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Abstract 
In this work, a method of oxidative dissolution was used to obtain mononuclear copper(II) complex Cu(С6H8N3O)2 
with 1-carboxamide-3,5-dimethylpyrazole. The variety of techniques were used to identify and characterize the 
structure of the complex and the ligand, such as IR and NMR spectroscopy, microanalyses, single-crystal X-ray 
diffraction. Hirshfeld surface analysis was performed to visualize the close intermolecular atomic contacts in the 
crystal structure of the title compound. It was found that Cu(С6H8N3O)2 was formed as a result of a multistage process 
of oxidative dissolution of metallic copper with the participation of air oxygen and ammonium ions. This process 
leads to the appearance of a sufficient amount of Cu2+ ions in the solution, which partially ensures the production of 
the final compound, as well as the dissolution of zero-valent copper through the formation of intermediate Cu1+ 
compounds, which are oxidized by air oxygen to form divalent copper compounds. It has also been found that 
ammonium cyanate is formed in parallel through exchange reactions, which undergo dissociation in acetonitrile 
solutions, and the resulting HNCO undergoes hydrolysis. The hydrolysis products react with the starting ligand 3,5-
dimethyl-1H-pyrazole to form 1-carboxamide-3,5-dimethylpyrazole. This acid then reacts with Cu2+ ions to form the 
final mononuclear complex. Single‐crystal X‐ray diffraction analysis reveals that the title compound crystallizes in 

the triclinic crystal system, space group P𝟏 (Z = 2). For the title compound, the most significant contributions to the 
overall crystal packing are from H···H (47 %), H···O/O···H (19.5 %), H···C/C···H (12.1 %) and H···N/N···H (11.5 %) 
contacts. According to the Hirshfeld surface analysis, hydrogen bonds (H···H and H···O/O···H) and other close contacts 
involving hydrogen atoms make the main contribution to intermolecular interactions in the title compound. Two 
intermolecular NH···O contacts with a length of 2.192 Å are the shortest. 
Keywords: pyrazole ligands; copper complexes; crystal structure; oxidative dissolution; Hirshfeld surface analysis. 
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КОМПЛЕКСУ КУПРУМУ(II), ОТРИМАНОГО МЕТОДОМ ОКИСНОГО РОЗЧИНЕННЯ 
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Україна 

Анотація 
У роботі методом окисного розчинення одержано моноядерний комплекс Cu(С6H8N3O)2 з 1-карбоксамід-3,5-
диметилпіразолом та запропоновано механізм його утворення. В результаті проведених досліджень у системі 
металічна мідь – натрій ціанат – амоній хлорид – 3,5-диметил-1Н-піразол – ацетонітрил, встановлено, що 
окиснення Сu0 до Сu2+ проходить через стадію утворення сполук Сu1+. Окисником по відношенню до купруму 
може виступати не лише кисень повітря, а й солі Сu(II), які здатні ефективно впливати на її розчинення, 
взаємодію з вихідними реагентами та формування моно- чи поліядерних комплексів. Далі сполуки Cu1+ 
швидко окиснюються киснем повітря до Cu2+ з утворенням кінцевих продуктів, в даному випадку до 
моноядерного комплексу Cu(С6H8N3O)2. Отриманий комплекс та ліганд проаналізовано за допомогою 
елементного аналізу, ІЧ та ЯМР-спектроскопії. Методом рентгеноструктурного аналізу встановлено будову 
отриманої сполуки Cu(С6H8N3O)2. Комплекс складається з майже планарних молекул, а аніон ліганду 1-
карбоксамід-3,5-диметилпіразол, що сформований в процесі синтезу, хелатується до атома Cu(II) двома 
атомами нітрогену: піридиновим та карбоксамідним. Чотири атоми нітрогену від двох аніонів ліганду 
координуються навколо атома купруму, утворюючи плоскоквадратну структуру CuN4. До того ж вони 
розташовані у транс-положенні один до одного. Атоми оксигену О(1) і О(2) від NCO-груп не беруть участі в 
координації до центрального атома Cu(II). Для дослідження міжмолекулярних взаємодій у кристалічній 
структурі комплексу було проведено аналіз поверхні Хіршфельда, доповнений двовимірними графіками 
відбитків. Для зазначеної сполуки найбільший внесок у загальну кристалічну упаковку роблять H···H (47 %), 
H···O/O···H (19.5 %), H···C/C···H (12.1 %) і H···N/N···H (11.5 %) контакти. Водневі зв’язки (H···H та H···O/O···H) та 
інші близькі контакти за участю атомів гідрогену роблять основний внесок у міжмолекулярні взаємодії в 
зазначеній сполуці. Найкоротшими є два міжмолекулярні контакти NH···O з довжиною 2.192 Å. 
Ключові слова: піразольні ліганди, комплекси купруму, кристалічна структура, окисне розчинення, аналіз поверхні 
Хіршфельда. 
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Introduction 
Pyrazole-based compounds possess diverse 

biological activities such as analgesic, 
anticonvulsant, antitumor, antidiabetic, 
antimicrobial, antipyretic, antiviral, antimalarial, 
local anesthetic and so forth [1–8]. A spectrum of 
pharmacological activities has been attributed to 
pyrazole analogs [9]. The substitution, 
replacement, or removal of functional groups on a 
pyrazole ring is consistent with diverse molecular 
interactions, efficacy, and potency of these analogs 
[10–12]. Numerous interactions of these 
derivatives with targets may influence future 
research and prospects, offering opportunities to 
optimize therapeutic activity with fewer side 
effects [13–15]. The investigation of cytotoxic, 
cytoprotective, anti-inflammatory and 
antidepressant activities of some pyrazole analogs 
to study their pharmacological properties and 
rational design of new analogs is important [16–
20]. Pyrazole-based compounds are often used as 
scaffolds in drug discovery and development due 
to their versatility. In addition to medicinal 
applications, pyrazoles serve as important ligands 
in coordination chemistry. They are involved in 
the synthesis of metal complexes, which can be 
used as catalysts in various chemical reactions 
[21]. Pyrazoles have applications in the 
agricultural industry as herbicides, fungicides, and 
insecticides [22]. Their ability to chelate metals 
makes them useful in the design of chemosensors 
for detecting metal ions. Pyrazole derivatives are 
employed in the development of dyes and 
pigments due to their vivid colors and stability. 
The electronic properties of pyrazoles make them 
suitable for use in organic electronics, such as 
organic light-emitting diodes (OLEDs) [23]. They 
play a significant role in the development of 
materials for energy storage, including batteries 
and supercapacitors. Pyrazoles are also used as 
building blocks in organic synthesis, facilitating 
the construction of more complex molecules [24]. 
The hydrogen bonding capability of pyrazoles 
contributes to their ability to form supramolecular 
structures [25]. Pyrazoles can be easily modified 
by substituting different functional groups, which 
allows for the creation of various molecular 
architectures with predictable properties [26]. 
Drug design necessitates understanding the 
interactions between active molecules and 
receptors, exploring the mechanisms of chemical 
reactions and molecular dynamics, and examining 
the interactions between molecules in a crystal to 
comprehend their stability and properties. 
Hirshfeld surface analysis aids in addressing these 

challenges. It is also employed to study and 
visualize the molecular environment in crystals. 
This technique enables the identification and 
interpretation of interactions between molecules 
in the crystal structure, such as hydrogen bonds, 
Van der Waals forces, and other intermolecular 
interactions. Based on electron density 
calculations, this method facilitates the creation of 
three-dimensional surfaces that represent the 
spatial distribution of these interactions. Hirshfeld 
surface analysis allows for quantitative 
measurements of molecular surface area and 
molecular volume. It also enables the calculation 
of globularity and asphericity values to determine 
the nature of the molecular surface and the 
anisotropy of the studied molecules [27].  

The peculiarity of this work is the use of a 
unique approach to obtain the title compound, 
namely, an oxidative dissolution method, in which 
metal powder is employed as a starting material. 
Often, unexpected and unpredictable complex 
formation processes take place under conditions 
of oxidative dissolution synthesis [40]. It was the 
authors of this article who first developed and 
applied this method for the synthesis of many 
mononuclear and polynuclear complexes based 
on pyrazole ligands and proved the effectiveness 
of using copper (II) salts as potential oxidizing 
agents in the dissolution of zero-valent metals 
[40]. Undoubtedly, the unique method of oxidative 
dissolution allowed us to obtain the mononuclear 
complex characterized in this work, the structure 
of which was established earlier [29]. In the other 
works [32-35], the authors started with another 
reagent and used different synthetic approaches. 
It should be noted that the complex obtained in 
this work is polymorphic to the compound 
described by Valach et al. [34]. 

 

Experimental and 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. 1H NMR spectra were recorded on 
a Bruker AC-400 spectrometer (400 MHz) at room 
temperature. X-ray data were collected on a 
Bruker AXS CCD Smart 1000 diffractometer 
(monochromated Mo-Kα radiation, λ = 0.71073 Å) 
by use of scans at room temperature. The 
structures were solved with SHELXT and refined 
on F2 using all reflections with SHELXL [28]. The 
structure of the title compound was deposited at 
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the Cambridge Crystallographic Data Centre 
(№2417706). Hirshfeld surface (HS) analysis: 
Type – Hirshfeld; Resolution – High (Standard); 
Isovalue – 0.5; dnorm – 0.316 (min), 0.393 (mean), 
1.154 (max); Volume 327.50 Å³, Area 315.07 Å², 
Globularity 0.729, Asphericity 0.209. Fingerprint 
Breakdown: Filtering fingerprint by element type. 
The surface area included (as a percentage of the 
total surface area) for close contacts between 
atoms inside and outside the surface. 

Complex Cu(С6H8N3O)2 was synthesized using 
the oxidative dissolution method under free 
access of air oxygen. A mixture of 3,5-dimethyl-
1H-pyrazole (0.96 g; 0.01 mol), ammonium 
chloride (0.535 g; 0.01 mol), and sodium cyanate 
(0.65 g; 0.01 mol) in 20 mL of acetonitrile (CH3CN) 
solution was magnetically stirred with copper 
powder (0.64 g; 0.01 mol) at room temperature 
until the solid was completely dissolved. The 
resulting green solution was filtered, and the 
filtrate was left to stand at room temperature in 
the air. The violet needle-shaped crystals of the 
compound, suitable for X-ray analysis, were 
formed within 3 days. Yield 65%. IR (KBr (cm–1)): 
3465, 3350, 3294, 3094, 3019, 2967, 2923, 2857, 
1571, 1472, 1410, 1288, 1178, 1149, 1044, 985, 
889, 845, 799, 669, 654, 584, 562, 460 and 435. 

Elemental analysis (%):C, 29.44; H, 2.47; N, 20.68. 
Found: C, 29.57; H, 2.46; N, 20.70. 

The synthesis of 3,5-dimethyl-1H-pyrazole was 
carried out according to the following method. 
24 mL (90 %, 25.03 g, 0.5 mol) of hydrazine 
hydrate was slowly added dropwise over 30 
minutes to 51.2 mL (50 g; 0.5 mol) of 
acetylacetone, which had been previously cooled 
to 10°C. The reaction was conducted with 
continuous stirring and cooling. After a white 
precipitate formed, stirring was ceased and the 
solution containing the precipitate was left 
overnight. The resultant precipitate was filtered 
using a glass filter, washed with cold ethanol, and 
dried in air. The yield of the crystalline product, in 
Scheme 1, was 80 %. IR (KBr (cm–1)): 3202, 3132, 
3110, 3039, 2992, 2945, 2879, 2788, 2607, 1666, 
1595, 1484, 1422, 1306, 1154, 1028, 855, 779, 
736, 661, and 403. 1H NMR (DMSO-d6), : 2.14 (s., 
6H; 2CH3), 5.64 (s., 1H; pz-CH), 11.87 (br. s., 1H; 
NH). Elemental analysis: calculated (%): C 62.47; 
H 8.38; N 29.14. Found: C 62.49; H 8.33; N 29.16. 

 

Results and discussion 
The formation of the title compound follows 

scheme 1 [29]. 

 
Scheme 1. Synthesis of the title compound 

 

In our work, we utilized a special synthetic 
approach to prepare Cu(С6H8N3O)2, namely, the 
oxidative dissolution (OD), in which metal 
powders are employed as starting materials. It is 
an effective method for the production of both 
known and novel homo- and heterometallic 
polynuclear coordination compounds [30]. Often, 
the oxidative dissolution of metals leads to 
unexpected complex formation [31]. Thus, we 
have found that oxidation Cu0 to Cu2+ passes 
through the stage of formation of CuI compounds. 
Not only air oxygen but also CuII salts can serve as 

oxidants for copper Cu0, which can influence the 
efficiency of Cu0 dissolution and its reaction with 
the initial (2a, b, c). Under these conditions, 
ammonium isocyanate is formed through 
exchange reactions and dissociates in acetonitrile 
(3a). The resulting HNCO is hydrolysed (3b) and 
the hydrolysis products react with 3,5-dimethyl-
1H-pyrazole to form 1-carboxamide-3,5-
dimethylpyrazole. Then 1-carboxamide-3,5-
dimethylpyrazole reacts with Cu2+ ions to form the 
final product (Scheme 1). 

 

Cu0 + DMPZ + NH4Cl + NaNCO + CH3CN + O2 → Cu(С6H8N3O)2 + NH3 + H2O + NaCl                 (1) 
Сu0 + 2NH4 

+ + 0,5O2 → [Cu(NH3)2]2+ + H2O                                                                                          (2a) 
Cu0 + Cu2+

 → 2Cu1+                                                                                                                                        (2b) 
2Сu1+ + O2 → Сu2+ + О2

2- (О2-)                                                                                                                    (2c) 
NH4NCO ↔ NH3 + HNCO                                                                                                                             (3a) 
HNCO + H2O → NH2COOH                                                                                                                           (3b) 
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The resulting mononuclear complex (Fig. 1) 
consists of almost planar molecules. Single‐crystal 
X‐ray diffraction analysis reveals that the title 
compound crystallizes in the triclinic crystal 

system, space group P1 (Z = 2). The CuII ion 
displays a slightly distorted square-planar 
coordination environment (seesaw geometry, τ4ʹ = 
0.234) [36] formed by two pyridine-like nitrogen 
atoms and two carbamate-like nitrogen atoms of 

two 1-carboxamide-3,5-dimethylpyrazole ligands 
coordinated in a bidentate chelating mode. In this 
case, they are located in a transposition to each 
other. The oxygen atoms O(1) and O(2) of the NCO 
groups do not participate in the binding of Cu(II) 
atoms. The distances Cu - N (carboxamide) are 
equal to 1.923(9) and 1.931(10) Å and are much 
shorter than those of Cu - N (pyrazole) (1.998(7) 
and 2.002(5) Å). The chelate angles are reduced to 
81.31(9)° (Table 1). 

Table 1 
Selected bond lengths (Å) and bond angles (о) for the title compound 

Cu1—N2 1.923(9) N2—Cu1—N1 165.12(8) 
Cu1—N1 1.931(10) N2—Cu1—N4 81.31(9) 
Cu1—N4 1.998(7) N1—Cu1—N4 102.06(8) 
Cu1—N3 2.002(5) N2—Cu1—N3 100.29(9) 
  N1—Cu1—N3 81.93(9) 
  N4—Cu1—N3 158.57(8) 

 

 
Fig. 1. The molecular structure of the title compound 

 

Hence, the title coordination compound was 
obtained and described. It is known from the 
literature an isostructural complex with the same 
composition was synthesized by a different 

method using other starting reagents [34–35]. It is 
worth noting, that the title compound and [34] are 
not the same, but are two separate polymorphs 
(Table 2).  

Table 2 
Comparative crystallographic data, details of data collection, and characteristics of data refinement of the title 

compound with polymorphic complex [34] and compound [35] 
Сomplexes The title compound The compound with 

CCDC identifier 
CXAPCU10 [34] 

The compound with 
CCDC identifier 
CXAPCU11 [35] 

Empirical formula C12H16Cu1N6O2 C12H16Cu1N6O2 C12H16Cu1N6O2 
Formula weight 339.86 - 339.85 
Temperature, K 293 295 293 
Wavelength, Å 0.71073   
Crystal system  Triclinic Monoclinic Triclinic 
Space group P1 P21/c P1 
Unit cell dimensions    
а, Å 8,3508(9) 13.697 (7) 8.461 (1) 
b, Å 8.6604(8) 14.759 (7) 8.631 (1) 
с, Å 10.6739(13) 7.463 (7) 10.745 (2) 
α, deg 68.432(9) - 68.72 (1) 

, deg 69.259(10) 114.01 (3) 70.29 (1) 
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Continuation of Table 2 
γ, deg 77.487(8) - 77.64 (1) 
Volume, Å3 668.05(12) 1378.14 684.57 (17) 
Z 2 4 2 
Density (Mg/m3) 1.690 - - 
μ, mm–1 1.650 - 1.61 
F (000) 350 - - 
θ range, deg 2.84 to 28.43 - - 
Reflections collected 5619 - 7666 
GOOF 1.087 - - 

Δmax, Δmin, e Å–3 0.72–0.55 - 0.65, -0.98 

The Hirshfeld surface analysis and the 
associated two-dimensional fingerprint plots 
were performed using Crystal Explorer 17.5 
software [37], with a standard resolution of the 

three-dimensional dnorm surfaces plotted over a 
fixed color scale of –0.3156 (red) to 1.1537 (blue) 
a.u. There are 10 red spots on the dnorm surface 
(Fig. 2).  

 
Fig. 2. Two projections of Hirshfeld surfaces mapped over dnorm showing the intermolecular interactions within the 

molecule 
 

The dark-red spots arise as a result of short 
interatomic contacts and represent negative dnorm 
values on the surface, while the other weaker 
intermolecular interactions appear as light-red 

spots. Two intermolecular NH···O contacts with a 
length of 2.192 Å marked by bright, saturated red 
spots on the surface, are the shortest (Fig. 3).  

 
Fig. 3. Visualization of the shortest NH···O intermolecular interactions: the distance between the selected oxygen and 
hydrogen atoms is represented as a green dashed line. The locations of these short contacts are visualized as bright, 

saturated red spots on the Hirshfeld surface with the function dnorm 
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The Hirshfeld surfaces mapped over dnorm are 
shown for the H···H (47 %), H···O/O···H (19.5 %), 
H···C/C···H (12.1 %) and H···N/N···H (11.5 %) 

contacts, the overall two-dimensional fingerprint 
plot and the decomposed two-dimensional 
fingerprint plots are given in Fig. 4.  

 
Fig.4. The overall two-dimensional fingerprint plot and those delineated into specified interactions. Hirshfeld 

surface representations with the function dnorm plotted onto the surface for the different interactions 
 

The small contribution of the other weak 
intermolecular N···C/C···N (3.1 %), Cu···C/C···Cu 
(2.5 %), N···N (1.5%), Cu···H/H···Cu (1.2 %), C···C 
(0.9 %) and Cu···N/N···Cu (0.7 %) contacts has a 
negligible effect on the packing. The relative 
percentage contributions to the overall Hirshfeld 
surface by elements (close contacts between the 
selected atom within the surface and all atoms 
outside the surface): H···all atoms (66.9 %), O···all 
atoms (10.9 %), C···all atoms (10.6 %), N···all 
atoms (9.3 %) and Cu···all atoms (2.4 %). The 
obtained results were compared with those from 
a Hirshfeld surface analysis of a polymorphic 
modification of the title compound [33], which has 
the same chemical composition but a different 
crystal packing. The results are very similar. In 
both cases, the intermolecular contacts involving 
hydrogen atoms (H···H ‒ 51 %), H···O/O···H ‒ 
16.4 %, H···C/C···H ‒ 10.5%, and H···N/N···H ‒ 
7.1 % for the polymorph) are the most dominant. 
It should be noted, that there is a slight increase in 
the contribution of the intermolecular H···H 
contacts to the crystal packing, accompanied by a 
simultaneous decrease in the contributions from 
the intermolecular H···O/O···H, H···N/N···H, and 

H···C/C···H contacts. At the same time, the 
O···N/N···O and O···C/C···O contacts became 
active. But their contributions to the crystal 
packing are very small, at 2.4 % and 0.9 %, 
respectively. The intermolecular Cu···Cu, Cu···O, 
and O···O contacts are not observed in both cases. 
Also, quantitative physical properties of the 
Hirshfeld surface for the title compound were 
obtained, such as molecular volume (327.5 Å3), 
surface area (315.07 Å2), globularity (0.729), as 
well as asphericity (0.209). These values were also 
compared with those of the polymorph. The 
similarity in molecular volume (338.38 Å³ for the 
polymorph), surface area (313.00 Å²), globularity 
(0.750), and asphericity (0.227) indicates that the 
size and shape of these two molecules are also 
similar. The relative percentage contributions (by 
elements) and the contribution of individual 
interactions to the overall Hirshfeld surface were 
compared with the corresponding data obtained 
from the Hirshfeld surface analysis for the same 
complex synthesized and studied by Szécsényi, 
K.M. et al. [35] (Tab. 3, 4). The results of the 
Hirshfeld surface analysis differed by no more 
than 0.5 %. 

Table 3 
Relative percentage contributions of elements to the overall Hirshfeld surface for selected complexes 

Interaction The title compound 
The compound with CCDC 
identifier CXAPCU10 [34] 

The compound with CCDC 
identifier CXAPCU11 [35] 

Cu···all atoms 2.4 2.4 2.3 
O···all atoms 10.9 10.2 10.8 
H···all atoms 66.9 67.6 67.4 
N···all atoms 9.3 9.9 9.3 
C···all atoms 10.6 10.0 10.2 
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Table 4 
The contributions of individual interactions to the overall Hirshfeld surface for selected complexes 

Interaction or quantitative 
physical properties of the HS 

The title compound 
The compound with CCDC 
identifier CXAPCU10 

The compound with CCDC 
identifier CXAPCU11 

Cu···Cu 0 0 0 
Cu···N/N···Cu 0.7 2.3 0.7 
Cu···C/C···Cu 2.5 0.8 2.3 
Cu···O/O···Cu 0 0 0 
Cu···H/H···Cu 1.2 1.6 1.2 
N···N 1.5 2.2 1.5 
N···C/C···N 3.1 3.3 3.1 
N···O/O···N 0 2.4 0 
N···H/H···N 11.5 7.1 11.3 
C···C 0.9 1.5 0.8 
C···O/O···C 0 0.9 0 
C···H/H···C 12.1 10.5 11.7 
O···O 0 0 0 
O···H/H···O 19.5 16.4 19.3 
H···H 47.0 51.0 47.9 
Globularity 0.729 0.750 0.735 
Asphericity 0.209 0.227 0.202 
Molecular volume 327.50 Å³ 338.38 Å³ 335.77 Å³ 
Surface area 315.07 Å² 313.00 Å² 317.84 Å² 

 

For a more detailed comparison, the 
contributions of intermolecular contacts to the 
total Hirshfeld surface area were analyzed for 
several similar mononuclear copper(II) pyrazole-
based complexes. The differences in the relative 
percentage contributions of elements to the total 
Hirshfeld surface area (Table 5) are attributed to 
the structural features of the studied compounds. 
The increased percentage contribution of nitrogen 
in “BACKEX” is explained by the absence of oxygen 
atoms and the presence of a cyano group in the 
structure of (3,5-dimethylpyrazolecarbimido)-

cyanoamine. The increased contribution of 
intermolecular contacts involving hydrogen 
atoms in “VUCGIM” is due to the presence of an OH 
group positioned at the apex of the square 
pyramid. The difference in the globularity values 
of pyrazole-based complexes similar to 
Cu(C6H8N3O)2 falls within a range of 3.7 % to 5 %, 
while the asphericity values range from 15.3% to 
22.5 % (Table 6). Higher globularity, lower 
asphericity, as well as the smallest molecular 
volume and surface area, indicate a more compact 
molecular shape of the complex [39]. 

Table 5 
Relative percentage contributions of elements to the overall Hirshfeld surface for other mononuclear copper(II) 

pyrazole-based complexes 

Interaction The title compound 
The compound with CCDC 
identifier BACKEX [38] 

The compound with CCDC 
identifier VUCGIM [39] 

Cu···all atoms 2.4 2.1 1.1 
O···all atoms 10.9 - 2.0 
H···all atoms 66.9 56.4 78.5 
N···all atoms 9.3 27.7 7.7 
C···all atoms 10.6 13.9 10.7 

 
Table 6 

The contributions of individual interactions to the overall Hirshfeld surface for other mononuclear copper(II) 
pyrazole-based complexes 

Interaction or quantitative 
physical properties of the HS 

The title compound 
The compound with CCDC 
identifier BACKEX 

The compound with CCDC 
identifier VUCGIM 

Cu···Cu 0 0 0 
Cu···N/N···Cu 0.7 3.2 0 
Cu···C/C···Cu 2.5 0.7 0.8 
Cu···O/O···Cu 0 - 0 
Cu···H/H···Cu 1.2 0.2 0.3 
N···N 1.5 1.6 1.1 
N···C/C···N 3.1 4.4 2.5 
N···O/O···N 0 - 1.7 
N···H/H···N 11.5 40.5 5.6 
C···C 0.9 1.2 0.4 
C···O/O···C 0 - 3.5 
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Continuation of Table 2 
C···H/H···C 12.1 18.3 7.8 
O···O 0 - 0.4 
O···H/H···O 19.5 - 38.3 
H···H 47.0 29.8 37.7 
Globularity 0.729 0.693 0.756 
Asphericity 0.209 0.177 0.162 
Molecular volume 327.50 Å³ 406.81 Å³ 308.79 Å³ 
Surface area 315.07 Å² 382.96 Å² 292.06 Å² 

 

Conclusions 
In this work, a method of oxidative dissolution 

was used to obtain mononuclear copper(II) 
complex Cu(С6H8N3O)2 with 1-carboxamide-3,5-
dimethylpyrazole. Various techniques were used 
to identify and characterize the structure of 
complex Cu(С6H8N3O)2 and the ligand, such as IR 
and NMR spectroscopy, microanalyses, single-
crystal X-ray diffraction. It was found that 
Cu(С6H8N3O)2 was formed as a result of a 
multistage process of oxidative dissolution of 
metallic copper with the participation of air 
oxygen and ammonium ions. This process leads to 
the appearance of a sufficient amount of Cu2+ ions 
in the solution, which partially ensures the 
production of the final compound, as well as the 
dissolution of zero-valent copper through the 
formation of intermediate Cu1+ compounds, which 
are oxidized by air oxygen to form divalent copper 
compounds. It has also been found that 
ammonium cyanate is formed in parallel through 
exchange reactions, which undergo dissociation in 
acetonitrile solutions, and the resulting HNCO 
undergoes hydrolysis. The hydrolysis products 
react with the starting ligand 3,5-dimethyl-1H-
pyrazole to form 1-carboxamide-3,5-
dimethylpyrazole. This acid then reacts with Cu2+ 
ions to form the final mononuclear complex 
Cu(С6H8N3O)2. The resulting mononuclear 
complex Cu(С6H8N3O)2 consists of almost planar 
molecules. The CuII ion displays a square-planar 
coordination environment formed by two 
pyridine-like nitrogen atoms and two 
carboxamide-like nitrogen atoms from two 1-
carboxamide-3,5-dimethylpyrazole ligands 
coordinated in a bidentate chelating mode. In this 
case, they are located in a transposition to each 
other. The oxygen atoms O(1) and O(2) of the NCO 
group do not participate in the binding of Cu(II) 
atoms. Single‐crystal X‐ray diffraction analysis 
reveals that the title compound crystallizes in the 

triclinic crystal system, space group P1 (Z = 2). The 
Hirshfeld surface analysis revealed that 
interactions involving hydrogen atoms (H···H, 
H···O/O···H, H···C/C···H, and H···N/N···H) 
dominate in the crystal packing of the title 
compound, with H···H contacts being the most 
significant. Comparisons with a polymorphic 
modification showed similar patterns, although 
there was a slight increase in H···H interactions 
and a decrease in H···O/O···H, H···N/N···H, and 
H···C/C···H contacts. Additionally, minor 
O···N/N···O and O···C/C···O interactions were 
detected, but their contributions were minimal. 
The molecular size and shape, represented by 
parameters like molecular volume, surface area, 
globularity, and asphericity, were nearly identical 
for the title compound and its polymorph. These 
results are consistent with data from similar 
complexes, showing negligible variation. The 
similarity in molecular volume, surface area, 
globularity, and asphericity values for comparable 
mononuclear copper(II) pyrazole-based 
complexes confirms their nearly identical 
molecular shape and size. The observed 
differences, particularly in the contributions of 
H···H, H···O/O···H, and other intermolecular 
contacts, are attributed to variations in the 
structural features of the ligands. 

 

Funding information 
This work was supported by the Ministry of 

Education and Science of Ukraine (Grant Nos. 
24DF037-04N (RN/61-2024) and 22BF037-09 at 
Taras Shevchenko National University of Kyiv). 

 

Acknowledgements 
The authors are grateful to the II European 

Chemistry School for Ukrainians for providing a 
comprehensive overview of current trends in 
European chemical science. 
https://acmin.agh.edu.pl/en/detail/s/ii-
european-chemistry-school-for-ukrainians

References 
[1] Costa, R. F., Turones, L. C., Cavalcante, K. V. N., Rosa 

Júnior, I. A., Xavier, C. H., Rosseto, L. P., Fajemiroye, J. O. 
(2021). Heterocyclic compounds: pharmacology of 
pyrazole analogs from rational structural 

considerations. Frontiers in Pharmacology, 12, 666725. 
https://doi:10.3389/fphar.2021.666725 

[2] Kamel, M. (2015). Convenient Synthesis, 
Characterization, Cytotoxicity and Toxicity of Pyrazole 

https://acmin.agh.edu.pl/en/detail/s/ii-european-chemistry-school-for-ukrainians
https://acmin.agh.edu.pl/en/detail/s/ii-european-chemistry-school-for-ukrainians
https://doi.org/10.3389/fphar.2021.666725


350 
 

 Journal of Chemistry and Technologies, 2025, 33(2), 342-351 

 

Derivatives. ACSi 62(1), 136–151. 
https://doi:10.17344/acsi.2014.828  

[3] Clemett, D., and Goa, K. L. (2000). Celecoxib. Drugs, 59, 
957–980. https://doi:10.2165/00003495-200059040-
00017  

[4] Samat, A., Tomlinson, B., Taheri, S., and Thomas, G. 
(2008). Rimonabant for the Treatment of Obesity. 
Recent Pat. Cardiovasc. Drug Discov., 3(3), 187–193. 
https://doi:10.2174/157489008786264014  

[5] Straube, S. (2012). Anti-inflammatory and Antipyretic 
Analgesics and Drugs Used in Gout. Side Effects Drugs 
Annu., 181–193. https://doi:10.1016/b978-0-444-
59499-0.00009-x  

[6] Dopp, J. M., Agapitov, A. V., Sinkey, C. A., Haynes, W. G., 
and Phillips, B. G. (2013). Sildenafil Increases 
Sympathetically Mediated Vascular Tone in Humans. Am. 
J. Hypertens, 26(6), 762–769. 
https://doi:10.1093/ajh/hpt018  

[7] Mitou, G., Frentzel, J., Desquesnes, A., Le Gonidec, S., 
AlSaati, T., Beau, I., et al. (2015). Targeting Autophagy 
Enhances the Anti-tumoral Action of Crizotinib in ALK-
Positive Anaplastic Large Cell Lymphoma. Oncotarget, 
6(30), 30149–30164. 
https://doi:10.18632/oncotarget.4999  

[8] Karrouchi, K., Radi, S., Ramli, Y., Taoufik, J., Mabkhot, Y., 
Al-aizari, F., et al. (2018). Synthesis and 
Pharmacological Activities of Pyrazole Derivatives: A 
Review. Molecules, 23(1), 134. 
https://doi:10.3390/molecules23010134  

[9] Al-Omar, M. A. (2010). Synthesis and Antimicrobial 
Activity of New 5-(2-Thienyl)-1,2,4-Triazoles and 5-(2-
Thienyl)-1,3,4-Oxadiazoles and Related Derivatives. 
Molecules, 15, 502–514. 
https://doi:10.3390/molecules15010502  

[10] Ran, F., Liu, Y., Zhang, D., Liu, M., and Zhao, G. (2019). 
Discovery of Novel Pyrazole Derivatives as Potential 
Anticancer Agents in MCL. Bioorg. Med. Chem. Lett. 29 
(9), 1060–1064. 
https://doi:10.1016/j.bmcl.2019.03.005 

[11] Taher, A. T., Mostafa Sarg, M. T., El-Sayed Ali, N. R., and 
Hilmy Elnagdi, N. (2019). Design, Synthesis, Modeling 
Studies and Biological Screening of Novel Pyrazole 
Derivatives as Potential Analgesic and Anti-
inflammatory Agents. Bioorg. Chem., 89, 103023. 
https://doi:10.1016/j.bioorg.2019.103023 

[12] Badavath, V. N., and Jayaprakash, V. (2020). MAO 
Inhibitory Activity of 4,5-dihydro-1HPyrazole 
Derivatives: A Platform to Design Novel 
Antidepressants. Front. Drug Des. Discov. 1, 45. 
https://doi:10.2174/9789811421563121100005 

[13] Faria, J. V., Vegi, P. F., Miguita, A. G. C., Dos Santos, M. S., 
Boechat, N., and Bernardino, A. M. R. (2017). Recently 
Reported Biological Activities of Pyrazole Compounds. 
Bioorg. Med. Chem. 25 (21), 5891–5903. 
https://doi:10.1016/j.bmc.2017.09.035 

[14] Patil, S. B. (2020). Medicinal Siganificance of Pyrazole 
Analogues: A Review. J. Pharm. Sci. Res. 12 (3), 402–404. 

[15] Yet, L. (2018). Privileged Structures in Drug Discovery: 
Medicinal Chemistry and Synthesis, in Methods and 
Principles in Medicinal Chemistry. London; Hoboken, 
NJ: John Wiley & Sons. 
https://doi:10.1002/9781118686263 

[16] Faisal, M., Saeed, A., Hussain, S., Dar, P., and Larik, F. A. 
(2019). Recent Developments in Synthetic Chemistry 
and Biological Activities of Pyrazole Derivatives. J. Chem. 
Sci. 131, 70. https://doi:10.1007/s12039-019-1646-1 

[17] Aziz, H., Zahoor, A. F., and Ahmad, S. (2020). Pyrazole 
Bearing Molecules as Bioactive Scaffolds: a Review. J. 
Chil. Chem. Soc., 65(1), 4746–4753. 
https://doi:10.4067/S0717-97072020000104746 

[18] Ramsay, R. R., Popovic‐Nikolic, M. R., Nikolic, K., 
Uliassi, E., Bolognesi, M. L. (2018). A Perspective on 
Multi‐target Drug Discovery and Design for Complex 
Diseases. Clin. Transl. Med., 7(1), 3. 
https://doi:10.1186/s40169-017-0181-2 

[19] Benek, O., Korabecny, J., and Soukup, O. (2020). A 
Perspective on Multi-Target Drugs for Alzheimer's 
Disease. Trends Pharmacol. Sci. 41(7), 434–445. 
https://doi:10.1016/j.tips.2020.04.008 

[20] He, B., Lu, C., Zheng, G., He, X., Wang, M., Chen, G., Lu, A. 
(2016). Combination therapeutics in complex 
diseases. Journal of cellular and molecular 
medicine, 20(12), 2231-2240. 
https://doi:10.1111/jcmm.12930 

[21] Ganta, R. K., Kerru, N., Maddila, S., Jonnalagadda, S. B. 
(2021). Advances in pyranopyrazole scaffolds’ 
syntheses using sustainable catalysts—a review. 
Molecules, 26(11), 3270. 
https://doi.org/10.3390/molecules26113270 

[22] Miniyar, P. B., Barmade, M. A., Mahajan, A. A. (2015). 
Synthesis and biological evaluation of 1-(5-(2-
chloroquinolin-3-yl)-3-phenyl-1H-pyrazol-1-yl) 
ethanone derivatives as potential antimicrobial 
agents. Journal of Saudi Chemical Society, 19(6), 655-
660. https://doi.org/10.1016/j.jscs.2013.12.004 

[23] Jin, M., Chen, Y., Song, W., Lian, H., Guo, H., Dong, Q. Su, J. 
(2020). Synthesis, characterization, and 
electroluminescent properties of indazole, pyrazole, 
and triazole/triphenylamine-based compounds. Dyes 
and Pigments, 173, 106912. 
https://doi.org/10.1016/j.dyepig.2018.07.058 

[24] Secrieru, A., O’Neill, P.M., Cristiano, M.L.S. (2020). 
Revisiting the Structure and Chemistry of 3(5)-
Substituted Pyrazoles. Molecules., 25(1), 42. 
https://doi.org/10.3390/molecules25010042 

[25] Baishya, T., Gomila, R. M., Barcelo-Oliver, M., Gil, D. M., 
Bhattacharyya, M. K., Frontera, A. (2023). 
Supramolecular Assemblies in Pyridine-and Pyrazole-
Based Coordination Compounds of Co (II) and Ni (II): 
Characterization, Hirshfeld Analysis and Theoretical 
Studies. Crystals, 13(2), 203. 
https://doi.org/10.3390/cryst13020203 

[26] Davydenko, Y. M., Vitske, V. A., Pavlenko, V. A., 
Haukka, M., Vynohradov, O. S., Fritsky, I. O. (2022). 
Synthesis, crystal structure and properties coordination 
polymers based on (3,5-dimethyl-1н-pyrazole-4-yl)-
acetic acid. Journal of Chemistry and 
Technologies, 30(2), 174–183. (in Ukrainian) 
https://doi.org/10.15421/jchemtech.v30i2.252517  

[27] McKinnon, J. J., Jayatilaka, D., Spackman, M. A. (2007). 
Towards quantitative analysis of intermolecular 
interactions with Hirshfeld surfaces. Chemical 
Communications, (37), 3814–3816. 
https://doi.org/10.1039/b704980c  

[28] Sheldrick G.M. (1997). SHELXS-97, Program for Crystal 
Structure Solution. – Göttingen, Germany. 

[29] Davydenko, Y., Pavlenko, V., Fritskiy, I., Iskenderov, I. 
(2010). [Synthesis and study of mononuclear copper 
(II) complex with 3, 5-dimethyl-1H-pyrazole]. Bulletin 
of Taras Shevchenko National University of Kyiv. 
Chemistry, (48), 9–11. (in Ukrainian).  

https://doi:10.17344/acsi.2014.828
https://doi:10.2165/00003495-200059040-00017
https://doi:10.2165/00003495-200059040-00017
https://doi:10.2174/157489008786264014
https://doi:10.1016/b978-0-444-59499-0.00009-x
https://doi:10.1016/b978-0-444-59499-0.00009-x
https://doi:10.1093/ajh/hpt018
https://doi:10.18632/oncotarget.4999
https://doi:10.3390/molecules23010134
https://doi:10.3390/molecules15010502
https://doi:10.1016/j.bmcl.2019.03.005
https://doi:10.1016/j.bioorg.2019.103023
https://doi:10.2174/9789811421563121100005
https://doi:10.1016/j.bmc.2017.09.035
https://doi:10.1002/9781118686263
https://doi:10.1007/s12039-019-1646-1
https://doi:10.4067/S0717-97072020000104746
https://doi:10.1186/s40169-017-0181-2
https://doi:10.1016/j.tips.2020.04.008
https://doi:10.1111/jcmm.12930
https://doi.org/10.3390/molecules26113270
https://doi.org/10.1016/j.jscs.2013.12.004
https://doi.org/10.1016/j.dyepig.2018.07.058
https://doi.org/10.3390/molecules25010042
https://doi.org/10.3390/cryst13020203
https://doi.org/10.15421/jchemtech.v30i2.252517
https://doi.org/10.1039/b704980c


351 
 

 Journal of Chemistry and Technologies, 2025, 33(2), 342-351 

 

[30] Kokozay, V. N., Vassilyeva, O. Y., Makhankova, V. G. 
(2018). Direct Synthesis of Heterometallic Complexes. In 
Direct Synthesis of Metal Complexes. Elsevier. 

[31] Miniyar, P.B., Barmade, M.A., Mahajan, A.A. (2015). 
Synthesis and biological evaluation of 1-(5-(2-
chloroquinolin-3-yl)-3-phenyl-1H-pyrazol-1-yl) 
ethanone derivatives as potential antimicrobial agents. 
J. Saudi Chem. Soc., 19, 655–660.  
https://doi: 10.1016/j.jscs.2013.12.004 

[32] Vynohradov, O. S., Davydenko, Y. M., Pavlenko, V. O., 
Naumova, D. D., Fritsky, I. O., Shova, S., Prysiazhna, O. V. 
(2023). CuBr2 as a bromination agent of pyrazole-based 
ligand: synthesis of copper (II) coordination 
compounds by oxidative dissolution of copper powder 
in organic solvents. Journal of Chemistry and 
Technologies, 31(3), 493–506. 
https://doi.org/10.15421/jchemtech.v31i3.281190  

[33] Boča, R., Hvastijová, M., Kohout, J. (1994). A molecular 
orbital approach to coligand isomer formation. Journal 
of Coordination Chemistry, 33(2), 137–145. 
https://doi.org/10.1080/00958979408024272  

[34] Hvastijová, M., Kohout, J., Buchler, J. W., Boča, R., 
Kožı́šek, J., Jäger, L. (1998). Nucleophilic additions to 
pseudohalides in the coordination sphere of transition 
metal ions and coligand isomerism. Coordination 
chemistry reviews, 175(1), 17–42. 
https://doi.org/10.1016/S0010-8545(98)00208-2  

[35] Valach, F., Kohout, J., Dunaj-Jurčo, M., Hvastijová, M., & 
Gažo, J. (1979). Formation of a new ligand by addition of 
3, 5-dimethylpyrazole to the cyanate group in a copper 
(II) complex: crystal and molecular structure of α-bis (1-
carbamoyl-3, 5-dimethylpyrazolato) copper (II) and the 
physical properties of two isomeric forms. Journal of the 
Chemical Society, Dalton Transactions, (12), 1867–1871. 
https://doi.org/10.1039/DT9790001867  

[36] Szécsényi, K. M., Leovac, V. M., Češljević, V. I., Kovács, A., 
Pokol, G., Argay, G., Kálmán, A., Bogdanović, G.A, 
Jaćimović, Ž.K., Spasojević-de Bire, A. (2003). Reaction 
of copper (II) with 1-carboxamide-3, 5-
dimethylpyrazole, 1-carboxamidine-3, 5-
dimethylpyrazole, 4-acetyl-3-amino-5-methylpyrazole 
and 5-amino-4-carboxamide-1-phenylpyrazole. 
Inorganica Chimica Acta, 353, 253–262. 
https://doi:10.1016/S0020-1693(03)00231-7 

[37] Rosiak, D., Okuniewski, A., Chojnacki, J. (2018). Novel 
complexes possessing Hg–(Cl, Br, I)⋯ O= C halogen 
bonding and unusual Hg₂S₂ (Br/I)₄ kernel. The 
usefulness of τ₄′ structural parameter. Polyhedron, 146, 
35–41. https://doi.org/10.1016/j.poly.2018.02.016  

[38] Spackman, P. R., Turner, M. J., McKinnon, J. J., Wolff, S. K., 
Grimwood, D. J., Jayatilaka, D. Spackman, M. A. (2021). 
CrystalExplorer: a program for Hirshfeld surface 
analysis, visualization and quantitative analysis of 
molecular crystals. Journal of Applied 
Crystallography, 54(3), 1006–1011. 
https://doi.org/10.1107/S1600576721002910 

[39] Van Albada, G. A., van der Horst, M. G., Bijvoets, S. M., 
Mutikainen, I., Turpeinen, U., Reedijk, J. (2010). New 
Cu(II) compounds with ligands synthesized through 
nucleophilic addition of pyrazoles to dicyanamide. 
Synthesis, crystal structures and spectroscopy. 
Polyhedron, 29(12), 2473–2480. 
https://doi.org/10.1016/j.poly.2010.05.015  

[40] Zheng, L.-L., Wang, J.-F., Wang, J., Zhou, A.-J., Liao, C.-X., 
Hu, S. (2020). Cu2+-Promoted Nucleophilic Addition of 
Pyrazole to Cyano Group. Inorganica Chimica Acta, 501, 
119303. https://doi.org/10.1016/j.ica.2019.119303 

[41] Davydenko, Y. M. (2011). Coordination compounds of 3d-
metals with non-chelating pyrazole ligands. Thesis for 
the degree of Candidate of Chemical Sciences, Taras 
Shevchenko National University of Kyiv: Ukraine, Kyiv.

 

https://doi.org/10.15421/jchemtech.v31i3.281190
https://doi.org/10.1080/00958979408024272
https://doi.org/10.1016/S0010-8545(98)00208-2
https://doi.org/10.1039/DT9790001867
https://doi:10.1016/S0020-1693(03)00231-7
https://doi.org/10.1016/j.poly.2018.02.016
https://doi.org/10.1107/S1600576721002910
https://doi.org/10.1016/j.poly.2010.05.015
https://doi.org/10.1016/j.ica.2019.119303

