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CHUHTE3 U UCCJIIEAOBAHUE OKTA(4-METOKCU®EHUDIIOPOUPUHATA KAIMUS B
PEAKIIMN METAJIVIOOBMEHA C XJIOPUJOM OJIOBA B IM®A

Cunme3supoean u cneKmpoghomomempuuecKum Memooom uzyueH okma(4-memokcuge-
Hun)nopgupunam xaomusn e peaxkuyuu memannooomena c SnCl, 6 oumemungpopmamuoe. Onpe-
Oelenbl KuHemuuecKue napamempel peakyuu memaniooomena. Ilpeonoscen 603modichvlii cme-

xuomempuuecmu? MEXAHUIM peaKyuu.

KiroueBbie cioBa: peakuusi MeTaiiooOMeHa, OKTa(4-mMeTokcupeHu )nopdupruHaT KaaMus, okra(4-

MeToKcHu(eHmIT)mopUPHUHAT OJI0BA, IEKTPOHHBIE CIIEKTPHI ITOTIIOMICHUS
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STUDY OF CADMIUM OCTA(4-METHOXYPHENYL)PORPHYRINATE IN REACTION
OF METAL EXCHANGE WITH TIN CHLORIDE IN DMF

Metal-exchange reaction for complexes with macrocyclic ligands refers to a special type
of complex coordination interactions. The reaction of metal exchange has founded wide applica-
tion for the synthesis of complexes of natural and synthetic porphyrins. In the general form, the
metal-exchange reaction may be written as follows:

MP + M/X(S0IV)mn— MIP + MX0(S0IV)mn

where MP and M/P are metalloporphyrins, M/Xn(Solv)m-n are metal salts of solvate complexes.
Cd-octa(4-methoxyphenyl)porphyrin was obtained by the reaction of octa(4-methoxyphenyl)-
porphyrin-ligand with cadmium chloride in the presence of potassium acetate in dime-
thylformamide. The obtained compound was identified by the methods of UV-VIS spectroscopy,
'"H NMR and mass-spectrometry. The reaction order on the salt and the complex of cadmium in
the case of the reactions of the Cd-octa(4-methoxyphenyl)porphyrin metal-exchange with tin
chloride in dimethylformamide is equal to 1. Thus, the metal-exchange reaction is bimolecular
and its total rate obeys to the second-order kinetic equation. It is suggested that the metal-
exchange reaction of Cd-octa(4-methoxyphenyl)porphyrin with tin chloride in dimethyl-
formamide proceeds through a bimolecular associative mechanism.

Key words: metal exchange reaction, cadmium octa(4-methoxyphenyl)porphyrinate, tin octa(4-
methoxyphenyl)porphyrinate, electron adsorption spectra

W3BecTHO, 4TO NOPQUPHHBI OCYLIECTBISIOT
CBOM OMOJIOTMYECKHE M KaTaluTHuecKue (QyHKIMH,
KakK IPaBUJIO, B COCTaBE KOMIUIEKCOB C MeTalJIaMH.
WzbupaTensHOE AeHCTBIE METAIIIONOPPUPHHOB 00Y-
CJIOBJICHO TPHPOJON aToMa MeTajula M CTPYKTYpOH
monekyisl [1, 2]. CBoeoOpa3ue XMMHUYECKOTO IOBE-
JEHHS 3aMEHICHHBIX METaJUIONOP(GUPHHOB B OCHOB-
HOM OOYCJIOBJICHO HAJIMYHEM CJIOXKHOTO Pa3BETBIICH-
HOI'0 MaKpOLHMKIIA, CHJILHBIM CONPSDKEHUEM T-3JIEKT-
poHHOI cucTeMbl [3] U MakpOLMKINYECKUM 3(dek-

W3B. By30B. Xumus u xuM. TexHojiorust. 2016. T. 59. Beim. 6

TOM, TO €CThb NMPOCTPAHCTBEHHBIM MCKa)KEHHEM MaK-
POLIMKIIA M CTEPUUECKHM 3KpaHHUPOBAaHHUEM 3aMECTH-
TEJISIMU PEaKIIMOHHBIX LIEHTPOB.

Oco0blil MHTEpEC TMpPEACTaBISIET H3yueHHE
peakuuyu MeTaiiooOMeHa MOp(UPHHATOB KaaMUs C
COJISIMM METAJUIOB B OPraHUYECKUX pacTBOpUTessix. C
9TOHM 1eNbl0 HaMH Obljla U3y4YeHa Peaklusl MEeTajlo-
oOmeHa okta(4-meTokcudeHnn)nopdhupruHaTa Kaamus
(Cd(OCH3Ph)gP) ¢ xmopuaom onosa SnCl, B aume-
tundopmamuge (IMDA).
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OxTta(4-MeToKkcupeHWT)NOPPUPHHAT KaIMUSI
OKCIIEPUMEHTAJIBHAA YACTb

Xnopun onosa(IV) npoxanusanu npu 200 °C
B TeueHue 4 4. B xoje SKCIeprMeHTa HCIOIb30BaIN
AM®A ¢upmer Merck. Oxra(4-MeToKkcHupeH)op-
(uprHAT KaaAMUS CHHTE3UPOBAH peakiued oxTa(4-
metokcupenun)noppuprna nurangaa (Hy(OCH3Ph)gP)
C ameraToM Kainus M XJopuzaoMm kaamus B JIMOA.
H,(OCH3Ph)gP monyduen mo onTHMHU3HPOBAHHOM Me-
toauke [4].

OCII Hz(OCHgPh)gP B CHClg, 7\,, HM, lg (8) nus3
pabotsr [4]: 424 (5,52), 518 (4,36), 555 (4,23), 583
(4,08), 638 (3,78).

OCIT Hy(OCH3Ph)gP 8 CHCls, A, HM, Ig (€):
424 (5,44), 520 (4.35), 556 (4,26), 584 (4,18), 639
(3,90).

OxkTa(4-MeTokcupeHna)noppupunar
Cd(l1). Haseckn 0,05 r (0,0431 mmonb) oxra(4-
metokcupenun)mopdupuna, 0,042 v (0,431 Mmonb)
anerara kamus, 0,16 r (0,862 mmonp) CdCl, pactBo-
psum B 30 M1 JIM®A, HarpeBanu B KoJibe ¢ o0Opat-
HBIM XOJIOAWJIBHUKOM JO KUIEHUS, KUISTHIN | MUH.
PeakmoHHyI0 CMeCh OXJIaXXJaJIi, BBUIMBAIN B BOLY,
npubasmsuin NaCl, BbIIaBIIMI OCagOK OTHHIBTPO-
BBIBAJIM, I1OCJICIOBATEIbHO MPOMBIBAJIM BOJOW, 3Ta-
HOJIOM U reKcaHoM. IIpofyKT BBICYIIMBAJIN MIPH KOM-
HaTHOW Temmneparype. Ilomyueno 0,045 r (0,0273
mmoltb) (Cd(OCH3Ph)gP (85%).

Haiigeno,%: C 71,62; H 4,64, N 4,30.
C16HgoN4OgCd. Brruuciieno, %: C 71,89; H 4,76; N 4,41.

OCII B IMDA, A, um (Ig €): 450 (5,35), 571
(4,52), 608 (4,33).

Crextp SIMP 'H (dg IMCO, B, M.11.).10,02 c.
(4H, mezo-tipotonsr), 7,95 1. (16H, opmo-CeHy), 7,34 n.
(16H, mema-CgH,), 6,90 n. (24H, OCHs-rpymnmsr).

Meroauka SKCiepruMenTa U 00paboOTKU JKCIIe-
PHMEHTAIBHBIX JAHHBIX NIpeIcTaBieHa B padote [5].
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Ha puc. 1 npencraBneno uzmenenue IOCII B
xone peakiun Metamiooomena Cd(OCH3Ph)gP ¢
SnCl, B JIM®A. Tlony4eHHbIE SKCIEPUMEHTAIbHbIC
JTAaHHBIC TIPEICTABIICHBI B TAOJTHIIE.

A
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4(30 500 6(|)0 A, HM
Puc. 1. U3menenune DCII B X0/1e peakiini METAILIOOOMEHA
Cd(OCH3Ph)8P C SnC12 B I[MCDA TPH Ccd(OCH3Ph)gP = 2,5'10-5
MOJIB/I, Csncl, = 2,0-10° mons/n, T=343 K
Fig. 1. The change in electronic absorption spectrum in the course
of the reaction of metal exchange between the Cd(OCH3Ph)gP
Complex and SnCI2 in DMF. Ccd(OCH3Ph)8P = 2510—5 mol/l,
Csnciz = 2.0-10° mol/l, T=343 K

Taonuya
Cxopocru oomena Cd®* na Sn®* B KommIekce
CA(OCH;Ph)sP B IM®A (ccaocnzphep = 2,5-10° Moab/n)
Table. The rates of Cd*exchange with Sn*" in Cd(OCH,Ph),P
complex in DMF (ccgocuzpnge = 2.5-10™ mol/I)

CSnCI2-103a T K Koy’ 10°, Ky, E,, AS?,
MoIb/a | ¢t w/(voms ¢k lx/Mons Tx/(MorsK)

298* 0,19 0,08
338/2,5940,10, 1,04

2,5 343(3 2840 16| 1.31 54+8 -143+29
348 |4,50+0,24| 1,80
298* 0,10 0,05
3381,85+0,08| 0,93

2,0 343[2,71+012| 1,36 61+12 | -145+20
348|3,47+0,19| 1,74
298* 0,09 0,06
338|1,35+0,07| 0,90

15 13s3l1700,07 113 | O6+1 | 14248
348 |2,25+0,10/ 1,50

[Ipumeuanue: * PaccuntaHHOe 3HAYCHUE.
Note: * The calculated value

PE3VJIbTATBI U X OBCYXIEHUE

[opdpupunarer kanmus (CdP) sBastirores npe-
HUMYIIECTBEHHO MOHHBIMH, KHHETUYECKH MaJIOYCTOM-
YUBBIMH KOMIUIEKCAMH, KOTOPBIE B CpeJie OpraHuve-
CKMUX pAacTBOpUTENIEHl CHNOCOOHBI K CPaBHUTEILHO
OBICTPOH JAMCCOLMALIMU IO/ JEHCTBHEM HE TOJIBKO
CHUJIBHBIX, HO M CJTA0BIX KUCJIOT.
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[Nopsimok peakiyu MO COJMU ISl METaLI000-
mera Cd(OCH3Ph)gP ¢ SnCl, 8 IM®A, ompesencH-
HBII KaK TaHTEHC yTja HaKJIOHAa MPSMOJUHEHHOU 3a-
BHCHUMOCTHU lgk3¢'=f(|gcsm|2), paBeH eauHulle (puc. 2).
CKOpOCTh pEakIMd METaUI000MEHa OIMUCHIBASTCS
YpaBHEHUEM TIEPBOTO TMOPSJIKA 110 KaMHEBOMY KOM-
TUICKCY, O YeM CBHJICTCIILCTBYET NPSIMOJIMHEHHAs 3a-
BUCHMOCTb lg(COCd(OCH3Ph)8P/CCd(OCH3Ph)8P) OT BPEMCHH

MIPOXOKIIEHUS peaknuu 7 (puc. 3).
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Puc. 2. 3aBucumocTsb Igk.g, OT Igcsnciz B peakuuu MeTanmoooMena
Cd(OCH3Ph)P ¢ SnCl, B IM®A mpu T =338 (1), 343 (2), 348 K (3)
Fig. 2.The dependence of Igkes. on Igcsacyz in the metal exchange
reaction of the Cd(OCHsPh)gP with SnCl, in DMF at T = 338 (1),
343 (2), 348 K (3)
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Puc. 3. 3aBucumocTs 1g(Cocgp/Ccgp) OT BPEMEHH B3aUMO/ICHCTBUS
Cd(OCH3Ph)gP ¢ SnCl, B IM®A 11pu cepepe = 2,510 Momb/n 1
T=338(1),343 (2),348 K (3)
Fig. 3. The dependence of Ig(cocap/ccgr) ON the time for the
Cd(OCH3Ph)gP interaction with SnCl, in DMF at cgncyp = 2.5-107

mol/l and T = 338 (1), 343 (2), 348 K (3)
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Takum 06pa3om, B 00IIEM BHIE KHHETHIECKOE
ypaBHeHue peaknuu Metamtooomena Cd(OCH;Ph)gP ¢
SnCl, B IM®A MOXHO 3aIucaTh:

-Aecgocn,pnyge/d 7=k, [CA(OCH3Ph)sP][SNCl] (1)

B nuteparype uMeroTcs cBENEHUS O BO3MOXK-
HOM CTEXHOMETPHYECKOM MEXaHM3ME PEaKIHUu Me-
TaJI000MEHa B MaKpOUMKINYECKHX [6] U mopdupu-
HOBBIX [7] Kommiekcax. M3 3THX MCTOYHHKOB BBITE-
KaeT CYILECTBOBAaHHE ABYX CTEXHOMETPHUYECKUX Me-
XaHU3MOB OOMEHa — acCOLHMATUBHOIO M AHCCOLMA-
TUBHOTO.

Hamu caenano npennosoxeHue, 94To peaxkiys
metamiooomena Cd(OCH3Ph)gP ¢ SnCl, B IM®DA
NpOTEKaeT MO0 OUMOJEKYISIPHOMY acCOIHATHBHOMY
Mexaammy [8 - 10]. Ha mepBoit OnmonexymspHOH
cTamuu o0pasyeTrcs TPOMEKYTOYHBIH OWsIIepHBII
KOMIUIEKC (MHTepMEIuaT):

(Solv)wMP + M'X5(Solv),, <>
— (Solv),MP M'X5(S0lV),s + 2 Solv  (2)

OH MoxeT 00pa3oBaThCsl cpasy K€ Iocie
CIIMBAaHUS PAcTBOPOB U TOI/A JIETKO OIpenaesseTcs
CHEKTPaIBHO, JIMOO dTa CTAIUs MOXET OBITH 3aTOp-
MO>KEHHOM.

Ha BTOpOil M€[JICHHONH MOHOMOJIEKYJIIPHOU
CTaJ HHTEpMEIUAT TUCCOLMUPYET ¢ 00pa3oBaHUEM
KOHEYHBIX MTPOIYKTOB!

(Solv) W MP-M'X,(S0IV) 4
- [(SOIV)M -+ P =+ M'X,(S0IV)pa]” —
— MX5(S0Iv)m + MP(S0IV) 4 (3)

Ora cragus Hadmomaercs B DCII mo n3meHe-
HUIO0 MHTEHCUBHOCTH TIOJIOC TOTJIoNIeHus (puc.1).

Paboma evinonnena npu ¢unancosoii noo-
deporcke  Poccutickoeo Hayunozo ®onoda, npoexm
Ne4-23-00204.

Cnexmpogpomomempuueckue UCCIe008aHUS.
8bINOJIHEHbl HA 000PY008AHUL YeHMPA KOMLEKMUBHO-
20 noavzosanus "Bepxnesondicckuil pecUOHANbHbI
YEeHmp PUBUKO-XUMUYECKUX UCCAeO08aHUN".
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