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NCCNEAOBAHUE CTPOEHUA KOMIJIEKCA NANNAQNA (i)
HA OCHOBE 3-(2-nuPnaun)-s-LiuKnonprPonmn-1,2,4-TPUA30NA

Cmambsi nocesiwyeHa cuHme3sy, uccsieoeaHul0 CMPOEHUsT U ceolicme Ho8020 KOOpOuHayuoHo20 coeduHeHusl nannadus (ll) c nuzaHdom Ha
ocHoee 3-(2-nupudun)-1,2,4-mpuasona. lMony4yeHHble coeOUHeHUs oxapakmepu3oeaHbl ¢ nomouwibto CHN-aHanusa, UK-u MMMP-cnekmpockonuu.
CmpoeHue Pd(HL)CI, 6bino dokazaHo memodamu PCA u 'H-SIMP. Uccrnedoeanusi nokasanu, 4mo npu KoopAuHayuu npoucxooum cMewieHue cua-
Hasoe ecex npomoHoe & csiaboe rnosie Mo CPaBHEHUIO C IMOJI0KEeHUeM CU2Hasl08 NPomoHoe e crekmpe "c80600HO20" nueaHoa. HalideHo, ymo
nocsie nepekpucmannusayuu, Mosekyna umemurncynsgokcuda obpasyem accoyuam ¢ komnnekcom Pd (HL)ClI,.

Knroyeenie cnoea: 1,2,4-mpua3son, IMP-cnekmpockonusi, nannadud.
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STUDY OF STRUCTURE COORDINATION COMPOUNDS PALLADIUM (l1)
BASED ON 3-(2-PYRIDYL)- 5-CYCLOPROPYL-1,2,4-TRIAZOLE

This article describes synthesis and characterization of novel ligand, 3-(2-pyridyl)-5-cyclopropyl-1,2,4-triazole (HL) and palladim(ll) complex,
Pd(HL)CI,. The crystal and molecular structure of the complex was determined by X-ray diffraction analysis. Both compounds were characterized by

means of UV-VIS, IR- and "H NMR-spectroscopy.

The synthesis of ligand (HL) based on thermal cyclization of amidrazons obtained by acylation of hydrazides with imidoesters. One of the fea-
tures of 1,2,4-triazoles is that they can exist in three tautomeric forms. As a result we observe doubling and tripling of signals of protons in NMR-

spectra of the corresponding compounds.

On the basis of obtained ligand we synthesized coordination compound in the metal to ligand molar ratio 1 to 1 Pd(HL)Cl,: PdCl,x2CH;CN + HL

=> Pd(HL)CI,

Adduced to NMR-spectra of obtained complex, compared with non coordinated ligand there is no doubling of signal of the N-H triazole proton,
which is explained by stabilization of some conformation by chelation. It is necessary to highlight that after complexation protons of pyridine and
triazole fragments undergo low-field shift because of decrease in electron density in the corresponding heterocyclic. The results of NMR-spectra

were confirmed by the results of X-ray analysis.

It became known, that complexation process leads to increse of optical density and appearance of second maximum in a long-wave area in

absorption-spectra.
Key words: 1,2,4-triazole, NMR-spectroscopy, palladium.
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CUHTE3 TA QOCNIAXEHHA YPAHINIbHOINO KOMNOMEKCY 3 AUAHIOHOM
3,3'-(2,2’-AUriAPOKCU®EHIN)-AN-1,2,4-TPUA3ONY

CuHme3oeaHo Hoeul sieaHO 3,3'-(2,2"-0uzidpokcudpeHin)-du-1,2,4-mpua3zon (H,L), Ha ocHogi sIK020 OMPUMaHO KOMIISIEKC 3 YpaHirl-
tioHom cknady UO,(H,L). OmpumaHi cnonyku 6ynu npoaHanizoeaHi 3a donomozoro SIMP cnekmpockonii. MoniekynsipHa ma kpucmarnid-

Ha 6ydoea komrnekcy 6yna niomeepdxeHa memodom PCmA.

Kmo4oei cnosa: 1,2,4-mpua3son, TMP-cniekmpockonisi, ypaHin-ioH, peHmaeHocmpyKmypHuU aHartis.

Betyn. BaxnueBuMm HanpsmMkom po3BUTKY XiMii ypaHy €
po3pobka HOBUX METOAMK BUAINEHHS AOro 3 CyMmillen, Lo €
royfloBHOIO Npobnemoto nepepobku BiAXodiB sioepHoi eHep-
retukn [1, 2]. BukopucTaHHs nonigeHTaTHUX rigpodo6HMX
niraHAiB A403BONSE ekcTparyBaTy ypaHin-noH 3 BOOHWUX PO3-
YKMHIB Y opraHiyHy chasy [3]. BignosigHi niraHaM TakoXx Mo-
XyTb OYyTW 3aKkpinneHnM Ha NoBepxHi afcopbeHTy, ocamxy-
04N Ha Hi NoHM ypaHiny [4]. [JocnigkeHHsA noMiHeCUeHT-
HuX [5, 6] BMacTMBOCTEN CNOMyK ypaHiny A03BOMNsAe po3pob-
NoBaTU Ha X OCHOBI HOBI MeToau SKICHOro i KinbKiCHOro
aHaniay BMIiCTy ypaHy B po3dMHax. Takox € nyonikauii, i skmx
OOMNOBIJaETLCA MPO MOXIUBICTb BMKOPUCTaHHI KOMMMEKCIB
ypaHiny B sikocTi katanizaTtopiB [7, 8] Ta sk agcopbeHTu,
CenekTMBHI 80 ioHiB niTito [9].

O6'ekTn Ta MeToaM AOCNIAXKEHHSA. Y SKOCTI BUXiQHUX
peYoBUH ANst OTPMMaHHS niraHa4y Ta Komnnekcy 6yno Bu-
KOpUCTaHO iMigoecTep caniyunoBoi KWCMOTKW, rigpasva
caniyunoBoi Ta Aurigpasvg ManoHOBOI KWUCIOT, siki OTpu-
MaHi 3a paHiwe onucaHumMu mMetoaukamm [10-12], HiTpaT
ypaHiny (UO2)(NO3),2H,O (4.4.a2), Ta PO3YMHHMKM, LIO
Oynu ounweHi 3a Bigomumu nigxogamu [13].

Cuntes 3,3'-(2,2'-gurigpokcuddeHin)-gu-1,2,4-rpnasony
(HsL). B konby Ha 100 mn nomictunm 6,06 r (0,0325 monb) imi-
[oecTepy caniumrnosoi Kucnotu, npununy 50 mn metaHony Ta
5,25 mn (0,0374 mornb) TpuetunamiHy. icns noBHOro po3yw-

HEeHHs iMigoecTepy O po3dmHy npucvnanm 2,14 r (0,0163
MMOJIb) Auriapasvg MarioHOBOI KUCIIOTU. YTBOPEHY CyMiLLl K-
n'atinu 18 rog. Ta nicns i OXONOMKEHHS YTBOPEHUA ocaj Bid-
inbTpyBanu, npommeann 3 pasv MetaHonom (no 10 mn) Ta
Bucywysanun. Maca Hal: 3,74 r, Buxig: 86,18%. PospaxoBaHo
anst C17H1aNsO2U (%): C, 61,07; H, 4,22; N, 25,14. 3HangeHo:
C, 61,23; H,4,19; N, 24,98.

CuHte3 [UO,(H.L)(CH3OH)]. B «kpyrnogoHHy konoy
emuicto 50 wmn  3acunarm 0,1 r  (0,0023 monb)
(UO2)(NO3)22H20 i 0,07 r (0,0023 monb) HsL, 3anunm
30 mn meTaHony. PeakuiHy cymiw kun'atunu 30 XBUNUH
(mo MOBHOrO PpO34MHEHHS peareHTiB) Ta BiadinNbTpyBanu
rapsuvM, o6 OYUCTUTU PO3YMH Bid MEXaHIYHUX OOMILLOK.
Konip po34nHy 3MiHIOETBCA 3 XKOBTOrO Ha MNOMapaH4yeBo-
YepBOHUIA. 3 YacOM METaHOI BMMAPOBYETLCS | MOYMHAKOTH
BMNadaTN opaHxXeBi KpucTanw, ski BiodinbTpyBanu, ABidi
nNpoMUBanN“ MeTaHorIoM Ta BUCYLLYBanu A0 MOCTINHOI Macu.
Buxig 68%. Po3spaxosaHo ansa CigH1sNsOsU (%): C, 34,08;
H, 2,54; N, 13,25. 3nanpeHo: C, 31,81; H, 2,54; N, 13,03.

3paskn moHokpuctanis [UO2(H.L)(DMF)]-3DMF ans
PEHTrEHOCTPYKTYPHOro aHanisy 6ynu oTpumaHi Lnsixom
nepekpucrtaniszauii  [UO2(H2L)(CH3OH)] 3 MmiHimanbHoi Ki-
nbKOCTi gumeTundopmamigy.

MMP-cnekTpu oOTpuMMaHuX cnomnyk Oynu 3anucaHi Ha
npunagi "Mercury 400" cipmu Varian npu KiMHaTHin Tem-
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nepaTtypi. Sk po3unHHUK 6yB BuKOpucTaHuii DMSO-ds. Y-
CMeKTpu cuHTe3oBaHux cnonyk B obnacti 400-4000 oM’
Oynn sanucadi Ha npunagi Spektrum BX Perkin Elmer
(tabnetkn KBr). EkcnepumeHTanbHUiA MaTepian ans pos-
LWMEPOBKM KpUCTanNivyHOI CTPYKTYypn Oyno oTpumaHo Ha
aBToandpakromeTpi Bruker Apex Il CCD. Yci po3paxyHku
BUKOHaHi 3a nporpamoto SHELX [14,15].

Pe3ynbTatn Ta ix o6roBopeHHs. [py NpPOXOmXKEHHI
npouecy KOMMIEKCOYTBOPEHHST BiAOYBaeTbCs OEMPOTOHY-
BaHHS TiAPOKCUIBHUX TPYN OKCUMEHINMBHOMO KinbLs, OCKi-
nekn y TNMP-cnekTpi komnnekcy iX CurHanuM 3HUKalTb
(puc. 1). YTBOpEHHS KOOPAWHAUINHMX 3B'A3KIB 3 ypaHin-
MNOHOM MPU3BOAWTb TaKOX [0 NEpPepos3noAiny eneKkTPoHHOI
rycTMHU B Monekyni niraHgy. Tak, curHan npoToHy Tpunaso-
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NBHOrO KiNnbLsa 3BYXYETbCS, B NOPIBHSAHHI 3 HEKOOPAUHOBA-
HUM niraHOoM, Ta 3a3Hae 3MmilleHHs Ha 0,83 m.a. y cnabke
none. Lle moxe cBigYMTM NPO 3MEHLLEHHS HA HBOMY enek-
TPOHHOI T'YCTMHUM Ta cTabinisauito TayToMepHoi opmu, e
aToMm rigporeHy 3B'si3aHuii 3 atomoM N1. CriabkononbHoro
3CYBY 3a3HalOTb TaKOX MPOTOHU H2 i H4, O MnOB'A3aHO
3 NePEHECEHHSAM EITEKTPOHHOI NYCTUHU 3 BEH30MbHOro Lu-
KNy Ha ypaHin-noH. Mpu UboOMy HaMMeHLLOro BNAuBY ypa-
HIN-MOHY 3a3Hae H” akuii Takox 3a paxyHOK Me3oMepHOro
edekTy AenpoTOHOBaHOI MAPOKCUMBLHOI FPynn 3a3Hae 3cy-
By 0,34 m.4. B cunbHe none (tabn. 1). Takox y cnekTpi
KOMMNIEKCY NPWUCYTHI CUrHanu Bif NPOTOHIB MOMEKyn Aume-
Tundopmamigy (npy 2,74 i 2,89 Big MeTUNbHUX Tpym, Ta
npu 7,96 m.4. Bi NpoToHy 6inst KapboHinbHOT rpynu).
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Puc. 1. MMP-cnekTpu H,L Ta oro komnnekcy 3 ypaHin-noHom [UO,(H.L)(DMF)]-3DMF

Ta6bnuuys 1
XimiyHi 3cyBM NpoTOHIB (rpyn npoToHiB), m.4.*
Cnonyka OH H' H? H® H* NH CH,
HiL 11,27 7,91 7,39 6,99 7,00 14,18 4,32
[UO,(H,L)(DMF)]-3DMF - 7,87 7,46 6,65 7,04 14,84 4,42

* 3anucaHo B DMSO-dg

PextreHocTpykTypHe pocnimkeHHst [UOo(HoL)(DMF)]-3DMF
nokasarno, WO ypaHin-ioH Mae neHTaroHansHo-binipamigansHy
reoMeTpito KoopAMHALNHOrO OToYeHHS (pyc. 2). [JoHOopHI aTo-
MU OKCUreHy i HITporeHy niraHgy Ta aumeTtundopmMamigy 3Ha-
XOOATHCS B OAHIN NIOLLWMHI, KyT MK HAMW CTaHOBNSTb 70—74°
(Tabn. 2), aTomMM OKCUreHy ypaHiny 3anmatoTb BEPLUMHW Mipa-
Migu. ATOMU OKCUreHy rigpOKCUEHINBHUX TPYN 3HAXOAATLCS

Ha BiacTaHi 2,228 A, Ha Tpoxu BinbLLIN BiACTaHi PO3TALLOBYETb-
CS OKCUreH KOOpAMHOBAaHOI MOSEKYNN PO34UHHUKA. ATOMU HiT-
poreHy TpuasonbHUX Fpyn 3B'A3aHi 3 YpaHin-MioHOM 3HAYHO
cnablie, i 3HaxoaATbCs Ha BiacTaHi 2,56 A. BinbLu KOpOTKWIA
3B'A30K MK A€NPOTOHOBAHNMMN OKCUreHaMu OeHinbHUX rpyn Ta
MOHOM YpaHiny MOXHa MOSICHATU 3a paxyHOK YTBOPEHHS MiX
HUMW KOBaneHTHUX 3B'A3KIB.

Tabnuuys 2
OcHoBHi goBxuHK 3B'A3KiB (A) Ta kyTH (°) B cTpyKTYpi Komnnekcy [UO,(H,L)(DMF)]-3DMF
U-O1 1,782 01-U-03 178,85 03-U-N10 91,89
U-03 1,791 01-U-013 91,58 013-U-N10 140,82
U-013 2,228 03-U-013 89,46 02-U-N10 69,64
U-02 2,291 01-U-02 93,03 011-U-N10 143,20
U-O11 2,424 03-U-02 86,31 01-U-N14 86,48
U-N10 2,558 013-U-02 149,44 03-U-N14 93,42
U-N14 2,563 01-U-011 89,41 013-U-N14 70,26
03-U-011 91,32 02-U-N14 140,18
013-U-011 75,85 011-U-N14 145,71
02-U-011 74,01 N10-U-N14 70,57
01-U-N10 86,99




ISSN 1728-2209 XIMIA. 1(51)/2015 ~13 ~

N28 N8
N? NS/&
/" N10

o1 /

2 Q,OS 013 d

H

Puc. 2. BynpoBa komnnekcy [UO(H.L)(DMF)]-3DMF
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CWUHTE3 U UICCNNEOOBAHUE YPAHUIIbHOIO KOMIMNEKCA C AMAHNOHOM
3,3'<(2,2'-ANrngPOKCUN®EHUI)-ON-1,2,4-TPUA3OJIA

CuHme3upoeaH Hoebll nu2aHd 3,3'-(2,2'-0uecudpokcugpeHun)-0u-1,2,4-mpuason (H,L), Ha ocHoge KOMOPO20 MOJIy4eHO KOMIUIEKC C ypaHusl-
uoHom cocmaea UO,(H,L). MonyyeHHble coeduHeHUs1 6bINU NpoaHanu3upoeaHsi ¢ nomouwibto SIMP cnekmpockonuu. MonekynsipHoe u Kpucmannu-
4YecKoe cmpoeHue Komriekca 6b110 nodmeepxdeHo memodom PCmA.

Knroyeenie cnoea; 1,2,4-mpua3son, IMP-cnekmpocKonusi, ypaHus-uoH, peHmaeHoCmpyKmMypHbIU aHanus.
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SYNTHESIS AND STUDY OF COORDINATION COMPOUNDS OF URANYL ION WITH DIANION
3,3-(2,2-DYHYDROXYPHENYL)-DI-1,2,4-TRIAZOLE

Synthesis and design of new ligands are very important for selective uranium extraction from nuclear waste and for the determination of its
microquantities. For this reason, we synthesized 3,3-(2,2"-dyhydroxyphenyl)-di-1,2,4-triazole (H,L), as a model of 1,2,4-triazole containing ligands
eligible for practical use, and coordination compound UO,(H.L)Solv as well.

3,3-(2,2"-dyhydroxyphenyl)-di-1,2,4-triazole was obtained by acylation of malonic acid hydrazide with salicylic acid iminoester in methanol
solution and following intermolecular cyclization of the acylamidrazone. Obtained ligand formed neutral coordination compound with uranyl ion
UO,(H,L)Solv in metal to ligand molar ratio M:L = 1:1.

Crystal and molecular structure of the UO,(H,L)Solv was determined by X-ray diffraction analysis. It was found that equatorial position of
uranium are occupied by tetradentate coordinated ligand and one molecule of DMF. Coordination polyhedron of uranyl is a pentagonal bipyramid.
Ligand comprised in complex as dianion (Hsz') due to deprotonation of hydroxy groups, while triazole rings remaine in acidic form. Angle between
planes of the phenyl and triazole rings is 21.5°, and angle between triazole heterocycles planes are 137°. The investigation of complex in solution
was provided by means of NMR spectroscopy. Low-field shift of signals of protons H', H’, H* and hydrogen of triazole, strong-field shift of signal
proton H® in NMR spectra shows that UO,(H,L)is stable in dimethylsulfoxide solution.

Keywords: 1,2,4-triazole, NMR-spectroscopy, uranyl ion, X-ray diffraction.



