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CHUHTE3 U CBOMCIBA KOMILIEKCOB Mn(II)
C OCHOBAHMAMHN MAHHHXA

WsBectHO, uTo KOoMILIeKchl Mn(Il) ¢ HEKOTOPLIMEU OPTaHMUYECKUMHU JUTAHAAMU
XapaKTepus3yoTcsa aHTUBOCIAIUTENbHON, aHTUNIIPOJIN(EePATUBHON, aHTUBUPYCHOM,
aHTHOAKTepUAaJbHON U AHTU(PYHTaJIbHON AKTHUBHOCTBIO, a TaKiKe CIIOCOOHOCTBHIO
UMUTUPOBATL (QYHKIMU OSHOTO U3 BaKHEUIINX (PePMEHTOB — CYIEPOKCULINCMY-
Tassl [1, 2]. B mesnax pacmimpenus o0JIacTU MOMCKA HOBBIX OMOAKTUBHBIX KOMILIEK-
coB Mn(II), B wacTHOCTU, MOTEHIINAIBHBIX XUMUOTEPAIEBTUUECKUX Ar€HTOB, IIPEJ-
CTaBJIAET MHTepec uccaenoBanue KommiekcoB noHoB Mn(II) ¢ ocuoBanusavu Man-
HUXA.

ITens manHOI paboThl — uU3ydYeHUE KOMILIeKcoobpasoBanus noHosB Mn(II) ¢ oc-
HOBaHMAMU MaHHUXa, CUHTE3 KOMILJIEKCOB Ha UX OCHOBE, a TaKJKe oIpeJieJIeHre CO-
cTaBa U TreOMeTPUU KOOPAUHAIIMOHHBIX Y3JI0B KOMILIEKCOB.

METOIUKA DKCIIEPUMEHTA

Hnsa nsyueHuda KoMmiekcoobpasoBauua nonoB Mn(Il) c ocuoBanusamu Manauxa
HWCIIOJIb30BAJIU JIUTAHABI, 00Ias CTPYKTypHAasa (Gopmysaa KOTOophiX npuBemeHa. O0-
mas CTPYKTypHas opmysa ocHoBaHuit MaHHUXA:

OH R=NC,Hy; — 5-mpem-6yTui-3-(ITUpPOTUIUH-1-AIMETHI)-
1,2-purugporxcubenson (I), R=NC,H,, — 5-mpem-6y-
OH Tui-3-(nunepugus-1-mi)-1,2-nurugpoxcudenson (II),
R=NCH,, — 5-mpem-0yTun-3-(azeHoH-1-uiMeTnmn)-
1,2-purupporxcudenson (III), R=NC,H;0— 5-mpem-6y-
Tii-3-(MopdosuH- 1 -mnmerwn)-1, 2-nurngporcubenson (IV),
R=NC,H,NCH; — 5-mpem-6yTui-3-(4-MeTUININIepasHH-
1-unmern)-1,2-guruapoxcudenson (V).
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Usyuenue ©KommiekcoobpazoBanus wuoHoB Mn(Il) wnpoBoamam wmeTomom
pH-MeTpuuecKoro TUTPOBAaHUA B BOAHO-3TaHOJbHOM pacTBope (1:1) u atrmocdepe
aprona c¢ momoibio noHomepa —130. [lisa pacuera mo JaHHBIM 9KCIEePUMEHTA
KOHCTAHT YCTOMYMBOCTU 00OPa3yIINXCA B PACTBOPE KOMILJIEKCOB HCIIOJIb30BaIU
U3BECTHBINI ajaroputTM pacuera [3]; coBMecTHOe peIlleHWe CUCTEeMbl YPaBHEHUH,
OIIMCHIBAIOIINX IITPOTEKAIOIINe PABHOBECHBIE IIPOIECCHI, OCYIIECTBJIAJU B IIPO-
rpamme MathCad.

CuHTE3 MeTaJJIOKOMILJIIEKCOB OCYINECTBIANN M0 MeTonuKe [4]. Perrrenodaso-
BRIl aHanu3 nposoguiu Ha npubope JPOH—3 (CuK  -usnyuenue). IK-cueKTpsl
cunMmaan Ha nappakpacuom cruekrpomerpe FT-IR «Nicolet 380» ¢pupmer « Thermo
Electron Corporation» c¢ ucmonbzoBanuem «Smart Performer» B gumamasone
4000—400 cm !. TepmorpamMms! 3anuckiBaIu Ha npubope NETZSCH STA 449 °C

npu nsMmenenuu remnepartypsl or 20 °C mo 450 °C co ckopocThio 5 rpajs/MuH. JJie-
MEHTHBIA aHaJIM3 BBIMOJIHEH B jiabopaTopuu MucturyTra dpusuku HAH Benapycu
COTJIACHO CTaHJAPTHBIM MeTomuKaM [5]. OnTuuecKue CIEKTPHI MOTJIOIEHUA pac-
TBOPOB JIMTaHIOB M MX METaJJIOKOMILJIEKCOB B AlleTOHUTPUJIE 3alMCHIBAJIU Ha
cuekTpodoromerpe SPECORD M500 B nuanasone gaux BoaH 220—900 um ¢ Tou-
HOCTBbIO 2 HM C HCIOJb30BaHHeM cTaHmzapTHO# (1 cm) KioBeTwbl. CrekTpbl IIIP
KpHCTaJJINUYeCKuX 00pasiioB peructpupoBaau Ha npubope Varian E-112 (X-gua-
masoH; 9,3 I'T'iy) mpu TemiepaType KuneHusd »Kugkoro azora (77 K) u mpu xomuaT-
HOU TeMIlepaType. B KauecTBe cTaHZApTOB HCIOJb30Baau 1,1-mudeHnn-2-nmk-
PUITHAPA3UILHLIH CBOGOAHEIH pagukan u uoH Mn2' B pemerxke MgO.

PE3YJIbTATBI U UX OBCYKIEHUE

H3syuenne KOMILIEKCOOOPA30BaHUA B BOLHO-9TaHOJILHOM pacTBope nouos Mn(II)
C BBIIIIEYKA3aHHBIMY JINTAHIAMU IOKA3aJI0, YTO B YCJIOBUSIX DKCIIEPUMEHTa 00pasy-
foTca Komiaekcesl cocraBa Mn(Il) : smuraug =1 : 2, a ©X KOHCTAHTBI YCTONUYUBOCTH
M3MeHATCA B mHTepBase 1,26 - 10° + 8,71 - 10°.

C mcmosib3oBaHMeM paspabOTaHHON HAMM METOAMKHU cuHTe3a [4] BbIIeJeHBI B
KpucrajmiaundeckoM coctogHuu KomiuieKcbl Mn(II) ¢ aurammamu I—V. 9t Kom-
IJIeKChI HEPACTBOPUMBI B BOJe, TUITUJIOBOM d(upe, HUTPpOMeTaHe u XJopodopme,
OQHAKO XOPOIIO PACTBOPUMBI B aIleTOHUTPUIE U AuMeTuicyabhorcuge. CoriaacHo
JaHHBIM PEHTTeHO()Aa30BOr0 aHANM3a, IPOAYKTHI CHHTE3a XapaKTePU3YIOTCSI BOC-
MIPOU3BOAUMBIMYU HAOOPAMU MEJKILIOCKOCTHBIX PACCTOSTHUIM, UTO II03BOJISET CUM-
TaTh UX HOBBIMU WHANBUIYAJIbHBIMU XUMUUYECKUMU COeIUHEHUIMMU.

BesnuuHBEl MOJIAPHO#H 3J1eKTPonpoBogHOCTH (A, = 4,2 + 8,8 Q71 - cm? - Mo 1),
M3MEPEeHHO B alleTOHUTPUJIE AJIsI BCeX CUHTE3MPOBAHHBIX KOMILJIEKCOB, II03BOJISIOT
paccMaTpuBaTh UX KaK HEHUTpaJbHBIE COeIUHEHUA U HEIJIEKTPOJUTHI.

PesyabraTe! amemenTHOTO aHanusa (Tabs. 1) cBUAeTEeIbCTBYIOT 00 00pa3oBaHUMT
KOMILJIEKCOB, COCTaB KOTOPBIX COOTBeTCTByeT obmieit dopmyse Mn(L),(H,0), (rzme
L = gquraaaer I—V).

Ha xpusBwix JITA rommiaekcoB ¢ monamu Mn(II) B obmacTtu Temmeparyp
60—150 °C mpucyTCTBYOT 9HAOTEPMUUYECKNE INKM, UTO CBULETEJIbCTBYET O KOOP-
OIUHAIIMOHHOM CBA3BIBAHUUM MOJIEKYJ BOABI C MOHAMM METAJJIa W IOATBEPIKIaeT
pesyJbTaThl 9JIeMEeHTHOTOo aHamusa (tabsu. 1).
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Tabauua 1
Pe3yasTaThl XHMHYECKOT0 3JI€MEHTHOTO aHAJIM3a
meramnokominiekcoB Mn(Il) ¢ murammamu [—V
Bpyrro- Copneprxanue 9JIeMeHTOB (BBIUNMCIEHO/HAULEHO, %)
Kommiaekc
dopmya C H N Mn
Mn(LY),(H,0), | C;0H;N,O¢Mn | 61,17/61,26 8,09/8,17 4,70/4,76 8,71/8,80
Mn(L"),(H,0), | C3,H;,N,OcMn | 62,34/62,36 7,68/8,77 4,46/4,55 8,84/8,93
Mn(L™),(H,0), | C3,H;sN,O,Mn | 63,29/63,37 8,91/9,00 4,23/4,35 8,42/8,54
Mn(LY),(H,0), | C50H;,N,O5 Mn | 58,00/58,09 7,96/8,07 5,24/4,52 8,79/8,88
Mn(LV),(H,0), | C;,H;;N,OcMn | 59,39/59,46 8,59/8,67 4,23/4,34 8,47/8,52
Tabauua 2
IHoxocer moraomenusa (v, cm—1) B HK-cnekTpax
aurasgoB I—V u ux kommiaexcos ¢ Mn(II)
CoennHenne v(—OH) v(C—O0) V(C—N) v(C=C) | v(Mn—N) | v(Mn—O)
1189 cp,
L 3409 cn | 1119 cp, | 1301 cp 113%% e, _ _
1102 cp b
1199 cn 1549 cn 520 ¢
M LI H O > s P,
n(L"),(H,0), 3336 ¢ 1048 cp 1276 cp 1483 cp 418 cp 508 cp
1197 cp,
1188 cp,
L 3402 cp | 1152 cp, | 1307 cp 11‘31%% e, _ _
1097 cp, cp
1028 cx
1152 cu,
Mn(L"),(H,0), | 38365 cn 1034 cp, 1280 cp 1548 ca 490 cx 527 cp
1017 cp
1192 cp
Jiti ’ _ _
L 3380 cp 1089 cp 1305 cp 1600 cu
505 cx 531 cp
M LIII H ’ ’
n(L"),(H,0), 3290 cxn 1017 cx 1276 cx 1484 cp 420 cp 516 cn
1191 cp,
1127 ca,
L 3375cp | 1107 c, 112297% P 113%52 o _ _
1070 cp, p p
1030 cp
1116 c,
Mn(LV),(H,0), | 3310 cp | 1049 cp, | 1278cp | 1465¢cp | 008 ¢L | 549cp,
432 cn 522 cp
1003 ca
1167 cp,
1146 cp,
1135 cp 1596 cx
V ’ ’ _ .
L 3385 ¢cp 1114 cp, 1299 cp 1516 cp
1081 cu,
1012 cp
1145 cp 550 cx
Mn(LV),(H,0 ’ ’
n(LY),(H,0), | 8330 cp 1004 cp 1279 cp 1554 cp 420 cp 510 op
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s onpemeneHus: coCTaBa KOOPAUHAIIMOHHBIX Y3JI0B KOMILIEKCOB UCIIOJIb30BAIA
meron MK-cunekrpockonum. B cmexktpax juragmoB I—V m mx Mn(II)-kommiekcoB
MOYKHO BBIJEJIUTH HECKOJIBKO o0mux uept. Tak, B obmactu 3375—3409 cm ! crek-
TPOB JIUTAHAOB HAOIIOJAETCA OHA II0JI0CA, O0YCJIOBJIEHHAA MEKMOJIEKYIAPHBIMHU BO-
JIOPOJHBIMU CBA3AMU C yUacTHeM (DEHOJBbHBIX THIPOKCUJIBHBIX rpynm (Tabua. 2) [6].
B crexTpe KOMILIEKCOB IIPOMCXOIUT €€ YIIHNPEHUEe U CMEIeHle B HU3KOYACTOTHYIO
00J1aCTh, UTO YKA3bIBAET HA yUaCTHE MOJIEKYJ BOABI M (DEHOJBHBIX I'MIAPOKCUJIBHBIX
TPYII B KOOPAWMHAIIUY K MOHAM MeTaJlia.

Cwmerierue B criekTpe KommiekcoB Mn(IT) momocsr C—O BajIeHTHBIX KOJe0aHU
B 00JaCTh HM3KHUX UYACTOT TaKiKe IIOATBEPIKIAaeT KOOPAMHAIIMOHHOE CBA3BIBAHLE
auraunoB I—V ¢ monamu Mn(II) uepes aTombl Kucaopoa GeHONIbHBIX TUAPOKCUIIb-
HBIX rpynn. HuskouacToTHOe cMeleHue mojoc KojsiebaHmii cBazeii C—N cBuze-
TeJBCTBYEeT 00 yuyacTUu aToMa a3oTa B (hOPMUPOBAHUU KOOPAMHAIMOHHBIX V3JIOB
KOMILIEKCOB. KpoMe Toro, HaImuMe HOBBIX I0JIOC B 00aacTu 549—420 cm™! B ciek-
Tpax KOMILIEKCOB yKasbIiBaeT Ha obpasoBanue cBaseit M—O u M—N [6].

B cnekrpax IIIP kommiexkcoB Mn(Il) ¢ murangamu I—V mabaromaercs OTHOCHU-
TesabHO mupokuii cursal (AH = 200 + 250 I'c) ¢ g-pakTopom g, = 2,015 + 2,040, xa-
PaKTEepHBIN A5 HU3KOCTUHOBBIX KoMILIeKcoB Mn(II), B KOTOPBIX OTCYTCTBYEeT B3au-
MozeliCTBHe MeXKIy aToOMaMH MapraHiia, a KOOpAMHAIuOHHBIe moausapsl MnN,O,
UMeIOT OKTa3IpuUecKyoo Gopmy.

TeomeTpusa KoopAuHAIMOHHBIX y3J0B KoMIiiekcoB Mn(Il) ¢ suranmamu I—V
ObLyIa oIpejiesieHa Ha OCHOBAHUY aHAIN3a 9JI€KTPOHHBIX CIIEKTPOB MOTJIOIIEHUA, OC-
HOBHBIE XapaKTEePUCTUKU KOTOPHIX IpuBeAeHbI B Tabs. 3 [7]. B mesom, ucciaemoBas-
IIMeCs CIEeKTPHI ABJIAIOTCA TUNUYHBIMU AJIA HU3KOCIMHOBBIX KomIrmekcoB Mn(II)
C JIUTaHJIAMU CUJBHOTO IIOJIS.

Tabauua 3
OcHOBHBIE XapPAKTEPUCTUKH 3JIEKTPOHHBIX CIEKTPOB IOTJIOIEHUST
kKommiekcoB Mn(Il) u ux KoopaAMHAUMOHHBIE Y3JIbI

Kommiekc Xpomodop Ilosochl TOTJIOIIEHUA, Amax, HM ®opma KOOPAWHAIITMOHHOTO y3Ja
Mn(LY),(H,0),, 650—670 (Mn(II) — (nO) II3MJI);
Mn(LY),(H,0), 530—570 (d—d);
Mn(L?VI)z(HZO)z MnN,O, |410—470 (O, — Mn(II) II3JIM); OxrasapuyecKas
Mn(L0);(H,0), 360—380 sh (N(c) — Mn(II) TI3JIM),
Mn(L"),(H,0), 275—280 (BILJ)

Jns cMHTe3MPOBAHHBIX KOMILJIEKCOB OBLJIO TPOBEIEHO MUKPOOMOJIOTUUECKOE HC-
ceJoBaHWE B OTHOINEHUU KYyJIbTYyphl Mycobacterium smegmatis m yCTaHOBJIEH

ypoBenb akTtuBHOCTH (MUK < 10 MKr/mi), 3HQUUTEIHLHO IPEBBIIIAIOIINN aKTUB-
HOCTb TETPAIMKJNHA U COMOCTABUMBIN C aKTUBHOCTHIO CTPEIITOMUIIMHA.

BBIBOJIbI

1. Wonsr Mn(II) 06pasyoT B BOLHO-3TAHOJIBHOM PAaCTBOPE KOMILJIEKCHI C OCHOBA-
Huamu Mawmauxa I—V, KoTopble XxapaKTepu3yOTCs KOHCTAHTAMM YCTOWUYNWBOCTU
1,26 - 10°+ 8,71 - 10° u oraomernum Mn(II) : L =1 : 2; cocTaB Bcex CHHTE3UPOBAH-
HBIX KoMILIekcoB Mn(II) coorBeTcTByet obiieit popmyse Mn(L)y(H,0),.



2. Komnnekcwsr Mn(II) ¢ murangamu I—V, coryiacHO JaHHBIM CIIEKTPOCKOIIMYE-
CKOT'0 WCCJIETOBAHUA, UMEIOT OKTadPUUECKYI0 (hOPMY KOOPAUHAIIMOHHBIX Y3JIOB
cocraBa MnN,O,.

3. AxktuBHOCTh KoMIieKcoB Mn(II) B orHomenuu Mycobacterium smegmatis
SHAUYUTEJIbHO IIPDEBHIIIIaeT aKTHUBHOCTH TE€TPAIlMKJIMHaA M COIIoOCTaBHMMa C aKTHUBHO-
CTBIO CTPEIITOMUITHA.
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