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Abstract 
Thepyrazole derivatives are the subject of various studies and used in many different fields, 

such as pharmacology, biology and catalysis. In this work we will focus on the synthesis of new 

pyrazole tridentate ligands to prepare catalysts to replicate the catalytic activity of ortho-

aminophenol. We have studied the catalytic activity of oxidation of ortho-aminophenol to 

phenoxazinone by using complexes formed in situ, by mixing tridentate pyrazole ligands with 

manganese (II) chloride. Then using DFT method to have more information’s about the 

reactivity of the prepared ligands, The results shows that T7 is the best electron donor, T6 is the 

most reactive ligand with the lowest value of gap energy, and T5 with the lowest value of the 

hardness is assigned with the ability for it to give or accept electron. 

 

1. Introduction 

Pyrazoles are among the most studied heterocyclic aromatic compounds, acting both as simple 

ligands and incorporated into tridentate ligands. Pyrazole derivatives are the subject of various studies 

and are used in many different fields, such as pharmacology [1, 2], biology, electronics [3]. and 

catalysis[4-7]. They have catalytic, anticonvulsant [8], antifungal activity [9], antihistamine [10], 

antidepressant [11] and anti-stress [12], antitumor [13] as well as anti-cancer properties, pharmacological 

activities and other therapeutic action spectrum of diseases. This evolution is reflected by an exponential 

increase of the number of publications, which refer to these compounds. Among the numerous molecular 

structures discovered, several pyrazole skeletons have been synthesized in this domain [14, 15]. The 
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pyrazole derivatives, which are well known for their ability to complex and transport the transition and 

alkali metal cations. These compounds are characterized by the presence of several substituted pyrazole 

rings linked together through different substituents, which can considerably affect their complexing [16], 

corrosion inhibiting [17], catalytic properties [6, 18] as well as their cytotoxic activities [19] and 

antifungal agents and lack antibacterial activity [20]. The researchers in our laboratory synthetized many 

pyrazole derivatives to investigate their properties [21-27]. 

Several studies have been carried out on the mechanism and kinetics of the catalytic oxidation of 

phenoxazinone synthase of 2-aminophenols by complexes of metals (Mn, Co and Cu) [28-43] as 

functional models catalyzed the oxidation reaction of the o -aminophenol to phenoxazinone synthase in 

the presence of dioxygen. 

These new synthesized heterocyclic systems are likely to be endowed with visible biological 

activity or used as ligands in the synthesis of new complexes based on transition metals given the existing 

two nitrogens on the pyrazole backbone with the following properties, electron-rich compounds (donors 

from 6 to 12 electrons), high diversity by the possibility of different substituents and flexible junction (N-

C-N).In this work we are concerned with the synthesis and characterization of pyrazolic tridentate 

compounds, manganese complexes and catalytic oxidation study of o-aminophenol in the presence of 

complexes prepared in situ based on tridentate pyrazole ligands and manganese (II) chloride. 

In this study we initiated theoretical investigations using DFT [44] method with B3LYP basis 6-

31G (d,p) which is widely used to study the reactivity of the ligands by calculating many quantum 

parameters like: Egap, EHOMO, ELUMO and Dipolar moment, other than the ones resulted after the 

calculations using GAUSSIAN09W [45] which are the ionization energy, the electronic affinity and the 

hardness. 

2. Materials and Methods 

2.1. Synthesis  

The starting precursors 1-hydroxymethyl-3,5-dimethylpyrazole L1, 1-hydroxymethyl-pyrazole L2 

and 1-hydroxymethyl-3-methyl-5-esterpyrazol L3 were prepared according to the method described in 

literature [46] by condensation of 3,5-dimethylpyrazole, 1H-pyrazole and 3-methyl-5-esterpyrazole with 

formaldehyde in aqueous solution respectively (Scheme 1). 
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Scheme1 : Method of synthesis of compounds L1, L2 and L3 

 

2.2. Synthesis of tridentate products based on pyrazole T1-T7 

The synthesis strategy of the T1-T7dialkylation structures is essentially based on the creation of the 

NCN junction bonds by a twoequivalent condensation reaction of 1-hydroxymethyl-3,5-dimethylpyrazole 

L1, 1-hydroxymethyl-pyrazole L2 and 3-methyl 5-esterpyrazole L3, with the various primary amines 

heated to reflux of acetonitrile for 4h, it is reported that the T1-T7compounds are already described in the 

literature [47-49] (Scheme2). 

The tridentate ligands are characterized T1-T7by IR and UV-visible and H1NMR, the infrared 

spectra ofthe samples were recorded in the range of 500–4000 cm−1on aPerkinElmer Spectrum Two 

Infrared spectrometer using KBrpel-lets. The UV-visible adsorption spectra of the T1-T7compounds in 

methanol (C = 10-4 M) are characterized by the presence of about one band (290 nm, 332 nm), observed 

in the ultraviolet range figure 1. The intraligand transitions π-π*, n-π* which involve the ligand alone. 

These products have also shown good absorption and sometimes a continuous way in the UV region, 

which also allows us to consider their use as U.V radiation absorbers. The H1 NMR spectrum was 

recorded at room temperature on a 600 MHz Bruker apparatus at MASIR, Rabat, Morocco. 
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Schema 2 : Structure of pyrazolic tridentate products T1-T7 
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Figure 1 : UV-Visible absorption spectra of ligands T1-T7 in methanol 
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T1 :Appearance: Solid salmon color,Yield = 84%, Mp: (68-70)°C, FTIR: (KBr, v (cm-1): 3294(C-Htri-

aro); 2915; 1606(C=N); 1548(C=C); 1507; 1208 and 1262(C-N); 751(C-Haromati).UV-Visible (CH3OH; 

λmax, nm(ε, l/mol/cm)): 290(1498.680). 

T2 :Appearance: Viscous red garnet color,Yield =67%. FTIR: (KBr, v (cm-1): 3427-3314; 3110(C-H); 

2956; 1604(C=N); 1504; 1050(C-N); 756. UV-Visible (CH3OH; λmax, nm(ε, l/mol/cm)): 290(4462.777). 

T3 :Appearance: Beige solid color,Yield =74%, Mp: 74-76 °C. FTIR: (KBr, v (cm-1): 3458-3151(C-

Harom); 2931-2859(OH); 1553; 1032(C-N); 784. UV-Visible (CH3OH; λmax, nm(ε, l/mol/cm)): 

288(17629.356). 

T4 :Appearance: Yellow viscous,Yield =64%. FTIR: (KBr, v (cm-1): 3360(OH); 3120(CH); 2961-2874; 

1517(C=C); 1400; 1050(O-CH2); 761.UV-Visible (CH3OH; λmax, nm(ε, l/mol/cm)): 289(19846.885). 

T5 :Appearance: White solid,Yield =59%, Mp: 140-142°C. FTIR: (KBr, v (cm-1): 3852; 3739; 3345; 

2353(OHacide); 1670(C=O); 1522(C=C); 1218(C-N); 749(CHaromat;o-disbs).UV-Visible (CH3OH; λmax, 

nm(ε, l/mol/cm)): 331(5414.467).RMN1H (DMSO-d6)δppm : 5.17(d, 1H, HC=CH-CH); 5.47(s, 2H, N-

CH2-N); 5.88(s, 2H, N-CH2-N); 7.50-7.41(m, 5H); 6.29-6.22(m, 3H). 

T6 :Appearance: White solid,Yield =54%, Mp: 78-80°C. IR: (KBr, v (cm-1): 3360(OHacide); 3115(CH); 

1711(C=O); 1655(C=N); 1221(C-N); 743(CHaromat;o-disbs).UV-Visible (CH3OH; λmax, nm(ε, l/mol/cm)): 

331(5436.642). RMN1H (DMSO-d6)δppm : 2.09 (m, 3H, PzCH3); 2.26 (d, 3H, PzCH3); 5.17 (d, 2H, 

J=3.7Hz); 5.81 (d, 3H, J=14.8Hz); 8.68 (s, 1H, OHacide). 

T7 :Appearance: White solid,Yield =52%, Mp: 156-158°C. FTIR: (KBr, v (cm-1): 3355(OHacide); 

1721(C=O); 1675(C=C); 1520; 1213(C-N); 746(CHaromat;o-disbs). UV-Visible (CH3OH; λmax, nm(ε, 

l/mol/cm)): 332(6100.053). 

2.3. Synthesis and characterization of complexes based on tridentate ligands 

The manganese complex (C1-C3) was prepared by adding a solution of the tridentate ligand (T2, T6 

and T7) 

(1mmol) in methanol (3 ml) to a solution of hydrated manganese salt (II) (MnCl2, 4H2O) (1 mmol) in 

methanol (3 ml)). The reaction mixture is heated at reflux for one hour. The resulting solution is filtered 

and left at 20°C, and then washed with a little methanol. The general coordination reaction of the ligands 

with manganese is shown in Scheme3. The complexes formed are characterized by IR and UV-Visible. 
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Scheme 3 : The general coordination reaction of ligands with manganesechlorid 

 

The figure below (figure 2) gathers the spectra of the prepared complexes. Solutions of manganese 

(II) chloride absorb both visible and UV regions. The visible transitions are of type d-d and have a very 

low intensity. 
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Figure2 : UV.Visible absorption spectra of (T2, T6 andT7) based manganese chloridcomplexes  

 

ComplexeC1: Appearance: Solid salmon color, Mp(°C) :176-178, FTIR (KBr, ν(cm-1)): 3514(OH); 

3374(H2O); 3120(=CH); 1614(C=N); 1512; 1106(C-N); 746(CHaromatique(ortho)). UV-Visible (CH3OH; 

λmax, nm(ε, l/mol/cm)): 291(291.236). 
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ComplexeC2: Appearance: solid red color, Mp(°C): 164-166, IR (KBr, ν(cm-1)): 3360(OHacide); 1665(-

C=Oacide); 1591(C=N); 1218(C-N); 754(CHaromatique).UV-Visible (CH3OH; λmax, nm(ε, l/mol/cm)): 

326(406.264). 

ComplexeC3:Appearance: Solid yellow, Mp(°C): 160-162.FTIR (KBr, ν(cm-1)): 3499(H2O); 3355(OH); 

1724(-C=O); 1683(-C=Oacide); 1586(C=C); 1520(C=C); 1213(C-N); 746(CHaromatique(ortho)). UV-Visible 

(CH3OH; λmax, nm(ε, l/mol/cm)): 324(415.365). 

 

3. Results and Discussion 

3.1.Kinetics of the phenoxazinone synthase activity 

Kinetic study of synthase of o-aminophenol to phenoxazinone in the presence of complexes 

prepared in situ based on tridentate ligands T1-T7. The oxidation of o-aminophenol to phenoxazinone is 

according to the reaction (scheme 4): 

 

Scheme 4 : Reaction scheme of phenoxazinonesynthase 

The kinetic measurements were performed on a Jenway UV-visible spectrophotometer in the 

ISPITSO laboratory following phenoxazinone formation as a function of time at room temperature. The 

characteristic band of phenoxazinone at 435 nm was used to follow the reaction of the substrate synthase. 

The different kinetic parameters were determined by the initial velocity method. 

 

3.2. Study of the catalytic activity of manganese (II) complexes based on T1-T7ligands prepared in 

situ 

In this study, the complex is prepared in situ by mixing 0.15 ml of a 2 × 10-3mol / l solution of 

ligand (T1-T7) dissolved in methanol and 0.15 ml of a solution of the manganese salt MnCl2. The mixture 

is allowed to stand for about 10 minutes and then 2 ml of a 10-1mol / l solution of o-aminophenol is 

added. After the addition, the formation of phenoxazinone is followed by the evolution of the absorbance 
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at 435 nm as a function of time after adjustment to zero, the experiments are carried out at room 

temperature.The measurements of the evolution of the absorbance as a function of time are given in 

figure 3 and the oxidation rates of the complexes obtained are collated in table 1. 

As can be seen, the results reveal that all complexes showed activity towards the oxidation of o-

aminophenol to phenoxazinone. But with different activity which vary from 3.78 µmol. mg-1. min-1 for 

the complex arising from pyrazole ligand T7as is weak catalyst to 31.26 µmol.mg-1.min-1 for the complex 

formed from ligand T4and the manganese salt as is best catalyst with a turnover equal to 10846.58 min-1. 

 

Table 1 :Catalyticparameters of complexes based on T1-T7 ligands 

ligands V(mol/mL/min) a(mol/mg/min) T(min-1) 

T1 2.61 22.98 10004.07 

T2 2.62 26.50 10048.66 

T3 2.90 27.52 11097.58 

T4 2.83 31.26 10846.58 

T5 2.67 21.38 10245.99 

T6 2.63 23.80 10070.80 

T7 0.59 3.78 2251.68 
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Figure 3 : Oxidation of o-aminophenol in the presence of complexes 

formed by ligands (T1-T7) 
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3.3. Kinetic study 

To determine the Km and Vm constants of the oxidation reaction of o-aminophenol in a solvent 

(methanol), the Michaelis curve (Vi = f (o-aminophenol) five ligands was used. The first method consists 

of plot the graph of Vi versus substrate concentration "o-aminophenol" (figures4-7). This study carried 

out for the complexes prepared in situ as follows: (T1/MnCl2), (T3/MnCl2), (T4/MnCl2), (T5/MnCl2) and 

(T6/MnCl2) will allow to determine the concentration of o-aminophenol which gives the maximum speed 

under the conditions of study. The experiment is carried out by mixing 0.15mL of a solution of 2×10- 

3mol/Lof ligands (T1, T3-T6) and 0.15mL of a solution of the manganese salt MnCl2 of 2×10-3mol/L. The 

mixture is allowed to stand for about 10 minutes and then 2 ml of a solution of o-aminophenol at an 

alternating concentration of 10-3mol/L at 0.8 mol/L in a spectrophotometric cell at 25°C. is added and the 

measurement is carried out. absorbance of phenoxazinone formed as a function of time. The figures 

below show the measurements made. Table 2 summarizes the different activity parameters (Vm and Km) 

for these five complexes. 

 

Table 2: Maximum rate (Vm) and rate constants (Km) of the five combinationsTi/MnCl2. 

Ligands/salt Vm(mol/mL/min) )1-mol. L( mK 

T1/MnCl2 5.29 0.0408 

T3/MnCl2 4.66 0.1060 

T4/MnCl2 4.46 0.0586 

T5/MnCl2 4.44 0.0609 

T6/MnCl2 4.49 0.0632 

 

For the various complexes prepared in situ, the formation rates of phenoxazinone increase with the 

concentration of o-aminophenol, but almost from the concentration 0.1 mol/L, the increase of the speed 

becomes low then we arrive at the maximum speed. We thus determined the various parameters: The Km 

rate constant and the oxidation rate Vm of o-aminophenol to phenoxazinone for each complex formed in 

situ (table 2). These rateVm are similar for the various complexes with a slight increase for the T1 and T3 

ligand-based complexes, the T1 ligand is characterized by a maximum rate of 5.29μmol L-1min-1 and a 

rate constant Km is smaller equal to 0.0408 mol.L-1. 
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3.4. UV-Vis spectrophotometric study 

To confirm the important catalytic activity for the T5/MnCl2 andT6/MnCl2 combinations, 

phenoxazinone formation kinetics were recorded in every 5 min. The kinetic experiments were 

performedat room temperature. The figure 8 clearly show the appearance of a concentrated band at 435 

nm, which explains why all combinations are able to easily catalyze the oxidation of o-aminophenol to 

phenoxazinone. 
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Figure 8. Increase of phenoxazinone band at 435 nm after addition of the o-aminophenol solution 

(2mL, 10-1mol.L-1) to a solution containing ligand T5 or T6 (0.15mL, 2x10-3 mol.L-1) and MnCl2 
(0.15mL, 2x10-3 mol.L-1) in methanol. The spectra were recorded after every 10 min. 

 

 

3.5. Proposed Reaction Pathway. 

The mechanism of the reaction is based mainly on an earlier proposal derived from spectroscopy 

and theoretical studies [50,51]. We try to present an oxidation mechanism of o-aminophenol, according 

to the figure 9, the mechanism of synthase activity (outer circle) starts from the complex. 

 

3.6. DFT Study 

The DFT study was executed on Dell OptiPlex 790 MT – Core i5-2400 @ 3,10Ghz with 4 Gb 

RAM and an operating system: Windows 7 Pro 64 Bits. First the Full geometry optimizations of the 

ligands have been performed using Gaussian 09W software [45] with B3LYP exchange correlation 

[44,53,54] in combination with 6-31G (d, p) orbital basis sets for all atoms, and no symmetry constrains 

were applied. 
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Figure 9 : Proposed mechanism for phenoxazinone formation [52] 
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Figure 10.Geometrical optimized structures of the ligands T1-T7 
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For the quantum descriptors, we found in the results after the calculation is done only EHOMO, 

ELUMO andwe calculated using the following equations:  

  
gap HOMO LUMO

E E E                        (1) 

By Koopmans theory [56], we have:  

I  
HOMO

E  (2);
LUA  

MO
E (3)and

2

I A
  (4) 

 

Table 3. The quantum descriptors values founded and calculated for the ligands T1-T7 

 EHOMO (eV) ELUMO (eV) ∆Egap(eV) I (eV) A (eV) η (eV) 

T1 -5,6942 -0,2008 5.4934 5,6942 0,2008 2,7467 
T2 -5,6362 -0,0419 5.5943 5,6362 0,0419 2,7972 
T3 -5,8539 0,6443 6.4982 5,8539 -0,6443 3,2491 
T4 -6,1195 0,4908 6.6103 6,1195 -0,4908 3,3052 
T5 -5,8621 -3,0585 2.8036 5,8621 3,0585 1,4018 

T6 -6,1685 -1,4487 4.7198 6,1685 1,4487 2,3599 

T7 -6,3282 -0.0354 6.2927 6,3282 0.0354 3,1464 

 

From the data in table 3, we retrieve the following information:  

 

HOMO or the highest occupied molecular orbital (in energy) is the easiest orbital to give electron 

and LUMO or the lowest unoccupied molecular orbital (in energy) is the easiest orbital to accept 

electron, for our study it’s the case of T7 due the presence of the methyl with ester on the Pyrazole ring 

and the acidic function on the aromatic ring which make a conjugation on the bunds. 

The gap energy is another important quantum descriptor [55] which represents the gap between 

HOMO and LUMO orbitals (in energy) so the necessary energy to do the first excitation of the ligand, so 

T6 is the most reactive ligand between all of the studied ligands. 

The hardness (η) reflects the ability of the ligand to resist faces to electron number change. The 

lowest value of it is assigned with the ability to give or accept electron which is the case of T5. 

For the Frontier molecular orbitals of the ligands, we used the same described parameters for the DFT 

study, and it’s very important to have an idea about the different sites in the ligand. 
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Figure 11 : Frontier molecularOrbitals of T1-T7 
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Conclusion 

In this study we have described the reproduction of the catalytic activity of o-aminophenol synthase 

by employing manganese complexes which have formed in situ, by mixing ligands and manganese 

chloride. The results obtained show that all the complexes catalyze the oxidation of o-aminophenol to 

phenoxazinone. And to better understand the parameters influencing the catalytic activity of the 

complexes studied which controlled the o-aminophenol synthase activity of the systems studied.Growth 

of the adsorption peak at 435 nm, characteristic of the chromophoricphenoxazinone, was observed, 

indicating a catalytic oxidation of o-aminophenol to phenoxazinone. The time-dependent spectral profiles 

over a period of 2h after the addition of o-aminophenol, for the complexes prepared in situ T5/MnCl2, 

T6/MnCl2 and T7/MnCl2. A control experiment was conducted using manganese (II) chloride in place of 

the complexes formed, and this shows no increase significance of the intensity of the band at 435 nm 

under identical reaction conditions. These observations may account for how all complexes exhibit 

phenoxazinone-like activity at synthase under aerobic conditions. 

From the theoretical investigations using DFT method, we have that T7 is the best electron donor 

between all the ligands due to the presence of the methyl with ester on the Pyrazole ring and the acidic 

function on the aromatic ring which make a conjugation on the bunds, T6 is the most reactive ligand 

between all of the studied ligands because of it lowest value of gap Energy, and T5 with the lowest value 

of the hardness is assigned with the ability for it to give or accept electron. 
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