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New (2,3,7,8,12,18-hexamethyl-13, 1 7-diethyl-5-(2-pyridyl)porphinato)cobalt(ll) (Co"P) was obtained in the reaction
0f 2,3,7,8,12,18-hexamethyl-13,17-diethyl-5-(2-pyridyl)porphyrin with Co(AcO) ;4H 0 in boiling DMF. This porphyrin
complex was characterized by UV-Vis, IR, '"H NMR and mass spectra. Coordination of pyridine to Co"P was studied
by spectrophotometric titration. Cobalt(Ill) complex was found to react with pyridine forming 1:1 donor-acceptor
complex in one-step reversible process. The obtained results are of interest for the creating of porphyrin-based donor-
acceptor systems as components for photoactive materials.
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Hoswiit komnaexc kobarema(ll) ¢ 2,3,7,8,12,18-eexcamemun-13, 1 7-ousmun-5-(2-nupuoun) nopgpupurom nonyuer peax-
yueti c606001020 maxkpoyukiuueckozo aueanda ¢ Co(AcO),4H,0 ¢ xunswem JIM®PA. Komnnexc oxapaxmepusosan
memodamu Y@, euoumoti, UK u 'H AMP cnexmpockonuu u macc-cnexkmpomempuu. Memooom cnexmpogomomempu-
uecko20 Mumpo8anusi usyyena peaxyus mexcoy (2,3,7,8,12, 18-eexcamemun-13, 1 7-0usmun-5-(2-nupuoun)noppunamo)
rkobanemom(Il) u nupuournom 6 cpede monyona. Ilpucoedunenue Monexyi NUPUOUHA K MEMAITONOPPOUPUHY RPOXOOUM
6 001y cmaoulo 00 COCMOAHUS PABHOBECUs C 00pA308aHUeM OOHOPHO-AKYENMopHo2o Komniexkca cocmaea 1:1. Onpe-
Oelenbl CneKmpaibHble Xapakmepucmuku u napamempul ycmouvyusocmu. Ilonyuennvie pe3ynomamol npedCcmasisiom
unmepec 05t CO30aHUsL Ha OCHOBE NOPHUPUHOE OOHOPHO-AKYENIMOPHLIX CUCIEM 6 KaYecmee KOMNOHEHmMOo8 homo-
AKMUBHBIX MAMEPUATOS.

Kinrwuessie ciaoBa: KobOansT HOp(I)I/IpI/IHaTLI, NMUpUANIT OPOU3BOAHBIC, CUHTC3, CIHCKTPAJIbHLIC CBOﬁCTBa, pcakuusd
C MMPUANHOM.
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Synthesis and Characterization of Co(II) Octaalkylpyridylporphyrin

Introduction

Interest in cobalt porphyrins (CoPs) is maintained
by their potential use in the design of electrochemical
sensors, catalysts!¥ and other photoelectronic devices.
BBl Recent studies of the scientific group of Professor Oleg
A. Golubchikov are proof of the growing interest in mac-
roheterocyclic cobalt complexes.[*® Divalent cobalt forms
numerous complexes of various stereochemical types
and Co(II) porphyrins can exist as the four-, five-, and six
coordinate species.*'% Co(Il) is a d’ system and readily
forms five coordinate complexes but the formation of the six
coordinate system is disfavoured due to destabilisation
of the d? orbital.® Co"P (where P is 5,10,15,20-tetra(4/N-
carboxymethylenepyridyl)porphyrin dianion) was found
to react with pyridine and piperidine releasing five coor-
dinate complexes in one-step reversible process.! Co''P
(where P is (2,3,12,13-tetrakis(trifluoromethyl)-5,10,15,20-
tetraphenylporphyrin dianion)”! the first bonding constants
(K,) for pyridine bonding could be determined. Determi-
nation of the bonding constant for the second ligation (K,)
has been unsuccessful due to the extremely slow reaction
from the five to the six coordinate species.”’ However, val-
ues for the second axial bonding constants (K,) are known
for Co(II) complexes of electrondeficient porphyrins such
as (2,3,12,13-tetracyano-5,10,15,20-tetraphenylporphinato)
cobalt(IT) (CoTPP(CN),),M" (2,3,7,8,12,13,17,18-octafluoro-
5,10,15,20-tetraphenylporphinato)cobalt(II) (CoTPPF,)
or (2,3,8,12,13,17,18-octafluoro-5,10,15,20-tetrakis(penta-
fluorophenyl)porphinato)cobalt(IT) (CoTPFPPF,)."*

In the present work, we represent the synthesis of new
cobalt(Il) complex containing B-alkyl and meso-(2-pyridyl)
groups, and donor-acceptor dyad based on it and pyridine.

Experimental

All reagents were of analytical grade. Co(AcO),-4H,0
was purchased from Sigma Aldrich. Chloroform was purchased
from EKOS. Toluene was treated with potassium hydroxide
and was distilled prior to use (bp 110.6 °C); the concentration
of water therein was determined by Karl Fischer titration; it did
not exceed 0.01 %. Pyridine was distilled prior to use also (bp
115.2 °C). (2,3,7,8,12,18-Hexamethyl-13,17-diethyl-5-(2-pyridyl)
porphyrin was synthesized by reaction of 2,2'-methylene-bis(3-
ethyl-4-methyl-1H-pyrrole) with 3,4-dimethyl-1H-pyrrole-2-carb-
aldehyde in butan-1-ol in the presence of hydrobromic acid at room
temperature followed by boiling with pyridine-2-carbaldehyde.!"¥

The UV-Visible spectra were measured on Agilent 8453 UV-
Visible spectrophotometers. IR and "H NMR spectra were recorded
ona VERTEX 80v and a Bruker Avance I1I-500 NMR spectrome-
ters, respectively. Elemental analysis was performed on a CHNSO
Analyzer Flash EA 1112 Series. Mass spectra were performed on
Shimadzu Confidence. All '"H NMR measurements were carried
out at room temperature in deuterochloroform (CDCL,).

Co(Ac0O),-4H,0 (47.0mg,0.19 mmol) and (2,3,7,8,12,18-hexa-
methyl-13,17-diethyl-5-(2-pyridyl)porphyrin ~ H,P  (20.0 mg,
0.04 mmol) were reacted in boiling dimethylformamide (10 ml)
for 20-30 min. Completion of the reaction was monitored by TLC,
until no traces of starting material were detected. The reaction
mixture was cooled, after dilution with water the products were
extracted into chloroform and purified by flash chromatography
(AL,O,/CHCL,). The red zone displays on the chromatogram cor-
responding to Co''P.
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(2,3,7,8,12,18-Hexamethyl-13,17-diethyl-5-(2-pyridyl)por-
phinato)cobalt(Il), Co"P. Found, %: C 72.53, H 594, N 11.74.
C,,;H,,N.Co requires C 71.91, H 6.03, N 11.98. m/z (MS MALDI-
TOF) 584.22 [M]". UV-Vis (toluene) A (Ige) nm: 329 (4.19), 398
(5.25), 523 (4.00), 557 (4.27). IR (KBr) v, cm™: 3062 v (C-H__ ),
2962, 2928, 2867 v (C-H) alkyl groups, 1730, 1668, 1585, 1445
vibrations of 2-pyridyl group, 1424 & (C-H) alkyl groups, 1384,
1561, 1484, 1312, 1280, 1235, 1170, 1147, 1059 vibrations of macro-
cycle, 1013 v (Co-N), 993, 978, 941 vibrations of pyrrole rings, 835
v (C-H, ), 765, 753 vibrations of 2-pyridyl group, 719, 664, 579
vibrations of macrocycle, 465 v (Co-N). '"HNMR (CDCl,) &, ppm:
31.24 (br.s, 2H, H-meso), 24.81 (br.s, 1H, H-meso), 12.13 (br.m,
2H, H-pyridyl), 10.05 (br.s, 1H, H-pyridyl), 9.69 (s, 1H, H-pyri-
dyl), 8.83 (s, 6H, CH,), 8.24 (s, 6H, CH,), 7.91 (s, 2H, -CH,-), 7.67
(s, 2H, -CH,-), 5.31 (s, 6H, CH,), 5.20 (s, 6H, CH,).

The reaction of Co'"P with pyridine at 298 K was studied
in toluene by spectrophotometry. Series of toluene solutions with
a constant concentration of the cobalt complex (4.1-10° M) and dif-
ferent concentrations of Py (from 0 to 10.5 M) were prepared. The
overall volume of equilibrium mixtures was maintained using
required amounts of Co''P solution in toluene, a solution of pyri-
dine in toluene, and pure toluene.

Results and Discussion
Synthesis and characterization

The formation of (2,3,7,8,12,18-hexamethyl-13,17-di-
ethyl-5-(2-pyridyl)porphinato)cobalt(Il) was prepared by
direct metallation of the corresponding macrocycle (Exper-
imental). The UV-Vis spectrum of (2,3,7,8,12,18-hexa-
methyl-13,17-diethyl-5-(2-pyridyl)porphyrin ~ in ~ DMF
exhibits four typical bands in the visible region with
the absorption maxima at 502, 537, 571 and 623 nm (Fig-
ure 1, solid line). This changes fundamentally when H,P
and Co(Ac0),-4H,0 in molar ratio 1:5 are refluxed in DMF
at 153 °C. The cobalt(Il) porphyrin is the main product
of the synthesis for 20 minutes. The reaction completion
was detected by a disappearance of H,P band and by ter-
mination of changes in the UV-Vis spectrum of the reaction
mixture in chloroform. The reaction mixture was cooled
and, after dilution with water, the products were extracted
into chloroform. The solution was repeatedly washed with
warm water to remove DMF. Its UV-Vis spectrum in CHCI,
exhibits complicated Soret band and two bands with absorp-
tion maxima at 541 and 573 nm (Figure 1, dashed line)
corresponding to the mixture of cobalt(Il) and cobalt(III)
porphyrins. The mixture obtained after isolation into chlo-
roform was purified by flash chromatography on the column
with ALLO, (Brockman activity II) using CHCI,. The red
and red-orange zones display on the chromatogram.

The UV-Vis spectrum of the substance isolated from
the first zone exhibits Soret band at 398 nm and band with
absorption maxima at 556 nm. This spectrum being simi-
lar to those of cobalt(Il) complexes (Table 1) describes
the substance under consideration as compound Co"P. The
(2,3,7,8,12,18-hexamethyl-13,17-diethyl-5-(2-pyridyl)por-
phinato)cobalt(II) in solid and in CHCI, solution is stable at
ambient temperature for a long time. The UV-Vis spectrum
of the substance isolated from the second zone with Soret
band at 420 nm and with absorption maxima at 569 nm cor-
responds to cobalt(Ill) porphyrin (Table 1). It was deter-
mined that the synthesis time influenced on the ratio of Co"

Maxpozemepoyurnvt / Macroheterocycles 2018 11(1) 79-84



400 450 500 550 600

350

A, nm

Figure 1. UV-Vis spectra of H,P in DMF (solid line)
and the reaction mixture (the synthesis time is 40—60 min)
after washing with water (dashed line) in CHCI, at 298 K.

and Co™ porphyrins in the reaction mixture. The cobalt(IIT)
porphyrin is probably formed resulting from the oxida-
tion at the increase of synthesis time to 3 hours and will be
described later in detail.

The structures of compounds CoP were estab-
lished by UV-Vis, '"H NMR and IR spectroscopy. The
hypsochromic shift of bands in UV-Vis spectrum of Co''P
(Table 1) as compared with Zn"OEP (A (loge) nm)

E. N. Ovchenkova et al.

3269 (v NH), 958 (6 NH) and 689 (y NH) cm™ in the H P
IR spectrum are an exception. The disappearance of N-H
vibration of H,P in IR spectrum of Co"P predicated that
the metalloporphyrin was successfully synthesized
(Experimental). The bands of the cobalt(Il) porphyrin in IR
spectrum in the region of 1059-1280 and 941-993 cm™ are
caused by vibrations of the macrocycle skeleton. The intense
bands at 2962, 2928, 2867 cm™ are assigned to the stretching
vibrations of v(CH,) and v(CH,) groups. The characteristic
vibrations of 2-pyridyl group were observed at 1668,
1585, 1445 and 765 cm™. The frequencies of the y(C-H__ )
andv(C-H__ )are 835and 3062 cm”, respectively. The weak
band at 465 cm™ in the IR spectrum of Co"P is observed
in the range of stretching vibrations of Co—N bonds.!'" This
band is absent in the IR spectrum of H_P.

The 'H NMR spectroscopy is very useful to determine
the paramagnetic or the diamagnetic character of cobalt
porphyrins. In Table 2 are summarized the chemical shifts
of the Co" and Co™ complexes with different substituted
porphyrins.l*1”2% The paramagnetic complex Co"P (with
the ground state configuration 347 of Co") exhibits down-
field chemical shifts of the meso-protons, which appear
as two broad singlets at 31.24 and 24.81 ppm (Figure 2).
Four protons of 2-pyridyl group give three signals

Table 2. 'H NMR spectra of substituted CoP.

in benzene: 400. (5.25), 53§ (4.04), 568 (3.86)"*") shows Complex Solvent 8, ppm
the strong m dative interaction of d —e (n*) type between meso-H  -CH-  -CH,
Co'" and the porphyrin macrocycle. Cobalt(II) — cobalt(III) Co"OEP:[4 CDCI, 29.60 8.80 5.10
OX(idatiOIld 111)1 theh (2,3,7,8,12,}8-tllexgmeth}}lfl-l.l):s,}117-(iliethyl- Co"Etiolt!!”! CDCl, 29.50 8.84 505
5-(2-pyridyl)porphinato) complex leads to the bathochromic
) . . . Py)Co"OEP#23 CD 9.30 3.60 2.99
shift of absorption bands in UV-Vis spectrum (Table 1). (Py) B Pl N
The IR spectra of H,P and Co"P were obtained (CHCo™OEP CDCl, 9.97 415 1.89
in the range of 4000-400 cm™. All the bands present (Br)Co™OEP2! CDCl, 10.65 4.06 1.88
in the IR spectrum of H,P were also observed in the spec- “OEP is octaethylporphyrin dianion
trum of cobalt(Il) porphyrin. N-H stretching vibrations at PEtiol is etioporphyrin I dianion
Table 1. UV-Vis spectra of substituted CoP.
Complex Solvent A, (loge) nm
Co'P toluene 398 (5.25), 523 (4.00), 557 (4.27)
Co"OEP14 chlorobenzene 391,516, 551
[(NO,),Co™OEP] [ chlorobenzene 425, 536, 569
Co''TPP!! dichloromethane 408 (5.37), 528 (4.24)
(CN)(H,0)Co"TPPI" dichloromethane 433 (5.14), 548 (4.14), 582 (3.95)
*0EP is octaethylporphyrin dianion.
_ r =
cDcl, ~N
. \
i o i
i Co
N WY W
i -
i !
;32 28 24 ppm
—\
T T T T T LI LI LI LI AL T 1T T T T
32 3 28 26 24 22 14 12 10 g | 6 4 2 0 2 -4 ppm
Figure 2. '"H NMR spectrum of (2,3,7,8,12,18-hexamethyl-13,17-diethyl-5-(2-pyridyl)porphinato)cobalt(Il) in CDCI,.
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in the range of 12.13 (2H, H-pyridyl), 10.05 (1H, H-pyridyl)
and 9.69 (1H, H-pyridyl) ppm. Four singlets at 8.83, 8.24,
5.31 and 5.20 ppm correspond to 24 protons of S-methyl
groups. Two singlets at 7.91 and 7.67 ppm are due to four
protons of the -CH,- groups.

Coordination complex of cobalt(1l) porphyrin
with pyridine

The transformation of the UV-Vis spectrum of Co"P
in toluene when the increasing amount of Py was added
is shown in Figure 3. The addition of pyridine to solution
of Co"P causes a gradual decrease in intensity and a small
bathochromic shift (2 nm) of the Soret band at 398 nm.
In the Q-band region, the peak at 558 nm decreases
in intensity and the new peak appears at 548 nm. Isosbestic
points are located at 410 and 551 nm, indicating only two
absorbing species in solution, one of which is initial Co'P.
The spectrum of Co"'P in toluene remains constant within
a week upon addition of 1.5 M Py. Also, the spectrum
does not change after addition of an excess amount of Py
(10.5 M). The spectral changes occur as a result of conver-
sion in time of Co"P to the six coordinate complex when
the solvent is replaced by CH,Cl, (Figure 4). The UV-Vis
spectra in Figure 4 show the changes during two Py bonding
to Co"'P with clear isosbestic points.”! This is also confirmed
by the '"H NMR spectra analysis of the donor-acceptor
complex with pyridine. (Py),Co"P in CDCI, exhibits para-
magnetic properties (3d’ configuration), whereas (porphy-
rinato)cobalt(IlI) and donor-acceptor complexes based on
them exhibit diamagnetic properties (3d° configuration).!'¥

A

2.04

0.54

Figure 3. UV-Vis spectra of Co'P in toluene-pyridine mixtures
(Cpy=0-1.5M): a— C,=1.03-10°M, b — C_,=4.12:10° M.

The equilibrium constant of the reaction of Co''P with
Py (K) was obtained from spectrophotometric titration. The
equilibrium was achieved instantly at all concentrations
of Py. The complex Co"P binds one pyridine molecule,
as followed from the slope of the logI—IgCPy dependence
(tga=0.95) (Figure 5), where /=(4,-A)(A,—-A4) (4, A,
and 4 _ are the optical densities at a working wavelength at
558 nm of the initial cobalt complex, equilibrium mixture at
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Figure 4. UV-Vis spectra of Co'"P in CH,Cl,-pyridine mixtures
(C,,=0.024 M, C,,=6.86:10°M), =0-6 h.

a definite Py concentration, and coordination complex with
Py). This indicates a simple bonding process with the forma-
tion of the 1:1 coordination complex. This result is in agree-
ment with the fact of almost exclusively five coordinated
state of cobalt in porphyrin complexes.

18Cpy 4 3 2 -1

-4-0.5

Figure 5. Plots of 1g/ vs lgCPy for the reaction of pyridine
with Co"P (R?=0.992).

The numerical value of the equilibrium constant
was calculated by the equation (1):

444, -4) 1
1= (4 = 4)/(A, = 4y) (Cpy = Clyp (4 — A4,)/(A, — 4,)
M

Here, ng and CgoP are, respectively, the initial
concentrations of pyridine and Co"P in toluene. The K
values were optimized by the least squares procedure using
Microsoft Excel. The relative error in determination of K did
not exceed 20 %. The constant of the coordination complex
(Py)Co'"P formation is equal to (3.56+0.72):10> L-mol™.
Thus, the reaction between Co"P and Py can be represented
by equilibrium (2).

Co"P + Py === (Py)Co'P @)

The formation of donor—acceptor complex between
Co"P and Py was confirmed by analysis of IR spectra

Maxpozemepoyurnvt / Macroheterocycles 2018 11(1) 79-84



of (porphyrinato)cobalt(Il) and the equilibrium mixture
in which the concentration of Py was equal to that
in the equivalence point upon titration. New absorption
bands in the IR spectrum of (Py)Co'"P appeared at 816,
704 and 581 cm™! due to vibrations of pyridine molecule
coordinated; no such bands were observed in the spec-
trum of initial compound Co"P. All vibration frequencies
of Py coordinated are higher by 10-30 cm™' than those
of free Py.?2 The new signal with frequency at 452 cm’!
due to vibrations of the Co-N, was observed.””) The
low-frequency shift of intensive signals of alkyl groups
in the IR spectrum of (Py)Co"'P was monitored as a result
of donor-acceptor complexation. The stretching vibrations
of v(CH,) and v(CH,) groups are 2961, 2921 and 2862 cm.
The other vibration frequencies in the range 941-996 cm’!
due to vibrations of macrocycle are shifted by 2—4 cm™! than
those of Co"P (Experimental). These spectral changes can
be reasonably attributed to deformation of the macrocycle
plane during the addition of axial ligand.

The formation of (Py)Co"P was confirmed by 'H
NMR spectroscopy. The introduction of Py to the solution
of the complex Co"P in CDCI, is accompanied by the appear-
ance of three new relatively narrow signals of Py ring at 9.88,
9.77 and 7.62 ppm, which have a small shift in a weak field
compared with the signals of uncoordinated Py.*Y The
formation of donor-acceptor Py—Co bond leads to a change
in the ring current in the macrocyclic ligand, appearing under
an external electromagnetic field, and thus shifts the proton
signals. This influence is more noticeable on the meso-proton
signals of macrocycle.”™ There are the meso-proton signals
as two broad singlet at 31.24 and 24.81 ppm in the Co"P
spectrum (Figure 6a). Upon addition of 2, 3, 4 equiv. of Py,
the meso-proton signals are located at 25.78 and 20.25, 21.94
and 14.23, 20.99 and 16.82 ppm, respectively. The increase
of pyridine concentration in the mixture results to even
greater upfield shifts of these two broad singlets at 19.05
and 14.32 ppm in the spectrum of (Py)Co"P (Figure 6b).
The proton signals of 2-pyridyl groups are also shifted
upfield and are appeared as three singlets at 11.77 (2H,
H-pyridyl), 10.22 (1H, H-pyridyl) and 9.11 (1H, H-pyridyl)
ppm. Goff and co-workers noted that five-coodinated
cobalt(IT) complexes Co"(OEP)(L) (L — monodentate neutral
axial ligand) show hydrogens of alkyl groups in the region
~3—4 ppm (Table 2).**) The CH, proton signal migrated from
5.31 and 5.20 ppm (the value for Co"P) to 3.52 and 3.40 ppm
at formation of dyad (Py)Co"P. The proton signals of -CH-
groups are also shifted upfield and appear at 4.26 ppm.

The similar reaction of Co'"Pc (where Pc is octakis(3,5-
di-tert-butylphenoxy)phthalocyanine dianion) with pyridine
was studied in work.?®! The addition of Py results in single-

Figure 6. The informative fragment of the "H NMR spectra
of Co"P (a) and Co"P/Py in ratio 1:40 (b) in CDCIL,.

Maxkpozemepoyuravt / Macroheterocycles 2018 11(1) 79-84
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stage equilibrium with formation of the donor-acceptor com-
plex (Py)Co"Pc. At keeping with the equilibrium constants,
the stability of the Py complexes decreases from (Py)Co'"Pc
(K =(3.42+0.47)-10° L'mol™) to (Py)Co"P (K=(3.56+0.72)-10>
L'mol"). It is seen that the stability constant of cobalt(II)
phthalocyanine—pyridine coordination complex is higher
by a factor of 10 than that of cobalt(II)porphyrin—pyridine
dyad. This is likely to be related to the size of the coordina-
tion cavity of the macroring which decreases in going from
porphyrin to phthalocyanine ligand.

Conclusions

We have described the synthesis of new cobalt(Il) com-
plex with 2,3,7,8,12,18-hexamethyl-13,17-diethyl-5-(2-pyri-
dyl)porphyrin. The complex was characterized by UV-Vis,
IR and '"HNMR spectroscopy. The Co'"P is stable in solid state
and exhibits paramagnetic properties. Co"'P gives the stabile
complex with Py in toluene formed in fast-established equi-
librium that shows the self-assembly properties of the sys-
tems under consideration: K=(3.56+0.72)-10> L-mol". The
donor-acceptor type of the (Py)Co"P dyad was established
by UV-Vis, IR and 'H NMR spectroscopy. It was found
that the replacement of the solvent by CH,CI, results
in the formation of six coordinated complex. Further work
will be focused on quantitative studies of this reaction
in CH,Cl, and electrochemical studies of cobalt porphy-
rins using cyclic voltammetry and investigation of their
photoactivity.
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