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This study was carried out taking into account the need to find the optimal nature of the anchor group when creating
coordination-type PET systems based on metalloporphyrins and carbon nanoform derivatives and to find the key
characteristics of the first ones as receptors of heterocyclic bases in sensory. The equilibriums and rates of reactions
of (5,10,15,20-tetra(4-trifluoromethylphenyl)porphinato)cobalt(ll) (CoT(4-CF3;Ph)P) with pyridine and imidazole (Py
and Im) in toluene were studied by the time-dependent spectrophotometric titration, designed specifically for slowly
settling equilibriums. To confirm the chemical structure of the resulting complexes the methods of electronic and IR
absorption spectroscopy, 'H NMR and mass spectrometry were used. Fast and slow coordination of the first and the
second base molecule, respectively, was established, occurring in both cases reversibly. The coordination equilibrium
constants K;, K, are determined to be 3.16-10°, 1.53-10° and 1.12-10°, 4.28-10° L-mol’”" for Py and Im, respectively.
Im molecules coordinated faster compared to Py (k=1.033 and 56.1-10* L-mol"'s™") are more strongly bonded by the
porphyrin complex and demonstrate practically more acceptable values of the optical response and the minimum
limit of base determination. These parameters must be taken into account when forming metalloporphyrin—substituted
Sfulleropyrrolidine coordination complexes along with the reversibility of the process, the required distance between
the donor and acceptor, and the lifetime of PET states upon photoexcitation.

Keywords: Cobalt porphyrin, pyridine, imidazole, coordination complexes, chemical structure, formation parame-
ters, spectroscopy.
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Hannoe uccnedosanue nposedeHo ¢ yuemom HeodX00UMOCMU HAX0HCOEH U ONMUMATLHOU NPUPOObL AKOPHOU 2PYNNbL
npu cozoanuu PET cucmem KOOpOUHAUUOHHO20 MUNA HA OCHOBE MEMALIONOPPUPUHOE U NPOUZBOOHBIX HAHOPOPM
yenepooa u 01 HAXOHCOEHUsL KIIOUEBbIX XaAPAKMePUCIUK NePEbIX KAK PeYenmopos 2emepoyukiudeckux OCHOBaAHUI 8
cencopuxe. H3zyuenvl pasnosecus u ckopocmu peaxyuil (3,10,15,20-mempa(4-mpudmopmemuipenun)nopdunamo)-
xobarema(ll) (CoT(4-CF3;Ph)P) ¢ umuodasonom u nupuounom (Im u Py) 6 cpede moayona memooom epems-
3A8UCUMO20 CNEKMPOPOMOMEMPULECKO20 MUNPOBAHUS, PA3PAOOMAHHO20 CHEeYUdNbHO Ol MeONeHHO YCMAHABIU-
sarowuxcs pasHosecuil. /[na 00OKA3amenbCmea Xumuieckoeo cmpoenus oopasyiouuxcsa KOMNIeKco8 UCNONb308aHbl
Memoovl anekmponnoi u UK cnexmpockonuu noanowenus, "H AMP u Macc-cnekmpomempuu. Ycmanosnena ovicm-
pas u MeoNeHHAs KOOPOUHAYUS COOMBEMCMEEHHO Nep8oll U 8MOPOU MOIEKYIbl OCHOBAHUL, NPOMeKarwas 8 000ux
cayuasx obpamumo. Koncmanmer pasnosecuti koopounayuu K, K, onpedenenvt pasuwoimu 3.16-10°, 1.53-10° u
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1.12:10%, 4.28:10° imonv™ 0ns Py u Im coomeememeenno. Monexkynwt Im, koopOounupyiosce 6sicmpee no cpasHeHuro
¢ Py (k= 1033 u56.1-10" 1momw™¢’), cunvnee ceasviearomes nop@upurosein KOMNIEKCOM U OeMOHCMPUPYIOM
npaxkmuyecku 6oiee npuemiemMvle 3HaUeHUss ONMULeCKo20 OMKIUKA U MUHUMATLHO20 npedeild OnpedeieHus 0CHO8A-
Hust. dmu napamempul HeoOX00UMO YHUMbleaAms NPU HOPMUPOSAHUU KOOPOUHAYUOHHBIX KOMIIEKCO8 MEMAIONop-
Qupun — 3ameweHnbill GyrIeponuUpPPOIUOUH HApPSOy C YYemom 0OpamuMoCmu npoyeccd, mpedyemozo paccmosHus.
MeAHcOy OOHOpOM U akyenmopom u epemenu scusnu PET cocmosnuil npu pomoso3z6ysicoenuu.

KaioueBblie ciaoBa: HOp(l)I/IpI/IHaT KO6aJ’ILTa, NMUPpUANH, UMHJAA30J1, KOOPAWMHAIITMOHHBIC KOMILJICKCHI, XUMHUYCCKOC

CTPOCHUEC, NapaMETPbL o6pa303aHH51, CIICKTPOCKOIIUAL.

Introduction

Metalloporphyrins (MPs) that are being intensively
studied are promising compounds for practical applications
due to their highly specific nature. The axial coordination
characteristic of metalloporphyrins plays important role in
the oxidation processes of organic compounds, donor-
acceptor complex formation, homogeneous and heteroge-
neous catalysis, and dissociation reactions." " To date, it
has been established that complexes with metals of variable
valence, especially with cobalt, exhibit the greatest reactiv-
ity. The nature of the axial coordination to the cobalt com-
plexes with macrocyclic ligands is widely studied,
including with the aim of using them as the synthetic ana-
logs of the natural oxygen carriers cyanocobalamin and
coboglobin." A number of cobalt complexes with the
Schiff bases have been synthesized and the facilitated
transport of molecular oxygen in the polymer membranes
containing these complexes as oxygen carriers has been
studied.""” The review!™” focuses on the recent advances in
the use of natural cobalamins and their synthetic analogs in
medical practice as the vectors for the targeted delivery of
drugs to tumors. The influence of peripheral substituents
and axial ligands (Py, Im, THF, CO) on the electronic struc-
ture and the properties of the cobalt tetraphenylporphyrin
complex (CoTPP) was studied using DFT methods.*" The
preparation of cobalt-porphyrin-polypyridyl surface coat-
ings for photoelectrosynthesis of hydrogen was confirmed
by spectroscopic methods.””! The reactivity of a number of
cobalt porphyrins with the m-extending or strongly electron-
withdrawing B-pyrrole substituents in non-aqueous media
was studied.!*”!

The data on the thermodynamics and kinetics of coor-
dination reactions of volatile organic compounds (VOCs),
small organic molecules and fullerene-containing N-bases
with porphyrin complexes which demonstrate the wide
range of the changes in chemical and physical properties
depending on the nature of the macrocycle/the central metal
atom/axial ligands (if any) have been to date obtained.*>"
Based on porphyrin complexes of cobalt(Il) and fulleropyr-
rolidines, which act as an electron donor and an electron
acceptor, respectively, systems with the property of the
photoinduced electron transfer (PET)**>*! and the molecu-
lar complexes with the N heterocyclic bases of varying
structures have been obtained.’**”! A huge number of syn-
thetic drugs are heterocyclic compounds. For example,
pyridine and imidazole derivatives are used for the synthe-
sis of antimicrobial, antihistamine, antipyretic drugs and are
biologically active compounds with a wide spectrum of
action. The ability of many heterocycles to form the strong
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complexes with metals, which is applicable for the targeted
drug delivery and the development of chemical sensors and
antidotes, is of important biochemical significance.***"!

Graphene and its derivatives, carbon nanotubes, as
well as carbon dots and carbon nanohoops involving non-
covalent coupling to porphyrins display photophysics
which allow for the use of these materials in biomedical and
environmental applications with the emphasis on imaging,
biosensing, and the delivery of drugs in nanomedicine.*"’
The carbon nanoforms and porphyrins can act in some of
these applications as an electron acceptor and an electron
donor. One of the common methods for obtaining the PET
systems with the acceptor part of the fullerene nature is
bonding of the fullerene frame on the central metal atom
through the substituent heteroatom in fulleropyrrolidine.
Therefore, the study of MP reactions with heterocyclic
bases that are usually used to search for suitable sensors for
these bases, takes on a new meaning consisting in the need
to find the optimal nature of the anchor group when creat-
ing the coordination-type PET systems.

In this work, the equilibriums and rates of reactions of
(5,10,15,20-tetra(4-trifluoromethylphenyl)porphinato)cobalt(IT)
(CoT(4-CF5sPh)P, Figure 1) with pyridine and imidazole (Py
and Im) in toluene were studied using the time-dependent
spectrophotometric titration method developed specifically
for slowly established equilibriums.*!! To establish the
chemical structure of the resulting complexes, the data of
spectral methods were used (UV-Vis, IR, 'H NMR, and MS
(MALDI-TOF)). The studied reactions are the model for the
self-assembly of the donor-acceptor systems based on metal-
loporphyrins and the derivatives of carbon nanoforms. The
study of the ones allows us to determine the key parameters
of CoT(4-CF;Ph)P as the receptor for the N-heterocyclic
bases.

FiC

Figure 1. The chemical structure of (5,10,15,20-tetra(4-
trifluoromethylphenyl)porphinato)cobalt(Il).
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Experimental

Synthesis

(5,10,15,20-Tetra(4-trifluoromethylphenyl)porphinato)co-
balt(1l), CoT(4-CF;Ph)P (1) was synthesized by reaction of (0.02 g,
2.25-107° mol) H,T(4-CF;Ph)P with Co(AcO),x4H,0 (0.028 g,
1.12-107* mol) in boiling dimethylformamide (DMF) for 10 min.
The contents of the reaction flask were cooled, diluted with water
and the products were extracted into chloroform. The solution in
CHCIl; was repeatedly washed with distilled water to remove
DMF. CHCI; was partially distilled off. The residual solution was
purified by the chromatography on the Al,O; column (grade II
activity according to Brockman) using chloroform. The yield is
79%. UV-Vis (toluene) Ay, (log €) nm: 413 (5.44), 528 (4.41),
613 (4.02). IR (KBr) v cm ': vibrations of benzene rings 686, 717
(y C-H), 1069, 1167 (8§ C-H), 3046, 3067 (v C-H), 1546, 1574,
1617 (v C=C); vibrations of pyrrole rings 798 (y C-H), 1003 (C;s—
C4, v C-N, 6 C-H), 1328 (v C-N), 1458 (v C=N); 1106, 1125,
1247 (v C—F); 442 (Co-N). '"H NMR (CDCl;) & ppm: 15.71 (br. s,
8Hp), 13.10 (br. s, 8H,), 10.18 (s, 8H,). MALDI-TOF (CHCA)
m/z: found 943.89 [M]; calculated for C,sN,H,4F;,Co 943.66.

(5,10,15,20-Tetra(4-trifluoromethylphenyl)porphinato)di
(pyridine)cobalt(Il), Co(Py),T(4-CF3Ph)P (2), was synthesized by
the reaction of CoT(4-CF;Ph)P with Py in the molar ratio of 1: 2
in toluene at 298 K for a month. The solid complex was crystal-
lized from the toluene solution. The yield is approximately 100%.
UV-Vis (toluene) Aya, nm: 438, 555. IR (KBr) v cm ': vibrations
of benzene rings 684, 700 (y C-H), 1068, 1168 (& C-H), 3045,
3071 (v C-H), 1536, 1574, 1617 (v C=C); vibrations of pyrrole
rings 794 (y C-H), 1010 (C;—C4, v C-N, 6 C-H), 1324 (v C-N),
1447 (v C=N); 1108, 1126, 1211 (v C—F); 438 (Co-N). 'H NMR
(CDCl3) 6 ppm: 14.12 (br. s, 8Hg), 11.01 (br. s, 8H,), 9.43 (s,
8H,,) 7.95 (br. m, 6H,,, Py), solvent residual signal region 7.26
(br. s, 4H,,, Py). MALDI-TOF (DHB) m/z: 944.43 [M-2Py]"; cal-
culated for C4gN4Ho4F1,Co 943.66, 1114.10 [M-2Py+DHB]’; cal-
culated for C43N4Hy,F1,Co+DHB 1097.78. MALDI-TOF (CHCA)
m/z: 943.45 [M-2Py]"; calculated for C,sN4H,,F,Co 943.66,
1132.34 [M-2Py+CHCA]"; calculated for C,gNH,4F;,Co+CHCA
1132.88. MALDI-TOF (without matrix) m/z: 943.27 [M-2Py]’;
calculated for C4gN4H,4F ,Co 943.66.

(5,10,15,20-Tetra(4-trifluoromethylphenyl)porphinato)di
(imidazole)cobalt(Il), Co(Im),T(4-CF;Ph)P (3), was synthesized
by the reaction of CoT(4-CF;Ph)P with Im in the molar ratio of 1:
2 in toluene at 298 K for a day. The solid complex was crystal-
lized from the toluene solution. The yield is approximately 100%.
UV-Vis (toluene) Aya, nm: 434, 552. IR (KBr) v cm ': vibrations
of benzene rings 739, 759 (y C-H), 1056, 1149 (& C-H), 3016,
3124 (v C-H), 1498, 1543, 1577 (v C=C); vibrations of pyrrole
rings 828 (y C-H), 937 (C;—C4, v C-N, 8 C-H), 1328 (v C-N),
1449 (v C=N); 1102, 1244 (v C-F); 441 (Co-N). 'H NMR
(CDCI3) 6 ppm: 8.69 (s, 8Hp), 8.37 (br. s, 8H,), 7.63 (s, 8H,,), 7.46
(d, 2Hy), 7.81 (t, 2Hpmamy), 7.07 (s, 4Hyyas)). MALDI-TOF
(DHB) m/z: 944.08 [M-2Im]"; calculated for C,N,H,4F1,Co 943.66,
1094.04 [M-2Im+DHB]"; calculated for C,N4H,,F;,Co+DHB
1097.78. MALDI-TOF (CHCA) m/z: 944.14 [M-2Im]'; calculated
for C4gN4H,4F1,Co 943.66, 1132.70 [M-2Im+CHCA]"; calculated
for C48N4H24F12C0+CHCA 1132.88. MALDI-TOF (Without ma-
trix) m/z: 944.01 [M-2Im]"; calculated for C4sN4H,4F;,Co 943.66.

All reagents were of analytical grade. Chloroform, DMF,
toluene, and imidazole were purchased from Acros Organics.
H,T(4-CF;Ph)P was received from PorphyChem.

Time-dependent spectrophotometric titration

The equilibriums and the rates of the reactions between
CoT(4-CF;Ph)P and organic bases were spectrophotometrically
studied in toluene by the molar ratio and the excess concentration

method, respectively. The solutions of CoT(4-CF;Ph)P, Py, and
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Im in toluene were prepared immediately before use to avoid the
formation of peroxides in the solvent medium. The absorbance of
the solutions with both the constant CoT(4-CF;Ph)P concentration
of 4.95-10°® and 5.12:10® M for the reaction with Py and Im,
respectively, and the increasing base concentration was measured
at the working wavelength of 412 nm at the initial moment of time
(t=0) and during the reaction until its end (t = ). The concentra-
tion of Py and Im was changed from zero to 9.93 mol-L" and
from zero to 3.33-107 mol-L"', respectively. The solutions were
thermostatted with the error of £ 0.1 K at 298 K in the closed
quartz cells placed in a spectrophotometer camera. Spectrophoto-
metric titration data in the concentration and time fields (time-
dependent spectrophotometric titration method®) were used to
determine the equilibrium constants (Equation 1), the rates of one-
way reactions (Equation 2), and equilibration time (from the min-
imum error in the numerical value of the equilibrium constant
calculated at different T values) in one experimental series.

Equation (1) was derived for the mixture of two colored
compounds, initial CoT(4-CF;Ph)P and the product of its reaction
with Py/Im, using the law of mass action and the Bouguer—
Lambert—Beer law.

Ay A 1 .
T (A AY A Ag) (G- Cl (A=A (A~ A,)"

)

Here, C°c,p and C° is the initial concentration of CoT(4-
CF;Ph)P and the one of Py/Im, respectively, in toluene. 4y, 4; and
A, is the absorbance at the working wavelength for the CoT(4-
CF;Ph)P solution at T = 0 or T = oo, for that of an equilibrium mix-
ture at a definite Py/Im concentration, and for a reaction product in
a solution, respectively; m is the number of Py/Im molecules in-
volved in the reaction.

The rate constants k, were observed using the dependence
logkoys — fllogCpyim) Where ks is the observed first order rate
constant calculated by equation (2). The ;. values were calculated
according to the law of acting masses: k,. = ky/Kj.

_ 1, A4y -4s
knhs_ T]I’l AT _Arc (2)

Here A, A, and A, is the absorbance of a reaction mixture at
a working wavelength at moments of the time 0, t, and at the end
of a reaction, respectively.

The methods of the chemical structure confirmation

The UV-Vis, IR, and 'H NMR spectra were recorded on a
UV-Vis Agilent 8453 spectrophotometer, a VERTEX 80v spec-
trometer, and an AVANCE-500 spectrometer, respectively. The
mass spectra were performed on an Axima Confidence (Shimadzu
Biotech, a 337-nm nitrogen laser) spectrometer with a time-of-
flight mass analyzer by recording the spectra in the positive-ion
mode. To record the 'H NMR, mass and IR spectra of
Co(Py),T(4-CF;Ph)P and Co(Im),T(4-CF;Ph)P, the equilibrium
mixtures of the composition corresponding to the equivalence
point on the titration curves of CoT(4-CF;Ph)P with Py and Im
were prepared. For NMR studies, the solvent was replaced with
CDCl;. To obtain a solid sample, when recording IR spectra in
KBr, the solvent was evaporated.

Results and Discussion

N-bases taken act as o-donor ligands with approxi-
mately the same field strength®™! and exhibit aromatic
properties. Both compounds are the weak bases with ba-
sicity constants pKj of 8.8 and 6.9 for Py and Im, respec-
tively. The phenomenon of tautomerism, which allows both
nitrogen atoms in Im to participate in the charge delocaliza-
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tion'*?), increases its basicity compared to Py. Py and Im

when interacts with CoT(4-CF;Ph)P change noticeably its
highly specific UV-vis spectrum, which made it possible to
study the Py/Im axial coordination reactions using the spec-
trophotometric method. The spectral response of CoT(4-
CF;Ph)P observed over time in the presence of the bases at
the various concentrations shows that the coordination is
not the one-step process and occurs as the complex reac-
tion. Figure 2 shows the electronic spectra of CoT(4-
CF;Ph)P and its equilibrium mixtures with the bases at the
initial time and at the end of all reactions in the solution.
With an increase in the concentration of N-bases in a
wide range (Figure 2), the decrease in the intensity of the
B(0,0) band (Soret band*) at t = 0 and its bathochromic
shift from 413 to 438 and 434 nm for Py and Im, respec-
tively, at T = o is observed. The low-intensity Q(0,1) band
in the visible region is shifted from 528 to 555 and 552 nm,
respectively, for Py or Im. It can be observed in Figure 2
that the band at 528 nm, which belongs to the non-
coordinated with the base CoT(4-CF;Ph)P, is still present at
T = o in the spectrum of the equilibrium mixtures with Py
at its low concentrations. The band of the reaction product
with Im at 552 nm is already observed in the spectra of the
equilibrium mixtures at high concentrations of Im. Study of
the process in a time field in a specific narrower range of
concentrations of both bases shows the absence of the
CoT(4-CFsPh)P band at 528 nm in the spectra of the reac-
tion products (Figures 3, 4). Thus, the reaction with Py and
Im is displayed in the UV-vis spectrum as the quickly es-
tablished equilibrium and the subsequent slow also reversi-
ble process, which partially overlap each other if we
consider the entire wide range of the base concentrations.
Despite this, the method of anatomizing chemical reactions
(in this case, isolating the spectral curves in the series with
the conserved isosbestic points) allows us to determine both
equilibrium constants (fast and slow) with the acceptable

E. V. Motorina et al.

accuracy (Experimental). The equilibrium constants of the
CoT(4-CF3;Ph)P reactions with Py/Im were determined
(Table 1). The m values observed from the data in Figures 5
and 6 is approximately 1 for the both the equilibrium sated
att=0and at T=oc0.

Judging by the found stoichiometry of fast equilibrium
(Table 1), the pentacoordination complexes, Co(Py)T(4-
CF;Ph)P and Co(Im)T(4-CF;P)P, are easily formed in the
equilibrium mixtures in toluene at T = 0, which is favored
by the asymmetrically filled outer shell of cobalt(IT) d’. The
formation of six-coordinate complexes is difficult and oc-
curs over time. There are cases when it was possible to de-
termine only K, for the bonding of an axial ligand, for
example, with the CoTPP or Co(T(4-OCH;)PP) com-
plexes.[18’36’44‘46] However, K, values were obtained for co-
balt(Il) porphyrin complexes with electron-withdrawing
peripheral substituents.!*”**) CoT(4-CF;Ph)P studied in this
work belongs to the last group of porphyrin complexes. The
picture of the UV-Vis spectra transformation with distinct
isosbestic points presented in Figures 2 and 3 is characteris-
tic of the formation process for hexacoordination cobalt(Il)
complexes. The rate of the Co(Py),T(4-CF;Ph)P or
Co(Im),T(4-CF;Ph)P formation depends on the base con-
centration. The spectrum changes very slowly in the range
of low Py concentrations, and the reaction reaches equilibrium
slowly (up to 1 month) at room temperature (Figure 3). The
equilibrium in the system at high base concentrations is
achieved within 24 hours (Figure 3d). Bonding of the sec-
ond Im molecule by the Co(Im)T(4-CF;Ph)P also occurs
over time; the equilibrium in the system at the minimum
Cin Of 7.24:10° mol-L'and at the maximum Cj, of
3.33-10° mol-L" is achieved within 4 hours and 1 hour,
respectively. The reaction orders and the forward and re-
verse reaction rate constants for slow processes are repre-
sented in Table 1.

413
1.2 (a)

0.8

0.4

(c)

0.8

0.4

(d)

400 500 600

400 500 600

A, nm

Figure 2. The UV-Vis spectra of CoT(4-CF5Ph)P in toluene with the various base additives at T = 0: Cyp =4.95-10° mol-L™!, Cpy 1 -0,
2-9.93 mol- L' (a); Cyp = 5.12:10 * mol-L"", Gy,  — 0, 2—3.33-10° mol- L™ (c) and at t = 00: Cyp =4.95-10 ®mol- L, Cp, =7 -0,
2-9.93 mol-L" (b); Cyp=5.12- 10 mol-L", Cjy=1-0,2-3.33-10° mol-L"! (d). The remaining lines correspond to the intermediate

concentrations of the bases.
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Figure 3. The UV-Vis spectra of CoT(4- CF3Ph)P (C=4.95 - 10° mol-L™") with the addition of Py: CP =5. 95 10° mol-L ™ att=0 (1)
and after a month (2) (a); pr 5. 95 10 mol-L™" at =0 (Z) and after 25 days (2) (b); Cpy=9.92 10° mol-L™" at t =0 (/) and after 16
days (2) (c); Cpy =2.98- 10 mol-L™" at =0 () and after 24 h (2) (d). The remaining lines correspond to intermediate points in time.
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Figure 4. The UV-Vis spectra of CoT(4-CF3Ph)P (C = 5.12-107° mol-L™") with the addition of Im: Cy, = 7.24-10° mol-L™" at t=0 (/) and
after 4 h (2) (a) and Cpy, = 3.33-107 mol-L™" at t=0 (/) and after 1 h (2) (b). The remaining lines correspond to intermediate points in

time.

Table 1. The parameters for the bases in the reactions of the coordination on CoT(4-CF;Ph)P in toluene: equilibrium constants and coor-
dination rates (K, and k), the number of reacting molecules (m), the reaction order (n), the relative optical response (4,) and the mini-

mum detection limit (Cpp).

. Tl
MP — a base K,, L-mol! m o, Lkm(;_ll s n Agpt Coin, mol- L
2-5
103
CoT(4-CF;Ph)P — Py ?;g 183 8‘22 5.61-10* oz 08 0.00119
: ‘ 3.67-107 ‘
1.12-10* 1.06
CoT(4-CF;Ph)P — Im e 1.033 0.21 0.000145
42810 0.87 2 41-10% 0.72
CoTPP — Py!*4 7.94-107
B 32] (5.89 +1.50)-10* 1.24
CoT(CEsPHP = PyCoo (7.40 +1.66)10° 125 78 +2 0.71
B (45] (5.43+1.21)10* 0.83
CoTPP - PyCeo (8.69 + 1.39)-10* 1.19 9.57+0.15 0.80
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1.04 = -—
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= Chpy, mol x L
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1.0
10.5
logCyy,, mol x L'
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Cp,mol x L {-1.0
Figure 5. The curves of the CoT(4-CF;Ph)P spectrophotometric titration in toluene at 298 K and = = 0 with Py, Cypp =4.95-10° mol-L"/,
Cpy 0-9.93 mol-L"!, (a) and with Im, Cyp = 5.12-10° mol-L™, Cp,, 0 - 3.33:10 mol-L™! (b) and the corresponding dependence
log((4i~A4,)/(4.—~A4;))) for (1) Py and (2) Im, respectively (c). R? is equal to 0.9953 (/) and 0.9913 (2).
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Figure 6. The curves of the CoT(4-CF;Ph)P spectrophotometric titration in toluene at 298 K and = co with Py, Cyp =4.95-10° mol-L"!,
Cpy 0-9.93 mol-L!, (a) and with Im Cyp = 5.12:107%, €}, 0 - 3.33-10 mol-L™! (b) and the corresponding dependences
log((A=A,)/(A.—A;)) for (1) Py and (2) Im, respectively (c). R? is equal to 0.9839 (/) and 0.9923 (2).
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Scheme 1. Scheme of the simple reactions during the interaction of CoT(4-CF3Ph)P with a base.

Taking into account the statistical data on the number
of Co" complexes with coordination numbers 5 and 6, the
structure of which was established using X-ray diffrac-
tion*”), the above data make it possible to write down the
sequence of two-way simple reactions of CoT(4-CFs;Ph)P
with a base (Scheme 1).

The axial complexation of CoT(4-CF;Ph)P with the
base molecules is reflected in its 1H NMR spectrum in the
shift of the proton signals and the appearance of signals of a
coordinated base. The singlet broadened proton signals of
the macrocyclic ligand in the spectrum of CoT(4-CF;Ph)P
in a weak field are recorded, indicating the paramagnetic
nature of the porphyrin complex (Figure 7). The pro-
nounced upfield shifts of the macrocycle B-proton signals
as well as the phenyl o- and m-proton signals in the 'H
NMR spectrum of hexacoordination Py and Im complexes
from 15.71 ppm, 13.10 ppm, 10.18 ppm (CoT(4-CF;Ph)P)
to, respectively, 14.12 ppm, 11.01 ppm, 9.43 ppm and
8.69 ppm, 8.37 ppm, 7.63 ppm are observed. The upfield
signal shifts of the 4-CF;Ph protons is especially significant
in the case of axial imidazole complex, i.e. complex with a
stronger base. The resonance of protons of coordinated
bases is observed in stronger fields relative to similar sig-
nals of the free bases only for protons located closest to the
coordination center. Well-resolved H, and Hj,,, proton
signals of the coordinated bases were detected at 7.95 ppm
and 7.46 ppm for Py and Im complexes, respectively, while
these are 8.62 ppm and 7.70 ppm for the corresponding free
bases.”””"! Thus, '"H NMR studies confirm not only the
chemical structure of hexacoordinated Co(Py),T(4-CF;Ph)P
and Co(Im),T(4-CF;Ph)P but also their paramagnetic na-
ture. It was determined in'*!! that the ground states of fully
fluorinated complexes (L),CoTPPF,s with medium-strength
ligands Py, 1-Melm, Im are identified as high-spin 4E,,
which is consistent of the experimental '’F NMR measure-
ments.

The MS method (MALDI-TOF) made it possible to
detect in the mass spectra of Py/Im axial CoT(4-CF;Ph)P
complexes (Figure 8) molecular ions that lack two base
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molecules (Experimental). However, in the '"H NMR spec-
tra of Co(Py),T(4-CF;Ph)P and Co(Im),T(4-CF;Ph)P there
are no signals from the CoT(4-CF;Ph)P protons (Figure 7).
Therefore, it is obvious that the dissociation of Co-N bonds
with two base molecules occurs under the conditions of
recording mass spectra.

i CDCl,
Hpy
9.43
H
E Hl’y(o.p!
14.12 7.95
170 160 150 140 13.0 12.0 11.0 100 90 80 70
P CDCl,
th
10.18
Hg Ho
15.71 13.10
N J
170 160 150 140 13.0 120 110 100 90 80 7.0
3 CDCl, Himga s)
7.07
H,
Hy Ho 7.63

860 837

L

170 160 150 140

”Im. NH
7.81 |Hipme
' 7.46
9.0 8.0 75

70 | L

130120 110 100 9.0 80 70

ppm

Figure 7. The "H NMR spectra of Co(Py),T(4-CF5Ph)P (1),
CoT(4-CF;Ph)P (2), Co(Im),T(4-CF5Ph)P (3) in CDCls. The sig-
nals at 7.84 ppm and 7.69 ppm correspond to uncoordinated Im
specially added in the Co(Im),T(4-CF;Ph)P solution.
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Figure 8. The mass spectrum of Co(Py),T(4-CF;Ph)P (a) and Co(Im),T(4-CF;Ph)P (b). The DHB matrix.
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Figure 9. The IR spectra of CoT(4-CF;Ph)P (7), Co(Py),T(4-
CF;Ph)P (2) and Co(Im),T(4-CF;Ph)P (3) in the tablets with KBr.

The Co(Im),T(4-CF;Ph)P IR spectrum (Figure 9) un-
dergoes significant changes in the high frequency region
compared with CoT(4-CF;Ph)P. There is the significant
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increase in the relative intensity of the benzene ring v(C—H)
stretching vibration peak, its broadening and the low-
frequency shift to 3016 cm ' relative to the similar absorp-
tion of CoT(4-CF;Ph)P. This signal in the Co(Py),T(4-
CF;Ph)P spectrum is weak and slightly shifted. Intensity of
the C=N vibration signal of the pyrrole rings increases from
CoT(4-CF;Ph)P to Co(Im),T(4-CF;Ph)P. The very strong
well-resolved 8(C—H) signals of benzene rings appear at
1068 cm'and 1056 cm™ in the “fingerprint” region in the
Co(Py),T(4-CF;Ph)P and Co(Im),T(4-CF;Ph)P spectra.
They are shifted to the low-frequency region of the spec-
trum. y(C-H) vibrations of benzene rings are quite strong
and shifted to high frequencies. The Co—N bonds were de-
tected by absorption at 442 cm ', 438 cm', and 441 cm’'
(Figure 9, 1, 2, 3, respectively). New signals corresponding
to vibrations of Py and Im coordinated appear at 694 cm ', 762
cm ', 1486 cm ! and 897 cm™, 1263 cm ', 1832 cm ', respec-
tively.

Thus, the totality of spectral data confirms the chemi-
cal nature of the reaction products in Scheme 1. As can be
seen from the data in Table 1, the coordination equilibrium
constant of both the first and the second Im molecule is
several times higher than that for Py. Wherein, the K, con-
stant of Py to CoT(4-CF;Ph)P coordination is four times
higher than the corresponding value for unsubstituted
CoTPP. Using the currently available data on the equilib-
rium constants of the one N-base molecule coordination by
cobalt(IT) porphyrin complexes, we can give a stability se-
ries of the corresponding pentacoordination complex in
dichloromethane (a) and toluene (b):

Co(Melm)(TPPF5)* (6.31:109"*) > Co(Py)(TPPFys)*
(7.94:10°)* > Co(Py)(TPPFs)* (1.99-10H*" > Co(Im)T(4-
CF;Ph)P  (1.12:10%° (Table 1) > Co(Py)T(4-CFsPh)P
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(3.16:10°)° (Table 1) > Co(Melm)T(0-OCH;)PP (2.34-10%)* 14!
> Co(Py)TPP  (7.94:10%*™ > Co(Py)T(0-OCH;)PP
(4.79-10%* 1 > (Py)CoP (3.56-10%)* B (P is the 2,3,7.8,12,18-
hexamethyl-13,17-diethyl-5-(2-pyridy-1)porphyrin dianion).

It can be seen that the higher the basicity of the axial
ligand and the electron-withdrawing properties of meso-
substituents in the macrocycle, the higher is the stability of
pentacoordination Co" complexes without steric hindrance. As
for the hexacoordination complexes Co(L),T(4-CF;Ph)P, Im
derivatives are also formed at higher rates. It becomes clear
from this, why CoT(4-CF;Ph)P demonstrates more acceptable
chemosensory A, and Cyi, parameters in relation to Im.

The pyridyl group has already been used as the bridge
between CoT(4-CF;Ph)P and N-methyl-substituted fullero-
[60]pyrrolidine PyCg, (Table 1). Co(PyCqyp) T(CFsPh)P is the
donor-acceptor system with the fast intramolecular
photoinduced electron transfer®”. The formation constants
of penta- and hexacoordination fullerene-containing com-
plexes are orders of magnitude higher compared to Py
(Table 1). Despite the lack of similar data for Im-containing
complexes, it is possible to predict from the data presented
above the higher coordination activity of Im-substituted
fullero[60]pyrrolidine ImCgy when creating the donor-
acceptor systems with CoT(4-CF3;Ph)P. The correctness of
this prediction is supported by the data published for the
Py and Im complexes™ with CoPc(3.5-di-BuPhO)g and
(AcO)MnPc(3.5-di-'BuPhO)s.

Conclusions

(5,10,15,20-Tetra(4-trifluoromethylphenyl)porphina-
to)cobalt(Il), CoT(4-CFs;Ph)P, interacts with the Py and Im
molecules to form penta- and hexacoordination 1:1 and 1:2
complexes according to the data of UV-visible, IR, 'H
NMR and MS (MALDI-TOF) spectrometry. The coordina-
tion reaction in toluene occurs in two stages, but not in a
concentration field, but in a time field, as a quickly and
slowly established equilibrium with constants K;, K, equal
t0 3.16-10° L-mol™, 1.53-10° L-mol™ and 1.12-10" L-mol™,
4.28-10° L-mol™ for Py and Im respectively. Reactions in
the forward direction of the slow-establishing equilibrium
are approximately three orders of a magnitude faster com-
pared to the reverse reaction for both bases, while reactions
with Im are faster. The stability of pentacoordination Co"
complexes without steric hindrance, according to both this
work and available data for other porphyrin Co complexes,
is higher, the higher the axial ligand basicity and the elec-
tron-withdrawing properties of the meso-substituents in the
macrocycle. The higher coordination activity of Im-
substituted fullero[60]pyrrolidine when creating the donor-
acceptor systems with CoT(4-CF;Ph)P is predicted in order
to obtain the donor-acceptor pairs with the property of the
photoinduced charge separation and the formation of a radi-
cal salt.
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