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Abstract

A novel copper(ll) polynuclear complex with deprotonated 3,5-dimethyl-1H-pyrazole of composition
Cus(us3-0)2(DMPZ-H)s(NCO)z(0Ac)2-2CHsOH has been synthesized and isolated in the crystalline state. A variety of
techniques were employed to identify and characterize the structure of the complex, including IR spectroscopy,
microanalysis, MALDI analysis, and single-crystal X-ray diffraction. It was observed that Cus(ns-0)2(DMPZ-
H)s(NCO)2(0Ac)2-2CH30H had been 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 results in the accumulation of a
sufficient concentration of Cu®* ions in the solution, which contributes to both the formation of the final product and
the dissolution of metallic copper through the intermediate generation of Cu* species. These intermediates are
subsequently oxidized by atmospheric oxygen to yield divalent copper compounds. The resulting octanuclear
complex Cus(ps-0)2(DMPZ-H)s(NCO)2(0Ac)2-:2CHsOH is a new inverted 24-azametallocrown-8, due to the
implementation of the cyclicinteraction (-Cu-N-N-)s formed by eight copper ions and eight pz-bridge coordinated 3,5-
dimethyl-1H-pyrazole anions. A crystallographic 2-fold axis bisects the obtained octanuclear complex on the same
two trinuclear fragments Cu2-Cu3-Cu4iand Cu2i-Cu3i-Cu4, which are sequentially linked by deprotonated bidentate-
bridging coordinated molecules of 3,5-dimethyl-1H-pyrazoles and bridging ps3-0%, which are the centers of
coordination for three copper cations. Tetradentate-bridged cyanate groups additionally assemble the thrinuclear
fragments into an octanuclear complex. Hirshfeld surface analysis, complemented by two-dimensional fingerprint
plots, was carried out to investigate the intermolecular interactions in the crystal structure. The results revealed
dominant H--H contacts (71.7 %) along with notable contributions from H---C/C-~-H, H--0/0--H and H--N/N--H
interactions, confirming that hydrogen bonding plays a significant role in stabilizing the crystal packing.

Keywords: pyrazole ligands; copper complexes; oxidative dissolution; X-ray crystallography; metallacrown; Hirshfeld surface
analysis.

CUHTE3, PEHTTEHOCTPYKTYPHUM AHAJII3, CHEKTPAJIbHA XAPAKTEPUCTUKA TA
MALDI MAC-CIIEKTPH, AHAJII3 TIOBEPXHI XIPII®E/IBJIA OKTAAJAEPHOTI'O
KOMIUVIEKCY KYIIPYMY (II) ASAMETAJIOKPAYHOBOTI'O TUIlY 3 3,5-AUMETHJI-1H-
INTPA30JIOM, OTPUMAHOI'O METOZI0M OKHMCHOI'O PO3YMHEHHA

HOnisa M. [laBuaenko, Onekcanap C. Bunorpasos, Bagum O. [TaBaenko, Irop 0. @puibkuit
Kuiscvkuil HayioHaavHull yHieepcumem imeni Tapaca llleguerka, 8ya. 'emovmana Ilasaa Ckoponadcvkozo, 12, 01033 Kuis,
Ykpaina

AHoTalisa

Ilipa3osin € LiHHUMHU NpeKypcopaMH AJisA CUHTe3y 4YHCJIeHHHUX CHOJYK 3aBJfAKU CBOii 3HA4Hii GiosioriuHiii Ta
dapmakosoriyHiii aKTUBHOCTI, 30KpeMa aHTH6aKTepia/ibHil, IPOTUrpUGKOBIii, NpoTH3ana/ibHil, IPOTUNYXJIUHHIH,
NPOTUPAKOBii, aHTHAENPeCUBHIN, AHTHOKCUJAHTHI# Ta NPOTUBIpPYCHIiH AiAM. Y JaHii po6OTi NpeACTaBIeHO KpHCTa-
JIiYHY CTPYKTYPY HOBOI CIIOJIyKH, IKa MiCTUTBb Nipa30J/IbHeE KiJjiblie B MOJIEKY/ISIPHOMY KapKaci. A caMe, CHHTe30BaH Uil
Ta BUJi/IEHMHA B KPHUCTAJIYHOMY CTaHi HOBUI moJisigepHuil komimekc Kynpymy(Il) 3 memporoHoBanum 3,5-
AuMeTuanipasosom ckaaay Cus(us-0)z(DMPZ-H)s(NCO)z(0OAc)2:2CHsOH. g izeHTudikanii Ta xapakTepUCTHKH
CTPYKTYPH KOMILJIEKCY BUKOpUCTOBYBaIu IY-ciekTpockonilo, esleMeHTHUI aHaai3, MALDI Mac-cneKkTpomMeTpilo Ta
PEHTreHOCTPYKTypHHMI aHaJi3. BcraHoBiaeHo, mo Cus(ps-0)2(DMPZ-H)s(NCO)2(0OAc)2-2CH3OH yTBOpIOETBCA B
pe3y/bTaTi 6araTocrailiHOro nponecy OKMCHIOBAJIbHOr 0 pO3YMHEeHHA MeTali4YHOi MiJi 3a y4acTI0 KHCHIO IOBITpA Ta
ionie amonio. Takmii nmpouec NpUBOAMTL A0 HAKONMMYEHHHA B PO3YMHI JOCTaTHbOI KOHLEHTpauii ionie Cu?*, mo
CIIpUAE K YTBOPEHHIO KiHIIeBOro NPOAYKTY, TaK i pO34YMHEHHI0 MeTa/IiYHOoI Mi/li Yepe3 NpoMiKHY reHepaniio Clojayk
Cu*. MpomixHi cnosykn Cu* OKHCHIOIOTbCA aTMOCGEPHHMM KHCHEM 3 YTBOPEHHAM cnoiyk Cu?* 3 moga/ibmuum

*Corresponding author: email: davydenko300808@gmail.com
© 2025 Oles Honchar Dnipro National University; doi: 10.15421 /jchemtech.v33i4.334651


http://chemistry.dnu.dp.ua/
mailto:davydenko300808@gmail.com

991

Journal of Chemistry and Technologies, 2025, 33(3), 990-999

dopMyBaHHAM BOCBMHUSAJAEPHOTO KOMILUIEKCY a3aMeTaJIOKpayHOBoro Tumy ckjaagy  Cus(ps-0)2(DMPZ-
H)s(NCO)2(0Ac)2-2CH30H. OTpuMaHMii BOCBMHAAEPHHMH KOMILJIEKC € iHBepTOBAaHMM asaMeTa/JIOKpayHOM (24-
asaMeTaJIOKpayH-8) BHacaifok peasisanii nukaiyHoi B3aemogii (-Cu-N-N-)s 3aBAsAKU NMOC/IiJOBHOMY NO€EAHAHHIO
BOCBMH aTOMiB KynpyMy MiCTKOBO KOOpPAUHOBAaHMMM MoOJIeKyJaMH Jirangy 3,5-aumertwi-1H-nmipasosty.
KpucranorpadidyHa ocb Apyroro mopsiiKy po3fijis€ OTPMMaHMHA BOCBMUSJEPHUII KOMIJIEKC HA ABa OJAHAKOBi
TpusgepHi ¢parmenTy Cu2-Cu3-Cu4i Ta Cu2i-Cu3i-Cu4, sKi mnocaAiZOBHO 3’€AHaHi 6iAeHTaTHO-MiCTKOBO
KOOPJAUHOBAaHUMM MoJjieKysaMH 3,5-auMeTtua-1H-nipa3osy Ta mictkamu ps3-07%, AKi € HeHTpaMu KoopAuHauii Ajas
TPBOX KaTioHiB Kynpymy. TpuaaepHi ¢pparMeHTH A0AATKOBO 3’€AHAHI TeTPaJeHTAaTHO-MiCTKOBUMM LiiaHATHUMH
rpynaMmu B KiHIleBHii BOCbMUsIJePHUI KOMIIEKC. [IIs A0CTiA»KeHHA Mi>KMOJIeKy JIIPHUX B3a€EMO/ il y KpUCTaiyHIN
CTPYKTYpi KoMIlJleKcy GyJi0 MpoBeAeHO aHaJji3 nmoBepxHi Xipmdeanga, JONOBHEHHUH ABOBUMipHMMM rpagikamMmu
BiAGUTKIB. PesysbTaTn nokasaau goMiHywo4di KoHTakTH H-H (71.7 %) pa3oM i3 mOMiTHMUM BHECKOM B3aeEMOJAIil
H--C/C---H, H:-0/0-+-H Ta H--*N/N---H, 1m0 niaTBepA>Ky€, 10 BOAHEBI 3B'I3KU BiJirpaiTh 3Ha4YHy poJib y craGitizamii
KPHCTa/IiYHOi yTaKOBKHY OTPUMAHOI 0 KOMILJIEKCY.

Karouosi caoea: nipa3oJibHi JiraHiu; KOMIJIEKCH KYyIIPYMY; KPUCTalidYHA CTPYKTYpPa; OKMCHE PO3YMHEHHS; MeTaJOKPayHy;

aH”asi3 noBepxHi Xipuidpenbaa.

Introduction

Pyrazole derivatives represent a group of
heterocyclic compounds defined by a five-
membered ring containing two adjacent nitrogen
atoms. They have attracted considerable interest
in medicinal chemistry owing to their wide range
of biological activities and therapeutic prospects.
These  compounds  demonstrate  various
pharmacological effects, including antimicrobial,
anti-inflammatory, anticancer, antioxidant,
antiviral, antidiabetic, and neuroprotective
properties [1-5]. The remarkable medicinal
potential of pyrazole can be demonstrated by the
range of marketed drugs containing this moiety,
including Celecoxib [6], Lonazolac [7], Mepirizole
[8], Rimonabant [9], Acomplia [10], Cimetidine
[11], Fipronil [12], Dexacoxib [13], among others.
Copper is among the most abundant and less toxic
transition metals. Its natural bioavailability and
versatile redox properties are utilized by living
systems to perform oxygenase and oxidase
reactions using O, or H,0, as oxidants. Drawing
inspiration from the activity of Cu-containing
metalloenzymes, researchers have designed
synthetic methodologies for organic
transformations under environmentally friendly
conditions. Moreover, copper can catalyze a
variety of reactions typically associated with 4d
and 5d metals, such as palladium (Pd), platinum
(Pt), and rhodium (Rh), including nitrogen
insertions and C-C or C-heteroatom coupling
processes [14].

Over the past several decades, copper
pyrazolate complexes have garnered significant
attention due to their structural versatility and
promising applications in magnetism [15-18],
luminescence [19], and catalysis [20-22]. The
pyrazolate anion readily coordinates to copper
ions through an N,N’-bridging mode. These
complexes exhibit a wide range of structural
diversity, including di-, tri-, tetra-, penta-, hexa-,
and polynuclear architectures, as well as chain,

layered, and  three-dimensional network
formations [23-27].

We are interested in the self-assembly of novel
polynuclear metal complexes employing pyrazole
and both cyanate and carboxylate as bridging
ligands. It has been long known that coordination
compounds may be obtained starting from
elemental metals. This synthetic strategy, known
as the oxidative dissolution method or direct
synthesis of coordination compounds, was used to
prepare numerous homo- and heterobimetallic,
both mononuclear and polynuclear complexes,
with different aminoalcohol ligands such as
diethanolamine and others (HL) [28]. Here, we
report the synthesis and crystal structure of new
undecanuclear Cus(u3-0)2(DMPZ-H)s(NCO):
(OAc)2:2CH30H (DMPZ = 3,5-dimethyl-1H-
pyrazole). The compound was prepared starting
from copper metal, ammonium acetate, sodium
cyanate and pyrazole ligand (DMPZ) in a
dimethylformamide solution under ambient air
and water conditions. We are interested in
understanding how the presence of both cyanate
and carboxylate as bridging ligands can influence
the structure and properties of the obtained
complexes.

Hirshfeld surface analysis was also done to
obtain more detailed information about the
structure of undecanuclear complex Cusg(ps-
0)2(DMPZ-H)g(NCO)2(0Ac).-2CH30H.

Experimental and methods

All chemical reagents were commercial
products of reagent grade and used without
further purification unless otherwise specified.

IR spectroscopy. IR spectra were recorded with
a Perkin-Elmer Spectrum BX FT-IR in the range of
400-4000 cm-1in KBr pellets.

Elemental analysis. The elemental (CHN)
analysis was performed using a CHNOS analyzer
vario MICRO cube Elementar. The result was
reported as the percentage by weight of each
element, with a precision of £0.30 %.
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MALDI mass spectrometry. Positive and
negative MALDI mass spectra of the complex were
recorded on an Autoflex II (Bruker Daltonics Inc.).
Solutions for MALDI mass spectrometry were
prepared using reagent grade dimethylformamide
and the obtained data (masses and intensities)
were compared to those calculated by using the
IsoPro isotopic abundance simulator, version 2.1
[29]. Peaks containing copper (II) ions are
identified as the centres of isotopic clusters.

Crystal structure determination. Crystal data,
data collection and structure refinement details
are summarized in Table 1. The structure was
solved using a set of programs CrysAlis PRO
1.171.43.144a (Rigaku OD, 2024), SHELXT
2018/2 (Sheldrick, 2018), SHELXL 2018/3
(Sheldrick, 2015), Olex2 1.5-ac6-020 (Dolomanov
et al, 2009) [30]. The structure of the title
compound was deposited at the Cambridge
Crystallographic Data Centre (N22469927)[31].

Table 1

Crystallographic data, details of data collection, and characteristics of data refinement for the obtained complex

Chemical formula

C46He2CugN150s-2(HO)-2(CH3)

Mr 1567.54

Crystal system, space group Monoclinic, P21/n

Temperature (K) 293

a,b,c(d) 7.5053 (3), 32.6038 (9), 13.1647 (5)
£(°) 95.739 (4)

Vv (A3) 3205.3 (2)

Z 2

p (mm-1) 2.67

Crystal size (mm)

0.12 x 0.07 x 0.03

Data collection

Diffractometer

XtaLAB Synergy, Dualflex, HyPix

Absorption correction

Multi-scan

CrysAlis RED, Oxford Diffraction Ltd., Version
1.171.31.8 (release 12-01-2007 CrysAlis171 .NET)
(compiledJan 12 2007,17:49:11) Empirical
absorption correction using spherical harmonics,
implemented in SCALE3 ABSPACK scaling
algorithm.

Tmin ) Tmax

0.637,1.000

No. of measured, independent and
observed [I > 2c(])] reflections

43316, 8072, 4444

Rint 0.059
(sin /A )max (A1) 0.680
Refinement

R[F? > 26(F?)], wR(F?), S

0.064, 0.182, 1.02

No. of reflections 8072

No. of parameters 383

H-atom treatment H-atom parameters constrained
Apmax, Apmin, e A-3 1.82,-0.58

Synthesis of polynuclear complex. Complex
CU3(H3-0)2(DMPZ-H)g(NCO)z(OAC)z'ZCH3OH 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 acetate (0.77 g; 0.01 mol), and sodium
cyanate (0.65g; 0.01mol) in 20 mL of
dimethylformamide @~ (DMF)  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 for 2 days. The green
needle-shaped crystals of the title compound,

suitable for X-ray analysis, were salting out with
methanol vapors within 2 days. Yield 38 %.
Elemental analysis (%): calculated C, 36.65; H,
4.12; N, 16.73. Found: C, 36.61; H, 4.08; N, 16.33.

The synthesis of 3,5-dimethyl-1H-pyrazole was
carried out according to the following method
[26].

Results and discussion

Copper powder, ammonium acetate, sodium
cyanate, and DMPZ were taken at a 1:1:1:1
molar ratio in DMF. All reactions were initiated
and brought to completion by heating and stirring.
Green solutions were obtained at the end of the
reactions that afforded crystals of the polynuclear
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compound directly after filtration. The formation
of CLIs(p.3-O)2[DMPZ-H)g(NCO)z(OAC)z'ZCH3OH

can be described by the following reaction
scheme:

Cu® + DMPZ + NH4COOCH; + NaNCO + DMF/CH30H + 0, —
— Cug(ps-0)2(DMPZ-H)s(NCO)2(0Ac),-2CH3OH + NH3 + H20 + NaCOOCH3

Infrared spectra. The stretching vibrations of
the pyrazole ligands, namely v(N-H) and v(C-H,
aliphatic) appear as multiple bands in the region
of 2880-3100 cm-1. The other absorption peaks of
the pyrazole ligands appear at 1700-650 cm1.
Weak bands corresponding to the acetate methyl
groups C-H stretching vibrations are identified at
2800-2900 cm.

The IR spectrum of the title compound displays
several main bands: 3100 m, 2930 m, 2890 m,
2140 m, 1670s, 1615 m, 1590 s, 1430 m, 1350 m,
1150 w, 1100 w, 1050 m, 980 w, 770 w, 620 m,
490 m cm'L. The carboxylate groups of the acetate
ions give rise to two strong bands in the spectrum
of 2: an asymmetric stretching band at 1560 cm'!
and a symmetric stretching band at 1440 cm-1. The
difference in wavenumbers, A=120 cm'!, between
the antisymmetric and symmetric COO- stretching
frequencies indicates the presence of bridging or
chelating acetate ligands [32], which is consistent
with the X-ray structure determination.

The bands observed in the range of double
bonds 2140 cm! suggest characteristic vibration

bands of the NCO group in the structure, which in
the compound exhibits a rather rare method of
coordination - tetradentate-bridging (ps-NCO).
Only one example of such an unusual coordination
of the cyanate group has been found in the
literature [33]. The medium intensity bands at
1615 cm! and 1050 cm-1 may be attributed to the
C=C or C=N groups of the pyrazole ligand, and the
second absorption band belongs to C-N groups,
respectively.

MALDI mass spectrum. In the MALDI mass
spectrum of the dimethylformamide solution of
the obtained octanuclear complex, isotopic
patterns from mononuclear particles with signal
profiles characteristic of the copper isotopic
distribution can be distinguished (Fig. 1). This
indicates the destruction of complex particles
under the influence of laser radiation (Fig. 1). The
isotopic patterns and their mass spectrometric
characteristics detected in the mass spectrum are
given in Table 2.

Table 2

Mass spectrometric characteristics of copper particles in the MALDI-MS spectrum of the obtained complex
Cus(ps-0)2(DMPZ-H)s(NCO)2 (0Ac)2-2CH30H

Pattern — m/z - Mcalc.
[Cu(DMPZ-H)2(DMPZ) IM®A + H+]* 423.882 423
[Cu(DMPZ-H)2(DMPZ) 2IM®PA + 3H+]* 499.043 499
[Cu(DMPZ-H)2(DMPZ)2 (0OAc) + Na+]* 527.043 527

Description of the complex. The crystal
structure determination reveals that Cug(ps-
O)z(DMPZ-H)g(NCO)z(OAC)z2CH3OH (Flg 2) is an
octanuclear compound with an unexpected
molecular topology. Based on the classification of
metallacrowns [34], complex Cug(ps-0)2(DMPZ-
H)s(NCO)2(0OAc).-2CH30H can be considered as a
new inverted 24-azametallocrown-8, due to the
implementation of the cyclic interaction (-Cu-N-N-
)s formed by eight copper ions and eight p,-bridge
coordinated DMPZ anions. The title compound is
constructed from Cu2-Cu3-Cu4i and Cu2i-Cu3i-
Cu4 fragments by sequentially linking
deprotonated bidentate-bridging coordinated

molecules of 3,5-dimethyl-1H-pyrazoles and
bridging p3-02, which are the centers of
coordination for three copper cations. The

trinuclear fragments are additionally assembled
by tetradentate-bridged cyanate groups and two
copper atoms Cul, Culi into an eight-nuclear
complex. The terminal positions of two copper
atoms Cu3, Cu3i! are occupied by bidentate-
bridged acetate anion molecules (Fig. 2). A
crystallographic 2-fold axis running through Cul
and Culi bisects the obtained complex in such a
way that the trinuclear fragments Cu2-Cu3-Cu4i
and Cu2i-Cu3i-Cu4 are similar. The trinuclear Cu2-
Cu3-Cu4! fragment of the title complex is located
at the center of a ten-membered Cu3N50C cycle
formed from two bidentate-bridging coordinated
3,5-dimethyl- 1H-pyrazole molecules that bind the
Cu2-Cu3 and Cu3-Cu4icopper atoms to each other
and the ps-NCO anion (combining Cu2 and Cu4i).
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Fig. 1. Isotopic patterns in MALDI mass spectra of compound Cus(ps-0)z2(DMPZ-H)s(NCO)z(0Ac)z:2CH30H for
particles of [Cu(DMPZ-H)2(DMPZ)-DMFA + H+]+ observed (a) and calculated (d);
[Cu(DMPZ-H)2(DMPZ)-2DMFA + 3H+]* observed (b) and calculated (e); [Cu(DMPZ-H)z(DMPZ)z(0Ac) + Na+]*
observed (c) and calculated (f)

The center of organization of the three copper
atoms in the cycle is the pu3-02- group, which in turn
is linked by a hydrogen bond to the CH3;OH
molecule. The O-atom is 0.593 A out of the Cus-
plane in the trinuclear unit. The trinuclear
fragment of the complex, the apparent plane of
which is formed of three copper atoms Cu2-Cu3-
Cu4i, resembles an isosceles triangle with almost
equal sides Cu2-Cu3 3.233 A and Cu4i-Cu3
3.184 A, and the foundation of this triangle is its
apparent side Cu2-Cu4i with a length of 3.602 A.
The value of the Cu2-Cu3-Cu4i angle is 68.32°
(Table 3). The Cu3iand Cu3 copper atoms are in a
distorted square pyramidal environment (N202 +
0). This is confirmed by the values of geometry
indices ts = 0.0545 [35] (Table 4). Thus, in the
equatorial plane of copper atoms, there are two
nitrogen atoms from deprotonated bidentate-

bridging coordinated molecules of 3,5-dimethyl-
1H-pyrazole (Cu-N 1.915(2)-1.925(2) A), one
oxygen atom from p3-02(Cu-O 2.035(0) A) and
another oxygen atom from the bidentate-chelate
coordinated acetate anion (Cu-0 1.972(0) A). This
type of coordination of the acetate group in copper
(I) complexes always leads to a different spatial
arrangement of the Cu-O bonds, so its other bond
occupies the axial position of the square pyramid
(Cu-0 2.410(1) A). Notably, Cul, Culi, Cu2, Cu2i
(N30) and Cu4, Cu4i (N202) copper atoms have a
four-coordinate environment. According to this,
the parameters 14 and T4 were calculated and
found to have values (Table 4) indicating a seesaw
geometry [36]. The Cu~-Cu intramolecular
separations in all trinuclear metallacycles are
within the range of 3.184(0) - 3.602(1) A (Table 3).
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Table 3
Selected bond lengths (A) and bond angles (°) for the title complex
Cus(ps-0)2(DMPZ-H)s(NCO)z (0Ac)2-2CH30H, (-x, -y, -z+1)
Cul—N5 1.936 (5) Cu3—N1 1.916 (5)
Cul—N4 1.937 (5) Cu3—N8 1.932 (5)
Cul—o01 1.937 (5) Cu3—04 1.977 (5)
Cul—N9i 1.945 (5) Cu3—02 2.035 (4)
Cu2—N7 1.924 (5) Cu3—03 2.420 (6)
Cu2—N6 1.933 (6) Cu4—N2i 1.925 (5)
Cu2—N9i 1.990 (5) Cu4—N3 1.946 (5)
Cu2—02 2.024 (4) Cu4—O01 1.975 (5)
N5—Cul—N4 108.5 (2) 04—Cu3—02 150.6 (2)
N5—Cul—O01 137.0 (2) N1—Cu3—03 103.0 (2)
N4—Cul—O01 90.6 (2) N8—Cu3—03 104.0 (2)
N5—Cul—No9i 90.8 (2) 04—Cu3—03 57.5(2)
N4—Cul—Noi 137.7 (3) 02—Cu3—03 93.0 (2)
01—Cul—No9i 100.5 (2) N1—Cu3—C22 101.2 (3)
N7—Cu2—N6 98.7 (2) N8—Cu3—C(22 101.2 (3)
N7—Cu2—NOi 154.5 (2) 04—Cu3—C22 28.5 (2)
N6—Cu2—NOi 89.1(2) 02—Cu3—C22 122.1 (3)
N7—Cu2—02 88.79 (19) 03—Cu3—C22 29.1 (2)
N6—Cu2—02 162.7 (2) N2i—Cu4—N3 100.0 (2)
N9i—Cu2—02 90.73 (19) N2i—Cu4—01 153.0 (3)
N1—Cu3—N8 152.9 (2) N3—Cu4—01 89.6 (2)
N1—Cu3—04 95.7 (2) N2i—Cu4—02i 89.4 (2)
N8—Cu3—04 96.6 (2) N3—Cu4—02! 157.0 (2)
N1—Cu3—02 89.47 (18) 01—Cu4—02i 91.31 (19)
N8—Cu3—02 91.57 (18)
Cul—01—Cu4 116.8 (3) Cu4i—02—Cu3 103.49 (17)
Cu4i—02—Cu2 125.88 (19) Cuz—02—Cu3 105.38 (18)
Culi—N9—Cu2i 116.6 (3) C24—05—H50 116.4
Table 4

Geometry index and donor environment of the central atoms in the title complex
Cusg(us-0)2(DMPZ-H)s(NCO)2(0Ac)2-2CH30H, (-x, -y, -z+1)

Central atom Donor environment

Geometry index

Ts Ty T4

Cul N30 - 0.6 0.59
Culi N30 - 0.6 0.59
Cu2 N30 - 0.35 0.28
Cu2i N30 - 0.35 0.28
Cu3 N202+0 0.0545 - -

Cu3i N202+0 0.0545 - -

Cu4 N202 - 0.35 0.35
Cu4i N202 - 0.35 0.35

The Hirshfeld surface analysis and the
associated two-dimensional fingerprint plots
were performed using Crystal Explorer 21.5
software [37], with a standard resolution of the
three-dimensional dnorm surfaces plotted over a
fixed colour scale of -0.5177 (red) to 1.4919
(blue) a.u. There are 12 red spots on the dnorm
surface. 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. The Hirshfeld surfaces mapped over dnorm
are shown for the H---H, H:--C/C---H, H:--0/0---H
and H::N/N---H contacts (Fig. 3), the overall two-
dimensional fingerprint plot and the decomposed
two-dimensional fingerprint plots are given in
Fig. 4. The shortest intermolecular contacts are
two H--O interactions of 1.938A. These
correspond to the hydrogen bonds O5-H50---02:i
between the complex molecule and the solvate
methanol molecule.
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Fig. 2. The molecular structure of the title compound Cus(p3-0)2(DMPZ-H)s(NCO)z(0Ac)2:2CHsOH, (-x, -y, -z+1)

The most significant contributions to the
overall crystal packing are from H---H (71.7 %),
H--C/C---H (11.5 %), H--0/0--H (7 %) and
H---N/N---H (6.5 %) contacts. There is a small
contribution from Cu---H/H:--Cu (1.5 %), O---0
(1.1%), O--*N/N---0 (0.4%), Cu---0/0---Cu (0.2%)
and C--0/0--C (0.1 %) weak intermolecular
contacts. The relative percentage contributions to
the overall Hirshfeld surface by elements: H---all
atoms - 79.8 %, C---all atoms - 7.6 %, O---all atoms
- 5.7 %, N---all atoms - 5.4 % and Cu---all atoms -
1.5 %. Also, quantitative physical properties of the
Hirshfeld surface for this compound were

obtained, such as molecular volume (1468.13 A3),
surface area (976.71 A2), globularity (0.640), as
well as asphericity (0.142). The asphericity value
remains relatively low, indicating that the
molecular shape is close to isotropic, though with
a slightly more pronounced deviation from
spherical symmetry compared to more compact
molecules. Similarly, the globularity value below
one suggests that the molecular surface is
somewhat more structured and less compact than
a perfect sphere, reflecting a modestly elongated
or irregular molecular form.

H---C/C-+-H (11.5%)

H---0/O---H (7%)

H--N/N---H (6.5%)

Fig. 3. Projections of Hirshfeld surfaces mapped over normalized contact distance (dnorm) illustrating the overall
molecular interactions and highlighting individual contact types (H---H, H--C and H---0) in the crystal structure
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o

4

H---C/C---H 11.5%

d
A 06081012141618202224 A

H---O/0--H 7%

H--N/N--H 6.5%

A 0608B1012141618202224 A 06081012141618202224 A 0608101214 1618202224

Fig. 4. Overall two-dimensional fingerprint plot and decomposed plots delineated into specified interaction types,
corresponding to the Hirshfeld surfaces mapped with the dnorm function

Conclusions

In this work, a method of oxidative dissolution
was used to obtain an unexpected new
octanuclear  copper (II) complex  Cug(us-
0)2(DMPZ-H)g(NCO)2(0Ac)2:2CH30H with 3,5-
dimethyl-1H-pyrazole azametallocrown type.
Various techniques were used to identify and
characterize the structure of complex Cug(us-
0)2(DMPZ-H)g(NCO)2(0Ac)2:2CH30H, such as IR
spectroscopy, microanalyses, MALDI mass
spectrometry, and single-crystal X-ray diffraction.
It was found that  Cug(ps-0)2(DMPZ-
H)s(NCO)2(0Ac)2:2CH30H had been 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 Cul+
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. The resulting
octanuclear complex Cug(us3-0)2(DMPZ-
H)s(NCO)2(0OAc)2-2CH30H is a new inverted 24-
azametallocrown-8, due to the implementation of
the cyclic interaction (-Cu-N-N-)g formed by eight
copper ions and eight p,-bridge coordinated 3,5-
dimethyl-1H-pyrazole anions. A crystallographic
2-fold axis running through two copper atoms
(Cul and Culi) bisects the obtained octanuclear
complex on the same two trinuclear fragments
Cu2-Cu3-Cu4i and Cu2i-Cu3i-Cu4, which are
sequentially linked by deprotonated bidentate-
bridging coordinated molecules of 3,5-dimethyl-

1H-pyrazoles and bridging ps-0%-, which are the
centers of coordination for three copper cations
and deals with CH3OH molecules by hydrogen
bonds. The thrinuclear fragments are additionally
assembled by tetradentate-bridged cyanate
groups and two copper atoms Cul, Cul! into an
octanuclear complex. The Cu3i and Cu3 copper
atoms are in a square pyramidal environment
(N202 + 0). The values of geometry indices ts =
0.0545 confirm this. Accordingly, Cul, Culi, CuZ2,
Cu2i (N30) and Cu4, Cu4i (N202) copper atoms
have a four-coordinate environment, since the
parameters t4 and t4' were calculated and indicate
a seesaw geometry. The Hirshfeld surface analysis
confirmed that intermolecular H--H contacts
contribute most significantly to the crystal
packing. The calculated shape descriptors,
including low asphericity and moderate
globularity, suggest a relatively isotropic yet
slightly elongated molecular geometry.
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