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Synthesis of the dioxygen complex
of oil cobalt (I11) porphyrin complex
and study of its oxygenating properties
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Based on the porphyrin concentrate extracted from oil, a cobalt (11) porphyrin complex and its di-
oxygen adduct have been synthesized. The structure of resulting complexes has been established
by studying their electronic and IR spectra. The molecular weight of the oil cobalt (1) porphyrin
complex, determined by the mass spectroscopic method, was 456. The molar ratio of cobalt (11)
porphyrin complex and molecular oxygen is 2 : 1. It has been established that the dioxygen adduct
of cobalt (1) porphyrin complex possesses the ability to epoxidize alkenes. A possible mechanism

for epoxidation of alkenes has been considered.
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Introduction

Over the past 25 years, various properties of synthetic
metalloporphyrins have been established and studied. It has
been shown that synthetic metalloporphyrins in their cata-
Iytic properties are not inferior to natural metalloporphyrins.
However, synthetic metal porphyrins are practically insolu-
ble in hydrocarbons. In this regard, there are serious tech-
nical difficulties in using them as a homogeneous catalyst
or for other purposes.

Unlike synthetic metal porphyrin complexes, metal
porphyrins isolated from heavy oils are quite soluble in
hydrocarbons and hydrocarbon fractions of oil. The result-
ing porphyrin complexes of transition metals are of great
interest as carriers of molecular oxygen.

In all metal porphyrin complexes, a regularity was es-
tablished in the formation of the peroxide structure of diox-
ygen adducts, which was confirmed by the presence in the
IR spectra of specific absorption bands of 1135-1140 cm'*
characteristic of the fragment.

The study of the catalytic activity of transition metal
complexes with porphyrins revealed their ability to oxidize
unsaturated organic compounds and alkenes, and their
dioxygen adducts had proved effective in epoxidation of
alkenes to oxiranes.

The object of this paper was to synthesize dioxygen ad-
ducts of metalloporphyrin complexes and to investigate
their structure by spectral methods.

Experimental part

The oil cobalt (II) porphyrin complex was obtained
from the oil porphyrin concentrate [3] according to our
method [4]. The obtained cobalt (11) porphyrin complex is a
solid material of cinnamon-violet color, which dissolves in

toluene and xylene. A sample of the obtained cobalt (11)
porphyrin complex was analyzed for cobalt content by the
spectrophotometric method [7—10]. The content of cobalt in
the sample was 12.65 %.

Preparation of the dioxygen adduct

2.28 g of petroleum cobalt (1) of the porphyrin complex
and 40 ml of carbon tetrachloride were placed in the metal
ampoule with a capacity of 100 ml, the ampoule was con-
nected to the oxygen cylinder under a pressure of 5.0 mPa
and the rocking chair was turned on. The reaction was car-
ried out at room temperature for 3 hours. The end of the
reaction was established based on completion of oxygen
absorption. At the end of the reaction, the contents in a
metal ampoule were cooled at normal pressure, and the
precipitated sediment was filtered through the glass filter.
1.52 g (62.3 %) of a solid precipitate of cinnamon color was
obtained, a solid precipitate, which, after washing from
petroleum ether and drying at room temperature, was ana-
lyzed for cobalt content by a spectrophotometric method
[7]. The cobalt content in the sample of the dioxygen ad-
duct was 6.25 %.

Epoxidation of alkenes with a dioxygen adduct

0.45 g of the dioxygen adduct (5) and 35 g (0.5 mol) of
1-pentene were placed in the metal ampoule and heated at
600 °C for 3 hours; then the reaction mixture was filtered
through the glass filter; yield of 1,2-oxidopentane deter-
mined in the filtrate by GC/LC was 65 % (based on the
olefin reacted).

IR spectroscopic studies were carried out on the
SPECORD-MB80 spectrometer in the 4000-400 cm re-
gion in KBr tablets.

Electronic spectra were recorded on the SF-4A instrument.



70

Kamaniz ma nagpmoximia, 2019, Ne 28

Some characteristics of cobalt porphyrine complex

c Electron spectrum, IR spectrum, Absorption of molecular
omplex 1 o 3
nm cm oxygen at 25 °C, gicm
1508, 1525, 1605 (pyrrole ring), 857 (CHy), 634 (=NH),
Co'P 521,533,572 1030,1046,1076 (CH-pyrrole), 1380 (-C—N), 18,7
1451 (-C=N)

Gas-liquid chromatographic analyzes were performed
on the LXM-8MD chromatograph, column dimensions:
5x2.5 m, carrier gas — helium, absorbent PEG-1000.

Results and discussion

The possibility of electroreduction of the dioxygen-
containing anion to water [1] or peroxide has been shown
before [2]. These studies are important for the creation of
combustible elements and air batteries [3-5]. The essence
of this method lies in the fact that the organometallic che-
late complexes LCo?* (1) possess extremely high molecular
oxygen restoring abilities due to electron transfer, which
leads to the formation of a dioxygen adduct (2).

0-0

LCo* +0, === LCo0**...0 — O... Co*'L =— LC(_)‘3+

. O ','
(1) ) 3)

L —is an organic ligand.

The latter, oxidizing the hydrogen ion to H-O, turns into
a complex of LCo** (3). At the cathode, it is again reconsti-
tuted to LCo?* (1), which then easily recovers molecular
oxygen. As a result of this combination of chemical and
electrochemical processes, a large amount of energy is
produced. Considering the great scientific and practical
significance of the dioxides complexes, we have developed
a method for obtaining such complexes based on petroleum
cobalt (2) porphyrin.

We synthesized oil cobalt (1) porphyrin complex PCo?*
on the basis of the oil porphyrin concentrate [3] according
to the method developed earlier [4] and characterized by the
study of its electronic and IR spectra (table).

The characteristic bands with maxima in the electron
spectrum at 521, 572, and 533 nm confirm the existence of
a coordination bond between the cobalt ions and the nitro-
gen atoms in the porphyrin ring. Spectrum area of the syn-
thesized oil cobalt (I) porphyrin complex has been ob-
served in the IR absorption bands confirming the presence
of a macrocyclic porphyrin ring. The pyrrole cycles are
characterized by absorption bands at vibrational frequencies
v 1508, 1525 and 1605 cm™. The absorption bands at v 857
cm correspond to non-flat deformation vibrations of the
methine bridges (= CH). Plane deformation vibrations at v
1030, 1046 and 1076 cm* characterize the presence of CH
bonds of the pyrrole ring. The absorption band at v 634 cm?

Co*'L

is a characteristic signal of the nonplanar deformation vi-
bration of the groups = NH in the complex PCo*". The
absorption bands at v 1380 and 1451 cm* correspond to
—C-N and —C = N groups in the petroleum cobalt (II) com-
plex. Absorption bands, characterizing the presence of the
functional groups: >C = O, -OH, —-NH,, —COOR, etc. in
the lateral branches of the porphyrin molecule, appear in the
areas, respectively, at 1705-1712, 3360-3475, 3214-3247
and 1736-1740 cm. It should be noted that the PCo*
petroleum metalloporphyrin complex synthesized by us
dissolves rather well in aromatic and aliphatic hydrocar-
bons. The infrared spectrum (figure) of the sample of the
complex obtained by us completely coincides with the data
of the spectrum given in [3].

The molecular weight of the oil cobalt-porphyrin com-
plex PCo? (4), determined by the mass spectroscopic
method, is 466 carbon units.

For the first time, we obtained a dioxygen adduct of an
oil complex (5) by oxygenation of PCo?*(2) [5].

2PCo**+0, —= PCo*" .0 — O... Co*'P

) ©))

The purity of the obtained sample (5) was confirmed by
repeated elemental analyses, the study of IR spectra and
measurement of magnetic susceptibility. The IR spectrum
of the dioxygen complex (5) exhibits a characteristic ab-
sorption band at v = 1127 cm™, confirming the presence of
dioxygen in the complex (5). The presence of O;% in the
dioxygen adduct is also established by the determination of
its magnetic moment of 1.5 mV (23 °C). The IR spectral
data and the magnetic characteristics of the dioxygen anion
(O2%) in the complex (5) also agree well with the reference
data [6]. When comparing the contents of cobalt in the

b)

600 . .1000. 1400 4800 2200 2600 «cm’

Infrared spectrum of complex compounds a) PCo%* com-
plex; b) the dioxygen adduct PCo?*
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complex compound (4) and dioxygen adduct (5), it can be
seen that in the dioxygen adduct (5), the molar ratio of
complex (4) and molecular oxygen is 2 : 1.

Our results show that although the transfer of an elec-
tron from Co (Il) to dioxygen is complete, the resultant
dioxide adduct (5) can not be represented as a complex in
which the cobalt (I1) ion is connected to singlet oxygen.

A remarkable feature of the diacid adduct of the petro-
leum cobalt (11) of the porphyrin complex (5) is the fact that
such dioxygen adducts undergo epoxidation of olefins.
Thus, the preprepared adduct (5) epoxidizes 1-pentene to
form 1,2-oxidopentane. It should be noted that the dioxy-
gen anion (O2%) in the complex compound (5) can not
directly epoxidize the olefin, the O.?-anion is not electro-
philic [3]. An alternative mechanism of epoxidation of
alkenes with a dioxygen adduct (5) allows the occurrence
of oxenoid resonance structures A and B formed as a result
of decomposition of the dioxygen complex of cobalt (II)

porphyrin (5):
PCo3*...0 — O... Co**P —> PCo =0 ==—>= PCo"O"
(5) A) B

The formation of 1,2-oxidopentane is quite possible by
the interaction of 1-pentene with the oxenoid-resonance
structure A, which has electrophilic oxygen according to
the scheme:

PC0=0 + CH,=CH—CyH, —=| CH, 5= CH=CyH, | —=
Col
"CoP
CH,™CH-CH, | pogs

. N 0/
The resulting 1,2-oxidopentane is identified by gas-liquid
chromatography.

Conclusion

The ability of the synthesized petroleum cobaltporphy-
rin complex to epoxidize 1-pentene to 1,2-oxidopentane has
been revealed.

The mechanism of alkene epoxidation has been pro-
posed. It is shown that alkene epoxidation with an oxygen
adduct occurs with the appearance of intermediate oxenoid
resonant structures formed during the decomposition of the
dioxygen complex.
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CuHTe3 IMKHCJIOPOIHOI0 KOMILIEKCA
HedTaHOr0 KOOAJLT(II) mOpdpupPUHOBOro KOMILIEKCA
U U3YYCHHUE er0 OKCUTCHUPYOIIUX CBOKCTB

M.M. Azazyceitnosa, I'H. Amanynnaeea, 3.3. baitppamosa

A3zepbaiioorcanckuti 20CyO0apcmeeHHblIL YHUSEPCUMem Heghmu 1 RPOMbIULTICHHOCTU,
AZ 1010, baxy, npocn. Azaonwie, 20, quliyevazehra@mail.ru

Ha ocHoBe mop(hHpHHOBOTO KOHIICHTpATa, BBIICTICHHOTO U3 He(hTH, CHHTe3upoBaHkl KoOasT (I1)
MOP(UPHHOBBII KOMILUIEKC U €TI0 AMKUCIOPOIHBIA aUTyKT. CTpOoeHHe HOTydIeHHBIX KOMIUIEKCOB
YCTAHOBJIEHO € HOMOIIBIO MX 3MIeKTpoHHBIX M MK-criektpoB. MonekyiapHas Macca He(TSIHOTo
xobasT (II) mophupHHOBOTO KOMILIEKCa, ONpEIENeHHAst MACCTIEKTPOITIIECKIM METOJIOM, COCTa-
Biia 456. MosibHOe cootHotenne kooatsT (1) nophupHHOBOrO KOMILIEKCa U MOJIEKYIISIPHOTO
KHUCIIOpo/ia cocTaBisieT 2 © 1. YCTaHOBIEHO, YTO AMKUCIOPOHbIH autykT kobansT (II) nopdupu-
HOBOTO KOMIUIEKCa 00/1aaeT CIOCOOHOCTBIO SMOKCHIMPOBATh ANIKEHBL. PaccMOTpeH BO3MOKHBII
MEXaHH3M SMOKCHIUPOBAHHS AJIKCHOB.

Knrouesvie cnosa: TNOKCUTHBINA KOMIUIEKC, KOOATBT, OPPUPHHOBBIN KOMILIEKC

CHHTE3 JUKMCHEBOI'0 KOMILTICKCY
HapTOoBOr0 K00aALT(II) mopipuHOBOro KOMILIEKCY
i BUBUCHHS HOI'0 OKCUTEHYHUYHUX BJIACTUBOCTEH

M.M. Azazyceiinosa, I'1. Amanynnaceea, 3.E. baiipamosa

A3epOatiOrHcanCbKull OepiHcasHUil YHIBEPCUMEm Hagmu ma NPOMUCI080CHII,
AZ 1010, Faxy, npocn. Azaomeie, 20, quliyevazehra@mail.ru

Ha ocHoBi opipiHOBOro KOHIIEHTpaTy, BUIUICHOTO 3 HadTH, ciHTe30BaHi KobasT (I1) mopdipi-
HOBHI KOMIUIEKC 1 HOTO IMKUCHEBHI aIIyKT. By/lIoBy OTpUMaHMX KOMIUIEKCIB BCTAHOBJICHO 3a
JIOTIOMOT OO iX enlekTpoHHuX 1 [Y-criekTpiB. MonekymsapHa Maca HadroBoro kodamsT (1) mopdi-
PIHOBOTO KOMITIEKCY, BU3HAUEHA MACCIICKTPOIIIYECHKIM METOJIOM, CKitasia 456. MolbHe CHiBBif-
HorrerHs kobasT (1) mopghipiHOBOTO KOMITITEKCY 1 MOJICKYJIIPHOTO KUCHIO ckimanae 2 : 1. Bera-
HOBJICHO, IO TUKUCHEBUH aayKT KoOanbT (II) mopdipnHOBOr0 KOMILIEKCY Ma€ 37aTHICTh €IOK-
CHJIyBaTH JIKCHH. PO3NISIHYTO MOXKIIMBHI MEXaHi3M ETIOKCHJIyBaHHS aJIKCHOB.

Knrouoei cnosa: MokCHIHBINA KOMITIEKC, KOOAIBT, TOPGIPUHOBHI KOMILIEKC



