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Interest in the synthesis and study of porphyrin
complexes with variable valence metals results from
their possible application as chemical sensors, photo�
chromic materials, and redox catalysts.

The kinetics of Co2+ complexation with tetraphe�
nylporphin and its derivatives was studied in [1–3].
However, there are no synthesis and spectral charac�
teristics of cobalt(II) and cobalt(III) complexes based
on tetraphenylporphin in the cited works. 1H and 13C
NMR spectra of cobalt(II) tetraphenylporphyrinate
and its derivatives were studied in [4]. The authors [5]
prepared and identified cobalt(II) and cobalt(III)
complexes with octaethylporphyrin.

With the aim to obtain cobalt(II) and cobalt(III)E
(E is an extra ligand) complexes with tetraphenylpor�

phin, its para�methoxy, and para�chloro derivatives,
in this work we have studied the complexation of
5,10,15,20�tetraphenylporphin (I), 5,10,15,20�
tetra(4'�methoxyphenyl)porphyrin (II), and
5,10,15,20�tetra(4'�chlorophenyl)porphyrin (III)
with cobalt(II) acetate in dimethylformamide
(DMF). Dimethylformamide is a universal medium
for the complexation of metal ions with porphyrins of
different structure [6].

Considerable difference in the electronic absorption
spectra and 1H NMR spectra of initial porphyrins and
resulting cobalt porphyrinates (table, Experimental)
enabled us to use spectrophotometry and 1H NMR
spectroscopy to study the complexation of com�
pounds I–III and to identify porphyrinates IV–VIII.
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Electronic absorption spectra of porphyrin ligands (I–III), cobalt(II) porphyrinates (IV, VI, VIII), cobalt(III)E porphyri�
nates (V, VII, IX), and Zn(II) porphyrinate (X)

Compound Solvent Band I 
λ, nm (logε)

Band II 
λ, nm (logε)

Bands III, IV
λ, nm (logε)

Soret peak
λ, nm (logε)

I CHCl3 647 (3.89) 591 (3.96) 549 (4.08), 514 (4.40) 417 (5.61)

II CHCl3 651 (3.92) 594 (3.88) 555 (4.10), 519 (4.25) 419 (5.58)

III CHCl3 645 (3.76) 590 (3.83) 550 (4.05), 515 (4.36) 417 (5.60)

IV CH2Cl2 528 (4.24) 408 (5.37)

V CH2Cl2 582 (3.95) 548 (4.14) 433 (5.14)

VI CH2Cl2 530 (4.26) 412 (5.35)

VII CH2Cl2 591 (4.01) 552 (4.11) 437 (5.19)

VIII CH2Cl2 528 (4.23) 410 (5.32)

IX CHCl3 587 (3.93) 549 (4.15) 435 (5.17)

X* CHCl3 597 (3.99) 558 (4.36) 420 (5.19)

* Data from work [7].
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EXPERIMENTAL

Porphyrin ligands were obtained by procedures [7,
8]. Dimethylformamide, СНCl3, and CH2Cl2 of
reagent grade were used without additional purifica�
tion. Cobalt diacetate of reagent grade was recrystal�
lized from glacial acetic acid (reagent grade) and dried
at 80°С for 1 h. 2,3�Dichloro�5,6�dicyano�p�benzo�
quinone was purchased from Merck. Hydrochloric
acid (37%) of high purity grade was used.

The complexation of metal cation with porphyrin
ligand was monitored by spectrophotometry of sam�
ples. The procedure of spectrophotometric study was
as follows: samples of equal volumes were taken from
reaction mixtures at preset time intervals, diluted with
the same amount of DMF, and placed in an optical
cuvette.

Electronic absorption spectra were recorded on a
Cary�100 spectrophotometer at ambient temperature.
1H NMR spectra were recorded on a Bruker AV III�500
spectrometer. IR spectra were obtained on an Avatar
360�FT�IR�ESP spectrometer as KBr pellets. Ele�
mental analysis was carried out with a Flash EA 1112
analyzer. Thin layer chromatography was performed
on Silufol plates.

Synthesis of cobalt(II) 5,10,15,20�tetraphenylpor�
phyrinate (IV). Porphyrin I (0.05 g) was dissolved in
70 mL of dimethylformamide, 0.14 g of cobalt(OAc)2
was added (molar ratio 1 : 10), the mixture was heated
under reflux for 20 s. The mixture was cooled and
poured into water. The precipitate was separated by fil�
tration, washed with water, dried, and chromato�
graphed on aluminum oxide (Merck) using methylene
chloride as an eluent. Yield 0.035 g (0.0514 mmol),
63%. Rf = 0.77 (hexane–chloroform, 1 : 1, as eluent).

For C44H28CoN4 anal. calcd. (%): C, 78.69; N,
8.34; H, 4.20.

Found (%): C, 78.58; N, 8.30; H, 4.15.
IR (ν, cm–1): 2917, 2849 ν(C�H, Ph), 1694, 1599

ν(C=C, Ph), 1437 ν(C=N), 1350 ν(C–N), 1150,
1073 δ(C–H, Ph), 1004 ν(Co–N), 796 γ(C–H, pyr�
role ring), 752, 702 γ(C–H, Ph), 470 ν(Co–N).

1H NMR (CDCl3, δ, ppm): 16.05 (br s, 8H, pyrrole
ring), 13.20 (br s, 8H, ortho�С6Н5), 8.20 (t, 8H, meta�
С6Н5), 8.01 (br s, 4H, para�С6Н5).

For tetraphenylporphyrin (I) 1H NMR (CDCl3, δ,
ppm): 8.87 (s, 8H, pyrrole ring), 8.25 (d, 8H, ortho�
CDCl3): 7.82 (m, 8H, meta�C6H5 and 4H, para�
C6H5), –2.65 (s, 2H, NH).

Synthesis of cobalt(III)E 5,10,15,20�tetraphe�
nylporphyrinate (V) (E = СN–, Н2О). A mixture of
0.025 g of complex IV and 0.042 g of DDQ (molar
ratio 1 : 5) was dissolved in 30 mL of CHCl3 and kept
at ambient temperature for 4 h. The reaction mixture
was filtered, carefully washed with water, the organic
layer was separated, the solvent was evaporated. Yield
0.021 g (0.0294 mmol), 80%. Chromatography on silica
gel with chloroform as an eluent afforded 0.016 g (0.0224
mmol), 60% of compound V. Rf = 0.69 (hexane–chlo�
roform, 1 : 1, as eluent).

For C45H30CoN5O anal. calcd. (%): C, 75.52; N,
9.79; H, 4.23.

Found (%): C, 75.43; N, 9.70; H, 4.18.
1H NMR (CDCl3, δ, ppm): 9.18 (s, 8H, pyrrole

ring), 8.23 (d, 8H, ortho�C6H5), 7.78 (m, 8H, meta�
C6H5, 4H, para�C6H5).

Cobalt(II) 5,10,15,20�tetra(4'�methoxyphe�
nyl)porphyrinate (VI) and cobalt(II) 5,10,15,20�
tetra(4'�chlorophenyl)porphyrinate (VIII) were
obtained similarly to compound IV.

Cobalt(II) 5,10,15,20�tetra(4'�methoxyphe�
nyl)porphyrinate (VI). Porphyrin II (0.05 g) and 0.12 g
of cobalt(OAc)2 in 30 mL of DMF were heated to boil�
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R = C6H5 (I),
R = C6H4�4�OCH3 (II),
R = C6H4�4Cl (III),

M = cobalt(II), R = C6H5 (IV),
M = cobalt(III), E = (СN–, H2O), R = C6H5 (V),

M = cobalt(II), R = C6H5�4OCH3 (VI),
M = cobalt(III), E = (СN–, H2O), R = C6H5�4�OCH3 (VII),

M = cobalt(II), R = C6H4�4�Cl (VIII),
M = cobalt(III), E = (Сl–, H2O), R = C6H4�4Cl (IX),

M = Zn(II), R = C6H5 (X).
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ing temperature. Yield 0.036 g (0.0451 mmol), 67%.
Rf = 0.80 (hexane–chloroform, 1 : 1, as eluent).

For C48H36CoN4O4 anal. calcd. (%): C, 72.82; N,
7.08; H, 4.58.

Found (%): C, 71.90; N, 6.65; H, 4.47.
1H NMR (CDCl3, δ, ppm): 16.14 (br s, 8H, pyrrole

ring), 13.24 (br s, 8H, ortho�C6H4), 8.11 (d, 8H, meta�
C6H4), 4.10 (s, 12H, para�OCH3).

IR (ν, cm–1): 2920, 2851 ν(C–H, Ph), 1607, 1507
ν(C=C, Ph), 1462 ν(C=N), 1351 ν(C–N), 1288,
1248 δ(CH3O), 1175 δ(C–H, Ph), 1001 ν(C–C), 800
γ(C–H, pyrrole ring), 717, 608 γ(C–H, Ph), 500
ν(Co–N).

Cobalt(III)E 5,10,15,20�tetra(4'�methoxyphe�
nyl)porphyrinate (VII) (E = CN–, H2O) was obtained
similarly to compound V. Molar ratio VI : DDQ = 1 :
3. Reaction time was 2 h. Complex VI (0.025 g) was
converted into compound VII (0.022 g, 0.0263 mmol,
82%). Chromatography on silica gel using chloroform
as an eluent gave VII in ~60% yield. Rf = 0.74 (hex�
ane–chloroform, 1 : 1, as eluent).

For C49H38CoN5O5 anal. calcd. (%): C, 70.42; N,
8.38; H, 4.58.

Found (%): C, 70.33; N, 8.30; H, 4.52.
1H NMR (CDCl3, δ, ppm): 9.14 (s, 8H, pyrrole

ring), 8.52 (d, 8H, ortho�C6H4), 8.11 (d, 8H, meta�
C6H4), 4.11 (s, 12H, para�OCH3).

Cobalt(II) 5,10,15,20�tetra(4'�chlorophenyl)por�
phyrinate (VIII). Porphyrin III (0.05 g) and 0.12 g of
cobalt(OAc)2 in 20 mL of DMF were heated to boiling
temperature. Yield 0.035 g (0.0433 mmol), 65%. Rf =
0.86 (hexane–chloroform, 1 : 1, as eluent).

For C44H24Cl4CoN4 anal. calcd. (%): C, 65.29; N,
6.92; H, 2.71.

Found (%): C, 65.11; N, 6.87; H, 2.65.
1H NMR (CDCl3, δ, ppm): 15.82 (br s, 8H, pyrrole

ring), 13.00 (br s, 8H, ortho�C6H4), 8.15 (d, 8H, meta�
C6H4).

IR (ν, cm–1): 2918, 2847 ν(C–H, Ph), 1640, 1488
ν(C=C, Ph), 1448 ν(C=N), 1350 ν(C–N), 1092

δ(C–H, Ph), 1002 ν(C–C), 891 ν(C–Cl), 806 γ(C–
H, pyrrole ring), 718 γ(C–H, Ph), 505 ν(Co–N).

Cobalt(III)E 5,10,15,20�tetra(4'�chlorophe�
nyl)porphyrinate (IX) (E = Cl–, H2O). Complex VIII
(0.025 g), was dissolved in 10 mL of DMF, 1.5 mL of
hydrochloric acid was added, the mixture was stirred,
kept at ambient temperature for 15 min. Chloroform
(30 mL) and water (100 mL) were added to the reaction
mixture, the organic layer was separated, washed with
water, the solvent was evaporated to minimal volume, the
residue was precipitated from hexane to give 0.02 g
(0.0235 mmol) of complex IX, 76%. Rf = 0.79 (hexane–
chloroform, 1 : 1, as eluent).

For C44H26Cl5CoN4O anal. calcd. (%): C, 61.25;
N, 6.49; H, 3.04.

Found (%): C, 61.14; N, 6.38; H, 2.97.
1H NMR (CDCl3, δ, ppm): 9.15 (s, 8H, pyrrole

ring), 8.63 (d, 8H, ortho�C6H4), 8.05 (d, 8H, meta�
C6H4).

RESUTS AND DISCUSSION

Cobalt complexes of simple porphin derivatives are
known to show low redox potential E(Co2+/Co3+) of the
central ion. The magnitude of this potential is deter�
mined mainly by the donor�acceptor properties of tet�
rapyrrole ligands and can vary in a wide range. Elec�
tron�donating substituents in the tetrapyrrole macro�
cycle cause anode shift of redox potential and stabilize
(Х)СоIIIР complexes, while electron�withdrawing
groups produce cathode shift and stabilize СоIIР com�
plexes (where P is porphyrin) [10, 11]. Therefore
cobalt complexes with the majority of porphyrin
ligands are characterized by oxidation state +3, while
those with phthalocyanines have oxidation state +2
[10, 11].

Studies showed that the complexation of porphyrin I
with cobalt(OAc)2 (molar ratio 1 : 10) in boiling DMF
proceeds over 20 s. Electron absorption spectrum of a
sample taken from reaction mixture and dissolved in
DMF shows a band at λI = 528 nm and no bands of
initial compound I with maxima at 647, 590, 547, and
513 nm (figure). The hypsochromic shift of Soret peak
in the electron absorption spectrum of complex IV as
compared with porphyrin I in DMF is 8 nm. The char�
acter of electron absorption spectra of complex IV
does not change on increase in reaction time up to
1 min in boiling DMF. Compound IV is stable in solid
state at ambient temperature for a long time (~120 days).
The complexation of porphyrin I with Co(OAc)2
(molar ratio 1 : 10) in DMF at ambient temperature
proceeds slowly. The electronic absorption spectra of
reaction mixture after 7 days shows the bands of initial
porphyrin I at 647, 590, 547, 513, and 415 nm and
emerging bands of complex IV with maxima at 528 and
407 nm. Forty days later, the electronic absorption
spectra of reaction mixture exhibits two Soret peaks:
from initial compound I at λmax = 416 nm and from
cobalt(III) complex with λmax = 429 nm. Absorption
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maxima in electronic absorption spectra due to forma�
tion of CoIIIP complex are observed in DMF at 578,
544, and 429 nm and reached over 50 days at ambient
temperature. However, the obtained CoIIIP complex
undergoes partial reduction to initial СоIIP (IV) dur�
ing isolation from reaction mixture. When 2,3�
dichloro�5,6�dicyano�p�benzoquinone (DDQ) was
used as oxidizing agent [12], the oxidation of
cobalt(II) tetraphenylporphinate into CoIIIE tet�
raphenylporphinate (compound V) proceeds at reac�
tants molar ratio of 1 : 5 in chloroform for ~4 h at
ambient temperature. After isolation from reaction
mixture, compound V is stable in solid state and solu�
tion (CHCl3).

The introduction of methoxy groups (+J effect)
and chlorine atoms (+C effect) in the para position of
the benzene rings of tetraphenylporphin enhances the
rate of II and III complexation with Со(ОАс)2 in
DMF in comparison with the parent compound.
According to literature data [13], electron�donating
substituents increase electron density on the tertiary
nitrogen atoms of the macrocycle thus enhancing the
coordination interaction of the cation of solvate com�
plex [MX2(Solv)n – 2] with porphyrin in transition
state. Thus, the corresponding cobalt(II) porphyri�
nates (VI, VIII) form under conditions similar to those
for IV on heating of reaction mixture to boiling point.
CoIIIE porphyrinate (E = СN–, H2O) (VII) forms
upon dissolution of compound VI and DDQ (in molar
ratio 1 : 3) in CHCl3 during 2 h. Cobalt(II) porphyri�
nate (VIII) containing electron�withdrawing chlorine
atoms in the benzene rings undergoes only partial oxi�
dation to cobalt(III) porphyrinate under conditions
similar to those for IV and VI. Compound VIII can be
oxidized to CoIIIP upon the use of tenfold excess of
DDQ and increase in reaction time to ~20 h, however
a mixture of cobalt(II) and cobalt(III) complexes
forms on isolation from reaction mixture. The oxida�
tion of compound VIII with hydrochloric acid in
DMF solution for ~15 min at ambient temperature
leads to formation of CoIIIE porphyrinate (E = Cl–,
H2O) (IX). Compound IX is stable in solid state and
СНСl3 solution.

The data of elemental analysis, electron absorp�
tion, 1Н NMR, and IR spectroscopy agree well with
the structure of prepared compounds. The hypsochro�
mic shift of bands in electronic absorption spectra for
cobalt(II) tetraphenylporphyrinate (IV) as compared
with Zn(II) porphyrinate (X) is explained by the
strong π dative interaction of d

π
–eg(π*) type between

the metal ion and the porphyrin macrocycle. The
cobalt(II) → cobalt(III) oxidation of tetraarylporphy�
rinates leads to the bathochromic shift of absorption
bands in electronic absorption spectra (the figure,
table). cobalt(II) tetraphenylporphyrinate like
cobalt(II) octaethylporphyrinate [5] exhibits para�
magnetic properties (3d7 configuration). The 1H NMR
spectrum of cobalt(II) tetraphenylporphyrinate in
CDCl3 shows the signals of β pyrrole protons and ortho

protons at 16.05 and 13.20 ppm and signals of meta and
para protons at 8.20 and 8.01 ppm. The cobalt(II) →
cobalt(III) oxidation of tetraphenylporphyrinate (3d6

configuration) brings about the considerable upfield
shift of signals of β pyrrole and ortho protons approxi�
mately by 7 and 5 ppm, respectively. The signals of
meta and para protons of the oxidized form
(cobalt(III)) are shifted upfield by ~0.4 ppm as com�
pared with the reduced form (cobalt(II)).
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