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SYNTHESIS AND CHARACTERIZATION OF COORDINATION COMPOUNDS  
OF TRANSITION METALS BASED ON 5-METHYL-3-(TRIFLUOROMETHYL)-1H-PYRAZOLE 
 
B a c k g r o u n d .  The design of coordination compounds using pyrazole-based ligands is of fundamental importance in 

contemporary materials chemistry due to their versatile coordination modes and diverse applications. Introducing trifluoromethyl groups 
onto such ligands is a powerful strategy to modulate the electronic and steric properties of the resulting metal complexes, significantly 
influencing their acidity, stability, and reactivity. In this context, 5-methyl-3-(trifluoromethyl)-1H-pyrazole stands out as a particularly 
promising ligand whose coordination chemistry with transition metals remains surprisingly underexplored. Despite its potential, a 
systematic investigation into the synthesis, structural diversity, and properties of its coordination compounds is largely absent from 
recent literature. This gap presents a missed opportunity, as the unique electronic profile of this ligand could unlock new functionalities 
in molecular materials. To address this, we present a comprehensive study on the synthesis and characterization of a new family of 
coordination compounds of first-row transition metals (Mn, Co, Ni, Cu, Zn) with the 5-methyl-3-(trifluoromethyl)-1H-pyrazole ligand. This 
work aims to systematically explore its coordination landscape, providing fundamental insights for the future design of advanced 
functional materials. 

M e t h o d s .  In this work, the coordination compounds with transition metals were obtained using the 5-methyl-3-(trifluoromethyl)-
1H-pyrazole ligand. A variety of techniques were used to identify and characterize the complexes and the ligand, including infrared, UV/Vis, 
and NMR spectroscopy, as well as microanalyses.  

R e s u l t s .  The interaction of 3d metals such as Mn(II), Co(II), Ni(II), Cu(II), and Zn(II) with 5-methyl-3-(trifluoromethyl)-1H-
pyrazole in non-aqueous solutions was found to be solvent-dependent. In a solvent environment CH CN and CH OH (M(Ac) O
L CH OH/CH CN systems) at M:L ratios of 1:1 and 1:2, products with the composition M(Ac) ormed. Meanwhile, in 
dimethylformamide (M(Ac) O L DMF systems) under the same ratios, the complex Mn(Ac)
solvent molecule, was isolated. 

C o n c l u s i o n s .  An organic ligand, 5-methyl-3-(trifluoromethyl)-1H-pyrazole, was synthesized. The interaction of 3d metals 
(M = Mn, Co, Ni, Cu, Zn) M(Ac) O with 5-methyl-3-(trifluoromethyl)-1H-pyrazole in non-aqueous (CH CN, CH OH and DMF) 
solutions was investigated. Methods for the synthesis of Mn(II), Co(II), Ni(II), Cu(II), and Zn(II) compounds with 5-methyl-3-
(trifluoromethyl)-1H-pyrazole were developed. Based on the data of elemental analysis and methods of IR, NMR, and electronic 
spectroscopy, the composition and structure of the obtained complexes have been proposed. It has been shown that in the 
obtained complexes: the most typical method of coordination of the pyrazole cycle is realized: monodentate - through the pyridine 
nitrogen atom; the formation of two types of mononuclear Mn(II), Co(II), Ni(II), Cu(II), and Zn(II) complexes is observed: M(Ac)2

and M(Ac)2 2 2 -coordinate environment of the central 
atom is realized due to four oxygen atoms from bidentate chelate coordinated acetate groups and two nitrogen atoms from 
molecules of a non-deprotonated ligand. 

 
K e y w o r d s :  5-methyl-3-(trifluoromethyl)-1H-pyrazole, complexes, 3d metals, 1H NMR spectroscopy, IR spectroscopy. 
 
Background 
The design and synthesis of coordination compounds 

using nitrogen-containing heterocyclic ligands are of 
fundamental importance in contemporary inorganic and 
materials chemistry. Among these, pyrazole-based ligands 
have been extensively employed to construct a diverse 
range of metal complexes with fascinating structural 
topologies and functional properties (Davydenko et al., 
2024). The versatility of the pyrazole core, with its two 
adjacent nitrogen atoms, allows for various coordination 
modes-acting as a monodentate ligand (Davydenko et al., 
2023; Vynohradov et al., 2022), a bridging unit to form 
polynuclear clusters (Davydenko, 2012; 2022; 2024; 2025;), 
or as a component of more complex chelating systems 
(Mezei et al., 2007; Pandolfo et al., 2017). This adaptability 
has led to the development of coordination compounds with 
remarkable applications in catalysis (Annes et al., 2022;  
Titi et al., 2023), magnetism (Li et al., 2023; Wang et al., 
2023), luminescent sensing (Sun et al., 2023; Zhang et al., 
2024), and the construction of metal-organic frameworks 
(MOFs) (Roy et al., 2023).  

The strategic introduction of fluorine atoms or 
trifluoromethyl groups onto organic ligands has emerged as 
a powerful tool to modulate the electronic and steric 
properties of the resulting metal complexes. The strong 
electron-withdrawing nature of the CF3 group can 
significantly influence the acidity of the N-H proton of the 
pyrazole ring, the donor ability of the nitrogen atoms, and 
the overall stability and reactivity of the coordination 

compounds. Furthermore, the presence of fluorine can 
enhance the volatility, thermal stability, and solubility of the 
complexes in non-polar solvents, and can lead to unique 
solid-state packing through non-covalent interactions. In this 
context, 5-methyl-3-(trifluoromethyl)-1H-pyrazole stands out 
as a particularly promising ligand. The CF3 group is 
expected to significantly lower the pKa of the pyrazole 
proton, thereby facilitating deprotonation and the formation 
of pyrazolate-based complexes. Moreover, the electronic 
and steric effects of CF3 substituents are anticipated to 
impart unique characteristics to the resulting coordination 
compounds, potentially leading to novel properties. 

Despite the considerable potential of 5-methyl-3-
(trifluoromethyl)-1H-pyrazole as a ligand, a survey of recent 
literature reveals that the coordination chemistry of this 
ligand with a broad range of transition metals remains 
surprisingly underexplored. Foundational studies have 
demonstrated the ability of fluorinated pyrazoles to form 
stable complexes (Fustero et al., 2014; Mykhailiuk, 2020), 
and recent research has touched upon related systems for 
applications such as photoswitching (Park et al., 2020; 
Kieffer et al., 2022; Kolarski et al., 2020) and catalysis with 

-
al., 2023). However, a systematic investigation into the 
synthesis, structural diversity, and functional properties of 
coordination compounds based on 5-methyl-3-
(trifluoromethyl)-1H-pyrazole in the last 5 years is largely 
absent. This represents a significant gap in the field, as the 
unique electronic profile of this ligand could unlock new 
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opportunities in the design of functional molecular materials. 
For instance, the electron-poor nature of the pyrazolate ring 
could influence the magnetic exchange interactions in 
polynuclear complexes or tune the redox potentials of 
catalytically active metal centers. 

Herein, we present a comprehensive study on the synthesis 
and characterization of a new family of coordination 
compounds of first-row transition metals (Mn, Co, Ni, Cu, Zn) 
with the 5-methyl-3-(trifluoromethyl)-1H-pyrazole ligand. 

This work aims to systematically explore the coordination 
landscape of 5-methyl-3-(trifluoromethyl)-1H-pyrazole, providing 
fundamental insights that will pave the way for the future 
design of advanced functional materials based on this 
versatile building block. 

Methods 
All chemicals and solvents were commercial products of 

reagent grade and used without further purification. 
Microanalyses were performed with a Perkin-Elmer 2400 
CHN. IR spectra (KBr pellets) were recorded with a Perkin

Elmer Spectrum BX FT-IR in the range of 400 4000 cm 1. 
Absorbance UV/Vis spectra were registered with a Varian 
Cary 50 spectrometer in the range of 200 1000 nm at room 
temperature. 1H NMR spectra were recorded on a Bruker 
AC-400 spectrometer (400 MHz) at room temperature.  

Results  
The synthesis of 5-methyl-3-(trifluoromethyl)-1H-

pyrazole (L). The synthesis of 5-methyl-3-(trifluoromethyl)-
1H-pyrazole was carried out according to the following 
scheme 1. 12.95 g (0.084 mol) of 1,1,1-trifluoro-2,4-
pentadiol in 110 mL of ethanol was added dropwise, with 
constant stirring, 4.1 mL (4.2 g; 0.084 mol) of hydrazine 
hydrate. The reaction mixture was stirred for 3 hours while 
cooling on an ice bath. After complete addition of the 
hydrazine hydrate solution, the reaction mixture was left 
overnight. The solvents were completely distilled off on a 
rotary evaporator. The product was obtained in the form of 
light yellow crystals, which are highly soluble in DMF, 
acetonitrile, and methanol. 

 

 
Scheme 1. Synthesis of 5-methyl-3-(trifluoromethyl)-1H-pyrazole 

 
The yield of the product was 77 %. 1H NMR (DMSO-d6) : 

2.30 (s., 3H; CH3), 6.22 (s., 1H; pz-CH), 13.07 (br. s., 1H; 
NH). Elemental analysis: calculated (%): C 40.01; H 3.36; N 
18.66. Found: C 40.04; H 3.35; N 18.70. IR (KBr disk, cm 1, 
selected bands): 3194s, 3120s, 2890s, 2814m, 2562w, 
1587s, 1504s, 1254s, 1159s. 

The general method of the synthesis of the coordination 
compounds. The synthesis of coordination compounds with 
5-methyl-3-(trifluoromethyl)-1H-pyrazole (L) was performed 

3COO)2 2  of different 3d-metals (scheme 2).  
 

3COO)2 2  L  2). 
L  5-methyl-3-(trifluoromethyl)-1H-pyrazole. 

 
Solv  CH3CN, DMF, CH3  

Scheme 2. Synthesis of the coordination compounds 
 

The synthesis of coordination compounds was carried 
out in a flat-bottomed reactor with a volume of 25 mL. A pre-
dissolved salt (0.001 mol; 0.002 mol) was added to the 
reactor, to which a pre-dissolved ligand (0.001 mol; 0.002 
mol) was slowly added dropwise. Metal : ligand ratios of both 
1:1 and 1:2 were used. The amount of solvent was varied 
between 2 and 9 ml, depending on the nature of the solvent 
and the solubility of the reagents. The reaction mixture was 
stirred on a magnetic stirrer for 15 minutes at a temperature 
of 21 60 
reagents. When an insoluble reaction product was formed, 
it was filtered off and dried in air. If a product in the form of 
a solution was formed, it was left to crystallize slowly in air 
at room temperature. The composition of the products 
obtained from the interaction of 5-methyl-3-(trifluoromethyl)-
1H-pyrazole with non-aqueous solutions of 3d-metal 
acetates (Mn, Zn, Cu, Co, and Ni) and the elemental 
analysis data are presented in tabl. 1. 

 
Thus, as a result of the interaction between 5-methyl-3-

(trifluoromethyl)-1H-pyrazole and non-aqueous solutions of 3d-
metal acetates (Mn, Zn, Cu, Co, Ni), different products were 
obtained. Specifically, in M(Ac) O L CH OH/CH CN 

systems with M:L ratios of 1:1 and 1:2, compounds with the 
composition M(Ac)  1, 
the systems with dimethylformamide (M(Ac) O L DMF) at 
similar ratios, Mn(Ac) ed (fig. 1, b), where 
the solvent became part of the complex. These conclusions are 
based on data from elemental analysis, IR, UV/Vis, and NMR 
spectroscopy. 

NMR spectroscopy. 1H NMR spectra of the ligand (1H 
NMR (DMSO-d6) : 2.30 (s., 3H; CH3), 6.22 (s., 1H; pz-CH), 
13.07 (br. s., 1H; NH)) (fig. 2), as a reference sample, and 
compound obtained as a result of synthesis Zn(Ac)2 2H2O-
L-Solv (fig. 3), demonstrate the fact of complex formation. 
1H NMR spectrum of the complex (DMSO-d6) indicates the 
presence of the peaks are observed at : 2.30 and 3.10 (two 
singlets corresponding to three hydrogen atoms from two 
metal groups, two singlets at : 6.24 and 6.26 from two 1H 
pyrazole nuclei and a broadened singlet at 13.07 from the 
1H group NH (fig. 3), which indicates the formation of a 
mixture of two zinc complexes. This is associated with a 
change in the position of the CH3 and CF3 substituents in the 
3rd and 5th positions of the pyrazole nucleus. 

IR spectroscopy. In the comparative analysis of the IR 
spectra of the synthesized complexes and ligand, the main 
attention was paid to the absorption bands corresponding to 
the oscillations of the functional groups of the ligand (IR (KBr 
disk, cm 1, selected bands): 3194s, 3120s, 2890s, 2814m, 
2562w, 1587s, 1504s, 1254s, 1159s). In the IR spectra of 
synthesized compounds of general composition M(Ac)2

and M(Ac)2

region of 3300 3200 cm 1, which is characteristic of valence 
vibrations of the NH group and indicates the presence of 
unprotonated molecules of the ligand 5-methyl-3-
(trifluoromethyl)-1H-pyrazole. The following bands indicate 

as(C=O) = 1510 1520 cm 1, 
s(C-O) = 1450 1460 cm 1 (fig. 4, 5). In M(Ac)2

complexes, the presence of a narrow intense absorption 
band at 1640 cm 1 attributed to the valence vibrations of the 
CO group indicates the coordination of dimethylformamide 
molecules (fig. 6). 
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Table 1  

The original system  
Composition of the 
extracted product 

 
calc./exp. 

H, % 
calc./exp. 

N, % 
calc./exp. 

Mn(Ac)2 2O-L- CH3CN 1 : 1: 9mL M(Ac)2  34,78/34,52 2,89/2,86 10,14/10,08 
Mn(Ac)2 2O-L- CH3OH 1 : 1: 9mL M(Ac)2  34,78/35,12 2,89/2,83 10,14/10,04 
Mn(Ac)2 2O-L- DMF 1 : 1: 9mL M(Ac)2  35,82/35,23 3,88/3,83 12,53/12,31 
Mn(Ac)2 2O-L- CH3CN 1 : 2: 11mL M(Ac)2  34,78/34,17 2,89/2,84 10,14/9,87 
Mn(Ac)2 2O-L- CH3OH 1 : 2: 11mL M(Ac)2  34,78/34,56 2,89/2,87 10,14/10,02 
Mn(Ac)2 2O-L- DMF 1 : 2: 11mL M(Ac)2  35,82/34,89 3,88/3,81 12,53/12,20 
 
Zn(Ac)2 2O-  L- CH3OH 1 : 1: 9mL M(Ac)2  33,56/33,13 2,79/2,64 9,79/9,55 
Zn(Ac)2 2O-L- CH3CN 1 : 1: 9mL M(Ac)2  33,56/33,28 2,79/2,58 9,79/9,12 
Zn(Ac)2 2O-L- DMF 1 : 1: 9mL M(Ac)2  34,78/34,34 3,76/3,59 12,17/11,49 
Zn(Ac)2 2O-L- CH3CN 1 : 2: 11mL M(Ac)2  33,56/33,12 2,79/2,66 9,79/9,47 
Zn(Ac)2 2O- L- CH3OH 1 : 2: 11mL M(Ac)2  33,56/33,43 2,79/2,54 9,79/9,52 
Zn(Ac)2 2O-L- DMF 1 : 2: 11mL M(Ac)2  34,78/33,28 3,76/3,22 12,17/12,01 
 
Cu(Ac)2 2O-L-CH3CN 1 : 1: 9mL M(Ac)2  33,74/32,98 2,81/2,56 9,84/9,51 
Cu(Ac)2 2O-L-CH3OH 1 : 1: 9mL M(Ac)2  33,74/33,15 2,81/2,67 9,84/9,26 
Cu(Ac)2 2O-L-DMF 1 : 1: 9mL M(Ac)2  34,93/34,58 3,78/3,41 12,22/12,00 
Cu(Ac)2 2O-L-CH3CN 1 : 2: 11mL M(Ac)2  33,74/33,46 2,81/2,48 9,84/9,56 
Cu(Ac)2 2O-L-CH3OH 1 : 2: 11mL M(Ac)2  33,74/33,27 2,81/2,56 9,84/9,49 
Cu(Ac)2 2O-L-DMF 1 : 2: 11mL M(Ac)2  34,93/34,26 3,78/3,63 12,22/11,98 
 
Co(Ac)2 2O-L-CH3CN 1 : 1: 9mL M(Ac)2  34,28/33,98 2,85/2,78 10,00/9.68 
Co(Ac)2 2O-L-CH3OH 1 : 1: 9mL M(Ac)2  34,28/33.82 2,85/2,81 10,00/9,74 
Co(Ac)2 2O-L-DMF 1 : 1: 9mL M(Ac)2  35,39/34,91 3,83/3,76 12,38/12,23 
Co(Ac)2 2O-L- CH3CN 1 : 2: 11mL M(Ac)2  34,28/34,02 2,85/2,74 10,00/9,84 
Co(Ac)2 2O-L- CH3OH 1 : 2: 11mL M(Ac)2  34,28/33,83 2,85/2,68 10,00/9,76 
Co(Ac)2 2O-L- DMF 1 : 2: 11mL M(Ac)2  35,39/33,78 3,83/3,71 12,38/12,23 
 
Ni(Ac)2 2O-L- CH3CN 1 : 1: 9mL M(Ac)2  34,28/33,96 2,85/2,78 10,00/9,79 
Ni(Ac)2 2O-L- CH3OH 1 : 1: 9mL M(Ac)2  34,28/33,81 2,85/2,81 10,00/9,68 
Ni(Ac)2 2O-L- DMF 1 : 1: 9mL M(Ac)2  35,39/34,99 3,83/3,69 12,38/12,02 
Ni(Ac)2 2O-L- CH3CN 1 : 2: 11mL M(Ac)2  34,28/33,46 2,85/2,71 10,00/9,82 
Ni(Ac)2 2O-L- CH3OH 1 : 2: 11mL M(Ac)2  34,28/33,96 2,85/2,76 10,00/9,74 
Ni(Ac)2 2O-L- DMF 1 : 2: 11mL M(Ac)2  35,39/34,59 3,83/3,69 12,38/12,18 

 

  
Fig. 1,  

for the obtained complexes M(Ac)2 2L 
Fig. 1, b. Scheme of the proposed structure  
for the obtained complexes M(Ac)2 L DMF 
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Fig. 2. 1 5-methyl-3-(trifluoromethyl)-1H-pyrazole 

 

 
Fig. 3. 1 2 2H2O-L-Solv with 5-methyl-3-(trifluoromethyl)-1H-pyrazole 
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Fig. 4. IR spectra of the complexes M(Ac)2 2L in the systems M(Ac)2 4H2O-L-CH3OH / CH3CN at a ratio of M:L = 1:1 

 

 
Fig. 5. IR spectra of the complexes M(Ac)2 2L in the systems M(Ac)2 4H2O-L- CH3OH / CH3CN at a ratio of M:L = 1:2 
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Fig. 6. IR spectra of the complexes M(Ac)2 L DMF in the systems M(Ac)2 4H2O-L- DMF at a ratio of M:L = 1:1 and 1:2 

 
UV-Vis spectroscopy. Diffuse reflection electron spectra 

were obtained for the synthesized compounds. Thus, the 
electronic spectrum of diffuse reflection for the copper 
powder sample of the obtained Cu(Ac)2  7) 

showed the presence of a broad absorption band in the 550
700 nm region, which is attributed to the d-d transition and 
is characteristic of Cu2+ complexes.  

 

 
Fig. 7. Electronic spectrum of diffuse reflection for the complex Cu(Ac)2  

 
The theoretical data for octahedral cobalt complexes are 

400 500 nm (chromophore CoO6 CoN6), while for 
tetrahedral complexes it is 600 700 nm (chromophore 

of the complex. 
In the case of the cobalt (II) complex, a diffuse reflection 

electron spectrum was obtained, which showed a maximum 

absorption in the region of 12000 cm 1, indicating an 
octahedral coordination environment of the metal ion. 
Literature data for octahedral complexes indicate a 
transition from the {CoO6} chromophore ~ 12000 cm 1 to the 
{CoN6} chromophore ~ 17000 cm 1, and a transition from 
the {CoO6} chromophore (~ 12455 cm 1) to {Co4N2}  
(~ 14770 cm 1) (fig. 8). 



 1(60)/2025 ~ 73 ~ 

 

ISSN 1728-2209 (Print) 

 
Fig. 8. 2  

 
Therefore, it can be concluded that cobalt is in an 

octahedral nitrogen-oxygen donor environment. 
The similarity in the structure of manganese and nickel 

complexes is evidenced by their diffuse reflection electron 
spectra. The presence of a broad band in the 450 550 nm 

region, which is attributed to the d-d transition and is 
characteristic of manganese and nickel complexes. The 
bands in the 250 nm and 300 nm regions are attributed to 
charge transfer from the ligand to the metal (fig. 9). 

 

 
Fig. 9. Electronic diffuse reflection spectra for Mn(Ac)2 2  

 
Therefore, in this paper, an organic ligand 5-methyl-3-

(trifluoromethyl)-1H-pyrazole, was synthesized. The 
compound was identified by elemental analysis, IR and 1H 
NMR spectroscopy. The interaction of 3d metals such as 
Mn(II), Co(II), Ni(II), Cu(II), and Zn(II) with 5-methyl-3-
(trifluoromethyl)-1H-pyrazole was investigated. Methods for 
the synthesis of Mn(II), Co(II), Ni(II), Cu(II), and Zn(II) 
compounds with 5-methyl-3-(trifluoromethyl)-1H-pyrazole 
were developed. Based on the data of elemental analysis 
and methods of IR, NMR, and electronic spectroscopy, the 
composition and structure of the obtained complexes have 

been proposed. It has been shown that in the obtained 
complexes: the most typical method of coordination of the 
pyrazole cycle is realized: monodentate - through the 
pyridine nitrogen atom; the formation of two types of 
mononuclear Mn(II), Co(II), Ni(II), Cu(II), and Zn(II) 
complexes is observed: M(Ac)2 2

the obtained complexes M(Ac)2 2

complexes, a six-coordinate environment of the central atom 
is realized due to four oxygen atoms from bidentate chelate 
coordinated acetate groups and two nitrogen atoms from 
molecules of a non-deprotonated ligand. 
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