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 Synthesis of a synthetic ligand (L) by mixing histidine and boric acid in 
molar ratios of 2:1. The complexes of transition metal were prepared by 
reacting CoCl2.6H2O, NiCl2.6H2O, and CuCl2.H2O with (L) in molar ratios of 
2:1 (L:M). All produced compounds are investigated by using spectral 
methods UV-Vis, FT-IR, 1H-NMR, and AAS. In addition to the melting point, 
thermal analysis, magnetic susceptibility measurement, micro elemental 
analysis, and determination of chloride content. All complexes of transition 
metal were proposed to have octahedral geometries. Every component was 
an electrolyte as well as a paramagnetic one. All the complexes of transition 
metal produced were shown to be antibacterial and antifungal against the 
bacteria Staphylococcus aureus, Klebsiella pneumonia, and the fungus 
Candida. The anti-cancer activities of the ligand and copper complex were 
also studied. 
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Introduction 

Amino acids are chemical molecules that include 

both amine (-NH2) and carboxyl (-COOH) active 

groups, as well as a specific side chain (R group) 

for every amino acid [1]. 

The side-chain (R group) type associated with the 

α-carbon of amino acids varies, ranging from a 

single hydrogen atom in glycine to a massive 

heterocyclic group in tryptophan. Based on the 

characteristics of their side-chain, α-amino acids 

are typically categorized into three categories. 

The first group includes α-amino acids with 

relatively nonpolar R groups (glycine, alanine, 

valine, leucine, isoleucine, proline, phenylalanine, 

tryptophan, and methionine), the second group 

includes α-amino acids with uncharged but polar 

R groups (serine, threonine, cysteine, tyrosine, 

asparagine, glutamine). The third group includes 

charged R groups (aspartic acid, glutamic acid, 

lysine, arginine, and histidine) [2]. 

Amino acids, the building blocks of life, have long 

been essential in human and animal nutrition and 

health maintenance. This category of compounds 

is biochemically exceedingly essential and of 

considerable interest to the chemical industry 

due to its usefulness and the specific properties 

emerging from chirality. The remainder of the 

proteinogenic amino acids is needed in the 

pharmaceutical and cosmetics sectors [3]. 

Amino acids are also utilized as bulk 

biochemicals in various industrial applications to 

manufacture a wide range of goods, such as 

animal feed additives, taste enhancers in human 

nutrition, and components in cosmetic and 

medicinal products [4]. 

Histidine, an essential amino acid, is well known 

as a pH-sensitive fusogen [5]. HIS has specific 

chemical and metabolic features that allow it to 

be used as a therapy for various diseases. HIS-

rich treatments provide proven advantages in 

organ preservation for transplantation and 

myocardial protection during cardiac surgery [6]. 

Boron compounds have been utilized to make 

hard glasses and glazes since prehistoric times. 

Boron compounds are now used in 

semiconductors, hard materials, and anti-cancer 

treatment [7]. Amino acids with B-N bonds have 

exceptional biological activity because of their 

structural and electrical characteristics: 

Antibacterial, insecticidal, fungicidal, herbicidal, 

calcium channel blocker, and antineoplastic 

activities [8]. 

This research generates the ligand by reacting 

histidine with boric acid. Furthermore, complexes 

of the transition metal of this ligand with 

cobalt(II), nickel(II), and copper(II) metal ions 

are generated to see how they affect biological 

function. All synthesized compounds were tested 

for antimicrobial effect, and anti-cancer activity 

was investigated for ligand and copper complex. 

Materials and Methods 

The Elementar Analysensysteme GmbH recorded 

elemental microanalyses (CHN) for carbon, 

hydrogen, and nitrogen. Using the Gallenkamp 

melting point apparatus, the melting points were 

determined. The FT-IR (Fourier Transform 

Infrared) spectrophotometry for the ligand (400-

4000) cm-1 (KBr) as well as complexes (250- 

4000) cm-1 (CsI). Ultra Violet UV-Visible spectra 

were acquired in the (240-1100) nm range using 

a (Shimadzu 1800-UV spectrophotometer) and 

H2O as a solvent. 1H-NMR spectra were collected 

using an Agilent Technologies 500 MHz NMR in 

DMSO-d6, Germany. Thermal analyses (TG and 

DSC) were carried out (METTLER TA 4000 

SYSTEM). The metal contents were determined 

out by flame atomic absorption spectroscopy 

using Nova350 Spectrophotometer. The chloride 

content complexes were measured by using Mohr 

method. 

Synthesis of the ligand [(2R)-2-amino-3-(1H-

imidazol-4-yl)-1-

{[(methylhydrogenio)({[(methylhydrogenio)oxy] 

hydrogenio})-λ^3-oxidanyl] hydrogenio} oxo) 

propoxy] (hydroxy)boranyl (2S)-2-amino-3-(1H-

imidazol-4-yl) propanoate (L) 

The synthesis of L in a 2:1 mole ratio (histidine: 

boric acid) by using different temperatures: 

The solution of boric (0.1 g, 1.617 mmol) in 2.5 

mL H2O was added to a solution of histidine 

(0.5018 g, 3.234 mmol) in 12 mL H2O. The 

mixture was stirred at room temperature for 
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seven hrs. with TLC testing. The obtained 

solution was heated to evaporate part of the 

solvent before adding ethanol in an ice bath and 

crushing to precipitate the white product (Figure 

1); it was rinsed with more ethanol and then 

dried in the oven [9, 10]. 

Another method for synthesis of L was used the 

same above method (A) except a water bath at 

40-45 ºC to study the effect of moderate 

temperature. 

 

Figure 1: Synthesis pathway of (L) using two different reaction conditions 

Synthesis of ligand complexes with Co(II), Ni(II), 

and Cu(II) 

Synthesis of complexes in 2:1 (L: M) mole ratio  

The mixture solutions of ligand and metal salts in 

H2O were heated via reflux for five hrs. with 

stirring. Table 1 show the synthesis conditions 

for the complexes. The obtained solution was 

heated to evaporate a portion of the solvent 

before adding ethanol in the presence of an ice 

bath and crushing to precipitate the compounds; 

it was rinsed with more ethanol and then dried in 

the oven. 

Biological evaluation (Anti-microbial activity) 

All synthesized compounds were tested for anti-

bacterial and anti-fungal activity against [gram-

positive Staphylococcus aureus, gram-negative 

Klebsiella pneumonia, and Candida] using the 

diffusion technique using 2×10-2 M in H2O 

solutions. The diameters of inhibition were 

evaluated to determine anti-bacterial activity. 

Results and Discussion 

The physical characteristics, as well as the 

elemental analysis data illustrated in (Table 2) 

and also more names and chemical formulas are 

presented in (Table 3). 

FT-IR spectroscopy 

The spectra of complexes exhibited shifting in 

ν(NH2) (Table 4) due to coordination with metals 

through the nitrogen atom of NH2 [11, 12]. The 

peaks that appeared at 3122-3230 cm-1 were 

assigned to lattice water, but coordinated
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Table 1: Synthesis conditions for Co, Ni, and Cu Complexes 

Complex O2H LmLigand(wt(g),mmol) in 5 O2n 2.5ml Halt (wt(g),mmol) ietal sM Color of precipitate 

C1 Co(II) L (0.1 g,0.268 mmol) , 0.134 mmol)O] (0.023 g2.6H2[CoCl Light brown 

C2 Ni(II) L (0.1 g,0.268 mmol) , 0.134 mmol)O] (0.023 g2.6H2[NiCl Light purple 

C3 Cu(II) L (0.1 g,0.268 mmol) l), 0.134 mmoO] (0.017 g2.2H2[CuCl Dark green 

 

Table 2: Data analysis and ligand and metal complex physicochemical properties 

Compound 

The molecular 

formula 

Chloride 

content % 

Color 
m.p 

(°C) 

Yield 

% 

M.wt 

g.mol- 

Micro Element Analysis 

Found (Calc.) 
Metal 

content 

% 

Chloride 

content 

% C% H% N% 

L C12H21BN6O7 
off-

white 

261-

263 
95.61 372.142 

38.92 

(38.72) 

5.28 

(5.68) 

23.37 

(22.58) 
- - 

C1 (Co) 

[C24H36B2 

CoClN12O11] 

4H2O.Cl 

Light 

brown 

237-

239 
79.42 892.139 

31.50 

(32.31) 

4.38 

(4.97) 

18.58 

(18.84) 

6.21 

(6.60) 

3.70 

(3.97) 

C2 (Ni) 

[C24H36B2 

NiClN12O11] 

5H2O.Cl 

Light 

purple 

247-

249 
79.24 909.914 

30.97 

(31.67) 

4.72 

(5.09) 

18.41 

(18.47) 

6.95 

(6.45) 

4.10 

(3.89) 

C3 (Cu) 
[C24H36B2 CuCl 

N12O11]2H2O.Cl 

Dark 

green 

137-

139 
82.43 860.721 

32.83 

(33.49) 

4.09 

(4.68) 

19.04 

(19.52) 

7.92 

(7.38) 

3.54 

(4.11) 

 

Table 3: The ligand (L) and its metal complexes' names and chemical formulas 

Compound Formal Name 

L C12H21BN6O7 

[(2R)-2-amino-3-(1H-imidazol-4-yl)-1-

({[(methylhydrogenio)({[(methylhydrogenio)oxy]hydrogenio})-λ^3-

oxidanyl]hydrogenio}oxo)propoxy](hydroxy)boranyl (2S)-2-amino-3-

(1H-imidazol-4-yl)propanoate. 

C1 (Co) [(L)2CoCl (H2O)]4H2O.Cl 

Aqua chloro [bis{[(2R)-2-amino-3-(1H-imidazol-2-yl)-1-

({[(methylhydrogenio)({[(methylhydrogenio)oxy]hydrogenio})-λ^3-

oxidanyl]hydrogenio}oxo)propoxy](hydroxy)boranyl (2S)-2-amino-3-

(1H-imidazol-4-yl)propanoate}Cobalt(II)] tetra hydrate Chloride. 

C2 (Ni) [(L)2NiCl (H2O)]5H2O.Cl 

Aqua chloro [bis{[(2R)-2-amino-3-(1H-imidazol-2-yl)-1-

({[(methylhydrogenio)({[(methylhydrogenio)oxy]hydrogenio})-λ^3-

oxidanyl]hydrogenio}oxo)propoxy](hydroxy)boranyl (2S)-2-amino-3-

(1H-imidazol-4-yl)propanoate}Nickel(II)] penta hydrate Chloride. 

C3 (Cu) [(L)2CuCl (H2O)]2H2O.Cl 

Aqua Chloro [bis{[(2R)-2-amino-3-(1H-imidazol-2-yl)-1-

({[(methylhydrogenio)({[(methylhydrogenio)oxy]hydrogenio})-λ^3-

oxidanyl]hydrogenio}oxo)propoxy](hydroxy)boranyl (2S)-2-amino-3-

(1H-imidazol-4-yl)propanoate}Copper(II)] di hydrate chloride. 

 

water showed peaks at a region between 904-

925 cm-1 [13]. The band of ν(-NH) (imidazole 

group) appeared between 3000-3014 cm-1 [14]. 

The band of C=N cyclic in the imidazole ring was 

moved in the spectra to a higher frequency of 

complexes because of the participation in 

complexation with metal ions via lone pair of the 

nitrogen atom in the imidazole ring [15, 16].  

Finally, new bands appeared at lower frequencies 

which were assigned to υ (M- N) and υ (M-Cl) [17, 

18], as shown in Table 4. 

Figure 2 represents the general form of 

complexes, and Figures 3, 4, 5, and 6 refer to 

charts of IR for ligands and their complexes. 
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1H-NMR spectroscopy 

The 1H-NMR spectrum of ligand (L) showed a 

signal at δ 2.5 ppm that belongs to the chemical 

shift of the solvent DMSO, and the peak at δ 3.2 

ppm attributed to H2O protons as impurity [19]. 

The chemical shift position and assignments of all 

peaks were illustrated in (Table 5) for L 

depending on Figure 7. The chemical shift of NH 

(imidazole ring) showed at 11.98 ppm (broad) 

for L shown in Figure 8. 

Table 4: IR spectra data of ligand and its metal complexes 

Compound 
υ 

 OH 
υ 

NH2 

υ H2O 
(lattice) 

coordinated 

υ NH 
imidazole 

υasym 
COO- 

υsym 
COO 

υ 
C=O 

ν C=N 
imidazole 

υ 
 B-O 

υ  
M- N 

υ  
M-Cl 

His* - 
3276 
3342 

- 3014 1633 1413 - 1587 - - - 

L 3430 
3282 
3361 

- 3010 1635 1415 - 1591 1342 - - 

C1 (Co) 3427 
3257 
3371 

(3126) 925 3008 1637 1413 - 1600 1344 536 322 

C2 (Ni) 3430 
3276 
3360 

(3130) 919 3000 1635 1413 - 1600 1338 536 327 

C3 (Cu) 3415 
3219 
3315 

(3130) 923 3014 1637 1411 - 1610 1346 538 322 

His* = Histidine 

 
M=Co(ΙΙ), Ni(ΙΙ), Cu(ΙΙ) 

Figure 2: Suggested complexes structure 
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Figure 3: FT-IR spectrum of the ligand (L) 

 

Figure 4: FT-IR spectrum of the complex (C1) 

 

Figure 5: FT-IR spectrum of the complex (C2) 
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Figure 6: FT-IR spectrum of the Complex (C3) 

Table 5: Data for 1H-NMR for (L) 

Assignments in DMSO Mark Chemical shifts δ (ppm) References 

NH-imidazole proton 3,11 11.98 (d, 2H) [20, 21] 

CH-imidazole proton 1,2,12,13 7.64-7.10 (m, 4H) [20, 22-24] 

CH2 protons 4,10 3.05 (d, 4H) [22, 25] 

C-H proton 5,8 4.35 (m, 2H) [21, 22] 

NH2 protons 6,9 6.95-7.73 (d, 4H) [21] 

B-OH protons and H2O 7,14,15,16,17 3.94-3.34 (m, 5H) [19, 26] 

 

Figure 7: Structure of the ligand (L) 

Thermal analysis of the ligand and its metal 

complexes 

The analysis of TG and DSC with argon gas at the 

temperature range 0-800 °C (10 °C/min). This 

technique is used to investigate thermal stability 

and characterize produced chemicals. Thermal 

dissociation data is given in Table 6 and the 

thermographs of ligand and its metal complexes 

are shown in Figure 9, 10, 11 and 12. 

Electronic spectra and magnetic measurement 

At room temperature in H2O, the electronic 

spectra of the generated compounds were 

measured (10-3M). 

Electronic spectrum of ligand 

The electronic spectra of the ligand showed a 

high-intensity band at 204 nm (49019 cm-1) 

(Table 7) due to the π -π* transition [27-29]. The 

ligand spectrum is depicted in Figure 13.
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Figure 8: 1H-NMR spectrum of the ligand (L) 

Table 6: The ligand and its metal complexes are thermally decomposed 

Comp 

Molecular formula 

and (Molecular weight 

g/mole) 

Steps 

Temp. rang of 

the 

Decompositio

n °C 

Suggested Formula of 

loss 

Mass loss% 

Found (Calc.) 

L 
7O6BN21H12C 

(372.142) 

1 25-240 O2H 4.82 (4.84) 

2 240-325 2N3H3+ 1.5 C2 O + NH2H 17.35 (18.15) 

3 325-415 2N3H3+ 1.5C2 NH 12.84 (13.31) 

4 415-800 
COO + 2+2CHCH 2N3H3C

OH 
62.90 (60.77) 

residue 800 B 2.05 (2.90) 

1C 

(Co) 

] 11O12CoClN 2B36H24[C

O.Cl24H 

(892.139) 

1 25-120 O22.3H 3.47 (4.64) 

2 120-195 O22.7H 4.07 (5.45) 

3 195-320 2Cl + 2OH 11.62 (11.76) 

4 320-420 2N3H3+ C 2NH 10.35 (9.31) 

5 420-800 

+  2N3H33C

COO + 2BO + 2CHNH2CH

+ Co 2H+2C2 2CO + NH 

66.02 (65.91) 

residue 800 2CH 4.46 (2.91) 

2C 

(Ni) 

] 11O12NiClN 2B36H24[C

O.Cl25H 

(909.914) 

1 25-210 O24H 7.63 (7.91) 

2 210-293 O + Cl22H 7.82 (7.85) 

3 293-439 2N3H3+2CCl + 2OH  21.90 (22.37) 

4 439-800 
COO 2CHNH22CH

+ 2BO + CO 2 N3H3+2C
58.51 (58.76) 
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+ Ni2 CHNH+2 

residue 800 22CH 4.12 (3.08) 

3C 

(Cu) 

] 11O12CuCl N2B36H24[C

O.Cl22H 

(860.721) 

1 25-230 O + 2Cl + OH23H 17.50 (16.49) 

2 230-300 22NHOH +  6.58 (5.69) 

3 300-425 CH + CO2+ CH2 N3H3C 12.97 (14.18) 

4 425-535 CH2+ CH2 N3H3C 10.04 (10.93) 

5 535-655 2+ NH2 3CO + 2BO 21.43 (21.57) 

6 655-800 CH2+ 2CH2 N3H3C 15.90 (15.93) 

residue 800 + Cu2 N3H3C 15.57 (15.17) 

 

Electronic spectrum of Cobalt(II) complex (C1) 

As a result of coordination with a metal ion, the 

spectra of the C1 complex (Figure 14) exhibited a 

shift in the location of the π-π* transition. The 

spectra of the C1 complex showed bands at 675 

nm (14814 cm-1) and 960 nm (10416 cm-1) that 

were ascribed to the 4T1g(F)→4A2g(F) and 
4T1g→4T2g transitions of the octahedral Co(II) 

complex [30, 31]. 

Electronic spectrum of Ni(II) complex (C2) 

The spectrum of the C2 complex (Figure 15) 

revealed a shift in the location of π-π* transition 

due to coordination with metal ions. The 

spectrum of the C2 complex was shown, with 

bands appearing at 345 nm (28985 cm-1), 680 nm 

(14705cm-1), and 961nm (10405) cm-1, these 

bands assigned to 3A2g→3T1g(P), 3A2g→3T1g and 
3A2g→3T2g transition respectively of octahedral 

Ni(II) complex [32].

 

Figure 9: The ligand thermogram (L) 
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Figure 10: The complex's thermogram (C1) 

 

Figure 11: The complex's thermogram (C2) 

 

Figure 12: The complex's thermogram (C3) 
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Table 7: Metal complex electronic spectrum data, molar conductance, magnetic susceptibility, and recommended geometry 

Compound 
Band positions nm 

(cm-1) 
Assignment 

Molar 
Conductivity 

(S.cm2.mol-1) in 
H2O 

μeff. (B.M) 
Suggested 
geometry 

L 204 (49019) (π-π*) - - - 

C1 (Co) 
380 (26315) 
675 (14814) 
960 (10416) 

(π-π*) 
4T1g →4A2g 
4T1g →4T2g 

142 4.56 Octahedral 

C2 (Ni) 

230 (43478) 
270 (37037) 
345 (28985) 
680 (14705) 
961 (10405) 

(π-π*) 
(n-π*) 

3A2g→3T1g (P) 
3A2g→3T1g 
3A2g→3T2g 

142 3.34 Octahedral 

C3 (Cu) 

211 (47393) 
238 (42016) 
640(15614) 
961 (10405) 

(π-π*) 
(n- π*) 

2B1g → 2B2g 
2B1g→2A1g 

117 2.23 Octahedral 

 

Figure 13: The ligand's UV-Vis spectrum (L) 

Electronic spectrum of Cu(II) complex (C3) 

The spectrum of the C3 complex (Figure 16) 

showed a change in the position of π-π* 

transition due to coordination with metal ions. 

The spectrum of the C3 complex was shown, with 

bands appearing at [{606 nm (16501 cm-1), 

679nm (14727 cm-1)} average equal 640nm 

(15614 cm-1) and 961nm (10405) cm-1], these 

bands assigned to 2B1g → 2B2g and 2B1g→2A1g 

transition respectively of octahedral Cu(II) 

complex [33, 34]. 

A complex structure was determined using 

magnetic susceptibility (μeff). The intensity of 

complicated ligand fields and the number of 

unpaired electrons are included in this 

measurement. The magnetic field of spin (μs)  

 for all complexes is described by 

the spin quantum number (s) according to the 

following: 

S = n/2 (n= unpaired electrons number) 

The magnetic moment of Co(ΙΙ) complex 4.56 was 

paramagnetic and indicated to octahedral 

geometry for C1 [35]. The magnetic moment was 

3.34 for Ni(ΙΙ) complex, indicated octahedral 

geometry for C2 and paramagnetic properties 

[32]. The magnetic moment was 2.23 for Cu(ΙΙ) 
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complex, indicated to octahedral geometry for C3 

and paramagnetic properties [32]. 

Complex conductivity measurements in H2O 

found that every complex (C1-C3) is an electrolyte. 

The values of molar conductivity in H2O were 

determined. 142, 142, and 117 (S.cm2.mol-1), 

suggesting a C1, C2, and C3 complex electrolyte in 

a 1:1 ratio [36].

 

Figure 14: The complex's UV-Vis spectrum (C1) 

 

Figure 15: The complex's UV-Vis spectrum (C2) 
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Figure 16: The complex's UV-Vis spectrum (C3) 

Biological activity (Antimicrobial activity) 

The behavior of the synthesized compounds as 

antibacterial and antifungal was evaluated 

against gram-positive bacteria Staphylococcus 

aureus, gram-negative bacteria Klebsiella 

pneumonia, and Candida. The results indicated 

that L has more activity than histidine in 

Staphylococcus aureus, according to the following 

activity order (boric acid > L > histidine) 

depending on inhibition zone (23 > 19 > 13) mm. 

respectively. In Klebsiella pneumoniae, according 

to the following order, boric acid has higher 

activity (boric acid > histidine > L) depending on 

the inhibition zone (20 > 15 > 10) mm. 

respectively.  

Comparison of the biological activities in 

Staphylococcus aureus of L and its metal 

complexes was in the following order (C2 > C1 > 

C3 > boric acid > L > histidine) at the inhibition 

zone (36 > 30 > 28 > 23 > 19 > 13) mm and in 

Klebsiella pneumonia the complexes were more 

energetic than L and the order was as following 

(C1 ~ C3 > boric acid > histidine > C2 > L) 

depending on inhibition zone (26 ~ 25 > 20 > 15 

> 12 > 10) mm, respectively. 

Table 8 shows the antibacterial and antifungal 

dates results, while Figures 17, 18 and 19 show 

the inhibition zones. 

Table 8: The biological activity of the substances under study in (2×10-2 M) 

Comp. 

Staphylococcus 

aureus(G+) inhibition 

zone diameter (mm) 

Klebsiella pneumonia(G-) 

inhibition zone diameter 

(mm) 

Candida (nm) 

H2O - - - 

Boric acid 23 20 25 

Histidine 13 15 20 

L 19 10 20 

C1 (Co) 30 26 21 

C2 (Ni) 36 12 23 

C3 (Cu) 28 25 22 

Antifungal control: (Fluconazole) 150 mg 

Antibacterial control: Ceftriaxone 500 mg 
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Figure 17: The zone of inhibition towards Staphylococcus aureus (G+) in the case of the ligand (L) and its metal 
complexes, histidine, boric acid, and antibiotic 

  

  
Figure 18: The zone of inhibition towards Klebsiella pneumonia (G-) in the case of the ligand (L) and its metal 

complexes, histidine, boric acid, and antibiotic 
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Figure 19: The zone of inhibition towards Candida in the case of the ligand (L) and its metal complexes, 

histidine, boric acid, and antibiotic 

 

Figure 20: Cytotoxicity effect of (L) on SKOV3 cells after a 24-hour incubation period at 37 °C 

 

Figure 21: Cytotoxicity effect of C3 (Cu complex) on SKOV3 cells after a 24-hour incubation period at 37 °C 

Table 9: Cytotoxicity of (L) towards SKOV3 
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Cell line 
Conc. μg/mL. IC50 

μg/mL 
P value 

400 200 100 50 25 12.5 6.25 

SKOV3 33.02 

±3.45 

39.35 

±3.25 

51.50 

±2.12 

66.59 

±4.82 

86.65 

±6.48 

94.95 

±0.24 

95.72 

±0.31 
57.19 

<0.0001 
WRL 69.56 

±2.32 

86.03 

±0.85 

92.13 

±1.56 

96.18 

±1.25 

96.95 

±1.14 

94.91 

±2.20 

96.10 

±0.48 
516.9 

 

Anticancer activity 

The cytotoxic impact of the ligand and complex 

on ovarian cancer cells (SKOV3) was investigated 

using the 3-(4,5-dimethylthiazol-2-yl)-2,5- 

diphenyltetrazolium bromide (MTT) test 

technique (Figures 20 and 21) (Table 9). From 

the above results, it is clear that the ligand has a 

higher effect against ovarian cancer than the 

copper complex due to the association of the 

active sites in the ligand with the transition 

element Cu. 

Conclusion  

By combining histidine with boric acid in a 2:1 

molar ratio, a fresh ligand (L) was generated. 

Metal complexes, including cobalt(II), nickel(II), 

and copper(II), were produced in a 2:1 (L: M) 

molar ratio. All the molecules created were 

examined, and the proposed structure was 

confirmed using spectral and physico-chemical 

methods. The results showed the octahedral 

geometry of cobalt(II), nickel(II), and copper(II) 

complexes and have an electrolyte character. The 

biological results showed that all the synthesized 

compounds possessed excellent antimicrobial 

activity against gram-positive bacteria 

Staphylococcus aureus, gram-negative Klebsiella 

pneumoniae, and fungi Candida. The ligand and 

copper complex that was created had anti-cancer 

activity, with the ligand being more active than 

the complex. 
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