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SYNTHESIS AND CHARACTERIZATION OF COORDINATION COMPOUNDS
OF TRANSITION METALS BASED ON 5-METHYL-3-(TRIFLUOROMETHYL)-1H-PYRAZOLE

Background. 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.

Methods. Inthiswork, 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.

Results. The interaction of 3d metals such as Mn(ll), Co(ll), Ni(ll), Cu(ll), and Zn(ll) 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);-4H,0-
L-CH;0H/CH3;CN systems) at M:L ratios of 1:1 and 1:2, products with the composition M(Ac).-2L were formed. Meanwhile, in
dimethylformamide (M(Ac),-4H,O-L-DMF systems) under the same ratios, the complex Mn(Ac).-L-DMF, which incorporated a
solvent molecule, was isolated.

Conclusions. Anorganic ligand, 5-methyl-3-(trifluoromethyl)-1H-pyrazole, was synthesized. The interaction of 3d metals
(M = Mn, Co, Ni, Cu, Zn) M(Ac).-xH>,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(ll), Co(ll), Ni(ll), Cu(ll), and Zn(ll 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(ll), Co(ll), Ni(ll), Cu(ll), and Zn(ll) complexes is observed: M(Ac),-2L
and M(Ac).-L-DMF; in the obtained complexes M(Ac),-2L and M(Ac).-L-DMF 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.

Keywords: 5-methyl-3-(trifluoromethyl)-1H-pyrazole, complexes, 3d metals, "TH 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 CFs 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
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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 CFs3 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
other fluorinated ligands (Sanchez-Cantu et al., 2018; Titi et
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—

CF3CHCH2CHCH3 + N2H4 Hzo

OH OH

Elmer Spectrum BX FT-IR in the range of 400—4000 cm™".
Absorbance UV/Vis spectra were registered with a Varian
Cary 50 spectrometer in the range of 200—1000 nm at room
temperature. '"H 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.

C,H;0H H3C \(}/CF:’ F3C WCHS
\ \
NH

N—NH N—

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

The yield of the product was 77 %. 'H NMR (DMSO-ds) &:
2.30 (s., 3H; CHa), 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™,
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
with M(CH3COOQ)2-xH20 of different 3d-metals (scheme 2).

M(CH3COO)2 xH20 — L — Solv (02).
L — 5-methyl-3-(trifluoromethyl)-1H-pyrazole.
M = Mn, Zn, Cu, Co, Ni.
Solv — CH3CN, DMF, CHsOH.
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 °C until the complete conversion of the starting
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.

Discussion and conclusions

Thus, as a result of the interaction between 5-methyl-3-
(trifluoromethyl)-1H-pyrazole and non-agqueous solutions of 3d-
metal acetates (Mn, Zn, Cu, Co, Ni), different products were
obtained. Specifically, in M(Ac),4H,0-L—-CH;OH/CH;CN
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systems with M:L ratios of 1:1 and 1:2, compounds with the
composition M(Ac),-2L were formed (fig. 1, a). In contrast, in
the systems with dimethylformamide (M(Ac),-4H,O-L-DMF) at
similar ratios, Mn(Ac),'L-DMF was obtained (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. "H NMR spectra of the ligand ('H
NMR (DMSO-ds) 8: 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)2:2H20-
L-Solv (fig. 3), demonstrate the fact of complex formation.
"H NMR spectrum of the complex (DMSO-ds) indicates the
presence of the peaks are observed at 5: 2.30 and 3.10 (two
singlets corresponding to three hydrogen atoms from two
metal groups, two singlets at 3: 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™, selected bands): 3194s, 3120s, 2890s, 2814m,
2562w, 1587s, 1504s, 1254s, 1159s). In the IR spectra of
synthesized compounds of general composition M(Ac)2-2L
and M(Ac)2-L-DMF, absorption bands are observed in the
region of 3300—3200 cm~", 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
the presence of acetate groups: vas(C=0) = 1510-1520 cm™,
vs(C-0) = 1450-1460 cm™" (fig. 4, 5). In M(Ac)2:L-DMF
complexes, the presence of a narrow intense absorption
band at 1640 cm™" attributed to the valence vibrations of the
CO group indicates the coordination of dimethylformamide
molecules (fig. 6).
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Table
- Composition of the C, % H, % N, %
The original system M:L:Solv extrgcted product calc./exp. calc./exp. calc./exp.
Mn(Ac);x4H,0-L- CHsCN 1:1:9mL M(Ac)x2L 34,78/34,52 2,89/2,86 10,14/10,08
Mn(Ac);x4H,0-L- CH;0H 1:1:9mL M(Ac),x2L 34,78/35,12 2,89/2,83 10,14/10,04
Mn(Ac),x4H,0-L- DMF 1:1:9mL M(Ac),xLxDMF 35,82/35,23 3,88/3,83 12,53/12,31
Mn(Ac);x4H,0-L- CHsCN 1:2:11mL M(Ac)x2L 34,78/34,17 2,89/2,84 10,14/9,87
Mn(Ac);x4H,0-L- CH;0H 1:2:11mL M(Ac),x2L 34,78/34,56 2,89/2,87 10,14/10,02
Mn(Ac),x4H,0-L- DMF 1:2:11mL M(Ac),XLxDMF 35,82/34,89 3,88/3,81 12,53/12,20
Zn(Ac),x2H,0- L- CH;OH 1:1:9mL M(Ac),%2L 33,56/33,13 2,79/2,64 9,79/9,55
Zn(Ac),x2H,0-L- CHsCN 1:1:9mL M(Ac),x2L 33,56/33,28 2,79/2,58 9,79/9,12
Zn(Ac),x2H,0-L- DMF 1:1:9mL M(Ac),XLxDMF 34,78/34,34 3,76/3,59 12,17/11,49
Zn(Ac),x2H,0-L- CHsCN 1:2:11mL M(Ac),%2L 33,56/33,12 2,79/2,66 9,79/9,47
Zn(Ac),x2H,0- L- CH;0H 1:2:11mL M(Ac),x2L 33,56/33,43 2,79/2,54 9,79/9,52
Zn(Ac),x2H,0-L- DMF 1:2:11mL M(Ac),XLxDMF 34,78/33,28 3,76/3,22 12,17/12,01
Cu(Ac);xH,0-L-CH3;CN 1:1:9mL M(Ac).x2L 33,74/32,98 2,81/2,56 9,84/9,51
Cu(Ac);xH,0-L-CH3;OH 1:1:9mL M(Ac)x2L 33,74/33,15 2,81/2,67 9,84/9,26
Cu(Ac);xH,0O-L-DMF 1:1:9mL M(Ac),xLxDMF 34,93/34,58 3,78/3,41 12,22/12,00
Cu(Ac):xH,0-L-CH3;CN 1:2:11mL M(Ac).x2L 33,74/33,46 2,81/2,48 9,84/9,56
Cu(Ac);xH,0-L-CH3;0H 1:2:11mL M(Ac),x2L 33,74/33,27 2,81/2,56 9,84/9,49
Cu(Ac);xH,0O-L-DMF 1:2:11mL M(Ac)xLxDMF 34,93/34,26 3,78/3,63 12,22/11,98
Co(Ac);x4H,0-L-CHsCN 1:1:9mL M(Ac),%2L 34,28/33,98 2,85/2,78 10,00/9.68
Co(Ac);x4H,0-L-CH;0H 1:1:9mL M(Ac),%2L 34,28/33.82 2,85/2,81 10,00/9,74
Co(Ac);x4H,0-L-DMF 1:1:9mL M(Ac),xLxDMF 35,39/34,91 3,83/3,76 12,38/12,23
Co(Ac);x4H,0-L- CH;CN 1:2:11mL M(Ac),%2L 34,28/34,02 2,85/2,74 10,00/9,84
Co(Ac);x4H,0-L- CH30H 1:2:11mL M(Ac),x2L 34,28/33,83 2,85/2,68 10,00/9,76
Co(Ac);x4H,0-L- DMF 1:2:11mL M(Ac)xLxDMF 35,39/33,78 3,83/3,71 12,38/12,23
Ni(Ac);x4H,0-L- CHsCN 1:1:9mL M(Ac),x2L 34,28/33,96 2,85/2,78 10,00/9,79
Ni(Ac);x4H,0-L- CH;0OH 1:1:9mL M(Ac),%2L 34,28/33,81 2,85/2,81 10,00/9,68
Ni(Ac),x4H,0-L- DMF 1:1:9mL M(Ac),XLxDMF 35,39/34,99 3,83/3,69 12,38/12,02
Ni(Ac);x4H,0-L- CHsCN 1:2:11mL M(Ac),%2L 34,28/33,46 2,85/2,71 10,00/9,82
Ni(Ac);%x4H,0-L- CH;0OH 1:2:11mL M(Ac),%2L 34,28/33,96 2,85/2,76 10,00/9,74
Ni(Ac);x4H,0-L- DMF 1:2:11mL M(Ac),XLxDMF 35,39/34,59 3,83/3,69 12,38/12,18

A D
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L O/M\O L

MF

L O/M\O :

Fig. 1, a. Scheme of the proposed structure
for the obtained complexes M(Ac),-2L

Fig. 1, b. Scheme of the proposed structure
for the obtained complexes M(Ac),-L-DMF
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Fig. 2. '"H NMR of 5-methyl-3-(trifluoromethyl)-1H-pyrazole
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Fig. 3. 'H NMR of the mixture of the zinc complexes Zn(Ac).-2H,0-L-Solv with 5-methyl-3-(trifluoromethyl)-1H-pyrazole
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Fig. 4. IR spectra of the complexes M(Ac),*2L in the systems M(Ac),*4H,0-L-CH;OH / CH;CN at a ratio of M:L = 1:1
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Fig. 5. IR spectra of the complexes M(Ac),*2L in the systems M(Ac)2*4H,0-L- CH;0H / CH;CN at a ratio of M:L = 1:2
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Fig. 6. IR spectra of the complexes M(Ac),-L-DMF in the systems M(Ac),"4H,O-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)2-2L complex (fig. 7)

A%

0,6 4

0,5+

04 -

0,3 4

0,2 4

0,1+

0,0

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 Cu?* complexes.

T * 1% T_°% 1
200 250 300 350 400

T
450

1} 1 L] I L I ¥ I ¥ I ¥ I
500 550 600 650 700 750
nm

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

The theoretical data for octahedral cobalt complexes are
400-500 nm  (chromophore CoO6—CoN6), while for
tetrahedral complexes it is 600-700 nm (chromophore
CoN4), the results obtained confirm the tetrahedral structure
of the complex.

In the case of the cobalt (1) complex, a diffuse reflection
electron spectrum was obtained, which showed a maximum
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absorption in the region of 12000 cm™', indicating an
octahedral coordination environment of the metal ion.
Literature data for octahedral complexes indicate a
transition from the {CoO6} chromophore ~ 12000 cm™~' to the
{CoN6} chromophore ~ 17000 cm™, and a transition from
the {CoO6} chromophore (~ 12455cm™") to {Co4N2}
(~ 14770 cm™) (fig. 8).
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Fig. 8. Electronic spectrum of diffuse reflection for the complex Co(Ac),-2L

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

0,4

A%

0,3

0,0 +

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).

T T
200 300 400

T T v T T T
500 600 700

nm

Fig. 9. Electronic diffuse reflection spectra for Mn(Ac),-2L (top) and Ni(Ac), 2L (bottom) complexes

Therefore, in this paper, an organic ligand 5-methyl-3-
(trifluoromethyl)-1H-pyrazole, was synthesized. The
compound was identified by elemental analysis, IR and 'H
NMR spectroscopy. The interaction of 3d metals such as
Mn(ll), Co(ll), Ni(ll), Cu(ll), and Zn(ll) with 5-methyl-3-
(trifluoromethyl)-1H-pyrazole was investigated. Methods for
the synthesis of Mn(ll), Co(ll), Ni(ll), Cu(ll), and Zn(ll)
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
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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(ll), Co(ll), Ni(ll), Cu(ll), and Zn(ll)
complexes is observed: M(Ac)2:2L and M(Ac)2-L-DMF; in
the obtained complexes M(Ac)2:2L and M(Ac)z2'L-DMF
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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KuiBcbkui HauioHanbHUI yHiBepcuTeT imeHi Tapaca LeByeHka, KuiB, YkpaiHa

CUHTE3 | XAPAKTEPUCTUKA KOOPAUHALIIMHUX CNONYK NEPEXIAHUX METANIB
HA OCHOBI 5-METUN-3-(TPUOTOPMETUIN)-1H-MIPA30NY

B cTyn. Cunme3 KkoopOuHayiliHux crosyK Ha 0CHO8i nipa3osie € Ha038uYyaliHO 8a)XKJIUGUM y CyYacHil XiMii, OCKiNbKU yi crnosyKu Maroms yHi-
eepcasibHi elacmugocmi ma pi3HoMaHimHe npakmMu4He 3acmocyeaHHsI 8 makux cghepax: Kamasi3, Mamepiaso3Haecmeo, onMmoeseKmpoHika ma
meduyuHa. BeedeHHsi mpugpmopmemunbHUX 2pyn y maki nizaHdu € MomyxHoro cmpamezicto 05151 MoOynsayii esIeKmpPOHHUX | cmepuYyHUX elacmu-
eocmeill KOMMJeKcie, W0 3Ha4YHO BIMIUBAE HA IXHIO KUC/IOMHicmb, cmabinebHicms i peakyiliHy 30amHicmb. Y yboMy KoHmekcmi 5-memun-3-(mpu-
¢pmopmemun)-1H-nipazon eudinsemscsi sk ocobnueo nepcnekmueHuli nieaHd, KoopOuHayilina Ximisi sIK020 3 nepexiOHUMU Memanamu
3anuwaemsbcs Hanpoyyd HedocnidxeHor. Hezeaxarouyu Ha nomeHyian 5-memun-3-(mpugpmopmemun)-1H-nipazony, cucmemamuyHe 00CniOKeHHS
CuHme3sy, cmpyKmypHoi pi3HoMaHimHocmi ma enacmueocmed (1020 KOOPOUHaYilIHUX CrOJIYK 8 OCHOBHOMY 8i0CYmHE @ cy4acHil nimepamypi. Lis
npoeasiuHa € 8MPavyeHO MOXIUBICMIO, OCKINIbKU YHiKanbHUl esleKmpoHHUl Nnpogink yb020 NicaHOy MoXXe 8iOKpUMU HO8I (hYHKYiOHaIbHI MOXNU-
eocmi @ MonieKynsipHux mamepianax. LLjo6 po3e'azamu yro npo6riemy, NPONoOHyeMmMbCsi KOMMIEKCHe O0CifXeHHsI CUHMe3y ma xapakmepucmuK Ho-
8020 cimelicmea KOOpOUHayiliHux crnosyk nepexioHux memanie nepwozo psidy (Mn, Co, Ni, Cu, Zn) 3 nicaHOom 5-memun-3-(mpugpmopmemuin)-
1H-nipa3on. Lis po6oma mae Ha memi cucmemamu4Ho docnidumu lio2o koopOuHayiliHul naHowagm, Hadaroyu hyHOameHmMasnbHi 3HaHHA Ons mai-
6ymHb020 nNpoekmyeaHHs nepedosux yHKUioHanbLHUX Mamepiaris.

MeTtoau. [Ona idenmudikayii ompumaHux cnoayk 6yso0 eukopucmaHo pi3Hi Mmemodu, maki sik: iHghpayepeoHa, esnekmpoHHa ma SIMP-
cnekmpockonisi. Yci Mamepianu 6ynu ompumaHi 3 komepyiliHux Oxepes1 6e3 0o0amkoeo20 oyuu,eHHs. I4Y-cnekmpu cuHme3oeaHux croJyK 3anucy-
eanu Ha I4-®yp'e-cnekmpomempi Perkin-Elmer BX (400-4000 cm™') y ma6nemkax KBr. EnekmpoHHi criekmpu Oughy3Ho20 8idbummsi ompumaHux
3pa3kie 8 Y® i eudumomy diana3oHi peecmpysanu Ha cnekmpomempi Varian Cary 50. InmeHcusHicmb eumiptoeanu €idHocHO KBr. Po34uHHUKu
oyuwanu 3a cmaHéapmHumu Memoodukamu. Cnekmpu SIMP "H 3anucyeanu Ha cnekmpomempi Bruker AC-400.

Pe3ynbTtarTtu. B3aemodis 5-memun-3-(mpugpmopmemun)-1H-nipasony (L) 3 auemamamu 3d-memanie (Mn, Zn, Cu, Co, Ni) y Hee0OHuUx po3-
YuHax eusieusiacs 3ay1eHor 6id po34yuHHuKa. Y cepedosuwi po3yuHHukie CH3;CN i CH;OH (cucmemu M(Ac)z-4H-O0-L-CH3;OH/CH;CN) npu cnieeid-
HoweHHi M:L 1:1i 1:2 ymeoproeanucsi npodykmu 3i cknadom M(Ac)z-2L. Tum yacom y dumemundgopmamioi (cucmemu M(Ac)z-4H,O0-L-DMF) 3a mux
camux cnieeiOHoweHb 6ynu eudineHi komnnekcu M(Ac)z-L-DMF, wio micmunu mosekyny po34uHHuka. Cknad cnosyk 6yso niomeepoxeHo eleMeHmMHUM
aHasni3oM, a maKkox iHghpa4epeoHoOro, enneKmpoHHot ma sIMP-cnekmpockoniero.
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BucHoBKku. CuHme3zoeaHo opzaHidHul nicaHd, 5-memun-3-(mpugpmopmemun)-1H-nipaszon. Cnonyka idenmudpikyeanacb 3a A0rnoMo200
eneMeHmMHo20 aHanisy, 14- ma 'H SIMP-cnekmpockonii. Byno docnidxeHo e3aemolito 3d-vmemannie, makux sixk Mn(ll), Co(ll), Ni(ll), Cu(ll) i Zn(ll), 3
5-memun-3-(mpugprmopmemunn)-1H-nipazonom. Po3pobneHo memodu cuime3sy cnonyk Mn(ll), Co(ll), Ni(ll), Cu(ll) ma Zn(ll) 3 5-memun-3-(mpugpbmop-
memun)-1H-nipa3onom. Ha ocHoei GaHux esleMeHMHoO20 aHanizy i memodie 14, SIMP ma enekmpoHHOI criekmpocKonii 3anponoHoeaHo cknad i 6ydoey
ompumaHux Kommnekcie. Byno nokazaHo, uj0 8 ompumMaHuUXx KOMIIeKcax: peasizoeaHo Halbinbw munoeuli cnocié KoopAuHauii nipa3onbHO20 Yu-
Kiy: MOHOOeHmamHulii — 4epe3 nipuduHosuli amom HimpozeHy; ompumaHo dea murnu MoHosidepHux komnnekcie Mn(ll), Co(ll), Ni(ll), Cu(ll) ma Zn(ll):
M(Ac)2-2L ma M(Ac).-L-DMF; e ompumaHux kommnnekcax M(Ac)z2-2L ma M(Ac)2-L-DMF peanizyemsbcsi wecmukoopOuHayiliie 0moYeHHs1 yeHmparb-
HO20 amoma 3ae05IKu YomupbOM amomMaM OKcu2eHy 8i0 6i0eHmamHo-xenamHo KOOpOUHO8aHUX ayemamHux epyn i deox amomie HimpozeHy 8id
MoJsieKyn HedenpomoH08aH020 JlizaHoy.

KnwyoBi cnosa: 5-memun-3-(mpugpmopmemun)-1H-nipason, komnnexcu, 3d-memanu, 'H SIMP-cnekmpockonisi, I4-cnekmpockonisi.
ABTOp 3asBnsie Npo BiACYTHICTb KOHNIKTY iHTepeciB. CnoHcopn He Gpanu yyacTi B po3pobneHHi focnigXeHHs; y 360pi, aHanisi un
iHTepnpeTauii AaHuX, Y HanncaHHi pykonucy abo y NnpuiHATTI pilLeHHs npo nybnikauiio pesynbTartis.
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