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Pedepar:

1. Inceprauiiina po60Ta NpUCBSY€HA PO3POO6Li HOBOTO MiIXOAY 4O CUHTE3y 6araTosiiePHUX CIOIYK KyIPyMY, SIKUI
I10JISITa€ B OKMCHOMY PO34YMHEHHI IOPOIIKY MeTaJlidHoi Mifli y npucyTHOCTi rasioresinis mini(ll) B HeBogHOMY
PO34YVHi OpPraHivyHUX JIiraHZiB [P BiIbHOMY LOCTYIIi KUCHIO NOBITPS. BilMiHHICTb IIPOIIOHOBAHOTO MiAX04Y Bif,
IIMPOKOBXXUBAHOT'O aMOHIMHOIO IIPSIMOTO CUHTE3Y IOJIsIra€ y BUKOPUCTaHHi rasioreHinis miai(1l), siki omHOYacHO
BUKOHYIOTb POJIb KOHTPOJIbOBAHOTO PKEPEJIa aHIOHIB i IEPBUHHOIO OKMCHUKA METaivHOi Mifi. JlocaimkeHo
B3aeMoii, o BinOyBaThcs B peakuiiiHux cucremax Cu - CuX2 - L1 - Solv - 02, Cu - CuX2 - L1 - L2 - Solv - 02,
ne CuX2 - CuCl2, CuBr2, CuCI2-2H20, L1 - nipasosnpHuii girang, (3,5-gumetun-1H-nipason, 1H-nipaso:, 4-tion-1H-



nipasos), L2 - amiHOCIMpTOBUIA JliraHy, (gieTaHosmamiH, TpuetaHosamin), Solv - CH3CN, CH3OH, IM®A. Tlini6pano
ONTUMAaJIbHi yMOBU CUHTE3y 6araTosiiepHUX UN-OKCOLIEHTPOBAaHUX Iipa30JIbHUX i 3MillIaHOJIraHAHUX Mipa30IbHO-
aMiHOCIIUPTOBUX KoMIeKciB Kynpymy(Il). BctaHoBsieHO, 1110 ONTMMaJbHUAM CIiBBiTHOIIEHHSIM PeareHTiB 1J1s
CHHTE3Y 13-0KCOLEHTPOBAHUX TPUSIEPHUX Nipa30bHUX KoMILeKciB Kynpymy(ll) € 1:1:2 (Migb:ranorexin
migi(Il):nipasosnpuuii stirang). IlokaszaHo, mo GopmyBaHHS KiHLEBUX TPOIYKTIB BiZjOYBa€TbCS Yepe3 CTaLilo
YTBOPEHHSI BilOMUX TPUSALEPHUX CIIOJIYK OAHOBaleHTHOI Mizi. [Tpu 3MiHi cniBBinHOmEHHS Ha 1:2:3 BinbyBaeTbCs
(opMyBaHHS IEPEBAKHO TETPASIAEPHUX criosyK ckiany [Cud(u4-0)(u2-X)6(L1)4], ne X - Cl, Br; L1 - 3,5-numeTunn-
1H-nipa3zos, 1H-nipa3os. 3agikcoBaHO, 0 MPY OKMCHEHHI TPUSLEPHUX KOMILIEKCIB OJJHOBAJIEHTHOI Mifli B
cucremax i3 kynpym(Il) 6pomiziom, 3a paxyHOK yTBOPEHHSI HEBEJIMKOI KiJIbKOCTI BiZIbHOrO 6pOMY, BilOyBa€eThCs
YacTKOBE OPOMYBaHHS MOJIEKYJ 3,5-IMMETUIIIIpa3oly B 4-€ II0JI0XKEHHS 3 yTBOPEHHSIM Komiiekcis K3 i K4.
3anponoHOBaHO cxeMy Nepediry Lporo npouecy. Cunte3oano 10 HOBUX KOOPAMHALIMHUX crIoyK Kynpymy(1l) 3
ipa30JIbHMMU Ta aMiHOCIIMPTOBUMU Jlirangamu (8 nipasosnaTHUX i 2 3MilIaHOJIraHIHUX Mipa30IbHO-
aMiHOCIIPTOBUX), OYZOBY SIKUX BCTAHOBJIEHO [IOBHUM PEHTTEHOCTPYKTYPHUM aHali3oM. BinMiueHo, mo y
IOCTiI)KYBaHUX CUCTEMAX MapajesIbHO 3 6araTosiiepHUMHU CIIOJIyKaMU MOXYTh YTBOPIOBATUCS OJHOSIIEPHI,
[IEPEBAXKHO BiloMi, KOMILIeKcH. Jlume rpu BukopucrtanHi 1H-nipasony 3 cucremu 1Cu - 1CuCl2 - 2Hpz 6yso
0Jlep>kaHO HOBY MOHOSIIEpPHY KOOpAMHaLiiHy crionyKy ckinany [Cu(Hpz)2ClI2] (K1). BaratosgepHuii pn-
OKCOLEHTPOBaHUM Nipa3zosiaTHUI komiieke K8 npu B3aemogii 3 amiHocniuptamu popmye baratosiiepHy
pi3HosiraHgHY crosyKy HoBoi Tonosorii (K9). IToniouuii 6aratosigepHuil kommiekc K10 yrBoproeTses i npu
6esnocepenHii B3aemoii B cucremi Cu0 + Cu2+ + L1 + L2 + Solv. Takum unHOM, yrepuie 6yj10 OTPUMaHO CXOXi 3a
Oy[10BOIO Iipa30JlaTHO-aMiHOCIIMPTOBI KoopauHauiiHi crioayky Migi(Il) (K9 ta K10) gBoma NprHLUIIOBO Pi3HUMU
METOJMKaMU: BHACJiJOK B3aeMOJii cymillli MOpOLIKy MeTasivyHoi Mifi Ta BianosigHoro ranorexHiny migi(ll) y
IIPUCYTHOCTI OJjpa3y [BOX JIiraHiB (Iipa3osbHOro Ta aminocnuprosoro — K10), a Takoxx npu 6esnocepenHii
B3aeMOIii IorepesHbO0 CUHTE30BaHOT0 Mipa3oyBMiCHOro KoMIliekcy 3 amiHocniupToMm (K9). Binbuiicts ynepiue
CHHTE30BaHUX KOOPAMHALIIIHMX CIIOJIYK MAalOTh MOJIEKYJISIDHY OyZoBY (3a BUHsITKOM K10 - iloHHa 6y[10Ba) Ta
CKJIaJIAl0ThCS 3 HEUTPAJIbHUX 4acTUHOK. Jlo ckiany K3 Ta K4 BXo#saTh HEKOOPIMHOBAHI MOJIEKYJIN XJIOPO(POPMY, O
ckinany K10 - HekoopayHOBaHi MoJIeKyIu Bogu. [IpoBeieHe TepMOrpaBiMeTpuyYHe JOCIiIKEHHS 3Pa3KiB
MeTaJIoLMKIIiYHUX KoMmItekciB K5 i K6 ninTeeprkye ix cTifikicTb npu HarpiBaHHi 1o Temnepartypu =100 °C.
Komnnekcu K5-K8 6yso0 gociifskeHo MeTooM OpPOLKOBOi peHTreHorpadii, sKuii migrsepaus popMyBaHHS
iHOMBiAyaIbHUX CIIOJYK. BCTAaHOBJIEHO BiICYTHICTD BILJIMBY PO3YMHHUKA XJIOPOPOPMY Ha POPMYBaHHS CTPYKTypU
K4, ockisibKu pe3ybTaTi €JI€eMEHTHOTO aHasli3y NOPOIIKONOi6HOTO 3pa3Ky, OTPMMAHOr0O 3 METAHOJIBHOTO PO3YMHY,
BUSIBUJIACDH iI€HTUYHMMMU PE3yJIbTaTaM €JIEMEHTHOTO aHasli3y MOHOKpHUCTaIiB K4, BULiIEHUX I1iCJIs PO3YMHEHHS
BHXiJJHOTO ITOPOIIKOIOAIGHOr0 ocany y xJ10podopMi 3 HACTYITHOIO KpUCTali3alielo NponyKTy. [Toka3aHo 3aTHICTh
nipa3oslaTHUX KOMILIEKCIB popmyBatu nosimopdui moaudikaii (K8) B 3ase>kHOCTI Bii yMOB ITPOBEIEHHS] CUHTE3Y
Ta KpucrTasuisauii. [lepeBipeHo BIIIMB 06'€MHOr0 3aMiCcHUKa (11011y) Y ipa30JIbHOMY KiJlblii Ha POpMYyBaHHS
IeB'ITUYJIEHHOI TpUslepHOi CTPYyKTypH. [TokazaHo, o aromu Mizi B K5 ta K6 yrBopIooTh nanapHy 9-azaMC-3
crpykrypy Cu3(u-Ipz)3, LeHTpOoBaHy riIpOKCUTPYIOI0, B SKill aTOM OKCUT€HY BUXOOUTD i3 MJIOLMHY METATOLMKITY.
ITpu Bukopucrtanni CuCl2 crioctepiraeTbcst yTBOPEHHS OJIIMEPY, O CKIAIAE€ThCS 3 AUMEPU30BaHUX (PParMeHTiB, B
SKMX KOOpJMHallifHe YMCJIO OGHOTO 3 aTOMIB Mifli IOMIOBHIOETHCS [I0 5 32 paxyHOK KOOPIMHALIil MOJIEKYJIU
posunnHuKa CH3CN. Y cucremi Cu - CuBr2 - IpzH yTBOpIO€ThCA NOJIIMEPHA CTPYKTYPA, i€ KOOpAUHALiliHe
OTOYEHHSI OJIHOTO 3 aTOMIB Mifli JOOYIOBYETBCS 32 PaXyHOK 3B's13yBaHHS CTPYKTYPHUX (PParMeHTIiB MiCTKOBUMU
aromamu 6pomy. Po3pobisieHa MeTosiKa MOKe OyTH BUKOPUCTaHa JJ1s1 CUHTe3Y I10Ji6HNX MeTallOKpayHOBUX

CTPYKTYP i3 3aMillleHMM I1ipa30JIOM.

2. The dissertation is dedicated to the development of a new approach to the synthesis of multinuclear copper
compounds, which consists in oxidative dissolution of copper powder in the presence of copper(Il) halides in non-
aqueous solution of organic ligands on air. The difference of the proposed approach from the widely used direct
synthesis with ammonium salts is the use of copper(Il) halides, which simultaneously act as a controlled source of
anions and a primary oxidant of metallic copper. The interactions in reaction systems Cu - CuX2 - L1 - Solv - 02,
Cu - CuX2 - L1 - L2 - Solv - 02, where CuX2 - CuCl2, CuBr2, CuCl2-2H20, L1 - pyrazole ligand (3,5-dimethyl-1H-



pyrazole, 1H-pyrazole, 4-iodo-1H-pyrazole), L2 - aminoalcohol ligand (diethanolamine, triethanolamine), Solv -
CH3CN, CH30H, DMF were studied. The optimal conditions for the synthesis of copper(Il) pyrazolate complexes
and mixed ligand copper(Il) complexes with pyrazoles and aminoalcohols were selected. It was shown that the
optimal molar ratio between reagents for the synthesis of p3-oxocentric trinuclear copper(Il) pyrazolate
complexes is 1:1:2 (copper:copper(Il) halide:pyrazole ligand). The final products are formed after the stage of
formation of known trinuclear copper(l) compounds. The formation of mainly tetranuclear compounds [Cu4(u4-
O)(u2-X)6(L1)4] (X - CI, Br; L1 - 3,5-dimethyl-1H-pyrazole, 1H-pyrazole) occurs when the molar ratio is changed to
1:2:3. Partial bromination of 3,5-dimethylpyrazole molecules in 4th position (K3 and K4) occurs in systems with
copper(Il) bromide due to the formation of a small amount of free bromine during the oxidation of trinuclear
copper(l) complexes. A scheme of this process is proposed. 10 New copper(Il) pyrazole-containing complexes have
been synthesized and characterized, 8 of them are exclusively pyrazolate, and 2 mixed ligand compounds with
pyrazole and aminoalcohol ligands. It was noted that in most systems mainly known mononuclear complexes are
simultaneously formed with multinuclear compounds. A new mononuclear coordination compound [Cu(Hpz)2Cl2]
(K1) is formed using 1H-pyrazole in the 1Cu - 1CuCI2 - 2Hpz system. The multinuclear un-oxocentric pyrazolate
complex K8 forms a multinuclear multiligand compound with new topology (K9) in interaction with aminoalcohols.
A similar multinuclear complex K10 is formed by interaction of materials in the system Cu0 + Cu2+ + L1 + L2 + Solv.
For the first time, two similar structures of mixed ligand copper(II) pyrazolate aminoalcohol coordination
compounds (K9 and K10) were obtained by two fundamentally different techniques: due to the interaction of a
metallic copper powder and the corresponding copper(Il) halide in the presence of two ligands (pyrazole and
aminoalcohol - K10), as well as a result of direct interaction of the pre-synthesized pyrazole-containing complex
with aminoalcohol (K9). K3 and K4 include uncoordinated chloroform molecules, K10 contains uncoordinated
water molecules. Most of the first synthesized coordination compounds have a molecular structure (except for K10
- ionic structure) and consist of neutral particles. X-ray powder diffraction confirms the crystalline nature of some
analyzed samples (K5-K8) and the formation of individual compounds. Thermogravimetric analysis of K5 and K6
showed that this compounds are stable to a temperature of 100 C. There was no effect of chloroform solvent on
the formation of K4 structure, because the results of elemental analysis of the powder sample obtained from
methanol solution were identical to the results of elemental analysis of K4 single crystals isolated after dissolution
of the initial powder in chloroform with subsequent crystallization of the product. It is shown that the ability of
pyrazolate complexes to form polymorphic modifications (K8) depends on the conditions of synthesis and
crystallization. The influence of the substituent's volume (Iodine) in the pyrazole ring on the formation of a nine-
membered trinuclear structure was studied. It is shown that the copper atoms in K5 and K6 form a planar 9-
azaMC-3 structure Cu3(u-Ipz)3, centered by a hydroxy group in which the oxygen atom is noticeably inclined from
the plane of the 9-membered metallacycle. In the case of use of CuCl2, polymer comprising from dimeric
fragments, in which the coordination number of one of the copper atoms is complemented to 5 due to solvent
molecule coordination, is formed. In the system Cu — CuBr2 - IpzH polymeric structure is formed as well, in which
geometric environment of one of the copper atoms is completed due to linkage of structural fragments by the
bromine bridging atoms. The formation of such specific structure of the polymeric complexes can be particularly
explained by smaller ionic radius of chlorine as compare to bromine anion. The developed preparative procedure
can be used for the synthesis of similar trinuclear substituted pyrazole structures.
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