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B pabome cummesupoeanvt u oxapaxmepuszoeanvt 3,7,13,17Tmempamemun-2,8,12,18-
mempaymunnoppun xnceneszo (1) ayemam [(AcCO)FeTMeTEtP]u 5,156uc(nupuo-3-un)-3,7,13,
17-mempamemun-2,8,12,18memparmunnopgpun sceneso () auemam [(OAC)OFe(Py-JTMeTELP].
Memooom yuknuueckoil 601bIMAMREPOMEMPUN UZYUEHDL ITEKIMPOXUMUYECKUE CEOICMEa U ITIeK-
mpoKamanumuuecKkas aKmueHOCMs KOMNIEKCO8 6 PeaKyUuu I1eKmpoeoCCMAHO61eHUS MONEKY-
asaprozo kucaopooa ¢ 0,1M pacmeope KOH. IIposeden cpasnumenbHulit AHAIU3 RO 6AUAHUIO KOM-
NEeKCo00pazoeanus, a maKice PYHKUUOHATbHO20 3ameuieHus 6 moneKye (66edeHue 00H020 uiu
08YX RUPUOUTLHBIX PPAZMEHM 08 8 ME30-NON0NHCEHUA MAKPOUUKIA) HA IIEKMPOXUMUYECKUEe na-
pamempul u AKMUBHOCHIb ATKUIZAMEW|EHHO20 U RUPUOUTIZAMEUEHHO20 HOPPUPUNOE 8 peaKuuu
HOHU3AUUU MOTEKYAAPHO20 KUuciopooa. Hccnedosanue 3neKkmpoxumuieckozo nogedenus Kom-
N1eKCO6 OJIU3K020 CHPOEHUA 8 PACCMAMPUBAEMBIX YCII08UAX NOKA3AI0 CYULECHEEHHOE IUANUE
RUPUOUNBHOZ0 3amecmumens Ha uzyuaemple ceoiicmea. Ilonyuennsvie ¢ Hauieii pabome IKc-
nepumenmanvuvlie u aumepamypuoie Oamnmuvie nokazanu, umo oaa (AcO)FeTMeTEtP u
(AcO)Fe(Py-3)TMeTEtP xapakmepnust pedokc-npoueccel ¢ yuacmuem Kak Rophupunoeozo max-
poxonvya (L < L™, L~ < L?), max u memanna (F€** — Fe**, F&** « Fe"). Oéuapysceno, umo
ona (AcO)FeTMeTEtP, (Cl)Fe(Py-3)HMeDEtR: (AcO)Fe(Py-3)TMeTEtP npouecc snexmposoc-
cmanoenenun yenmpanvnozo uona memanna Fe** — Fe** npomexaem npu oononnumensnom
66e0enUU 8 CUCHEMY MONEKYIAPHO20 KUc0pooa. Pesynemamul uccnedosanus snekmpokamasiu-
MUYecKoil AKMUGHOCHU MEMPARUPPOTbHBIX COCOUHEHUTL 8 800HO-U4ET0UHOI CPede NO3BONAIOM
coenams 3aKI0UeHUe 0 ROTOHCUMEIbHOM GTTUSHUU KAK KOMNIEKCO0OPA3068aHUs, MAK U 86€0eHUA
91EKIMPOHOOOHOPHBIX GJIKUTIbHBIX 3aMecmumereli 6 ROpPQHUPUHOEbIIL MAKPOYUK HA npoyecc
91EKIMPOBOCCMAHOBIEHUA MOJEKYNIAPHO20 KUCI0pooa. Kamanumuueckas akmueHoCmy uzyyen-
HBIX COeOUHEeHUIl 8 PeaKWUU UOHU3AUUU KUCTIOPOOA 603DACHAEM CO2IACHO CHUNCEHUIO NOMEeHU-
ana Inekmposoccmanosnenuns O, [EL/2(Q)] ¢ pady: HTMeTEtP < (AcO)FeTMeTEtP <
< (AcO)Fe(Py-3)TMeTEtP.

KiroueBbie ciioBa: nopdupuHbl, FEKOMIUIEKCHI, BOITaAMIEPOMETPHS, SIEKTPOBOCCTAHOBICHHE, MO-
JEKYJISPHBIN KUCIIOPOJ
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In this work acetato(3,7,13,17-tetramethyl-2,8,18;1etraethylporphinato)iron (lll)
[(AcO)FeTMeTEtP] and acetato[5,15-bis(pyrid-3-yl);8,13,17-tetramethyl-2,8,12,18-tetra-
ethylporphinato)iron(lll) [(OAc)OFe(Py-3}TMeTEtP] have been synthesized and characterized.
Electrochemical properties and electrocatalytic adly of complexes in oxygen electroreduction
reaction in 0.1M KOH aqgueous solution were studiby the cyclic voltammetry. The comparative
analysis of the effect of complex formation, as Wwa$ functional substitution in the molecule (the
introduction of one or two pyridyl fragments into @so-positions of the macrocycle) on the electro-
chemical parameters and activity of alkyl-substitgt and pyridyl-substituted porphyrins in oxygen
electroreduction reaction were carried out. The essch of electrochemical behavior of complexes
with close structure in experimental conditions halBowed that a pyridyl substituent significantly
affects the studied properties. The published datad obtained in our work have showed that
(AcO)FeTMeTEtP and (AcO)Fe(Py-3JMeTEtP are characterized by redox processes inv@v
both the porphyrin macrocycle (k> L™, L™ < L?), and metal (F& < Fe*, F&*" < Fe"). It
should be noted that the process of electroreductid the central metal ion (F& <« Fe?*) proceeds
under additional introduction of oxygen into the stem for the (AcO)FeTMeTEtP, (Cl)Fe(Py-
3)HMeDEtP and (AcO)Fe(Py-3MeTEtP. The results of investigation of the electatalytic ac-
tivity of tetrapyrrole compounds in an aqueous-alkee medium allows one to make a conclusion
about the positive effect of complexation and timroduction of electron-donor substitutes in the
porphyrin macrocycle on the electroreduction prosesf molecular oxygen. The electrocatalytic
activity of the studied compounds in the oxygen imation reaction were increased, according to
the decrease in the half-wave potential of (E1/2(0;)] in the series: HTMeTEtP < (AcO)FeT-
MeTEtP < (AcO)Fe(Py-3TMeTEtP.

Key words: porphyrins, Fe-complexes, voltammetry, electrorddac molecular oxygen
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INTRODUCTION detail by means of different electrochemical method
Octaalkylporphyrin derivatives are the ﬁrst_[l].The electrochemlcgl beham_or of these compsund
synthetic porphyrins which have been investigated IS that they are stepwise oxidized or reduced at th
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p-conjugated system to givecation radicals, dica- Me Me
tions andz-anion radicals, dianions. For metallooctae-

thylporphyrins containing metal ions Znand Mdg", Et Et
the z-conjugated system undergoes electrochemical

conversions, but in the case of Fe (lll)-, Co (l)-

Mn (lll)-complexes electrochemical processes both a

the z-conjugated system and at the central metal ions

are observed. The first comprehensive comparison of Et Et
electrode reactions involving the formationzeénion

radicals andz-cation radicals was described in the Me Me
work. According to this work, electrochemistry of H,TMeTEtP

twenty-five octaethylporphyrins with different meta
ions has been investigated by cyclic voltammetry in
BUCN (valeronitrile) for oxidation, and in DMSO (di
methylsulfoxide) for reduction. It was found thaet
potential differenceE., between the first oxidation
stage with the formation of thecation radical and the
first reduction stage to obtain theanion radical is
2.25 + 0.15 V. This value is close to the theosthjc
calculated value of the energy difference between
HOMO and LUMO (2.18 V), from which the electron
is removed or to which it is attached for most rheta
loporphyrins [2]. Additionally, the potential diffence
E1» between the first and second reduction stages is
0.42 £ 0.05 V, and the potential differerite between
the first and second oxidation stages is 0.29 5 ¥.0
These potential differences do not depend on the de
gree of oxidation of the central metal ion.

Electrochemical properties of porphyrin alkyl-
derivatives: 2,8,12,18-tetramethyl-3,7,13,17-tatrge
porphine (HTMeTEtP), octamethylporphine {8MeP),
2,8,12,-18-tetramethyl-3,7,13,17-tetrabuthylporehin
(H.-TMeTBuUP) and its Co complex in composition
with technical elemental carbon (TEC) in a KOH aque
ous solution have been described in [3]. The fige |
ands are characterized by two electroreduction pro-
cesses of tetrapyrrol macrocycle to faermanion radi-
cal and dianion. In the case of Co-complex an addi-
tional process of oxidation of the central metal io
Co(ll) is observed. It was also found that by iasiag
length of alkyl substituents, the redox potentalthe
observed processes are shifted to the anode refjion
potentials, i.e. a decrease in the induction effacthe
macrocycle contributes to its reduction.

In the present work the results of studying
electrochemical behavior and electrocatalytic agtiv

of (OAc)Fe(lll)-complexes (Fig. 1) in oxygen reduc- (OAC)OFe(Py-3jTMeTEtP
tion reaction in aqueous alkaline solution were- pre Fig. 1. Structure of porphyrins
sented for the first time. The comparative charaste Puc. 1. CTpyKTypHble GOPMYIIbl TOPHUPHHOB

tics of the effect of complex formation, as welfasc-
tional substitution in the molecule (the introdoatiof EXPERIMENTAL

one or two pyridyl fragments intmesepositions of Porphyrin-ligands were synthesized according
the macrocycle) on the electrochemical parametets ao [4,5]. Metal complexes (AcO)FeTMeTEtP and
activity of alkyl-substituted and pyridyl-substiéat (OAc)OFe (Py-3)TMeTEtP were synthesized accord-
porphyrins were carried out. ing to the methods described below.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 80Y. 61. N 2 31



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 80V. 61. N 2

Acetato(3,7,13,17-tetramethyl-2,8,12,18-tet- which was prepared in an ethyl alcohol, involved th
raethylporphinato)iron(lll) [(AcO)FeTMeTEtP] 500 carbon support (TEC — technical elemental carbon P-
mg of iron powder was added to a solution of 50 mgl4 (GOST 7885-86) with the ash content 0.45%), the
(0.081 mmol) of the ligand AMeTEt in 5 ml of fluoroplastic suspension (6% FP-4D) and studied sub
CHsCOOH. The reaction mixture was boiled for 2 hstance in weight ratio 7:2:1.
cooled, and the powder was filtered off. 20 ml after The measurements were carried out by using
was added to the obtained solution that was nézdrhl the potentiostat-galvanostat «J-31P». Potentiataof
with an ammonia solution. The precipitate wasidte thodic (&) and anodic (B peaks for observed pro-
off, dissolved in chloroform, chromatographed-2d, cesses involving studied compounds were fixed thih
eluent: chloroform). Yield — 0.030g (50%). Mass<spe accuracy of+0.01 V. The values of redox potentials
trum (MALDI): [M*-CHsCOOQO] — 532.26 dalc. were determined as the average in a series obbafiq
532.53). (AcO)FeTMeTEtPA[ (nm), (Ig), CHCk]:  experiments. The obtained experimental resultsahd
399 (4.94); 491 (4.25); 536 (3.99); 634 (3.92). culated data are presented in Table and in Fi§). 2,

(OAC)OFe(Py-3)TMeTEtP was synthesized
analogously. Yield — 0.030g (44%). [nm), (Ix), RESULTS AND DISCUSSION
CHCIg]: 406 (4.70); 514 (3.87); 586 (3.73). Electrochemical properties in an inert medium

The purity and individuality of the compounds When an electrolyte is purged with argon, on
were monitored by thin layer chromatography (Silufahe cyclic voltammetric curves for electrodes miedif
C60, eluent — CHG), and also US-VIS spectra (specwith H, TMeTEtP and (AcO)FeTMeTEtP two general
trophotometer SF-56). sequential processes of electroreduction of theorac

Electrochemical measurements were performeycle [process | (> L™) and process Il (L < L),
by the method [6] in the three-electrode cell YASEx  Table], related to the attachment of electronhéat
saturated silver chloride electrode (Ag/AgCl) amdad-  system of a macrocyclic ligand, are observed (Bg.
inum electrode were used as the reference andarourtor the metal complex (AcO)FeTMeTEtP, additional
electrodes, respectively. The working electrode wasprocesses (Fé«— F&* and Fé" « Fe'), localized on
graphite one. The working surface (0.64°cmas de- the metal atom, were found (Fig. 2).
posited with a layer (0.2-0.3 mm) of an active mass

Table
Electrochemical parameters of redox processes (vggAAgCl) and the process of oxygen electroreductian 0.1M
KOH solution. v = 20 mV:s?
Tabauya. InekTpoxumMuvecKue napaMmerpol perokc-npoueccos (VS Ag/AgCl) u mpouecca 31eKTPOBOCCTAHOBIEHUS
kuciopona B 0,IM pacreope KOH. v = 20mB-¢!

Eip, V
Compounds FS GEt PLr(()_)ceLs_s N oo e IE_r_o(c_)esLsz_II E12(02),V
H,TMeTEtP (Etio 1) [3] - -0.74 - -1.35 -0.26
(ACO)FeTMeTEtP -0.49 -0.61 20.86 1.7 -0.20
(COFe(Py-3)HMeDEP [7] 20.29% -0.53 0.71 | (EL03) -0.15
(OAC)OFe(Py-3)TMeTEtP -0.38* -0.62 -0.81 H-1.11) -0.18
(OAC)OFe(Py-4TMeTEP [8] .0.69 - -iodiz* 0.18
TEC - - - -0.30

Notes: *— values of potential at oxygen introdusing into siystem, **~ LZ L%, Eyz= (Ect+ Ed)/2
TpuMedanus: * — BeTMYMHBI TIOTEHIUANA TIPU BREIEHUN KUCIOPOJIA B CHCTEMY, ** — L2« L%, Bz = (B + B3)/2

The first stage of electroreduction (AcO)FeTleads to the fact that it possible to (Cl)OFe(Piyiake-
MeTEtP under the considered conditions proceeds REtP is reduced in the second stage, compared with
more positive potentials, in comparison with tigatid. (AcO)FeTMeTEtP.

The redox potentiaF'1) of the second reduction pro- The electrochemical behavior of the bis-
cess [~ < L?) is shifted by 80 mV into the positive pyridyl complex (AcO)Fe(Py-3JMeTEtP and the
region, that indicates an increase in the redugbilily monaopyridyl analog (Cl)Fe(Py-3)HMeDEtP is practi-
of transition metals complexes (in this case, iron) cally identical in the number of stages of the &tec

According to the obtained and previously pubehemical processes, with some weakness of thereduc
lished data (Table), the introduction of one eleatr ing properties for the bis-pyridyl complex (Fig. -
tive substituent into theneseposition of the porphin ble), in contrast to the complex AcOFe(PyI e TELP.
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pyridyl analog [for the complex (Cl)Fe(Py-3)HMe-
DEtP it is -0.71 V]. It should be noted that these
changes could be affected not only by the amount of
pyridyl fragments in the molecule of the porphyrin
compound, but also by the nature of the extra tigan
(for complex (Cl)Fe(Py-3)HMeDELtP - chloride iony fo
(AcO)Fe(Py-3)TMeTEtP — acetate ion).

- The first stage of electroreduction (electroox-
idation) of the porphyrin macrocycle is also chéeac
ized by a shift of the redox potentiah(& -0.62 V) to
the negative range by 90 mV, compared with
(Cl)Fe(Py-3)HMeDEtP (B = -0.53 V). The second

E B stage of electroreduction is also characterizea tig-
05 00 05 10 15 placement of the peak potential in the region afane
tive values by 80 mV.
Fig. 2. CV-curves of (Acoz)gergy‘;TEtP in Ar (—) and ) at It should be noted that for the (AcO)FeT-
Puc. 2. I{ukiunueckue BoipTamneporpammsl (ACO)FeTMeTERs MeTEtP, (CI)Fe(Py-3)HMeDEtP’ (ACQ)FG(Py-
Ar (—) 1 Oz () pu 20MB-c'L 3).TMeTEtP, the process of electroreduction of the
” . A central metal ion (P&« Fé&*) proceeds under addi-
Fe e tional introduction of oxygen into the system.

Electrocatalytic properties in ionization reac-
tion of molecular oxygen

In order to conduct an analysis of the electro-
catalytic activity (AcO)FeTMeTEtP in the electrore-
duction reaction of molecular oxygdrE-curves (Fig.
2, 3, curve 2), corresponding to the saturatiothef
electrolyte with oxygen, were obtained. The inceeas
in the catalytic activity of the investigated compds
leads to the depolarization effect, which is demon-
strated in the displacement of the electroreduction
wave of molecular oxygen and the half-wave poténtia

Fig. 3. CV-curves for the electrode containing céerp [EAO2)] into the region of positive values in compar-
(AcO)Fe(Py-3)TMeTEtP at a scanning rate of 20 re¥in argon ison with the system without a catalyst. Compatirey
(1) and at the complete saturation (2) with oxygen Values_ of I5/2(02) (Table), we can CondUd? that the
Puc. 3. 1IuKnudecKie BOIBTAMICPOTrPAMMBI JUIS JJIEKTPOAA, CO- catalytic activity of the studied compounds in éhec-
nepaaero kommieke (ACO)Fe(Py-3)TMeTEtPupu ckopoct  troreduction reaction of molecular oxygen increases
ckanuposanust 20MB-c! B aproue (1) 1 TP MOJTHOM HACHIICHAH the series: HWTMeTEtP < (ACO) FeTMeTEtP <
> :
rieroporon (2) (ACO)Fe(Py-3)TMeTELP.

For the complex (AcO)Fe(Py-AMeTEP, _ '_I'he conducted investigation of t_he electrocata-
the following features can be noted: Iytic activity (_)f tetrapyrrole compounds in an aque-
- The process of electroreduction (electrooxialka"ne. medlum allows one to make a conc_luspmabo
dation) Fé&" «— Fe* is fixed only in the case of addj- (e positive effect of complexation and the intrcidn
tional introduction of molecular oxygen into theel of electron-donor subst!tutes in the porphyrin roags
trolyte. The observed value/E= -0.38 V and the re- cle on the electroreduction process of mqleculgng.
versibility parameter of this proceAg = 0.21 V indi- It S.hOUId be'noted 'that the additional mtroduc'_[mfn
cate a less expressed ability to reduce the cenll pyridyl substituents into the macrocycle leadsrtom

ion with additional introduction of the second iy crease in the electrocatalytic effect in comparisith

fragment into the molecule of the porphyrin ligan t.he macroheterocycle (ACO)FeTMeTEP.

The same conclusion can be drawn for the secogd sta CONCLUSION
of electroreduction of the central metal ion {Fe The comparative analysis of the obtained in

Fe’), where for Fe (Ill) complex containing the bisq,, o1k and published data (Table) showed that

pyridyl, the value &, = -0.81 V is shifted to region of (Aco)FeTMeTE(P and (AcO)Fe(Py-3MeTELP are
negative values by 100 mV, compared with riheno ( ) (AcO)Fe(Py=3M

E B
0.5 0.0 -0.5 -1.0 -1.5
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characterized by redox processes involving both the The work was carried out within the frame-
porphyrin macrocyclel(«— L~ L™ < L*), and metal work of Research Institute of Macroheterocyclic
(Fe*" « Fe**, Fe®* « Fe"). It has been established thaitompounds and supported by the grant of the

complexation leads to the fact that the procesdenf-

President of the Russian Federatid® MK-

troreduction of the tetrapyrrole macrocycle prosee 49.2017.3
more easily, and the electrocatalytic activity bét ' o
compounds in the electroreduction reaction of melec
lar oxygen significantly increases.
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