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CuHre3upoBaHbl HOBble N-Tipou3BogHble TaypuHa — N-[2-(2-niupunwin)stun]raypud (HL ;) u N-[2-(4-nu-
punuin)stuwi|taypud (HL,). MeTonoM ajikaaMMeTpuuecKOro TATPOBAaHUSI BOOHBIX pacTBOpoB ¢ pH-noTeH-
uroMerpuyeckoit nuaukanueit npu I = 0.1 mons/n (KCI/KNO3) u t = 25 = 1°C onpenesieHbl oKa3aTean
KOHCTaHT KMCJIOTHOM Auccourannu pyHKUMOHaIbHBIX rpyni B coctaBe peareHToB (HL: pK,o=3.80 £ 0.03,
pK, =8.67 £ 0.02; HL,: pK,, = 4.80 £ 0.05, pK,,; = 8.18 + 0.04). YcraHosneHo, uro peareHT HL, Gosee
YCTOMYMB K mpoueccy aectpykuuu. MccnenosaHo koMiuiekcooopaszopanue HL; ¢ voHaMu nepexonHbIX U
1IeJIOYHO3eMeIbHBIX MeTaJJTOB. [Toka3zaHo, YTO BBeIeHUE B CTPYKTYPY TayprHa 2-(2-MUPUANIT)ITUIIBHOTO
3aMeCTUTEITS IPUBOINT K 3HAYMTEIbHOMY BO3pacTaHuio ycroiranBoctr (AlgP > 1) komruiekcoB HL | ¢ monamu
menu(Il), kobansra(ll), Hukens(I1), uunka(Il), kammusi(IT) u cepedpa(l). Komruiekcsl nonos kanbiusi(1),
marausa(11), crponuusi(I) u 6apusa(1l) c HL, xapakrepusylorcst He3HaUUTENIbHBIM IPUPOCTOM YCTONUUBO-
cru (AlgPB < 1) o cpaBHeHMIO ¢ TaypuHOM. [10 MMOJyYEHHBIM JaHHBIM BBICKA3aHBI MIPEIIIONIOXEHUS O
CTPYKTYpPE UCCIEAYEMbIX KOMIUIEKCOB.

Karoueessie cro6a: TayprH, KaTUOHBI 3d-METAJUIOB, KATUOHEI MeTaJUTIOB 1A rpyrmbl, KoMIIeKCOOOpa3oBa-

Hue, pH-noTteHIMOMETpUS
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BBEIAEHME

BaxxHbIM HampaBlIeHHEM COBPEMEHHOI KOOpPIM-
HAIlMOHHOM XUMUM SIBISIETCS (DYHKIIMOHAJIBHO OPH-
€HTUPOBAHHBIN NU3ailH HOBBIX OPTaHUYECKHUX CO-
enuHeHUit. JIaHHOe HallpaBjeHMe HaLleJIeHO Ha IOy-
YyeHHe COCOWHEHMIA, 00IagaoInmx HabOpoM 3apaHee
3aJJaHHbIX CBOWMCTB, Ha peajiu3allui0 TaKOro CTpoe-
HUS1 (WIN CTPYKTYPhl) UICKOMOIO COSOAUHEHUS, YTO-
OBI TTOJTYYMTh MaKCUMaJbHO BO3MOXHBIN 3(pdeKT
TSI BBIIOJTHEHUS TpebyeMoil pyHkumu [1]. DTo Mo-
XKET OBITh TaKO€ BaXKHOE CBOMCTBO, KaK CEJICKTUB-
HOCTb — M30MpaTeIbHOE CBS3bIBAHNE KOHKPETHBIX
MOHOB MeTaJUIOB B KoMIuiekc. st 3dpdeKTUuBHOro
HMCHOIb30BaHUs Ipynitbl MeTonoB QSAR [2] ¢ memnbio
KOJIMYECTBEHHOTO MPEACKa3aHUS U OIMCAaHMSI CBSI3U
CTPYKTYPbI HOBBIX JINTAHJOB C MX KOMILJIEKCOOOpas3y-
IOIIMMU CBOIICTBaMU HEOOXOAWMBI OBa TUIIA JAaH-
HBIX: IEPBBII TUIT TaHHBIX JOJKEH COAepxKaTb MH-
dopMalrio 0 CTPYKType HOBBIX PEareHTOB, BTOPOM
T — UHOOPpMALIHMIO 00 X KOMILIEKCOOOPa3yIOIInX
cBolicTBax. B 3TOif cBI3M HeoOXOOMM HaITpaBJICH-

HBIIi CUHTE3 U UAECHTU(UKALIMS HOBBIX JUTAaHIOB C
3aKOHOMEPHO M3MEHSIIOIIUMCSI CTpOeHUEM (ITyTeM
BBEJEHUS B COCTaB M3BECTHBIX JIMTAHAOB HOBBIX
(YHKIIMOHAIBHBIX TPYIIIT) U UCCIIEIOBAHNE UX KMCIIOT-
HO-OCHOBHBIX M KOMITJIEKCOOOPA3YIOIIMX CBOWCTB.

Psinom yHUKaJIbHBIX CBOMCTB XapaKTepuU3yeTcsl Tay-
PUH — 2-aMWHO3TaHCY/IL(DOHOBAS KUCIOTA U €€ TIPOU3-
BOIHBIE, KOTOPhIE 00IaTaI0T BEICOKOM OMOJIOTMYSCKOM
aKTHMBHOCTBIO Y UCMOJIb3YIOTCSI B KAYECTBE KOMITOHEH-
TOB JIEKQpPCTBEHHBIX CPEACTB, OMOJIOTMYECKU aKTUBHBIX
nobasok (BAH) [3, 4] u OGydepHbix pactBopoB I'yma
(Good’s buffers) [5]. KoMmIuiekCHbBIE COEIMHEHUSI C
TaypUHOM TaKXXe HaxoIST LIMPOKOE MpUMEHEHMUE.
Tak, TayprHaT MarHus HailleJl CBO€ IPUMEHEHUE B 1O~
BBILIIEHUU CTPECCOYCTOMYMBOCTU B YCJIOBUSIX TaHe-
muu COVID-19 [6], TaypuHAT Kanplusl 06JlamaeT re-
MOCTAaTUYECKOM aKTMBHOCTBIO [7], TaypuHAT Kejie-
3a(Il) moxeT OBITH UCTIONIB30BaH B KauecTBe BAJl B
O6opnbe ¢ kene3oneuUTHOM aHeMuei [8].

Panee HamMM H3y4yeHO CTpPOEHHE KOMILIEKCOB
N,N-6uc(2-rugpokcuatui)TaypuHa [9] ¢ nvoHamMmu Hu-
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kers1(I11) u xobanwra(ll), onpeneneHsl 3HAYSHUS CO-
OTBETCTBYIOIIUX KOHCTAHT yCTOMYMBOCTU. [Ipomor-
JKeHUEM BTUX PaboT SIBJISIETCS UCCIeI0BaHE CBOMCTB
HOBBIX TPOM3BOIHBIX TAypUHA, CoNepXKalinxX 2-Mupu-
JUI3TUIbHBINA 3aMeCTUTENb. MI3BECTHO, UTO MUPU-
IVUHOBBIN (bparMeHT SIBJsSIETCSI OCHOBOM psiaa Jie-
KapCTBEHHBIX CPENCTB, BXOAUT B COCTaB OMOI0ornye-
CKU aKTUBHBIX BelllecTB 1 BUTamMuHOB [ 10]. BBenmenue
MUPUANIIAJIKMIBHOTO 3aMECTUTEISI B COCTaB aMUHO-
MOJIMMEPOB MPUBOIUT K 3HAYUTEILHOMY BO3pacTa-
HUIO EMKOCTH COPOLIMOHHBIX MaTepUATIOB HA UX OCHO-
Be [11—13]. Takum obpas3om, HcciaenoBaHUE CBOICTB
MUPUAWICOAEPKAIIMX JIUTAHAOB MPEACTaBIsSIeT UHTe-
pec KakK ¢ TOYKU 3PEHUSI UHTEPNPETAllMU CEEKTUB-
HBIX CBOICTB COPOEHTOB, COAEPKAIIX COOTBETCTBY-
fo1Me (hyHKIMOHAIbHBIE TPYIIbI, TAK U C TOYKU 3pe-
HUS BbISIBJIEHUS] 3aKOHOMEPHOCTEN BJIMSIHUS COCTaBa
HOBBIX OPTaHMYECKUX PEareHTOB Ha UX KOMILJIEKCO00-
pasylolire CBOMCTBA.

Ilenbio HacToOsILIEH paOOTHI SIBISIETCS UCCIIESI0Ba~
HUE KHUCJIOTHO-OCHOBHBIX M KOMILIEKCOOOpa3yto-
IIUX CBOMCTB HOBBIX N-TIPOM3BOAHBIX TaypuHa —
N-[2-(2-ntupuania)aTuia]TaypuHa (HL)) u
N-[2-(4-nupunun)atui|raypuna (HL,).

OKCITEPUMEHTAJIbBHAA YACTDb

Cunre3 N-2-(2-nupuami3THI-2-aMAHOITAHCYIb-
tdoxucaorer (HL,). Cmecp 5.28 ma (0.05 mosb) 2-Bu-
HunmupuauHa u 6.25 r (0.05 Moap) 2-aMUHOBTaHC-
ynb(OKUCITOTH B 30 MJ BOIBI BBIACPXKWUBAIMU TIPH
70°C B TeueHue 24 4. Boay ynapuBajiu Ha pOTOPHOM
WCITapuTeNie, K OCTaTKy mobamistiid 50 MJI aTaHoOIa,
MOBOIWJIM IO KWIIeHUs 1 oxjaxkpamu. Ocamok oT-
¢unbTpoBbIBaU U cynay npu 20°C 10 MOCTOSTHHOM
macchl. Boixon 9.43 1 (82%). Haiineno, %: C 47.39;
H 6.53; N 11.97; S 13.01. Ansa CyH ,N,SO; Beruncne-
HO, %: C 46.96; H 6.09; N 12.17; S 13.91. UK-criexTp
(v, eMm™1): 3209 cn v(N—H), 3010 cp v(C—H) 4,, 2831 cp,
2802 cp V(C—H), 1630 ci y(C=C), 1594 cp 6(N—H),
1478 cp 6(C—H), 1225 ¢p v(C—N), 1158 c, 1141 c,
1033 ¢. v(S=0). Criekrp 'H AMP (D,0, 8, m.11.): 3.23
(1, 2H, J = 6.4, CH,CH,SO0,); 3.27 (1, 2H, J = 5.6,
CH,CH,N); 3.29 (1, 2H, J = 6.4, CH,S0;); 3.53 (T,
2H, J =5.6, CH,CH,N); 7.37 (a, 1H, J = 4.0, o-HPy);
7.40 (1, 1H, J = 6.0, B-HPy); 7.85 (1, I1H, J = 6.0,
B'-HPy); 8.50 (t.x, 1H, J =6.0, 1,2, y-HPy).

Cunre3 N-2-(4-nupuami3THI-2-aMAHOITAHCYIb-
doxkucaorer (HL,) ocywiectsiastiu aHanoruuHo HL |,
TOJTBKO BMECTO 2-BUHWINMMPUINHA WCIIOJb30BaIN
TaKO€ € KOJIMYECTBO 4-BUHWINUPUAWHA. Bbixon
8.72 1 (76%). Haiineno, %: C 46.53; H 6.81; N 11.72; S
12.78. Ina CyH4,N,SO; BbuucieHo, %: C 46.96; H
6.09; N 12.17; S 13.91. UK-cniextp (v, cm~'): 3142 ¢cp
V(N—H), 3032 cp V(C—H),,, 2945 cp, 2984 cp
v(C—H), 1668 ca y(C=C), 1612 cp d(N—H), 1473 cp
8(C—H), 1205, 1179 ¢, 1040 ¢ v(S=0). Criektp 'H

KAPKOB wu np.

Taomma 1. CBomka 3KCIIepUMEHTABHBIX TTapaMeTPOB IS
cucrem H—L;, H—Cu**'—L, u H-Ni**—L, (/= 0.1 Mmonp/n,
t=25+1°C)

N O60-
DKcnepuMeHTaAIbHBINA
3Haye- Benuuuna
napameTp
HUe
H-L,
CocTaB pacTBopa CL 0.01 monb/1
pH 2.4—11.9
Yuco HabopOB NaHHBIX, 3 Habopa
YH1CJI0 TOYEK B KaKIIOM Habope 61 Touka
Merton pacuera ChemEqui [15, 16]
Koncranrtel mporonupoBa- | Igfy; 8.67 £0.02
HUS 1gB,, 12.37 £ 0.03
CraTucTHYECKHI1 KPUTEPHIA R? 0.9972
1 .
R22 0.9979
R32 0.9983
H—Cu?*—L,
CocTtaB pacTBopa CL 0.01 monb/n

Cm 0.002 moub/n

pH 2.9-9.8

Yuicno HabopoOB JAHHBIX, 3 Habopa
YMCJIO TOYEK B KaXKIOM Habope 45 Touek
MeTon pacuera ChemEqui [15, 16]
KoHcranTs! yeroitauBoctu | 1gfg) 6.06 + 0.10

1gBoi2 | 10.00 £ 0.11

1gB_112 1.42 £ 0.16

1gB_sp —8.94 £ 0.24

CraTUCTUYECKUIT KPUTEPUIA R12 0.9977
R22 0.9983
R32 0.9991

H-Ni?*—L,

CoctaB pacTBopa CL 0.01 monb/n
Cm 0.002 moub/n
pH 2.9-9.5

Yucno HabopOB JAHHBIX, 3 Habopa

YCJIO TOUEK B KaXKIOM Habope 41 Touka

MeTton pacueTa ChemEqui [15, 16]

KoHctaHTsl ycToitunBoct | 18P, 4.55+ 0.06

12Bo12 7.81 £ 0.07
12B_11 —2.07+0.14

Cratuctuyeckuii KpUTepui R’ 0.9952

; .
R22 0.9953
R32 0.9961
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MMPOTOJIMTUYECKUE U KOMITJIEKCOOBPA3VIOIIIME CBOMCTBA

SAMP (D,0, &, m.1.): 2.88 (M, 2H, CH,CH,SO5); 2.90
(M, 2H, CH,CH,N); 3.04 (m, 2H, CH,SO;); 3.23 (m,
2H, CH,CH,N); 7.34 (1, 2H, J = 6.1, a-HPy); 8.43
(1, 2H, J = 6.1, B-HPy).

PaGouue pacTBOpHI cojieil MeTaJUIOB ¢ KOHIIEH-
Tpaumeii 0.1 MOJIb/JI TOTOBWIN U3 COOTBETCTBYIOLINX
XJOPUIOB KBATU(PUKAIUA “U. 1I. a.” (HUTpaTa KBaJIu-
dukanmm “x. 4.” B caydae cepedpa(l)). CranmapTu-
3a11io pabouyux pacTBOPOB COJIE METAJIOB POBO-
IWIA METOJOM KOMILJIEKCOHOMETPUYECKOTO TUTPO-
BaHwus [14].

AJKaTIMeTpUIeCcKoe TUTPOBAaHME BOTHBIX PACTBO-
pOB TIpoBOAMIN ¢ pH-MOTEeHIIMOMETPUYECKON WHAM-
kauueii npu noHHoi cuite 1 = 0.1 mosb/11 (KCl/KNO5)
u t =25 * 1°C, ucnons3yst nonomep M-160MMU, ocHa-
meHHBIN cTekIssHHBIM (DC-10603) 1 xyopcepebpsi-
HbIM (DCp-10103) anekrponamu. MoHoMep KaJiubGpo-
BaJIM TI0 CTaHZAPTHBIM OyepHBIM pacTBopam. st
TUTPOBAHMSI MCIIOIB30BATIM aBTOMATUUYECKYIO OI0PETKY
Dosimat 665.

M3yueHbl pacTBOpPHI, conepxkariye 10 MMosb/i pea-
TeHTa B TIPUCYTCTBUU U B OTCYTCTBUE 2 MMOJIb/J1 KaTU-
oHoB Menu(I1), Hukensi(I1T) u ko6ansra(Il). [Tpu uccne-
JIOBaHUM KOMILIEKCOOOpa30BaHUsI peareHTOB C MOHA-
mu nuHka(Il), kammus(II), cepedpa(l), marausa(Il),
kanbuus(Il), crponuus(Il) u 6apus(Il) TurpoBanue
MPOBOJIWJIM B PacTBOpaxX C KOHILEHTpalMel KaTuo-
HOB MeTajutoB 1 MMoub/n. T1lpu u3ydeHUM cucTeM,
coAepKallluX UOHbI METAJJIOB, 00Pa3yloLIuX MOTEeH-
LIMAJIbHO MaJIOyCTONYMBbIE KOMIUJIEKCHbIE COeIUHEe-
HUs ¢ ucciaenyembiMu peareHTamu (uuHK(II), xam-
muii(IT), maruuii(I1), kanpuuii(I1), crponuumii(Il),
o6apuii(Il) u cepedpo(l)), X KOHIIEHTpALIUS COCTaB-
asta 1 mmonb/n. KoHneHTpaluys nuraHma B 9TOM
cllyyae COCTaBJIsijia 25 MMOJIb/JI, T.€. TIOAAePXKUBAJICS
25-KparHblii U30BITOK peareHTa. /{7151 mepeBoa peareH-
Ta B ITOJIHOCTBIO MPOTOHMPOBaHHY0 hopmy (H,L™)
B TUTPYEMBbIM pacTBOpP MpeaBapUTeIbHO N100aBJIsI-
JIM 9KBUBAJIEHTHOE KOJIMYECTBO CUJIbHOMN KMCIOTHI
(HCI/HNOs;). B kauecTBe TUTpaHTa UCIIOJIb30BAIU
IIPUTOTOBJICHHBI! 13 puKcaHana 0.2 Mob/1 pacTBOp
TUAPOKCUIA HATPUS.

I Kaxaoil cUCTeMbl CHUMAaJIM HE MeHee Tpex
KPUBBIX TUTPOBAaHUA. JITaHHBIE IO TPEM KPUBBIM TUT-
poBaHUs 06pabaTLIBAIN B pAMKAaX OTHOTO aJITOPUTMA
¢ rtoMo1pio rmporpaMmel ChemEqui [15, 16]. B ta6ur. 1
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npeacraBICHA KpaTKasd CBOAKA SKCIICPMMCHTAJIbHBIX
mapamMeTpoB 1JisI HEKOTOPBIX CUCTEM.

B nporpamme peanusyetrcss METOA HaMMEHbBIINX
KBaJpaToB JJIs1 BBIYMCICHUSI PABHOBECHBIX KOHCTAHT
1 CBSI3aHHBIX BEJIMYMH HA OCHOBE BKCIIEPUMEHTAb-
HBIX PE3YJIbTaTOB MPaKTUUYECKU JTI0O0TO (DU3UKO-XU-
MUYECKOro MeToja. PaBHOBECHBIE KOHCTAHTbI PACCUU-
THIBAIOT IyTEM MOUCKA HAMJIYYIIIETO COOTBETCTBUS
9KCMEePUMEHTAIbHBIX TaHHBIX U TMpearojaraeMoun
XMMUUYECKON MOJe/iu paBHOBECHOI cuctembl. B
ChemEqui ucnonb3yoT Tpu alropurMa MUHUMU3A-
LIMM LISl pelIeHWsT HeJTMHEHHbIX 3a/1a4 METOJ0OM Hau-
MeHbIIMX KBanpaToB: l'aycca—HbloTOHa ¢ aHATUTU-
YEeCKUM MpPENCTaBICHUEM MPOU3BOIHbBIX, CUMILIEKC
u MoHrte-Kapio.

B nanHoii pabote MoneMpoBaHNE OCYIIECTBIISIIN
HerpaaveHTHbIM MeTooM MoHTe-KapJio, mocKosb-
Ky MeToH yoIoOeH B IIOMCKE HAYaIbHBIX ITPUOJIIIKE-
HUIi, Korma ObIBaeT CIOXKHO AaKe IPEAIIOJIOXUTD UX
BeJIUUMHBI. KpoMe TOro, 3TOT MeTO MO3BOJISIET Ha-
XOIUTh IIOOAJBHBIA MUHUMYM W KOHTPOJHMPOBATh,
MpaBUJIBHO JIM OH HalineH. B ocHOoBe MeToaa JIeXKUT
MOUCK MUWHMMYyMa CyMMBI KBaApaTOB pa3HOCTeM
(pPH,paeq — PH )% ditst onipenenennsi pH ., Ha Kax-
JIOM IIIare I10 TEKYIIMM OLIEHKAM PaBHOBECHBIX KOH-
CTaHT IIPOBOAUTCS pacyeT paBHOBECHBIX KOHIIEHTpA-
uit. s 3TOro NMpuBIEKAeTCS 3aKOH COXpaHEHUS
Macchl BelllecTBa B (popme cucteMsbl ypaBHeHUH (1),
rne Cy, Cy 1 C; — aHanuTu4eckue (o0111e) KOHIeH-
Tpayu 0a3MCHBIX KOMIIOHEHTOB, a [H], [M] n [L] — ux
paBHOBeCHble KOHLIeHTpauuu. [Ipu MoaennpoBaHuU
Mpenrnoarajid, YTo B CUCTEME YCTaHABIMBAIOTCS paB-
HoBecHs o0111ero Buaa (2), ornmMchiBaeMble KOHCTAaHTa-
MU paBHOBecHii (3). OLieHKY TOUHOCTH BEJIMYMH Ig Bl-jk
OCYILECTBJISUIA C TIOMOIIBIO ITOAIIPOrpaMMBbI aHAJIN3a
YCTOMYMBOCTH pPEIIeHMS].

Cy =[H] + X iBy, [H] [M]'[L]
Cy =[M] + X B, [H] [M][L], (1)
€. =[L] + X kB [H] M} [L]*

iH+ jM + kL = HM L,, ()

(AL “
[HI [MY'[L]

ijk

Ta0muna 2. IToka3saTenu KOHCTaHT MOHU3ALUMU PyHKIMOHANBHBIX Tpyni B coctabe HL;, HL, n HekoTOphIX Apyrux nu-

rangoB (/= 0.1 monb/n, t =25+ 1°C)

Jluranm pK, pK,; Wcrounnk
HL, 3.80+0.03 8.67 £0.02 Hacr. paGora
HL, 4.80 £ 0.05 8.18 £ 0.04 Hacr. pa6ora
Taypun Het naHHbIX 8.93 [20]
2-(2-AMUHO3TWI) TUPUINH 3.90 9.55 [24]
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PE3VJIBTATBI U OBCYXIEHHUE

ITo nanHbBIM pH-TTOTEeHIIMOMETPUYECKOTO THUT-
poBaHug ¢ moMolbkio mporpaMmmbl ChemEqui 0b1-
JIM pacCYMTAHBI TOKA3aTeJIM KOHCTAHT MOHU3ALUU

KAPKOB wu np.

¢GYHKIMOHANBHEIX TPpynn peareHToB (Tabca. 2). 1o
KpUBBIM TUTpoBaHUs peareHTa HL,; ycTaHoBieHO,
YTO KMCJIOTHASI TMCCOLMALIMS peareHTa IIpoTeKaeT
mo cxeme 1:

= o =
K, SO K,
o | CHy o CHy  SHOS pha | | CH_g CHy  SOT bk
IT CH2 /N CHZ -H* N CH2 CH2 -H*
H H H
H,L| HL,
= | )
— CH SO
— « /CH\ y; 2\ , 3
N CH; N CH,
|
H
Ly
Cxema 1.

B Tab6i. 1 B KayecTBe KOJMYECTBEHHON OLIEHKU
aIeKBaTHOCTHU MOJIEJIU MPeICcTaBIeHbl KO3(MMUIIMESHTHI
JeTepMuHalK R? Ul HEKOTOPBIX CUCTEM. 3HAYEHUS
paccYMTaHHBIX KO3 (GUIIMEHTOB IeTepMUHALIUM JIe-
xart B amarazoHe 0.9—0.99, 4To CBMAETENLCTBYET O
BBICOKOM aJIeKBAaTHOCTU MOJIEJIN.

ITo xpuBbiM TUTpOBaHUs peareHTa HL, ycra-
HOBJICHO, YTO €0 KMCJIOTHAs AUCCOLMALIUS IIPOTE-

7
N@CHZ_CHZ_NH_CHZ_CHZ_SO3H

KaeT o Toi ke cxemMe. OIHaKO HETUITMYHOE MOJIO-
XKEeHUE TeperudoB KPUBBIX aTKaIUMETPUIECKOTO
TUTPOBAHUS MO3BOJISIET CAeJIaTh BHIBOI, YTO B pac-
TBOpe HaxoauTcs cMmech peareHta HL, u TaypuHa.
ITo-BunuMoMy, Kucjiasl cpeia B cllydae peareHrta
HL, crioco6cTBYeT peTpopeakuuu Muxasis (cxe-
ma 2):

NH,—CH,—CH,—SO3H
—N_)-CH=CH,

Cxema 2.

Pearent HL, Oosiee ycToiiuuMB K mpolieccy ne-
CTPYKLINY, BEPOSITHO, 13-32 BO3MOXHOCTU 00pa30-
BaHUSI BHYTPUMOJEKY/ISIPHOM BOIOPOMHOIM CBSI3M,
KOoTOopas cTabuau3upyeT amaykKT Muxasins (cxema 3):

S
H,C—CH, o H 0 O
N

Cxema 3.

B cmyuae pearenta HL, Takoif crabunmmsupyro-
muii 3dexT He MOXeT peanm3oBaThcsd. HecMoTps
Ha MPOTEKaHWE PeaKLUU YaCTUYHOTO Pa3IoKEHUsI,
MoJy4YeHHbIE JaHHbIE TTO3BOJIMIN OLIEHUTh KOHCTaH-
Thl MOHU3ALUMUU (DYHKIIMOHAJIBHBIX TPYII KUCJIOTHI
HL,. Kak cieayet U3 noay4yeHHbIX TaHHBIX (TalJI. 2),
2-NUpUIWIbHBII u3oMep (kuciora HL,) sBrsiercs 60-
Jiee cinabbiM OCHOBaHMEM bpeHcTena 1o a3oty nupuam-
HOBOTO KOJIblIa, YEM U30MEP B YETBEPTOM IOJIOXKEHU N
(kucnora HL,), aT0 00ycJIOBIIEHO BO3MOXHOCTbBIO
¢dopMUpoOBaHUS BHYTPUMOJIEKYJISIPHONW BOIOPOMHOMN
cBsa3u (cxeMa 3), SKpaHMPYIOIIE TOHOPHOCTh aToMa

KYPHAJI HEOPTAHUYECKOW XUMUU

aszora B ciryyae kucinotsel HL,. Hanpotus, 0CHOBHOCTb
aToMa a30Ta aMUHOTIPYIIIBI HEMHOTO BBIIIE Y 4-TTUPU-
JUJIBHOTO U30Mepa, YTO TaKKe OINPENe/ISIeTCS BHYTPU-
MOJICKYJISIDHBIM 3KpPaHUPOBAHUEM MPOTOHA B COIIPSI-
XKEHHOU KuciaoTe 2-nupuauibHoro uzomepa HL,
(cxemb1 2 u 3).

Ilo paCCUMTaHHBIM ITOKa3aTC/IsAM KOHCTAHT KUC-
JIOTHOI TCCONUAIINY TSI TIPOU3BOIHOTO TayprHA
(HL,) ycraHoBieHO, 4TO BBeAeHUE 2-(2-UpU-
JIVLJT)3TUJIBHOTO (pparMeHTa IMPUBOJIUT K HEKOTOPO-
My MOHVKEHHIO OCHOBHOCTY aMWHOTPYITIIBI Taypy-
Ha. ITo cpaBHeHMIO ¢ 2-(2-aMMHOATII)IUPUATHOM
HCCIIeTyeMblil peareHT XapaKTepu3yeTcsl 3HaUNTeb-
HO MEHbIIEHl OCHOBHOCTbIO aMUHOTPYIIIbI B pe3y/ibTa-
T€ OTPUIIATEIFHOTO MHAYKTUBHOTO 3(hdeKTa co CTOpo-
HBI CYIb(pOITUIHHOTO (PparMeHTa U 00pa30BaHUS
BHYTPUMOJIEKYJISIPHOM BOAOPOIHOI CBsA3U (cxema 3).

3HadyeHus JorapuMoOB KOHCTAHT YCTOMYMBOCTU
MeTa/uioKoMIUiekcoB HL| B cpaBHEHMU C COOTBETCTBY-
FOLIMMM 3HAYE€HUSIMU JIJIsI HEKOTOPBIX PEareHTOB, IIPY-
BEJIEHHBIMU B JIUTEpaType, IIPEICTaBIICHBI B TA0. 3.
Ne 8
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Ta6mmma 3. 3HayeHMsT Jorapu(MOB KOHCTAHT YCTOMYMBOCTH KOMIUIEKCOB MCCIIEIYyeMbIX TTPOM3BOIHBIX Y HEKOTOPBIX
peareHTOB ¢ MoHamMu MeTasioB (I = 0.1 Mmonb/n, t =25 + 1°C)

;:;: Cu2t Ni2* Co* Zn2+ Cd2t Ag* Mg2* Ca2t g2+ Ba2*
HL,

IgB; |6.06+0.10{4.54 +0.08(3.04 + 0.11 |3.68 & 0.19|3.24 + 0.20{3.71 £ 0.122.66 + 0.32|3.00 + 0.23]2.91 + 0.25[3.18 +£ 0.22

IgB, |10.0£0.11{7.85+0.10{4.79 £ 0.68| Her man- |6.20 £ 0.33|7.67 £ 0.17 |5.74 £ 0.32|5.78 £ 0.30|5.87 + 0.31{5.78 + 0.38
HBIX

Taypun [20]

IgB; |3.56 £0.07|2.77 £ 0.05(2.09 £ 0.05| Her aan- |2.78 £ 0.03|3.05 £ 0.05|2.08 £ 0.26|2.78 £ 0.13]2.57 £ 0.17(2.46 £ 0.18
HBIX

IgB, 6.5240.20{5.52 +£0.14|5.37 £0.11 |5.00 £ 0.03|5.28 £ 0.11|6.41 £ 0.01|6.28 £ 0.02|6.25 £ 0.02/6.18 + 0.01|6.17 + 0.02
2-(2-AMUHOITII ) TUPUIUH [24]

1gB, 7.5 5.2

IgB, 13.1 8.43

YcTaHOBIEHO, YTO MCCIIeAyeMbIi peareHT oopa-
3yeT Hanbosiee YCTOMYMBBIE KOMILUIEKCHl C MOHAMU
meau(1l). ITo ycToMYMBOCTH KOMILIEKCOB, 0Opa3ye-
Mbix ¢ HL, nonst meau(I1), nukensi(Il), ko6ansra(ll)
1 nuHKa(Il) MOXXHO pacmoa0XUTh B CIEAYIOLIEH MO~
crenoBaTenbHOCTH: Zn?" < Cu?t > Ni2* > Co?*, coor-
BeTcTBytolIeH psimy UpsuHra—Buibsimca [17]. MoHBI
maraus(1l), xanpuumsa(1l), crpounusa(1l) u 6apusa(11)
XapaKTepusyloTcs OIM3KUMU 3HAUYEHUSIMU KOHCTaHT
YCTOMUMBOCTH KOMILJIEKCOB C HCCJEAyeMbIM JIMTaH-
oM. OTHOCUTENBHO BBICOKOI YCTOHYMBOCTHIO Xapak-
tepusytorcs komruiekeol HL; ¢ nonamu cepedpa(l).

st olleHKW BIUSIHUS BBeOeHUS 2-(2-TIUpU-
W) 3TUIBHOTO (pparMeHTa B COCTAaB TaypMHa Ha €ro
KOMILJIEKCOOOpa3yloliye CBOMCTBA paccyrdTaHa pas3-
HOCTh B 3HauYeHMsIX IgP mist uccnemyemoro nuraHaa
HL, u Taypuna. IlosydyeHHble JaHHbIE TIpeACTaBIIE-
HbI Ha puc. 1.

ITokazaHo, 4TO BBeAEHUE B CTPYKTYpYy TaypuHa
2-(2-mupu AN )3TUIBHOTO 3aMECTUTEIS TIPUBOIUT K
3HAYMTETLHOMY BO3pACTaHUIO ycTounBoCcTH (AlgP > 1)
koMmriekcoB HL, ¢ nonamu menu(Il), kodanwra(ll),
Hukessa(Il), nunka(IT) u kanmusa(IT). OTo ykaspiBaer
Ha oO6pa3zoBaHE NOIMOJHUTEIBHOTO IIECTUYJIEHHOTO
XEJIAaTHOTO LIMKJIA C y4acTUEM 2-(2-TIMPUONI ) 3THUIIb-
Horo ¢hparmMeHTa. 3HAaYMTENbHbII BBIMTPHII B yCTOM -
YrUBOCTH KOoMIUTeKca (AlgP, > 1) peanusyeTcst Takke 1
1711 noHOB cepedpa(l). OnHako B JTaHHOM Cilyyae BO-
MPOC O BO3MOXHOCTH OJHOBPEMEHHOTO 00pa30BaHMS
XeJIaTHBIX LIMKJIOB ¢ yyactuem cepedpa(l), 2-(2-nupu-
JIWI)3TUIBHON U CYIb(hO3TUIIBHON TPYIN OCTaeTcs
OTKPBITBIM, IIOCKOJIbKY M3BECTHO, YTO MOH Ag*' mpu
KOMIIJIEKCOOOpa3zoBaHNU TpeOyeT IMHEHHOTO pacio-
JIOXKeHUsI TOHOPHBIX aToMoB [18]. KomriuiekcHbIle co-
equHeHus1 noHoB Kanbuwsi(Il), marausa(Il), ctpon-
uus(Il) u 6apusa(Il) ¢ HL, cocrasa 1 : 1 xapakrepu-
3yIOTCSI HECKOJIBKO OOJIBIIEN YCTOMYMBOCTBIO IO

XYPHAJI HEOPTAHUYECKOU XUMUU  ToMm 68

Ne 8

CpaBHEHUIO C TAYpUHOM, a cocTaBa | : 2 — MeHbIIeH
YCTOUYMBOCTHIO. B COBOKYITHOCTU ¢ MH(OpMaLeii o
ToM, 4Tto MoHbl Kanbuwsa(ll), marawmsa(1l), crpoH-
(1) u 6apusa(1l) oTHOCSITCS K “XKECTKUM KUCTIO-
Tam” (o kjaccuduxkauuu IMupcona [19]) u ckiaoH-
HBI K KOMITIEKCOOOPa30BaHMIO C “XKEeCTKMMU OCHOBa-
HusMu” (TIPEXIIE BCETO C JIMTaHAaMM, COACPKAIIUMU
JIOHOPHBIE aTOMBI KMCJIOPO/a), MOJIyYeHHbIC TaHHbBIC
YKa3bIBalOT Ha TO, YTO B CiIydae yKa3aHHBIX MOHOB
yyacTtue 2-(2-mMpruani)3TWILHOIO (pparMeHTa B KOM-
IJIEKCOOOpa30BaHUU MaJIOBEPOSITHO.

HMHTtepecHO, 4TO BBeIeHUE NMUPUIWISITUIBHOTO
¢parmMeHTa B COCTaB TaypMHa MO3BOJISIET 3HAUUTEb-
HO muddepeHITMPOBaTh €T0 CBOMCTBA IT0 OTHOIIIEHUIO
K Menu(Il) u cepebpy(I). Tak, cam TaypuH oOpasyet
KOMILJIEKCHI C TaHHBIMU MOHAMU, XapaKTePU3YIOIIUECS
OIM3KMMU 3HAYEHUSIMU KOHCTaHT ycToiiunBocTtu [20].
3HaueHust ke 3, komruiekcoB HL, ¢ meapro(11) u ce-
peopom(I) oTinyarorcs GoJiee yeM Ha 2 mopsiaKa.

I1pu cpaBHEHNN KOMILIEKCOOOPA3yIOIINX CBOMCTB
HL, ¢ 2-(2-amuHoatun)nupuauHoMm (tabn. 3) ycra-
HOBJIEHO, YTO BBeJEHME CYJIb(OITWIBHON TIpyMIibl B
COCTaB MOCJIEAHETO MPUBOAUT K YMEHBIIIEHUIO YCTOM-
YMBOCTU KOMIUIEKCHBIX coearHeHuit ¢ Menpto(I1) u Hu-
keaeM(1l). Habmomaemast 3aKOHOMEPHOCTb OOBSICHSI-
€TCsl IOHM>KEHUEM OCHOBHOCTH MUPUAMHOBOTO a30Ta,
B OCOOEHHOCTH aMMHOTPYIIIbI UCCIIEAYEMOTO pearcH-
Ta, IO CPABHEHMIO C 2-(2-aMUHOITUII) [TUPUIHOM.

ITo naHHBIM 13 TabJ1. 3 HENB3SI cAEaTh OMHO3HAY-
HBI1 BBIBOJI O CTPYKTYPE KOMIUIEKCHBIX COSIMHEHUIA
HL, c vonamu MeTtasuioB. BBy OBBILIEHUS] YCTOM -
YUBOCTU KOMILJIEKCOB peareHTa ¢ noHamu meau(Il),
kobanbera(ll), aukens(I1l) u munka(ll) mo cpaBHe-
HUIO C TAYPUHOM MOXHO 3aKJTIOUUTh, 9YTO 2-(2-TTMpu-
JIWIT)3TWIBHBIN (DparMeHT MPUHUMAET yJacTre B KOOp-
IUHALKM, 00pa3ysl IIeCTUWICHHBIA XeJIaTHBINA ITUKII.
Tak, B padore [21] mpu McclieqoBaHUM CTPYKTYPHI

2023



1064

Algp;

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0
—0.5
Cu?t Ni¥* Co?t Cd?t
mAlgB, 250 1.77 0.95 0.46
= AlgB, 3.48 233 —0.58 0.92

KAPKOB u np.

Agt Mg*" Ca?t Sr*t Ba?t
0.66 058 0.22 034 0.72
1.26 —0.54 —0.47 —0.31 —0.39

Puc. 1. OueHka pasHocty 3HaYeHui 1gf st ncenenyemoro auranaa HL; u TaypuHa.

(@)
/

N
O_S

zz---%

(6)

Puc. 2. [1pennonaraemoe cTpoeHrEe MOHOKOMITIEKCOB N-[2-(2-MpUAWI)3TWI|TaypuHa C MIOHAMU METALJIOB.

KOMILIEKCHBIX coennHeHmnid Hukesi(1l) ¢ TaypumHoMm
YCTAaHOBJICHO 00pa3oBaHWE IIECTUWICHHOTO XeJlaT-
HOTO IIMKJIA C Y9aCTUEM aTOMOB KUCTIOpoaa cyiabgho-
HOBOW T'PYMITHI M a30Ta aMUHOTPYIIIEL. JIJ1sT peareHTa
N-Q2-nmupuaunmerui)taypuHa B padorax [22, 23]
TIPY UCCIIETOBAHUM CTPYKTYPHI 6UC-KOMIUIEKCOB Me-
mu(1l) m aHukensa(Il) ycraHoBieHO oOpa3oBaHUE IBYX

XKYPHAJI HEOPTAHUYECKOMN XMW

XeJIaTHBIX LIMKJIOB: MECTUUICHHOTO C YIaCTHEM CYJTb-
doaTmibHOTO (hparMeHTa ¥ NATUWIEHHOTO C yIacTUEeM
2-TIMpuoUIMeTIIIbHOTO bparMeHTa. B To ke BpeMs
MpPY U3YYeHUM KOMIUIEKCOOOpa30oBaHUS THIPOKCH-
AJKWJIBHBIX TIPON3BONHEIX TaypHHA C MOHAMU HUKE-
(1) [9] ycraHOBIEHO, UTO KMCTOPOA CyIbhOoTpymn-
MBI HE YYacTBYeT B KOOpAWHALIMU. TakuM o00pa3oM,
Ne 8
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MOXHO MPEAIoNOXUTh ABa BApUaHTa CTPOESHUSI KOM-
IJIEKCHBIX coennHeHuit HL, ¢ nonamu mertannos. Ha
puc. 2a, 20 mipencTaBieHbl BO3MOXHBIE CTPYKTYPhI
MOHOKOMILIEKCOB B cllyyae oOpa3oBaHUSI COOTBET-
CTBEHHO OJTHOTO Y JABYX X€JaTHBIX LIMKJIOB.

3AKJIIOYEHHME

ITonyyensl HOBBIE N-TIPpOM3BOAHBLIC TaypuHA —
N-[2-(2-nupunun)stun]taypuH(HL, )uN-[2-(4-niupu-
nun)atui|taypuH (HL,). OnpenenieHbl 3HaUY€HUST KOH-
CTaHT KUCJOTHOMU AuccouManun pyHKIMOHATbHBIX
rpynn B coctase peareHtoB (HL;: pK,, = 3.80 = 0.03,
pK,, = 8.67 £ 0.02; HL,: pK,, = 4.80 £ 0.05, pK,, =
= 8.18 £ 0.04). IlokazaHo, YTO aMMHOIpPYIIIa B CO-
CTaBe WCCJIEAYEMbIX JIMTAHJIOB XapaKTepUu3yeTcs
MEHbIIIE OCHOBHOCTbIO MO CPAaBHEHUIO C TAYPUHOM.
VYcraHosiieHo, yto HL, B pacTBOpe 4acTUUHO AeCTPYK-
TUPYET ¢ OOpa3oBaHUEM TaypuHa IO PETpPOpeaklnu
MuxasJisi, YTO He MO3BOJISIET UCCIEN0BaTh €T0 KOM-
miekcoodpasywoiue cBoiictBa. Pearent HL, 6onee
YCTOMYMB K MPOILIECCY NECTPYKIIMU, BEPOSITHO, U3-3a
BO3MOXHOCTU 00pa3oBaHUsI BHYTPUMOJIEKYISIPHOM
BOJIOPOIHOM CBsI3U. OrpeaenieHbl 3HaYeHUs KOHCTaHT
YCTOMUMBOCTH KOMILJIEKCOB, 00pa3zyembix HL; ¢ psimom
MOHOB MEPEXOJHBIX U IEJOYHO3EMETbHBIX METall-
JoB. ITokazaHo, 4To HauboJjiee yCTOWUYMBBIE KOM-
miekcHole coenuHeHusi HL, obpasyer ¢ noHamu
meau(IT) (IgP, = 6.06 = 0.10, 1gP, = 10.0 £ 0.11).
YcTaHOBJIEHO, YTO BBeAeHUE B CTPYKTYpPY TaypuHa
2-(2-TIMpU AN ) 3TUABHOTO 3aMECTUTEIISI IPUBOIUT
K 3HAYMTEIIbHOMY POCTY yctoitumBoctu (AlgP > 1)
koMmruiekcoB HL,; ¢ nonamu menu(Il), kobanwsra(Il),
Hukess (1), nuaka(Il), kanmus(I1) u cepeopa(l).
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