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OrmycaHbl pe3yabTaThl HCCICAOBAHUS MOJICKYJSIPHON CTPYKTYPBI FETEPOIMIaHIHOIO KOMIUIEKCA TaI0JMHuUs C
Tpu- U auruzapazoHom 1,3,56eH300TpHKapOOHOBOM KHCIOTH M 3-MeTHII-1-(henmn-4-hopMmimupason-5-ona
(HsL* 1 Hsl?). Ycramosneno, uro xommiekc cocraBa My(LY)(HL?); umeer mmckpermoe monexymspHoe
CTPOGHHE UM TE€OMETPHI0 PAaBHOCTOPDOHHETO TPEYroJbHUKA, OOPa30BAHHOIO KAaTHOHAMU TaOJMHMA,
CBSI3AHHBIMH TPHHYKIeHpyiomnM murannoM LY. Bunyknenpyrormue nuranasr HL? pacronosxens: Ha rpassix
TPEYrOJIbHUKA M TTONIAPHO CBA3BIBAIOT KATHOHBI I'a/IONUHUS.

Knrouesvie cnosa: ruapason, 1,3,56en30ntpukapboHoBas KUciaoTa, 3-MeTi-1-penui-4-hpopmusnupaszon-5-
oH, PCA.

BBEAEHUE

MeraokiacTepsl Ha OCHOBE OpPTaHMYECKHMX JIMTAHIIOB SBISIOTCS OJHHMH U3
BOXHEHIINX  OOBEKTOB  HCCIIEIOBaHMS  COBPEMEHHOW  KOODAWHALMOHHOW U
CYIpaMOJIEKyISIpHOH XUMHHU. MIHTepec, KOTOPBIA OHU MPEACTABIISIOT AJIS CIICIHAINCTOB,
paboTamux B ITHX OOJACTAX HAYKH, OOYCJIOBIICH SPKO BBIPAKECHHOW TEHIEHITUEH
METaJUI-TUTaHAHBIX CHCTEM K 0Opa30BaHUIO KOMIUIEKCHBIX COEAMHEHHH IO MPUHLUILY
uepapxuueckod  camocOopku.  M3yueHwe ~ 3aKOHOMEpPHOCTEH  MOJIEKYJISpPHON
CaMOOPraHM3aLMH Ha TAKUX MOJEJISAX MEPCTIEKTHBHO JJIS MTOCIEAYIOMETO UX IPHMEHEHHS
K TIporeccaM, NPOUCXOAAIINM B 0Oojiee CIIOXKHBIX CHUCTEMax, B IIEPBYIO Odepelb B
ouomonekynax [1]. Haubornee momxonsimumMu MOJACISAMH ISl PEIICHUS MOJJOOHBIX 3a1a4
SBIIAIOTCS. BBICOKOCHMMETPHUYHBIC OJMTOMEPHBIE KOOPAWHALMOHHbEIE coeanHeHus. Panee
HaMHU OBUTH ONMCAHbI CIIeHCepUpOBaHHbIE KOMIUIEKCH JAHTAHUIOB C ALMITHAPA30HAMH
3-metun-1-pennn-4-hopMunnupazon-5-oHa — TeIMKAaTHbIE OHsEPHBIE KOMIUICKCHI
coctaa Mj,L; Ha ocHOBe AWMIHIPa30HOB NPEAETBbHBIX JAWKApOOHOBBIX KHCIOT U
IICEBAOTETPAdIPUUCCKHE TeTpasAepHble KOMIUIEKCHI cocTaBa ML, Ha ocHOBe
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TPUTHIpa30Ha TPUME3MHOBOH KHCIOTH [2-5]. B HacTosieM COOOIICHUH OMUCAHBI
pEe3yIbTaThl UCCIEAOBAHUS CTPYKTYPHI T€TEPOIUTaHIHOTO KOMIUICKCA TaJONUHUSA C IH- U
TPUTHIPA30HOM TPHUME3UHOBOW KHCIOTH M 3-MeTui-1-pennn-4-popmunnupason-5-ona
(H3Ll  HL? COOTBETCTBEHHO):
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MOHOKpHUCTaITBl UCCICYEMOI0 COEJWHEHHs OBUTM TONYyYeHBI M0 CIeIyIomen
metomuke. K cycnensunm 0,32 r cmecu tpuruapasuga 1,3,56eH30nTprkapboHOBOI
KHCIIOTHI W JurHapasujga S-meroxcukapOoHmi-1,3-0eH3011uKapOOHOBON  KUCIIOTHI
(cootromrenne 1 x 2) B 15 ma JIM®A, marperoro go 65—-70C, mobaswmu 0,771 (3,81
MMOJIb)  3-MeTwi-1-penun-4-popmumnnupason-5-0Ha M MepeMelIMBald  CMECh Ha
MarHuTHOM Memanke B TeueHne 30 muH. 3ateM nobasuiu pactBop 1,27 MMons xyiopuna
ragonuHus B 15 mi aranona, 0,8 Mt nmupuauHa U npoaospKainy nepeMeninanue eme 30
MUH. PeakiMoHHyI0 cMech OXJIaJMIM 0 KOMHATHOW TEMIIEPaTyphl, OTQMILTPOBATH U
OCTaBWJIM PAcTBOp Uil KpHCTAJUIM3aluH. Yepe3 HECKOJIbKO CYTOK BBIICIHIINCH
KPHUCTAJIBI, IPUTOIHBIC JUTS PEHTTEHOCTPYKTYPHOTO HccliiefoBanus. Kpucramisl coctaBa
G0sC141H105N360246DMF-5,5H,0 tpuronansusie, mp. rp. R3, a = 30,8057(9);
b = 30,8057(9);c = 39,117(2) A;V = 32148(3) & M = 3624,95r/moms, Z = 6, Opaca- =
1,123 rldv™, p = 0,984 Mm™, F(000) = 11076.PeHTreHOCTPYKTYpHBI JKCIEPHMEHT
npoeeneH mpu Ttemmeparype 150 K na mudpakromerpe Bruker Smart APEX I,
obopynoBanHoM CCD-1eTeKTOpOM M HCTOYHHMKOM MOHOXPOMATHYECKOTO H3ITyUCHHUS
(MoK, A = 0,71073 A rpaduToBbIii MOHOXPOMATOP) C HCIOIB30BAHHEM CTAHIAPTHOI
npouenypsl [6]. Crpykrypa pacumdpoBaHa TNpsMbIM METOJIOM M yTOYHEHAa B
MOJTHOMATPUYHOM aHHU30TPOITHOM TIPUOJIMKEHUH JIUIsl BCEX HEBOJOPOJHBIX aTOMOB.
ATOMBI BOZIOpOJIa AIMJIMTHIPA30HA TEHEPUPOBAHBI T'COMETPHUYCCKH M YTOYHEHBI B
MOJIENIN KECTKOTO Tena. PacueTsl mpoBeaeHsl ¢ ucnonb3oBanueM mnporpamm SHELXL97
[7]. BenenctBue pa3ynopsiioueHHOCTH 3HAYMTENBLHON YaCTH COJIBBATHBIX MOJICKYJ BOIBI
PEHTTEHOCTPYKTYPHBIC JaHHBIE OBUIM CKOPPEKTHPOBAaHBI € TIOMOIIBIO MPOIETyPHI
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“Squeeze” mporpammbl PLATON [8]. Bcero 6wu10 cobpano 63658 orpaxenuii, u3
koTopbix 15099 sBistorcss cumMerpudeckn HezaBucUMBIMEH (R-bakTop ycpemHeHus
0,1432).B yrounenuu ucmojinp3oBano 6528 orpaxenmii ¢ | > 20(1) (763 yrounseMbix
napameTpa). OKoHYaTenbHbIC 3HaueHHs (akTopoB pacxomumoctd Ry = 0,0671 u

Ry = 0,1330,GOOF = 0,923.0craTouyHas 3JIeKTpOHHAs TUIOTHOCTh U3 Pa3HOCTHOTO psijia
®ypee 2,779 n-0,932 ¢A3

PE3YJBTATHI U OBCYXJIEHUE

B pesyipraTe MpOBENEHHOTO HCCIEIOBaHMs ObLIO YCTAHOBICHO, YTO IOJTYYCHHBIN
kommiekc wumeer cocrae  Goy(L)(HL?; (rme HsL' — tpurmmpasom 1,3,5-
OeH30ITPUKAPOOHOBOM KHCIIOTBI, HaL 2 —  UTHAPA30H 5-«apboxkcu-1,3-
0eH30J1TMKapOOHOBOM KUCIIOTHI) U TOCTPOCH M3 JHCKPETHBIX KJIACTEPOB TPEYTOJIBHOTO
crpoenust (puc. 1). [{eHTpanbHble aTOMbI CBSI3aHBI TPUTOIHBIM AHHOHOM TPHTHIPA30HA
TPUME3UHOBOW KHCJIOTHI, IIEHTPAIbHOE OCH30JIbHOE KOJIBIIO KOTOPOTO PACIIONIOKEHO MO/
TIOCKOCTBIO TPEYToIbHUKA Ha paccTosHuu 1,72 A, a cpennexpanpaTHuHble MIOCKOCTH,
00pa3oBaHHBIC XEJIATHBIMH I[UKJIaMH, DPa3BEPHYTHl 110 OTHOIICHUIO K IUIOCKOCTH
OeH30/IbHOTO KOJblIa Ha yrom 37,6° puc. 2). BeH307gpHOE KOIBIO (PEHUITEHOTO
3aMECTHUTEIIS u NHPA30JILHOTO KOJTbIIA MPAaKTUICCKU KOMILUTAaHAPHBI.
®opMUIUPa30abHEIA  (PAarMEHT JIMTaHJa KOOPAWHHPOBAH B JCNIPOTOHUPOBAHHOM
SHOJIbHO# (hopMe, B TO BpeMsi Kak T'MAPA30HHBINA (ParMeHT COXPaHACT MPU KOOPAUHAIIUH
MoJteKyJsipHOe cTpoeHre. COOTBETCTBEHHO, [UIMHBI CBSI3€H YIIEPOA-KHUCIOPO. 3aMETHO
ormmuatores: C7-01 1,28(1)u C12-02 1,24(1) A.Ormmuarorcs Taxke MIMHEI cBA3ei
yriaepoxn-azor: C11-N3 1,28(1) Au C12-N4 1,37(1) A urto ykaseiBaer Ha cnaGyio
JICTIOKAIM3AIIMI0 JIBOMHBIX CBsI3ei B TpenesiaXx XeJdaTHOTO y37a, XapaKTepHyIo i
KOOPIMHAIMOHHBIX COEAMHEHHIT alITHIpa3oHoB. B 1o ke Bpems cBass N3-N4 1,39(1) A
HECKOJIbKO YKOpOYEHA 10 CPaBHCHHUIO C OJUHAPHOM CBS3bIO a30T-a30T IHPA30JIBHOTO
kombifa — N1-N2 1,40(1) A.

AHAJOTHYHBIA ~ CHOCOO  KOOPAMHAIMK — ICHTPAJLHOTO  aToMa  peajr30BaH
MOJICKYJSIDHBIMA ~ THAHUOHAMH  JTUTHJPA30HOB TPUME3MHOBOH KHCIOTHI, KOTOpBIC
PACIOJIOKEHbI HA CTOPOHAX PABHOCTOPOHHETO TPEYrOJbHUKA M CBA3BIBAIOT KATHOHBI
ragonuaus nomapuo (puc. 3). Ilpu 93TOM [EHTpanbHble OCH30JbHBIE KOJbIA
PasymnopsA0YeHbl 10 JBYM IO3HMLUSIM, B KOTOPBIX MX IUIOCKOCTH OPUCHTHPOBAHBI O]
yriioM 64°, XenaTHple IHKIBl 3aMETHO HM3JIOMaHbl M OTKJIOHSIOTCS OT IUIOCKOCTH
NHMPa30JIbHOTO KOJbI[A. BEeH30JIbHOE KOMBIO (EHWILHOTO 3aMECTUTENS Pa3BEPHYTO
OTHOCHTEIIFHO IUIOCKOCTH TeTepouukia Ha yroi nopsaka 20°. KapOokcunbHas rpymma
JUTHIpa3uIa HEKOOPJHMHUPOBAHA U MPOTOHHPOBAHA, JJIMHBI CBS3€H YIIIEPOA-KHCIOPO
IIPAKTHYCCKH BHIPOBHEHBI i coctaBisiior 1,25(1)u 1,26(1) A.inmuusr cBsizeit B mpeenax
xeaaTo()OPHOH TPYNITUPOBKU TUTOMHBIX M TPUTOIHBIX JMTAHIOB COBIAIAIOT B Mpeaeiax
OomMOKM W3MepeHHs. J[JIMHBI CBsi3ell M BaJCHTHBIC YIIBI B IpeAeiax OpPraHUYeCKHX
JIMTaHI0B OJMM3KK K OOBIYHBIM 3HAUYEHUAM [9].
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Puc. 1. O6mmii iz monexyiast Goy(LY)(HL?),

o

Puc. 2. CrpoeHue TPUTONMHOrO JIMTaHJA W CIOCOO  CBSI3BIBAHUS  TPEX
KOOPAMHAIMOHHBIX MTOJIN3/IPOB

271



WynbauH B. ®., Banyda 0. U., l'ycee A. H., Kuckun M. A., Epemenko Y. J1.

H8B

Puc. 3. CrpoeHue AWTOMHOTO JHMraHma W CHOCOO TMOMAPHOTO CBS3BIBAHUS
KOOPIWHAIIMOHHBIX TTOJTH3IPOB

ATOMBI TaJOJMHUS CBSA3aHBl OCBI0 CHMMETPHHM TPETHEro TMOPSAAKA, PACCTOSHHS
Gd...Gd cocrasnsior 9,84 A, KOOpAMHALIMOHHOE umciao paBHo 9. Teomerpus
KOOPIMHAIIMOHHOTO TIOJIMAIPa MOKET OBITh ONMMCAHA KaK TPEXIIANOYHas TPUTOHATbHAS
npusma (puc. 4). Monekynsl auMeTWwiIGopMaMuiIa W BOABI HE KOOPJAWHHUPOBAHBI M
3aTI0JTHSIOT MOJIOCTH KPUCTAJUTMYECKON CTPYKTYPBL.

o1
03 @ / 05
N7 N3
N11
06 04 02

Puc. 4. CtpoeHne KOOPIUHAIIMOHHOTO Tosmdapa katnoHa ragoauuusi(lll) u mamuHs!
ceaseil B ero mpexenax: Gd-O5 2,316(5); Gd-O1 2,320(5); Gd-O3 2,326(5); Gd-O2
2,421(5); Gd-O4 2,428(5); Gd-O6 2,436(5); Gd-N7 2,624(7); Gd-N11 2,627(7); Gd-N3
2.671(6) A

3AK/IIOYEHUE

1. CunTe3npoBaHO KOOPAWHAIMOHHOE COCIMHEHNE TaJ0JIMHNS C TPU- U AUTHAPA30HOM
1,3,56en30nTpHKapOOHOBOM KHUCIOTH U 3-MeTHi-1-pennn-4-popmunnupason-5-ona
cocraBa Ma(L")(HL?); ¢ TpUrOHAIBHBIM PACIIONOKECHHEM [IEHTPATBHBIX ATOMOB.
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2. TlokazaHo, 4TO TPUAIMITHAPA30H BBICTYIAET B POJH TPUHYKICHPYIOUIETO JIUTaH/A,;
KaKAas MOJIeKyJla IUAIMITHIPAa30HA SBISETCS OWHYKIEHUPYIOMIEH W CONEPKUT
CBOOOIHYIO KapOOKCHIIBHYIO TPYIIITY.

Hccneodosanue nposedeno npu noodepoicke Poccutickoco ¢ponoa gpynoamenmanbrvix
uccneoosanuti, epanm 15-03-02769. PenmeenocmpykxmypHolill aHaiu3 GulNOJHEH HA
obopyoosanuu Llenmpa konrexkmugrnozo nonvzosarnus MOHX PAH.
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GADOLINIUM(IT) MIXED-LIGAND COMPLEX WITH HYDRAZONES OF
1,3,5-BENZENETRICARBOXYLIC ACID AND 4-FORMYL-3-METHYL-1-
PHENYLPYRAZOL-5-ONE

Shul'gin V. F.%, Baluda Yu. I1,Gusev A. N, Kiskin M. A2 Eremenko I. L?

Wl Vernadsky Crimean Federal University, Simferopol, Crimea, Russian Federation
2Kurnakov Institute of general and inorganic chemistry of the Russian Academy of Sciences,
Moscow, Russia

E-mail: shulvic@gmail.com

Gadolinium(lll)  mixed-ligand  complex  with  hydrazones of 1,3,5-
benzenetricarboxylic acid and 4-formyl-3-methyl-1-phenylpyrazol-5-one was obtained by
the next procedure. 4-Formyl-3-methyl-1-phenylpyrazol-5-one (0,77 g, 3,81 mmol) had
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been added into suspension of 0.32 g of the mixture (ratio 1:2) of 1,3,5-
benzenetricarboxylic acid trihydrazide and 5-methoxycarbonyl-1,3-benzenedicarboxylic
acid dihydrazide in 15 mL DMFA heated to 65-70 °C. This mixture was stirred on 30 min,
and then 1.27 mmol of gadolinium chloride in ethanol (15 mL) and 0.8 mL of pyridine
were added. The reaction mixture was stirred on 30 min, cooled to room temperature and
filtered. In few days from resulting solution formed trigonal X-ray suitable crystals with
CompOSition GelC141H105N360,46 DMF-5.5H,0.

The crystal structure was solved by the direct methods and refined by means of
Bruker Smart APEX Il diffractometer (150 K, using Mpkadiation; wavelength 0.71073
A) for 15099 unique reflections. Space gr&3p a = 30.8057(9);b = 30.8057(9);c =
39.117(2) A;v = 32148(3) A M = 3624.95 g/molZ = 6, deac = 1.123 @M=, p = 0.984
mm*, F(000) = 11076; R= 0.0671 R, = 0.1330, GOOF 0.923.

The molecule of complex G@A')(HL?; (HsL' - 1,3,5-benzenetricarboxylic acid
trihydrazone; HL? - 5-carboxy-1,3-benzenedicarboxylic acid dihydrazone) is based on Gd
triangle with distances Gd...Gd 9.888 The acyltrihnydrazone is coordinated as a tritopic
ligand and placed ander basal plane; three acyldihydrazones occupe the faces and are
bitopic. The pyrazole moieties of the ligands of both types are coordinated in deprotonated
enol form; the hydrazone moieties are coordinated in molecular form. Each of the
acyldihydrazone molecules has one protonated non-coordinated carboxyl group.
Molecules of solvents — N,N-dimethylformamide and water, are non-coordinated and fill
the cavities of the crystal lattice. The geometry of gadolinium coordination polyhedron
can be considered as tricapped trigonal prism, which consists of combination ¢f DyN
triangle and Dy@trigonal prism.

Keywords: hydrazone, 1,3,5-benzentricarboxylic acid, 4-formyl-3-methyl-1-
phenylpyrazol-5-one, X-Ray study.
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