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CUHTE3 U AHTUMUKPOBHAA AKTUBHOCTb TETPAXITOP®EPPATOB
YETBEPTUYHOIMO AMMOHMA, NMMPUOAUHUA N MOP®OJIUHUA
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IMonyuens! TeTpaxnopdepparsbl 4eTBEPTUYHOIO AMMOHMS, TUPUIUHUS, MOpdoaunus. Metozna-
My MK-CeKTpoCcKOIMK U CIEKTPOCKONUM B BUIUMON 00JIaCTH IOATBEPKAEHA CTPYKTYpa CO-
neit. 3ydeHa ux aHTUMUKPOOHAs aKTHBHOCTh B OTHOIICHHN HECKONBKHX IITaMMOB I'PaMIIO-
JIOXKHUTETBHBIX, TPAMOTPUIIATEIbHBIX MUKPOOPTAaHI3MOB, a TaK e JPOXCKETO00HBIX TPHOOB.

KiroueBsble ciioBa: Terpaxiopdepparsl, aHTHMHUKPOOHAsT aKTHBHOCTh, HOHHBIC JKH/IKOCTH.

YeTBepTHUHBIC AMMOHHNEBBIE COEAMHEHHS, COJICPIKaIIHE B
MoJjieKynne 1 nnm 2 BhICHIMX pajiuKaia, YK€ MHOTO JIET HpH-
MEHSIOT B MEUIIMHCKON MPAKTHKE B Ka4€CTBE IPOTUBOMUK-
POOHBIX CpefcTB. YCTAHOBICH DS BAXKHBIX 3aKOHOMEPHO-
CTEH CBA3U MEXKAY XUMUYECKOM CTPYKTYPOU 3TUX BELIECTB U
UX IPOTUBOMHUKPOOHBIM seiicTBHeM [1 — 5], mMo3BONMBIINIA
co3aatk psn ApPeKTUBHBIX npenaparos. [lorpedHOCTH B TI0-
JOOHBIX TIperaparax ONpenessieTcs], NMpeXxJe BCEro, BbIpa-
KEHHOHM N3MEHUYMBOCTHIO MUKPOOPTaHU3MOB, ()OPMHPOBAHH-
€M ¥ HIMPOKUM PACHPOCTPAHEHUEM HX PE3UCTEHTHBIX Bapu-
AHTOB, OOIIMM HapyIIEHHEM DJKOJIOTMYEeCKHX CBs3eH u
WHTCHCUBHBIM 3arpsa3HEHUEM BHEITHEH cpempl [6].

Ha Owuosornueckyro akTHBHOCTb HYETBEPTHUYHBIX COJICH
AMHMHOB OKa3bIBaCT BIIMSHHC KaK MPHPOAA KAaTHOHA, TaK U
aHMOHA, [TO3TOMY 3aMEHa TPAIWIHNOHHBIX TAJOTEHH]l aHHO-
HOB B CTpPyKType coiu Ha oObemuble THmna [PF¢], [BF4],
[FeCly] m mpyrue aHHOHBI JOJDKHA CKAa3aThCsS HA M3MCHECHUH
UX OMOJIOTHYECKON aKTUBHOCTH. [10100HBIC COCAMHCHUS —
YETBEPTUYHBIC COJIM AMMOHUS, TUPUIUHUS, UMHJIA30JIHS, CO-
nepxamme oO0beMHBIe THAPOGHOOHBIE WM THUAPO(DUIEHBIC
AQHMOHBI U HAXOMSAIIMECS B JKUIKOM COCTOSHUH B HIMPOKOM
WHTEpBAJIC TEMIIEPATyp, HAa3bIBACMbIC MOHHBIMH JKAIKOCTS-
mu (MX), B mocnemHee BpeMs NPHUBICKAIOT BHUMaHUE B
BUJly YHHMKAJIBHOCTH UX CBOWCTB. Heroprouects, npeHeOpe-
KIMO Majoe JaBlieHHe IMapoB U ruapododHocTs VDK mpak-
THYECKH HCKIIIOYAET MX MOMAaJaHUE B OKPYXKAIONIIYIO CPEAdy;
HETOKCHYHOCTh OO0YyCJIOBIHMBAcT MpHHAIICKHOCTE MK x
KJIaCCy pacTBOPHUTENICH, OTBEUAIOIINX COBPEMEHHBIM JKOJIO-
TUYecKUM TpeboBanusM [7, 8].

ITockompky mpobieMa MOUCKA HOBBIX aHTHCENTHUYCCKUX
MperapaToB OCTACTCS aKTyaJbHOH, MPENCTABISIOCH WHTE-
PECHBIM TIPOCIIEIUTh, COXPAHSIETCS I aHTUMHUKpPOOHAs aK-
TUBHOCTH U [T COOTBETCTBYIOIINX MOHHBIX KUIKOCTEH, I10-
JYYEHHBIX Ha OCHOBE KJIACCHYECKUX YETBEPTHUUHBIX COJICH
AMMOHUSI, TUPUIUHIS U MOP(OITUHHS.

Hemnpto manHON pabOTHI OBUT CHHTE3 TETpaxiiopdeppaToB
YCTBEPTUYHOTO AMMOHUSI, MUPUAMHUS U MOP(OIUHHS U
OIICHKA WX aHTUMHUKPOOHOW aKTUBHOCTH B CPAaBHCHUU C HX
0a30BBIMH COCAWHEHHSAMH ¥ YCTAHOBICHHE BIIHSHUSL
[FeCly] -aHnOHa HA X aKTUBHOCTb.

Brutn norydeHs! 4 HOHHBIC XKHUIKOCTH, COICPIKAIIINE aHH-
oH [FeCly]™ (Tabmn. 1): terpaxmopdeppaTr TeTpadyTHiIaMMO-
uust (II), terpaxnopdeppar Oyruwnnupunuuus (IV), terpa-
xmopdeppar aenwmmupunuaus  (VI), Terpaxiopdeppar

6

N-B-nmanosTn, N-3THIOKCHKAPOOHMIMETHIMOP(OTHHHS
(VIII), a BemecTBa CpaBHEHHUS — YETBEPTUIHBIE COJIA TETpa-
oytunammonuii xnopua (1), Oyrwmmmpuaunuii xaopua (110),
nenwmapuarHAi xmopua (V) ObUIH TOBApHBIMHU MPOIYKTa-
MU, UX JOHOJHUTEIFHO OYMIIAIN TEPEKPUCTAIITH3AUCH 13
cMecH OyTaHOJI — STHJIANeTaT. XapaKTePHUCTHKH COE/HHE-
HUH TpUBECHBI B Ta0M. 1.

Jns nonyuenus nonno# xunkoctu VIII npeaBaputensno
OBLT OCYIIECTBIICH CHHTE3 COOTBETCTBYIOIICH YETBEPTHUHOM
comu N-B-nmaHodTHa, N-3THIOKCHKapOOHUIMETHIMOPQO-
maui xnopun (VII), koropyro nomyyanu B 2 cTaJuu: HyK-
Neo(OUITBHBIM MIPUCOCAMHEHNEM aMUHA K aKPUIOHHTPIITY C
MOCJEYIONIEH KBaTepHU3aluen sTuixiopameratom. Cunre-
3UPOBaHHEIC TETpaxIophepparsl MPENCTABISIOT COO0H OKpa-
LICHHBIC )KUJIKOCTH, WM JIETKOTIABKHE KPUCTAILIBI 3€JIEHOTO
WJIN KOPUYHEBOTO I[BETOB, JIETKO PACTBOPHMBIC B MOJIIPHBIX
pacTBOpUTEISAX (IMXJIOPMETaH, aleTOH, alleTOHUTPIUI, dTa-
Hou). KpoMe Toro, CHHTE3MpOBaHHBIE COJIM JIAIOT OTKJIMK Ha
MarHuTHOE Tmolie (00TagaroT MArHUTHOW BOCIPUHIMYHBO-
CTBI0), T.€. 00JIa/1at0T TapaMarHUTHBIMH CBOMCTBaMH [9].

CnexTpbl B BUIUMOW 00JIACTH CHHTE3UPOBAHHBIX TETpa-
XJopeppaToB UMEIOT 3 XapaKTEPHBIE TOJIOCH! ITOTIIONICHUS
[FeCly] -nona nipu 534, 619, 688 um, uto mis [FeCly] corna-
cyeTcs ¢ JaHHBIMM JuTeparypsl [10].

B HK-cnekTpax CHHTE3MpPOBAHHBIX TeTpaxiopdeppaToB
YETBEPTUYHBIX COJICH MMEIOTCS TOJIOCHI MOIVIOIIEHHUS, COOT-
BETCTBYIOIINE KOICOAHUSAM CBS3CH B OPraHMYECKOM KaTHO-
He: TeTpaxiiopdeppar TeTpadyTmiaMMonust (coequHenue I1)
v, eM 't 2965, 2920, 1367, 1448 (C-H); Terpaxiopdeppar
oyrummupummans (IV) v, oM 't 3046 (C-Hyp), 2963
(C-Hamg), 1632, 1510, 1480 (C-C,p); Terpaxmopdeppar ne-
wanmmpumans (VI) v, e 't 3065 (C-Hygp), 2990 (C-Hauug),
1642, 1580 (C-C,,); terpaxmopodeppar 1-meTHnKapOOKCH-
un-1-B-manostunmopdomuans  (VIID) v, em 't 2970
(C-H), 2250 (C=N), 1733 (C=0), 1184 (C-0).

9KCﬂepuM€Hmcl}leaﬂ Xumuveckas 4acno

Tepraxaopgeppar N-B-uuanodTua-N- 3THIOKCHUKAP-
OOHMJIMETHIMOP(OTNHUSA

B konbe cMeluBaiyu SKBUMOJISIPHBIE KoJiiyecTBa Mopgho-
sHa (0,2 Moib) 1 akpritonnTpuia (0,2 Moib) 6e3 pacTBOpH-
tesst. OCTaBIsIN CTOSITh B TEUCHUE HEAETH NMPH KOMHATHOM
temreparype. Ilomyuennsiit npoxykr N-B-nmaHosTHIMOp-
¢onuH otroHsuM B Bakyyme (121 — 123 °C/5 mm), 3atem mo-
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Tabnuma 1

DuU3MKO-XMMHYECKHEe CBOHCTBA TeTpaxJopdeppaToB U XJOPUA0B YeTBEPTUYHBIX AMMOHHS, NUPHIAUHMS U MOP(OITHHUSA

COZJ;ZHC_ dopmyna Buemmnnit Bug M, r/monb T. nn., °C bpytro-popmyna
I (C,Ho),N*CI- OeJble KPHCTAIIIbI 277,6 73175 -
11 (C4Hg),N*[FeCl,] CBETJIO-3€JICHbIe KPHCTAILIb 439,8 58 - 60 C,¢H36NCl, Fe
1 _ OeJble KPUCTAJUTBI 171,5 129 — 131 -
<\ /N—C4H9 Cl
v _ 3€JICHbIC KPUCTAJLIbI 333,7 48 — 50 CoH,,NCI,Fe
p otl14NL g
<\ /NLC4H9 [FeCI;:I
\% _ GeIible KPUCTaILIbI 255,6 68 —70 -
<\ /NLC10H21 cr
VI _ 3eJ1eHas JKHIKOCTh 417,8 - C,sH,4Cl,Fe
<\ /:NLCmHz ; |:FeCI4_ }
VIl / \ ..CH,CH,CN o KpHCTaJUIBI KPEMOBOTO I[BETA 262,5 195 -197 -
0 N
\ / "CH,COOC,Hjg
VIII o/ \N+/CH ,CH,CN I:Fec|_:| KOpUYHEBas *KUAKOCTb 424,7 - C,,H,y0;N,Cl, Fe
4
N/ > CH,COOC,Hs
IX HFeCl, - 2H,0 SIHTAPHO-KEJIThIE KPUCTAILIbI 234,6 46 — 48

BTOPHO TEPETOHSUTH B Bakyyme. [y MpOBEACHUS peaKiuu
KBaTepHHU3AINN B TPEXTOPIYIO0 KOOy, cHaOKeHHYIO 00pat-
HBIM XOJIOAWJIBHUKOM, MELIAJIKOM M KalelbHOH BOPOHKOM,
nomeranu pactBop N-B-umanostrimopdoinuna (0,1 Mons) B
arierone. [Ipu HarpeBaHUU ¥ IOCTOSTHHOM MIEPEMCIIIUBAHUY B
teuerue 0,5 9 o karwwsaM no6asisuu 0,1 MOJb 3THIIXITOpatie-
tata. CMeCh BBIICPKUBAJIH NIPY HATPEBAHWN B TeUCHHE 4 .
OO6pazoBaBiuiics O€Nblii KPUCTAIUTMUECKUNA OCaI0K OT-
(UIBTPOBBIBAIIU, MPOMBIBAIU CYXUM XOJIOJHBIM 3(UPOM U
MEPEKPHUCTAILTH30BEIBATI U3 CMECH alleTOH — JTHJIAICTAT,
1:1. Beixon npoxykra cocraBui 70 %. CtpoeHne u cocras

COJIM TIOATBEPXKJICHbI JAHHBIMHM DJIEMEHTHOTO aHalu3a M
HK-criekTpaibHBIMH TAHHBIMHU.

Terpaxyiopgepparbl 4eTBEPTHYHOTO AMMOHHUSI, ITUPH-
auHust 1 Mopgommuus (I, IV, VI, VIII) nonyyanu myrem
CMEIICHHS TOPSYNX 3TAHOJIBHBIX PACTBOPOB XJIOpHIA XKee3a
(IIT) 1 cOOTBETCTBYIOMMX XJIOPHUIOB YETBEPTUUHBIX COJIEH B
MOJILHOM cooTHomeHuu 1:1. CMech HarpeBajiu MpH MOCTO-
SIHHOM TepeMelinBaHuu B TeueHue 10— 15 MuH. Dtanon
ynapuBaiu B Bakyyme. [loiydeHHble TeTpaxiopdeppars
MIPOMBIBAIIH CYXHUM XOJOIHBIM 3(PHUPOM H CYLIHIH B BaKyyMe
B TeueHue | cyT. Bexon xommdaecTBeHHBINH. COCTaB M CTpoOE-

Tab6numa 2

AHTHMHMKPOOHAsI aAKTHBHOCTH TeTPaxyiopdeppaToB U XJIOPHIAOB YeTBEPTHYHBIX AMMOHHS, IUPUIUHUS U MOP(OJNHUS

JluameTp 3a7€pKKH pOCTa B MM

Gram”"

Gram~ Jpoxxenono0HbIe

Coenunenne™ rpHGH
Bacillus Staphylococcus P;Z’Z(Z:Z:l:Y Escherichia coli Shigella sonnei tsazﬁzsfl{i; Sla[;llcd;i‘:
subtilis 534 aureus ATCC 25923 ATCE 27853 ATCC 25922 I paser 941 P ATCC 885 653

I 12 0 0 11 9 0 0
II 34 17 18 0 0 0 0
111 10 6 8 9 5 8 0
v 28 26 26 0 0 0 0
\% 36 19 14 26 22 20 28
VI 40 22 25 29 30 0 25
VII 10 0 0 0 0 0 0
VIII 30 12 25 17 12 0 0
IX 25 20 21 18 0 0 0

* HOMEpa COETMHEHUI COOTBETCTBYIOT HOMEpaM B Tab. 1.
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HHE YeTBEPTHYHBIX TETPaxiopdeppaToB IMOATBEPIKICHBI
JaHHBIMHM 2JIeMeHTHoro anaimsa, HMK-cnekrpockornuu wu
CIIEKTPOCKOITMHU B BUJMMOI1 00J1aCTH.

KenezoxnopucroBogopoanyw kuciaory HFeCl, - 2H,0
noydasn pactBopenueM 0,1 mome FeCls - 6H,O B 30 Mn
36% HCl wu oskcrparmpoBaHueM >(QHPOM B BHAE
HFeCly - 2H,0. Ddup ynapusaiu non Bakyymom. [Ipomykr
NPEeICTaBIsIeT COOOH SHTApHO-XKENThIe KPUCTAIbI (T. IUL
46 °C).

3KC}’l€puM€Hma]ZbH(l}l buonocuyeckas yacmo

AHTHOAKTEpHATBHYI0 aKTHBHOCTh H3yYald METOIOM
nuddysun B arap ua cpeae Muller-Hinton [11, 12], mo otHo-
LIEHHIO K TECT-KYJIBTYpaM MHKPOOPIaHU3MOB, ITPE/ICTABIICH-
HBIX TPaMIOJIOKUTEIBHBIME OakTepusMu  Staphylococcus
aureus ATCC 25923, Bacillus subtilis 534; rpamoTpuIiaTeib-
HBIMU Oaxtepusmu Escherichia coli ATCC 25922, Shigella
sonnei 1 pazer 941, Pseudomonas aeruginosa ATCC 27853,
Salmonella typhimurium 5715, TpoTHBOrPHOKOBYIO aKTHB-
HOCTh W3yYaJH B OTHOWICHHU JIPOXKKEMOIOOHBIX TpHOOB
Candida albicans ATCC 885 — 653 [13].

TecT-KymbTypsl MUKPOOPTAaHH3MOB 3aCEBaI TA30HOM Ha
MUTATEIbHBIE CPE/Ibl U HAKJIA/IBIBAIN TBEPAYIO CYOCTAHIIHIO
TeTpaxyopdeppaToB OaKTEpPHOIOTMUECKOM MeTeil Takum
o0pa3oM, dYTO OHH OOpPa3OBBIBAIIM 30HY JHAMETPOM
12 — 24 mM. PacTBOpBI UETBEPTUUHBIX COJIEH C KOHIIGHTpa-
OUeH 5 Mr/MJI HAHOCHIIA ITUTETKOK-103aTopoM 1o 20 MKIL.
Yamku noACcyIMBaiu U KynbTuBHpoBasv npu 37 °C B Tede-
Hue 18 —24 u.

AHTHOAKTEpHATBHYI0 aKTHBHOCTH OOpA3IOB OIICHHUBAIN
N0 JMaMeTpy 30H 33JIEPXKKH POCTa TECT-IITAMMOB B MM.
JuameTpsl 30H MeHbIe 10 MM U MEHEe OLIEHUBAIU KaK OT-
CYTCTBHE aHTUMHKPOOHON akThBHOCTH, 10— 15 MM — crabas
aKTUBHOCTb, 15 —20 MM — yMEpeHHO BbIpa’kK€HHasl aKTUB-
HOCTb, cBbIlIe 20 MM — BBIpa)KE€HHasl.

Pesynomamst u ux obcyscoenue

CpaBHUTCNIBHBIA aHAJIHM3 AHTHOAKTEPUATIBHON aKTHBHO-
CTH TeTpaxyiop(eppaTtoB U XJIOPUIOB aMMOHUS, TUPUANHASL
n MOp(l)OJ'II/IHI/IH IoKasaji, 4TO BBIPAXKCHHOCTb U CIIEKTP aHTU-
MHKPOOHOH aKTHBHOCTH CHHTE3MPOBAHHBIX COCANHCHHMIT 3a-
BHUCUT OT IIPUPOJBI U CTPYKTYPBI KATUOHA U aHUOHA.

Tak OBLIO BBISBICHO, YTO HAHOOINBIICH aKTHBHOCTHIO H
Ooiree MIMPOKUM CIEKTPOM aHTHOAKTEPHATBFHOTO JEHCTBUS
obnanaroT TeTpaxiopdepparsl M0 CPABHECHHUIO C XJIOPHIAMH.
BeeneHue B MOJICKyYIly COJIM TeTpaxiopdeppar-aHioHa BMe-
CTO TaJIOTeHH-aHNUOHA IPUBOIUT K CYLIECTBEHHOMY IIOBBI-
LICHUIO aHTHOAKTEPHAILHOW aKTHBHOCTH COJIEH.

Cpenyn TOIMYYEeHHBIX TeTpaxiopdepparoB HaMOOIBIINM
0aKTEpPUOCTATHUYCCKUM JCUCTBHEM 00Jagal TeTpaxiiopdep-
par nenmnnupunuans (VI). beuto BesiBIEHO, 9TO 3TO coenu-
HEHUE OKa3bIBACT BBIPAKEHHOE aHTHOAKTEpUAbHOE JIEHCT-
BHE B OTHOIICHHU KaK I'PaMIIOJIOKHUTENIBHBIX, TAK 1 TPaMOT-
pumaTensHBIX OakTepuii, a Takke rpuda Candida albicans.
Terpaxnopdepparst 11 u IV nposBAsIOT BBIpaXKEHHYIO MPO-
TUBOMHMKPOOHYIO aKTHBHOCTH TOJIHKO B OTHOIIEHHH I'PaMIIO-
JIOKUTENBHBIX Gaxrepuit u rPaMOTPULIATEILHON
Pseudomonas aeruginosa.

Terpaxnopdeppar annon HFeCly mposiBiser gocratoyHo
BBIPKCHHYI0 AHTUMHKPOOHYIO aKTHBHOCTh B OTHOIIECHUH
HCCIICJOBAHHBIX I'PAMIIOIOKUTCIIbHBIX U HEKOTOPBIX I'PaMOT-
pHLaTeNbHBIX OaKTepuii; QYHTUIMIHONW aKTUBHOCTBIO HE 00-
JaaeT.

Cpenn XJIOpHIOB YETBEPTHIHOTO AMMOHHS, TUPUIUHUS U
MopdorHus, HanOoJIbIAsk AHTUMUKPOOHAs! aKTUBHOCTB 00-
Hapy)XeHa y AenwinupuauHnii xmopuaa (V), KOTOpsId mo-
JIaBJISIET POCT BCeX OAKTEpHii, B TOM YHCIIE U POCT JPONOKE-
nopoGHoro rpuda pona Candida.
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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF TETRACHLOROFERRATES
OF QUATERNARY AMMONIUM, PYRIDINIUM, AND MORFOLINIUM

E. V. Kharitonova', O. E. Zhuravlev?, V. M. Chervinets', L. I. Voronchikhina?, and M. A. Demidova'

! Tver State Medical Academy, Tver, 170100 Russia;

2 Tver State University, Tver, 170100 Russia

A series of tetrachloroferrates of quaternary ammonium, piridinium, and morfolinium have been synthesized. The data of optical spectroscopy in the IR and
visible range confirm the proposed structures. The antimicrobial activity of the synthesized compounds with respect to several strains of Gram-positive and

Gram-negative microorganisms and yeast fungi has been studied.

Key words: Tetrachloroferrates, antimicrobial activity, ionic liquids
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