (Figure 1b). 1*C NMR (DMSO) & ppm: C-OH (1C): 190.14; C=0: (3C):160.90-163.49; C-N: 104; C-Cl: 104.49, C-
phenyl: 121-140 (Figure 1c). MS m/z: (C17H;3CIN4O7)" MT 372.82; (C17H14N407)" Mt 338.13; (C1oH10N403)" MT 234.27;
(C13H10CINO)" M™ 231.18; (C;H¢0) "™ M 106.12; (C4H;N303)" M 145.18; (C3H7NO) ™ M' 89.67; (CgHg)t MT 78.11 (Figure 1d).

2.3.1.2. HL-2 (5-(2-chloro-6-(phenyl carbonyl) phenyl) diazenyl)-6-hydroxy-2-thioxottetrahydr opyrimidin-4one). M.P: 221 °C; Color:
brown; Yield: 63%; Solubility: CoHsOH, CH3OH, DMSO. FTIR (cm™!): N=N: 1441.27s; NH: 3456.90w; OH: 3255.49b; CH Spy:
3024.49w; C=0: 1601.17s; C=S: 1255.49w: Cl: 832.21s (Fig S1). 'H NMR (DMSO) ppm &: OH (1H): 11.25; NH (2H): 9.20-9.25; Aryl
proton (8H): 6.26-7.35 (Fig 54). 13C NMR (DMSO) ppm &: C-OH (1G):189.03; C=0 (3C): 161.06-161.93; C-CN: 105; C-aryl: 123-150
(Fig S7). MS, m/z: (C17H12CIN4O3S)" M 407.20; (C17H14N403S)" M' 338.13; (C19H19N4038)" Mt 234.12; (C14HoCIoNOS)T M+
266.12; (C13H100S)™ M™ 182.0; (C4H7N303)T Mt 145.11 (C3H7NO,)™ M™ 89.67; (CgHg)™ M™T 77.15 (Fig S10).

2.3.1.3. HL-3 (5-(2,4-dichloro-6-(phenyl carbonyl) phenyl) diazenyl)-6-hydroxydihydropyrimi- dines-2,4dione). M.P: 239 °C; Color:
Orange; Yield: 56%; Solubility: CoHsOH, CH3OH, DMSO; FTIR: (cm™Y) N=N: 1510.90 m; NH: 3453w; OH: 3274.50b; CH Spa:
3168.35w; C=0: 1598.90s; C-O: 1168.35w; Cl; 698.34s (Fig 52). 'TH NMR (DMSO) ppm &: OH (1H): 12.35; NH (2H): 9.01-9.51; Aryl
proton (8H): 6.237-8.01 (Fig S5). 13¢ NMR (DMSO) ppm &: C-OH: 199; C=0: 160-162; C-aryl: 121-150; C-Cl: 100 (Fig S8). MS, m/z:
(C17H12ClN404) T M 407.20; (C17H14N404)" MT 338.15 (C19H10N403) " M 234.12; (C13HgC1o2NO) ™ M 266.12 (C4H;N303)™ M™
145.11; (C;H5CILNO) ™ M 190.02; (CeHg)™ Mt 77.12 (Fig S11).

2.3.1.4. HL-4 (5-(2,4-dichloro-6-(phenyl carbonyl) phenyl) diazenyl)-6-hydroxy-2-thioxotetra- hydropyrimidin-4one). M.P: 283 °C;
Color: yellow; Yield: 67%; Solubility: Co;HsOH, CH3sOH, DMSO. FTIR (cm™1) N=N: 1446.71s; NH: 3401.18w; OH: 3241.45b; CH Spa:
3193.71w; C=0: 1592.36s; C-0: 1241.34s; Cl: 778.66s; C=S: 1196.49 (Fig S3). 'H NMR (DMSO) ppm &: OH (1H): 11.235; NH (2H):
9.44-9.52; Aryl-H (8H): 6.230-7.325 (Fig S6). 13¢ NMR (DMSO) ppm &: C-OH: 190; C=0: 160-165; C-aryl: 125-150; C-N: 100; C-Cl:
119 (Fig S9). MS, m/z: (C17H12CLoN4038) T M 423.27; (C17H14N403S)T M 354.38; (C1oH1oN402S) ™ M 250.27; (C13HoCl,NO) T M™
266.12; (C4H7N30,8)" MT 161.35; (CgHg) ™ M' 77.13; (C3H,NO2)t MT 89.09 (Fig S12).
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Scheme 2. Synthetic Route of Metal Complexes.

2.4. Synthetic procedure of azo metal complexes (Metallization)

The metal chelates were synthesized according to the procedure followed by H. Ammara et al [42] and K. Ahmad et al [41] with
some modifications at pH = 8 as given in Scheme 2. Azo ligands (2 mmol) were dissolved in ethanol (30 mL) and then solution of metal
chlorides also added (1mmol) Cu(II), Ni(II), Zn(II), Mn(II)) color changes at once. Then reaction mixture was refluxed for 1h until solid
color complexes precipitated out and then left for 24 hr. Solid chelates were filtered out and washed several times with water and
ethanol.

2.5. Physical properties and characterization data of metal complexes

2.5.1. L-1-Cu complex

M.P: 296 °C; Color: Orange; Yield: 51%,; Solubility: CoHsOH, DMSO. FTIR (cm™1): NH: 3452.66; CH spy; 3091.07; C=0: 1679 N=N:
1537; Cl: 750.81: Cu-N: 501; Cu-0: 455 (Figure 2). MS, m/z: (Cz4H20CloCu— NgOg)™ M™T 803.03; (C34H2oCuNgOg)™ M™T 734.12;
(C0H14CuNgOg) ™ MT 525.92; (CeHgCuNgOg)™ MT 373.72; (C4H5CuN402) "™ M™ 204.65; (C4HgN4O2)"™ M 142.11; (C4H,N305)T M™
129.11; (C4H,0)" M 113.21; (Cu)™ M™ 63 (Figure 3).

2.5.2. L-1-Ni complex
M.P: >300 °C: Color: Brown: Yield: 65%: Solubility: DMSO. FTIR (ecm™Y): NH: 3306; CH Spa: 3093.20; C=0: 1662.56; N=N: 1464
Cl: 787; Ni-O: 592; Ni-N: 434 (Fig S13).

2.5.3. L-2-Cu complex

M.P: 299 °C; Color: light yellow; Yield: 45%; Solubility: DMSO. FTIR (cm™1): NH: 3195.95s; CHSp»: 3293.25; C=0:1679.23; N=N:
1446.71C = S: 1241; C-N: 1196; Cl: 869; Cu-0: 592 Cu-N: 464 (Fig S14). MS, m/z: (C34H20CloCuNgOgS2)"™ M + 835.02;
(Cg4Hz()Cl.lN,306)+ MJr 752.12; ((:2()1‘114(:11N80452)Jr M + 558.92; (C,S;HGCUN804SZ)Jr M + 405.72; (C4H5CLIN4OS)Jr M + 220.65
(C4H4N402)T M 142.11; (C4H;N302)" M T 129.11 (C4H;N30)" M T 113.21; (Cu)™ M ™ 63 (Fig S20).

2.5.4. L-2-Ni complex
M.P: >300 °C; Color: Bright yellow; Solubility: DMSO. FTIR (em™Y): NH: 3430; CH Spa: 3198 C=0: 1745; N=N; 1511; Cl: 834;
Ni-O: 511; Ni-N: 430 (Fig S15).

2.5.5. L-3-Cu complex

M.P: 289 °C; Color: orange; Yield: 56%; Solubility: DMSO, FTIR (cm™1b: NH: 3306; CHSpa: 3212.52; C=0: 1662; N=N: 1564; C-N:
1143; Cl: 868; Cu-O: 593.1; Cu-N: 512.45 (Fig S16). MS, m/z: (C34H1sCl4sNgO6S2)™ M 871.0; (C34H2CuNgOgS2)™ MT 734.0;
(CooH14CuNgOg)™ M™T 525.92; (Ci4HioCu- NgOg)™ Mt 4 49.85; (C13H;oCuNgOs)™ MT 393.80, (C;HgCuNgOs)™ Mt 317.70
(C4H4N403)" MT 156.80; (C3H3CuN202) " MT 162.61; (C3H3N202)" M 100; (CgHg)t MT 78.11; (Cu)™ M 63; (CsH3)™ M 42 (Fig
$21).

2.5.6. L-3-Ni complex
M.P: >300 °C; Color, Brown; Yield: 45% Solubility: DMSO. FTIR (cm™Y): NH: 3347; CH Spy: 3043; C=0: 1728; N=N: 1594; Cl: 764;
Ni-O: 591; Ni-N: 435 shown in Fig S17.
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2.5.7. L-4-Cu complex

M.P: 290 °C; Color: light green; Yield: 43%; Solubility: DMSO. FTIR (cm™Y): NH: 3377.64; CH Spy: 3087.14; C=0: 1727.87; N=N:
1511.54; Cu-0: 511.54; Cu-N: 424.58; Cl: 875 (Fig S18). MS, m/z: (C34H18C14CuNgO6S2) T M+ 904; (C34H25CuNgO6S2) ™ M™ 766.12;
(CooH22CuNgO4)t M7T 558; (Ci4H19Cu— NgO4S2)T MT 481.85; (C13H1oCuNgO4S)T M™T 408.81; (C;HeCuNgO4S)T M*' 333.70;
(C4H4N40,8)" M 165.80; (C3H3CuN205) ™ M 162.30; (C3H4N205)T M 100; (Cu)™ MT 63; (CsHg) ™ M 78.11; (C3Hg) ™ M™ 42.01 (Fig
S22).

2.5.8. L-4-Ni complex
M.P > 300 °C; Color; Brown; Yield: 57%: Solubility: DMSO. FTIR (ecm™1); NH: 3377; CH Spa: 3087; C=0: 1727; N=N: 1592; Cl: 834
Ni-O: 591 Ni-N: 424 (Fig S19).

2.6. Biological activity

Newly prepared azo derivatives and their metal complexes were screened out for antioxidant, antifungal and antibacterial ac-
tivities. The stock solutions of understudy azo derivatives and their copper complexes (1 mg/mL) were prepared by the addition of 10
mg of azo compound in 10 mL DMSO. Then further dilutions were made according to the requirement of assays as reported in literature
[41, 43, 44].

2.6.1. Antimicrobial assay

Three bacterial strains (Escherichia coli, Salmonella typhi and Bacillus subtilis) and three fungal strains (Candida albicans, Candida
glabrata, and Aspergillus niger) were selected for antibacterial and antifungal assays respectively. The assay was performed by using disc
diffusion method. The microbial strains were characterized by growing on nutrient agar medium. The solvent containing bacterial
culture was autoclaved for 30 min at 115 °C and 15 lbs. pressure before inoculation. The agar medium was mixed with inoculums
homogeneously and shifted on sterilized petri plates and incubated over night at 37 °C. Bacterial growth was shown under electron
microscope. Ciprofloxacin and Fluconazole used as standard medicines for antibacterial and antifungal assays. Different concentra-
tions of tested compounds and standard (3-1.5 mg/mL) in dried DMSO was added drop wise into filter paper having 6 mm diameter
disc positioned in the center of agar plates and marked properly and these agar plates were incubated for 24 h at 37 °C. Transparent
zone around each disk represented the inhibition activity of test compounds [45, 46, 47]. After incubation zones were formed and
measured with the help of scale. The assay was performed in triplicate and the average was taken as the final reading.

2.6.2. DPPH radical scavenging activity

Antioxidant activities of understudy azo derivatives, their metal complexes was determined by adopting reported procedure by H.
Ammara et.al [42, 48]. For this purpose, 0.3 mmol solution of DPPH was prepared by mixing 11.5 mg of DPPH in ethanol and kept in
dark. The solution of 1000 ppm of azo derivatives, metal complexes and standard (Ascorbic acid) were prepared by mixing 0.01g in 10
mL of DMSO, then different concentrations (50, 100, 150, 200, 250 pg/mL) were prepared by dilution method. From the stock solution
10 pL of each understudy azo derivative, solvent blank and standard were taken in microtiter plate. DPPH (0.3 mmol) 100 pL solution
was added into sample and standard and kept at 37 °C for 45 min to generate free radical. At 517 nm absorbance was measured using
ELISA micro plate reader and the measurements were done in triplicate manner. Scavenging capacity of understudy azo derivatives
was measured by comparing it with standard (Ascorbic acid) and solvent blank. Results were given in % inhibition after calculated by
equation below:

Inhibition% = Absorbance pjank - Absorbance gample X 100 /Absorbance pank

3. Result and discussion
3.1. Chemistry

Four new azo ligands were synthesized by using 2-amino-3-chlorobenzophenone and 2-amino-3,5-dichlorobenzophenone as an-
iline and barbituric acid and thio-barbituric acid as coupling reagent using reported method [41, 49]. Colored azo ligands were
synthesized successfully to be soluble in ethanol, methanol and DMSO solvents. By using the azo ligands, Cull) and Ni(II) metal
complexes were synthesized. All metal complexes found to be soluble in DMSO. All are colored solid, stable and non-hygroscopic in
nature. Melting points of ligands were higher than 150 °C and less than 300 °C but all metal complexes have melting points greater
than 300 °C. Analytical data suggests that in metal complexes M to L ratio (metal to ligand ratio) is 1: 2 stoichiometrically having (M
(L)2) type metal complexes for deprotonated ligands [50]. Preparation of azo ligands and their metal complexes was verified
persuasively form various analytical techniques such FTIR, 'H NMR, 13C NMR and mass spectrometry.

3.2. FTIR spectral study

FTIR spectra of azo ligands (HL1-HL4) illustrated that the azo ligands are also stable in the form of azo keto-enol both in solid as



T. Aziz et al. Heliyon 9 (2023) e12492

well as in solution state due to appearance of hydroxyl stretching frequency in the range of 3000-3350 cm™!. Furthermore,
disappearance of -NH, peaks and appearance of N=N new peaks at 3450-3550 cm ™! and 1390-1520 cm ™~ respectively also gives
strong indication for the synthesis of compounds along with other peaks at their proper positions [51] as shown in Figure 1a and Fig
S1-S4. On complexation with metals the band appeared for azo groups (N=N bond) at 1390-1520 cm ™! were shifted almost at 30-40
cm ™! towards lower wavelength, proved the involvement of azo group in coordination with metal. In free ligands the —~OH ab-
sorption band that appeared at 3200-3300 cm ™! of phenolic group, were vanished in entirely metal complexes indicated the
development of bond amongst oxygen of phenolic group and metal ion through deprotonation [52]. The absorption band for
phenolic oxygen and carbon (C-0) appeared at 1100-1200 cm * also shifted towards lower wave length about 40-50 cm ™! in all
metal chelates. This is also confirmed the formation of metal complexes. Two most important peaks (M-O, M-N) appeared in all the
metal chelates in the range of 400-600 cm ™! which were not present in any of the ligand [53]. The absorption bands for C=0 and
NH- appeared at the same region in metal chelates and in free ligands showed their non-involvement in the coordination process as
given in Figure 2 and Fig S5-12.

3.3. 1H NMR spectral study

'H NMR spectroscopy is also a superb technique for the confirmation of synthesized azo ligands by comparing the spectra of re-
actants and products. The spectra were measured in DMSO. The azo ligands showed singlet peak at 11.5-13.5 ppm (s IH, Ar-OH) for
hydroxyl group also established the keto enol form of synthesized azo compounds. Vanishing of -NHy group signals at 4-5 ppm
correspondingly, established the synthesized azo compounds as given in Figure 1b & Fig S4-S6. Doublet peak appeared at 8.5-9.5 ppm
(d, 2H, NH) for NH. The signals due to benzene protons (m 20H, Ar-H) appeared as multiplets in the range of 6.21-8.00 ppm [54].
Therefore, from 'H NMR it was evident that the proposed structure was in excellent agreement with spectral data and gives strong
indication for the formation of ligands.

3.4. 13C NMR spectral study

13C NMR analysis were performed for the confirmation and existence of synthesized azo compounds (HL1-HL4) and existence of
keto-enol form also verified by '>C NMR analysis, due to the presence of sharp signals of carbon having ~OH group appeared in the
range of 180-192 ppm. Carbon atoms in the aryl ring appeared in the range of 125-150 ppm. Carbon attached with nitrogen appeared
in the range of 100-105 ppm [55] as shown in Fig 1c & Fig S7-S9.

3.5. Mass spectral study

For the determination of exact molecular mass of synthesized compounds mass spectrometry technique is very essential tool from
which we can also identify the mode of fragmentation. The spectra of azo ligands (HL1-HL4) and their Cu(II) complexes displayed that
molecular ion peaks are according to their purposed molecular formula. The spectra of representative azo ligand (HL-1) exhibited
molecular ion peak duete M* at m/z 372 which is the molecular weight of azo ligands as shown in Figure 1d and Fig S10-S12 and
mode of fragmentation given in Scheme 3 and Scheme S1-3. The mass spectra of other azo ligands (HL2-HL4) presented molecular ion
peaks dueto Mt at m/z 388, 407 and 423 which are according to their molecular masses as shown in Fig $23-26, and their mode of
fragmentation also shown in Scheme S1-3 and In the same way the mass spectra of metal complexes also in good agreement with their
molecular weight. The spectra of L1-Cu to L4-Cu showed molecular ion peaks duete M" at m/z 803, 835, 871 and 904 which are
equivalent to their molecular mass of respective compounds. The mass spectra of complexes, the Cu (II) ion peak also appeared which
confirmed the presence of Cu-metal [56] as shown in Figure 3 and Fig S20-23. The mass fragmentation pattern of above metal
complexes is presented in Scheme 4 and scheme S4-6 provided in supplementary data.

4. Pharmacological studies
4.1. Antimicrobial studies

In-vitro antimicrobial studies of new series of azo ligands and their Cu(II) and Ni(II) complexes screened out against three bacterial
strains E. coli, S. typhi, and B. subtilis and three fungal strains C. albicans, A. niger, and C. glabrata. Results are presented in Tables 1 and 2
Table S1-2 and indicated that all the understudy azo compounds showed variable inhibitory effect against all the pathogens. It was
observed that although all the four ligands showed good antimicrobial activity as compared to standard drugs but metal chelates
exhibited excellent activity as compared to free ligands and standards. Regarding the structural activity relationship of azo ligands (HL-
1 to HL-4) exhibited very good activity as compared to standard drugs against all the pathogens, because they have many electron
withdrawing groups such as N=N, C=0, C=S, 2-Cl and 2, 5-dichloro. In this view order of activity of azo ligands is HL-4 > HL-2 > HL-3
> HL-1. In case of metal chelates, coordination of metal ions with free ligand enhances the inhibitory effect on the growth of pathogens
because lipophilic character of metal chelates increases the polarity of cell wall that favors the penetration through the lipids layered of
pathogen cell wall. Formation of hydrogen bond of nitrogen atom of N=N of target compounds with the active cite of enzymes of
pathogen cell causes the disturbance in the normal cell process. Respiration procedure of cell also destructs, thus inhibit the protein
synthesis which leads to stop the growth of pathogens [57]. Order of activity of metal chelates for S. typhi and E. coli, Cu(II) complexes
is more active than Ni(II) complexes and for B. subtilis, Ni(II) complex is more active than Cu(II) complexes and standard. The
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Table: 1
Results of antibacterial activity of HL-1 ligand and its metal complexes.
Sr. No. Sample code Zone of inhibition in mm
E. coli S. typhi B. subtilis
1 HL-1 17 16 17
2 HL-1-Cu 28 27 24
3 HL-1-Ni 26 25 29
4 Ciprofloxacin 15 14 16

All compounds soluble in DMSO.
In this table mm = millimeter.

Table: 2
Results of antifungal activity of HL-1 ligand and its metal complexes.
Sr. No. Sample code Zone of inhibition in mm
C. glabrate C. albicans A. niger
1 HL-1 23 24 21
2 HL-1-Cu 27 25 23
3 HL-1-Ni 28 28 27
4 Fluconazole 22 20 19

All compounds soluble in DMSO.
In this table mm = millimeter.

anti-fungal study of Ni(II) complexes exhibits higher activity against all the three fungal strains e.g. C. glabrate, C. albicans and A. niger
as shown in Tables 1 & 2.

4.2. DPPH radical scavenging activity

Antioxidant is the compound that inhibits metabolic disorder induced by free radical species. Synthetics antioxidants are exhibited
more scavenging activities as compared to natural antioxidants. But their use is limited to their toxic effects. So, the chemists are
interested to discover such synthetic antioxidants which are less toxic and more effective in nature than natural antioxidants. In this
regard new class of azo derivatives and their metal complexes were screened for their scavenging capacity by using DPPH assay.
Results of scavenging activity of under study compounds are presented in Table 3 and Table S-3. It was cleared from results that the
activity is dose dependent [58, 59]. Among the under-study compounds activity order of ligands is HL-1 > HL-2 > HL-3 > HL-4 > A.A.
In case of metal complexes Cu-complexes showed excellent activity and Ni-complexes showed moderate activity as compared with
standard drug ascorbic acid.

5. Conclusion

In this study a new series of azo ligands with barbituric and thio-barbituric acid were synthesized successfully having excellent
yield, in reproducible conditions at low temperature (05 °C) using coupling diazotization. Further these ligands were reacted with
metal salts to produce metal complexes using reflux method. For the confirmation and structure elucidation of ligands and their
transition metal complexes different advance spectroscopic techniques (FTIR, 'H NMR, '3C NMR and Mass Spectrometry) were
applied. In FTIR analysis absence of NH, peak at 3450-3550 cm ™! and appearance of N=N peak at 1390-1520 cm ™! confirmed the
synthesis of ligands. On complexation with metals the bands appeared at 1390-1520 & 1100-1200 cm ™ for azo group in case of ligands
was shifted towards lower wavelength, proved the involvement of azo group in coordination with metal. Two most important peaks
(M-O, M-N) appeared in all the metal chelates in the range of 400-600 cm ' which were not present in any of the ligand confirmed the
formation of complexes. In 'H NMR the azo ligands showed singlet peak at 11.5-13.5 ppm (s IH, Ar-OH) for hydroxyl group and
disappearance of -NHj signals at 4-5 ppm also confirmed the synthesis of azo ligands. In *C NMR analysis, due to the presence of
sharp signals of carbon having OH group appeared in the range of 180-192 ppm confirms the formation of ligands. Molecular ion peaks

Table 3
Results of antioxidant activities of HL-1 ligand and their metal complexes.
Sr. No. Sample code % Inhibition
50 pM 100 pM 150 pM 200 pM 250 pM
1 HL-1 49 63 69 74 76
2 HL-1-Cu 55 67 73 79 88
3 HL-1-Ni 52 63 70 75 82
6 Ascorbic Acid 46 56 62 68 72

All compounds are soluble in DMSO.
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in mass spectrometry at 273, 388, 407 and 423 m/z for ligands as well as for complexes at 803, 835, 871 and 904 m/z also give strong
indication that proposed ligands and their metal complexes are produced successfully. Biological screening of these synthesized li-
gands and metal complexes were carried out against antibacterial (E. coli, S. typhi, and B. subtilis) and antifungal (C. albicans, A. niger,
and C. glabrata) strains as well as antioxidant activities. From results it was observed that HL-4 exhibited maximum inhibition against
all bacterial strains as compared to other ligands as well as standard drug. Ligand HL-4 also showed maximum inhibition against all
fungal strains except C. albicans and against this strain ligand HL-1 showed highest inhibition capacity. In case of antioxidant all li-
gands exhibited almost same and higher activity than standard drug. In case of metal complexes all compounds showed excellent
inhibition activities against fungal and bacterial strains as well as antioxidant activities greater than ligands and standard medicine.
Among all metal complexes Cu-complexes exhibited remarkable activities against bacterial and fungal strains as well as antioxidant
activity. From this study it was revealed that these synthesized azo ligands as well as their metal complexes can be applied successfully
to get rid of complications and diseases produced from these pathogens.
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