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By the nucleophilic substitution of nitro group in 4-nitrophthalononitrile, novel 4-(4-butylphenoxy)
and 4-(4-butoxyphenoxy)phthalonitriles were obtained, which were used to synthesize phthalocyanines and complexes
with copper, cobalt and zinc. The structures of the compounds obtained were confirmed by FT-IR and NMR (one and two
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d-Metal Phthalocyaninates in Catalytic Conversion of Thio-Compounds to Disulfides

Ilymem mnyxkneoguivnoco 3amewjenuss HUMpOSPynnol

6 4-numpogpmanononumpuie ObLIU NOLYYEHbI HOBbIE

4-(4-oymunghenorcu) u 4-(4-0ymokcughenoxcu) pmanronumpuivl, HA OCHOBE KOMOPLIX NONYYEHbl QMATOYUAHUHDL
U KOMIILEKChI ¢ MeOblo, KoOanomom u yurnkom. Cmpykmypa noiyueHHuix coeouHerull noomeepicoena memooamu MK-
u AMP (00Ho- u 0symepnour) cnekmpockonuu, MALDI-TOF macc-cnekmpomempuu u s1emMenmuoco ananusa. Uzyuenvi
CHeKmpanbHble U KAMaiumuyeckue ceolcmed, d maxaice YCmouuugoCms NOMYUEHHbIX COCOUHEHUU K HASPeBaHUIO.
Hccnedosannvle coedunenus nokazan GblCOKVIO MEPMUYECKYIO CHOUKOCMb N0  CPAGHEHUI0 ¢  U36ECTHBIMU
Komnaexcamu. I[lokazano, umo KOMNIEKCbl NPOAGIAION GbICOKYIO KAMAIUMUYECKVIO AKMUBHOCb 6 peaKyuu
decynvypuzayuu, ymo, Hapsoy ¢ BbICOKOU CMADUTbHOCBIO, VKA3bI8AEN HA NEPCHEKMUBHOCTb UX UCNONb3068AHUS

6 Kauecmee Kamanuzamopog 0.5 noayuenust Tuypama E.

KaroueBrble ciioBa: (DTaJ'IOHI/IaHI/IHI)I, METAJIJIOKOMIUICKCHI, CIIEKTPOCKOIINS, KaTaJIn3, THypam E.

Introduction

Phthalocyanine is a planar aromatic macrocyclic sys-
tem in which four diiminoisoindoline units are conjugated
into a common 18-n electronic system.!?! Non-substituted
on the periphery phthalocyanines or not containing
a metal in the coordination center is not of particular
interest due to the high aromaticity®* and low reactivity
of its structure.”! In addition, phthalocyanine is insoluble
in water and most organic solvents, and has limited solu-
bility under stringent conditions in concentrated sulfuric
acid."® The introduction of the d- or f~metal into the centre
of the phthalocyanine molecule and functional fragments
at its periphery leads to a radical change in its physical
and chemical properties. Substituted metal phthalocyanines
have been used as materials® for many applications such as
chemical sensors,!'%1? solar cells,!3'¢! thin films,"'% liquid
crystals,?22 optical data storage devices, electrochromic
display devices,* %! photosensitizers for dye sensitized
solar cells!'™ and oxidation or reduction catalysts and photo-
catalysts,”®! photodynamic therapy.?’* In addition, varying
the nature of the peripheral environment makes it possible
to control the solubility of these compounds,?**” for exam-
ple, the introduction of sulfonic, carboxylic or crown ether
groups gives amphiphilicity to these compounds. Sub-
stitution by alkyl fragments makes it possible to obtain
organosoluble metal phthalocyaninates with mesomorphic
properties.B!

Some voluminous oxyaryl fragments give the phtha-
locyanine compounds, in addition to the dyeing properties,
also antimicrobial properties,®! which makes it possible
to obtain so-called “smart” textile materials and use them
in everyday human life for the manufacture of medical
materials?>*! and clothes. Also, the presence of reactive
groups on the periphery of the phthalocyanine macrocycle
allows it to be covalently attached to solid-phase carriers
and to obtain materials, for example, having catalytic
properties in the oxidation of phenol and its derivatives or
mercaptan.?!

In addition, recently the possibility of using phthalo-
cyanine complexes as catalysts for the purification of oil
fractions from mercaptan derivatives,?*3¢! which strongly
pollute the environment, has been considered. In this direc-
tion, substituted metal complexes with flexible long sub-
stituents on the periphery have proven themselves well.}53!
Unfortunately, this problem is at the stage of research
and a clear structure of the complex, operating stably under
various conditions, has not been determined.
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The oxidation of thio-compounds (RSH) solves
the environmental problems of desulfurization of oil prod-
ucts, as well as the problems of organic synthesis of practi-
cally important disulfides, for example, disulfirams.F”
Disulfirams exhibit valuable properties in terms of synthetic
or biological processes.”® They are used as fungicides,
the components of drugs necessary for the treatment of alco-
holism and human immunodeficiency.?” Disulfiram inhibits
the production of acetaldehyde dehydrogenase in the liver,
preventing the destruction of ethyl alcohol into carbon diox-
ide and water, which occurs at the stage of acetaldehyde.

It should be noted tetramethylthiuram disulfide,
which has found application as a vulcanization accelerator
of rubber compounds based on natural and synthetic diene
type rubbers®” and anti-drugs.*!! The synthesis of tetra-
methylthiuram is easily carried out by liquid-phase oxida-
tion of N, N-diethylcarbamodithiolate (DTC) or its sodium
salt in an alkaline medium in the presence of a catalyst;*’
however, there are technological difficulties associated with
controlling the oxidation process.***1 The usage of classical
inorganic catalysts in this process leads to the formation
of a mixture of oxidation products.

The usage of metal complexes with organic macrohet-
erocyclic ligands, for example, phthalocyanines, as catalysts
increases the selectivity of this process and allows the use
of atmospheric oxygen as an oxidizing agent. This helps
to avoid harsh reaction conditions and, therefore, increases
the purity of the final product. The use of air oxygen
in the processes of their production improves the quality
of the target product.[*5:4¢]

There is data in the literature on tetrasubstituted copper
phthalocyanine containing 4-carboxybiphenyloxy groups
on the periphery,!'” which, in a composition with a perylene
derivative, exhibits high photocatalytic activity. The pres-
ence of bulk aryloxy substituents in the phthalocyanine
molecule, for example, methylbiphenyloxy groups, provides
them with good solubility in organic solvents, which facili-
tates the process of isolation and purification of the target
products, and also expands the possible areas of application
of these compounds.

Due to the low reactivity of phthalocyanine, the direct
introduction of the necessary functional substituents
on its periphery is very difficult. The most promising method
is template cyclotetramerization of substituted phthaloni-
triles around a metal cation.*”’ This method allows the most
selective production of metal phthalocyaninates with a high
yield of the target product.*® Modification of the nitriles
used for phthalocyaninates synthesis and analysis of their
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stability under the conditions of template condensation
in connection with obtaining a stable peripheral environ-
ment is very important for the production of metallophtha-
locyanines with liquid crystalline and catalytic properties.
In this work, we propose an approach to synthesize
4-(4-butylphenoxy)- (2) and 4-(4-butyloxy)phenoxyphthalo-
nitriles (3), as well as free phthalocyanines and metal com-
plexes based on them with cobalt, copper, and zinc as poten-
tial catalysts for oil demercaptanization. For the obtained
compounds, the conditions of thermal degradation were
determined and the catalytic activity was checked, which
determined their potential for use as sensors and catalysts.

Experimental

All reagents and starting materials were purchased from
commercial sources and used as received. When necessary, sol-
vents were purified following standard literature procedures.’”
Some reactions were carried out under an inert atmosphere, as
specified in experimental procedures.

Electronic absorption spectra were recorded in organic
solvents (DMF and chloroform) and concentrated sulfuric
acid on a Shimadzu UV-2700 radiation spectrophotometer at
a temperature of 298.15 K in the wavelength range 325-900 nm.
For temperature control, a Peltier cell was used. FT-IR spectra
were recorded on IRAffinity-1S Shimadzu in the region
of 400-4000 c¢cm™ in thin films (chloroform) and in tablets
with potassium bromide. Elemental analysis was performed
on an elemental analyzer CHNS-OFlashEA, 1112 series. 'H
NMR and *C NMR spectra for phthalonitriles were recorded
on the Bruker Avance III 500 spectrometer. The operating
frequency on 'H cores was 500.17 MHz, on BC cores —
125.77 MHz. The error in determining the chemical shift did not
exceed 0.01 ppm. The chemical shifts 'H, *C were determined
relative to the internal TMS standard. NMR spectra were
recorded in deuterated chloroform (CDCl,) at T = 294 K. Mass
spectra (MALDI-TOF) were obtained on a Shimadzu Biotech
Axima Confidence mass spectrometer in the mode of registration
of positive ions. 2,5-Dihydroxybenzoic acid was used as a matrix.
Melting points were determined using a small Boetius type heating
table with an RNMK 05 observation device. Thermooxidative
degradation studies of synthesized phthalonitriles were carried
out on a STA449 F3 Jupiter Netzsch synchronous thermal analysis
apparatus in an argon atmosphere and argon — oxygen mixture,
heating rate — 5 deg/min, crucible material — platinum. Before
conducting elemental and thermogravimetric analysis, samples
of the studied compounds were subjected to sample preparation
at 110 °C for 2 h.

Nitrile Synthesis

General technique. To a mixture of 10 mmol (1.73 g)
of 4-nitrophthalononitrile and 10 mmol of the phenol derivative
in 30 mL of dimethylformamide a solution of 10 mmol (1.56
g) of K.CO, in 10 mL of water was added. The reaction mass
was stirred at 90-95 °C for 1.5 h and cooled. After cooling,
the precipitate was filtered off, washed with 2-propanol (50 mL),
water (3 x 50 mL) and dried at 30 °C. An alternative synthetic
routes are described in other works.[*-%

4-(4-Butylphenoxy)phthalonitrile (2). Yield: 1.56 g (77 %).
T .. =69-72°C. Found, %: C 78.05, H 5.98, N 10.10. C,;H NN,O.
Calculated, %: C 78.24; H 5.84; N 10.14. '"H NMR (CDCl,) 8 ppm:
7.72 d (1H; H", °J=8.7 Hz), 7.28 d (2H; H**, °J=8.47 Hz), 7.27 s
(1H; H,), 7.29 dd (1H; H", °J=8.47 Hz, J=2.52 Hz,), 7.0 d (2H; H>?,
’J=8.7Hz),2.67 t 2H; H',J=7.78 Hz), 1.65 q (2H; H", *J=7.67 Hz),
1.41 hx (2H; H*, °J=7.49 Hz), 0.97 t. (3H; H?', °J=7.25 Hz). FT-IR
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vem: 2946, 2856 (C
(@

acHDs 2231 (CN), 1591 (C, -C, ), 1502, 1487
-H), 1253 (C-O-C).

4-(4-Butoxyphenoxy)phthalonitrile (3). Yield: 2.36 g (81 %).
T .= 65-66 °C. Found %: C 7378, H 5.75, N 9.39. C .H N,O,.
Calculated, %: C 73.95; H 5.52; N 9.58. 'H NMR (CDCl,) &
ppm: 7.72 d (1H; H'?, 3J=8.6 Hz), 7.25 s (1H; H’), 7.23 dd (I1H;
H'"°, 3J=8.47 Hz, *J=2.52 Hz,), 7.0 d (2H; H**, °J=9.18 Hz), 6.97
d (2H; H23, 5J=9.18 Hz), 4.0 t (2H; HY, 3/=6.58 Hz), 1.82 q (2H;
HY, %J=7.15 Hz), 1.55 hx (2H; H>, /=744 Hz), 1.02 t 3H; H",
%J=1.34 Hz). FT-IR v cm™": 2930, 2867 (C,, -H), 2226 (CN), 1589
(C,-C,), 1507,1477 (C,,-H), 1239, 1199 (C-O-C).

Alk

Alk

Synthesis of Tetra(4-butyl/butoxy-phenoxy)
phthalocyaninates of Co, Zn and Cu

General technique. A thoroughly ground mixture of 1 mmol
of the corresponding substituted phthalonitrile 2—3 and 0.3 mmol
of the acetate of the corresponding metal was heated at 185-190 °C
until solidification. Then the reaction mass was washed with dilute
hydrochloric acid and water until the reaction to chloride anions
with silver nitrate disappeared, then it was dried in air at 70—80 °C.
The final purification was performed by silica gel column chroma-
tography M 60, eluting with chloroform.

Tetra(4-butylphenoxy)phthalocyaninatocobalt (4a). Yield:
0.25 g (86 %). Found, C 74.12; H 5.67; N 9.57; C__H,,CoN,O,. Cal-
culated, % C 74.28; H 5.54; N 9.62. m/z: 1164.29 [M]* calculated
1164.29. FT-IR v em™: 2942, 2857 (C, ,-H), 1252 (C-O-C).

Tetra(4-butylphenoxy)phthalocyaninatocopper (4b). Yield:
0.24 g (82 %). Found, %: C 73.90; H 5.61; N 9.53. C_ H_,CuN,O,.
Calculated, %: C 73.98; H 5.52; N 9.59. m/z: 1168.89 [M]", calcu-
lated 1168.90. FT-IR v cm™: 2940, 2856 (C, ,-H), 1252 (C-O-C).

Tetra(4-butylphenoxy)phthalocyaninatozinc (4c). Yield: 0.23
2 (80 %). Found, %: C 73.85; H 5.54; N 9.55. C_H,,ZnN,O,. Calcu-
lated, %: C 73.87; H 5.51; N 9.57. m/z: 1171.72 [M+H]’, calculated
1170.74. FT-IR v em™: 2941, 2856 (C, ,-H), 1250 (C-O-C).

Tetra(4-butoxyphenoxy)phthalocyaninatocobalt (5a). Yield:
0.21 g (69 %). Found, % C 70.34; H 5.30; N 9.09. C_H,,CoN,O,.
Calculated, % C 70.41; H 5.25; N 9.12. m/z: 1228.28 [M]", cal—
culated 1228.29. FT-IR v cm™: 2867, 2930 (C, -H), 1240, 1196
(C-0-0).

Tetra(4-butoxyphenoxy)phthalocyaninatocopper (5b). Yield:
0.20 g (65 %). Found, % C 70.06; H 5.40; N 9.01. C_H,,CuN,O,.
Calculated, % C 70.14; H 5.23; N 9.09. m/z: 1232.90 [M]", cal—
culated 1232.90. FT-IR v em™: 2868, 2932 (C,,-H), 1239, 1198
(C-0-0).

Tetra(4-butoxyphenoxy)phthalocyaninatozinc (5¢). Yield:
0.21 g (68 %). Found, % C 70.02; H 5.29; N 9.06. C_,H,,ZnN,O,.
Calculated, % C 70.04; H 5.22; N 9.08. m/z:

123373 [M-H],
calculated 1234.73. FT-IR v cm : 2868, 2931 (C, -H), 1237, 1198
(C-0-C).

Alk

Alk

Alk

Synthesis of Tetra(4-butyl/butoxy-phenoxy)phthalo-
cyanines

General technique. A thoroughly ground mixture of 1 mmol
of the corresponding substituted phthalonitrile 2—3 and 0.3 mmol
of magnesium acetate was heated at 185-190 °C until it solidi-
fied. After cooling, the reaction mass was triturated in a mortar
and boiled in diluted hydrochloric acid for 20 minutes. The pre-
cipitate was filtered off and washed with water until the reaction
to chloride anions with silver nitrate disappeared, then it was dried
in air at 70—80 °C. The final purification was carried out by column
chromatography on silica gel M 60, eluting with chloroform.

Tetra(4-butylphenoxy)phthalocyanine (6). Yield: 0.19 g
(70 %). Found, %: C 78.06; H 6.06; N 10.10. C,,H N.O,. Calcu-
lated, %: C 78.09; H 6.01; N 10.12. m/z: 1107.36 [M]", calculated
1107.37. FT-IR v cm™": 2942, 2857 (C, -H), 1252 (C-O-C), 1006
(H,Pc).

Alk
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Tetra(4-butoxyphenoxy)phthalocyanine (7). Yield: 0.19 g
(65 %). Found, % C 73.80; H 5.70; N 9.55. C_,H, N,O,. Calculated,
% C 73.83; H 5.68; N 9.57. m/z: 1171.37 [M]", calculated, 1171.37.
FT-IR v cm™: 2867, 2930 (C, -H), 1240, 1198 (C-O-C), 1105

(H,Po).

ATk

Catalytic Activity Study

Catalytic activity is assessed based on the values of the effec-
tive rate constant of aerobic oxidation of sodium N,N-diethyldi-
thiocarbamate in the presence of a catalyst and at specified values
of acidity and temperature of the system. The reaction is carried out
in a batch reactor equipped with a thermometer, a stirrer, a reflux
condenser, a sampling outlet and a barbometer allowing continu-
ous air supply to the reactor at a rate of 2 L/min, which ensures
the oxidation in the kinetic region. A solution of sodium N,N-
diethyldithiocarbamate with a concentration of 0.1 g/L is loaded
into the reactor. Next, a zero sample is taken (2 mL, a sample before
the catalyst was introduced), then the catalyst is placed in the reac-
tor and the air supply is turned on, after which 2 mL samples are
taken every 15 minutes (up to the 150th minute). After taking each
of the samples, they are mixed with 4 mL of a 0.02 N solution
of copper sulfate CuSO,, observing the formation of a dark brown
precipitate of the copper complex. The mixture is stirred and 5 mL
of chloroform, 3 drops of 50 % acetic acid are added to them in turn
and shaken for 2 minutes in order to extract organic compounds.
Further, the organic fractions containing the copper complex
of N,N-diethyldithiocarbamate are transferred into separate flasks,
after which the extraction from the aqueous fractions is repeated
to increase the accuracy of further analysis. The obtained solu-
tions of the copper complex are brought to the mark, then 2 mL
samples are taken from them, after which the absorption spectra
of the obtained solutions are recorded at a wavelength of 436 nm
in order to determine the optical density at the absorption maximum
and further calculate the effective oxidation constants.

Considering the constancy of oxygen concentration the reac-
tion rate is described by kinetic equation of fist order:

dcldt=—k, ¢, (1)

where ¢ — current concentration of DTC, t — time, &k, — observed
rate constant of the reaction.

It is confirmed by rectilinear character of the dependence Inc
= f(7r) and constancy of rate constants calculated by the equation:

k.= (1/D)ln(c /) @

here ¢, — initial concentration of diethyldithiocarbamate, ¢ — cur-
rent DTC concentration at a time t.

It was found in prior experiments, that non-catalytic oxida-
tion of DTC is very slow (k, = 1.7-10° s"). Disulfide formation
was monitored by FT-IR, 'H and *C NMR spectra. '"H NMR
of DTC after oxidation (500 MHz, D,0) 4 ppm: 4.34 (m, J= 15 Hz,

HO—©—C4H9
DMF, K,CO,

4H, CH,); 1.39 (t,J =5 Hz, 6H, CH,). "C NMR of DTC after oxida-
tion (100 MHz) & ppm: 11.65; 27.50; 49.08; 205.02. IR of DTC after
oxidation (KBr) v em™: 2979 (-CH, v, ); 2847 (-CH,- v ); 1476
(-CH,- 9); 1378 (-C-N st); 1269 (-C =S st); 1075, (d, -C-S). During
oxidation of DTC the formation of tetramethylthiuram disulfide
(TMTD) is observed. '"H NMR of TMTD obtained by DTC oxida-
tion (500 MHz, CDCl,) & ppm: 3.71-3.77 (m, 8H, CH,); 1.29-1.23
(m, 12H, CH,). "C NMR of TMTD obtained by DTC oxidation
(100 MHz) 6 ppm: 10.49; 25.72; 52.04; 51.26; 190.05. IR of TMTD
obtained by DTC oxidation (KBr) v em™: 2974 (-CH, v ), 2861
(-CH,- v, ), 1505 (-CH,- 8), 1380 (-C-N st), 1273 (-C=S st), 1143,
995 (S-S).

Results and Discussion

This work presents data on the synthesis and study
of 4-(4-butylphenoxy)- (2) and 4-(4-butoxy)phenoxyphtha-
lonitriles (3) and phthalocyanines based on them.

As the starting compound for the synthesis of 4-(4-
butyl/butoxyphenoxy)phthalonitriles (2, 3), 4-nitrophthalo-
nitrile (1) was used (Scheme 1). The electron-withdrawing
cyano- groups present in the benzene core of compound (1)
create a sufficiently effective positive charge on the carbon
atom bonded to the nitro group, which causes its substitu-
tion under the action of a nucleophilic reagent. Butylphenol
and butoxyphenol were used as nucleophiles. The reaction
was carried out in dimethylformamide solution in the pres-
ence of potassium carbonate as an alkaline agent.

The synthesized phthalonitriles are white powders hav-
ing a relatively low melting point. The obtained compounds
were identified using 'H and C NMR, IR, and electron
spectroscopy data.

Using the Gaussian software package (DFT method,
B3LYP / 631-G + basis (d, p)), the theoretical IR spectra
of the synthesized phthalonitriles were calculated, which
show good agreement with the experimental data (Figure
1S, Supporting Materials). In the IR spectra of phtha-
lonitriles 2, 3, absorption was observed in the region
of 2226-2231 cm™!, corresponding to stretching vibrations
of the nitrile group, and bands of stretching vibrations
of C-H bonds of methyl and methylene groups were
recorded in the region of 28562646 cm!. The stretching
vibrations of multiple C—C aromatic bonds were observed
at 1589 cm! (3) and 1591 cm™! (2), and in the region
of 1477-1507 cm™, deformation vibrations of the C—H bonds
of methyl and methylene groups were noted. The deformation
vibrations of the C, -O-C, bond are found at 1239 cm™' (3)
and 1253 cm™ (2). Also, in the IR spectrum of 4-(4-butoxy-
phenoxy)phthalononitrile band appears at 1199 cm™!, cor-

0—C,H,
DMF, K,CO,

NC 0@@}5
D/ 77% yield
NC 2

0—C,H,

Scheme 1. Synthesis of initial butyl/butoxy-substituted phthalonitriles.
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81% yield

o,
NC 3
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responding to vibrations of the C, bond -O-C, (Figure 15S).

The good solubility of the synthesized phthalonitriles
(2, 3) in organic solvents, in particular chloroform, made
it possible to study them by 'H, “C NMR spectroscopy
(Figures 2S, 3S). Figure 2S presents the experimental (a)
and theoretical () '"H NMR spectra of compound 2. There
are no impurity signals in the spectrum, which confirms
the purity of the obtained compound. An analysis of chemi-
cal shifts and integrated intensities in the "H NMR spectrum
unambiguously proves the structure of this compound (see
Experimental part and Figure 2aS).

Experimental () and theoretical (b) *C NMR spectra
of phthalonitrile 2 are shown in Figure 3S. In a weak field
(110 — 170 ppm), there are 14 signals from carbon nuclei
of the aromatic part of the molecule. The signals C,, C, C,
are most unscreened due to the influence of the oxygen atom
on the electron density distribution. The chemical shifts
of nuclei 2,3 and 4,5, respectively, coincide due to magnetic
equivalence. In a weak field, there are 4 signals from an ali-
phatic substituent. We note a fairly good correlation between
the experimental (Figure 3aS) and theoretical (Figure 3bS)
chemical shifts *C.

In addition to theoretical spectra, two-dimensional
correlation spectra COSY 'H-'H (Figure 4S), HSQC "“C-'H
(Figure 5S), HMBC "*C-'H (Figure 6S) were used to assign
NMR signals. COSY 'H-'H correlation spectroscopy makes
it possible to evaluate the magnetic interactions between
protons through the electrons of the chemical bonds that
separate them. For compound 2, Figure 4S shows the signals
from the interaction of aromatic protons H, -H,; H,-H;

(H,-H,) and the aliphatic chain H -H ; H -H,; HI:O-HZI.
HSQC 'H-BC correlation spectroscopy makes it pos-
sible to evaluate magnetic interactions between carbon atoms
of directly related protons, i.e. for C—H bonds (Figure 5S
shows the corresponding signals of the carbon atoms
of phthalonitrile 2). HMBC correlation 'H-"*C spectroscopy
allows to evaluate long-distance interactions between carbon
atoms by protons (usually through 2 or 3 bonds) (Figure 6S).
Figure 8S shows fragments of the spectra of nitriles
2 (1) and 3 (2), illustrating the effect of the introduction
of an oxygen atom in the terminal substituent on chemi-
cal shifts. The introduction of oxygen into the aliphatic
substituent leads to a shift of the signal of the protons
of the 4, 5 phenyl ring into a strong field (increased magnetic
shielding). At the same time, the signals of -CH,- groups are

Mass decline, % DSC, mW/mg

100 7 567 r7
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shifted to the weak field (de-screening) due to an increase
in the electron density, with the strongest change occurring
for the protons of the methyl group directly associated with
oxygen.

Similar evolutions occur with chemical shifts of carbon
nuclei (Figure 9S). Signals C,, C , are shifted to a weak field,
and C, C,, C,,, C,, C, to a strong field due to the redis-
tribution of electron density as a result of the introduction
of an oxygen atom. In this case, the chemical shifts of carbon
nuclei and protons of the phenyl ring with nitrile groups are
practically unchanged.

The stability of the synthesized phthalonitriles 2, 3
to thermal oxidative degradation was studied, as well as
the effect of the oxidation ability between the terminal alkyl
substituent and the phenoxy-group on this process.

It was found the melting points of these compounds
practically coincide, and their thermal oxidation proceeds
in the temperature range 200320 °C. In this case, the mass
loss in this temperature range in the case of 4-(4’-butyl-
phenoxy)phthalonitrile 2 is 81.2 %, and the exo-pic corre-
sponding to the maximum mass loss is observed at 220 °C.
In the case of 4-(4’-butoxyphenoxy)phthalonitrile 3, this
exo-pic is shifted to higher temperatures up to 278 °C.
Thus, it was found that the introduction of an oxy bridge
between the phenoxy- group and the terminal alkyl frag-
ment has practically no effect on the melting temperature,
but increases the thermal stability of the corresponding
phthalonitrile.

In addition, it was noted that under the synthesis condi-
tions, the considered phthalonitriles 2, 3 are stable and do
not lose their chemical structure.

The synthesis of metal complexes 4—5 was carried out
by the interaction of phthalonitriles 2—3 with cobalt, copper,
and zinc acetates at 185-190 °C (Scheme 2).

Free ligands 67 were obtained by fusion of substituted
phthalonitriles with magnesium acetates and subsequent
demetallation of magnesium complexes with hot hydrochlo-
ric acid (Scheme 3).

The synthesized compounds are colored powdery
substances that dissolve in chloroform, acetone and DMF.

The composition and structure of the synthesized
compounds were confirmed using elemental analysis, IR
and electron spectroscopy, and MALDI-TOF spectrometry.
Due to the presence of extended alkyl substituents, the com-
plexes under study failed to crystallize and obtain a single

(b)
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Figure 1. Thermograms of the nitriles synthesized: a) 4-(4’-butoxyphenoxy)phthalonitrile 3, b) 4-(4’-butylphenoxy)phthalonitrile 2.
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Scheme 2. Synthesis of metal phthalocyaninates with butyl/butoxy fragments.
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Scheme 3. Obtaining of metal free butyl/butoxyphthalocyanines.

crystal, thus, the study of the structure by X-ray analysis
was impossible. Nevertheless, we have obtained and stud-
ied one-dimensional and two-dimensional NMR spectra
to accurately confirm the structure of the complex.

The most informative mass spectrometric method
for the study of synthesized phthalocyanines is the MALDI
— TOF method. Signals of molecular ions correspond-
ing to phthalocyanines were found in the mass spectra
(Figures 10-17S).

The introduction of “bridge” oxygen into the substitu-
ent at the para position of the phenoxy-group practically does

o
N 1 .
o 0__@__11 Yields:
6,7 6-70%
7 -65%
1.6 4 683
673 i
4a
1.2 N1
[0]
e
(]
£ 0.8
2
o]
<
0.4 1
0.0 T T T T T
400 500 600 700 800

not affect the position of the O-band in the electronic absorp-
tion spectra (Table 1). Thus, the shift of the long-wavelength
absorption maximum for all the complexes obtained with
such substitution does not exceed 1 nm.

It was shown that the position of the main band
in the UV-vis spectra recorded in chloroform is hypso-
chromically shifted by about 5-8 nm relative to the cor-
responding spectra recorded in DMF, acetone, and THEF,
the positions of which practically coincide. The UV-vis
of the synthesized complexes (Figure 2) in the investigated
series of organic solvents (chloroform, tetrahydrofuran,

360

Wavelength, nm

Figure 2. Electronic absorption spectra of compounds 4a and 4b.

dimethylformamide, acetone) are in the associated form.
Free bases, in comparison with their derivative complexes,
are characterized by the presence in monomeric forms.
Copper and zinc phthalocyaninates showed limited
solubility in dimethylformamide (to a concentration range
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Figure 3. a) The spectral changes upon dilution of solution of compound 4b in chloroform, b) the titration curve.

of about 0.1-1 umol/L), while cobalt complexes were also
dissolved in large (up to 0.1 mmol/L) concentrations. Ana-
lyzing the nature of the spectral curves of the absorption
bands for copper and zinc complexes, we can assume that
they are in monomeric form, while cobalt phthalocyaninates
in a solution in the form of a monomer can exist only up
to concentrations of the order of 6 uM (Figure 3). The solu-
bility of cobalt complexes in DMF in the concentration
range above 0.1 uM is probably due to the lower propensity
of these compounds for association to occur as compared
to the corresponding copper and zinc phthalocyaninates,
whose aggregates at this end titrations already precipitate.

In the electronic absorption spectra of the obtained
phthalocyaninates, a bathochromic shift of the Q-band
is observed upon transition from cobalt complexes to cop-
per and zinc compounds (Table 1).

For copper complexes, thermal properties were studied
due to the possibility of using them as liquid crystals.B
Comparing the data of the thermal oxidative degradation
of copper tetra(4-butyloxyphenoxy)phthalocyanine 5b
and the initial phthalonitrile 3, it was noted that the onset
of the decomposition process in phthalocyanine is shifted
to the region of higher temperatures by 92 °C, while
the temperature of the maximum exo-effect is shifted
to lower temperatures 90 °C (Figure 4). In general, butyl-
substitution showed better thermal stability for both starting
phthalonitriles and phthalocyanine complexes compared
to butoxy one, and the stability of the complexes investi-
gated was found to be high.

Heterogeneous Catalysis

High thermal stability for the detected phthalocya-
nines and their metal complexes determines their possible
use as catalysts in fine organic synthesis. The catalytic
properties were tested on a model reaction for the conver-
sion of N,N-carbomodithiolate sodium to the correspond-
ing disulfide in an aqueous alkaline medium. Oxidation
of sodium N N-carbomodithiolate (DTC) was studied
in light-protected thermostatic cell of volume of 650 mL
with DTC concentration range of 2.7-8.3 mmol/L under
the temperatures of 20—40 °C. The experiments were car-
ried out in water-alkali solutions under the pH values 8—10.
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Table 1. Spectroscopic characteristics of metal phthalocyaninates
in organic solvents.

Qband, A__,nm
Compounds
Acetone DMF THF CHCI,
4a 665 666 664 673
4b - 676 676 681
4c 674 - 676 682
5a 666 666 665 674
5b - 676 677 683
Sc 674 - 677 683
6 - 669,699 667,697 667,704
7 - 669, 698 666,697 666,703

The oxidation of DTC proceeds according to the general
Scheme 4.

Cobalt phthalocyaninate 4a showed better efficiency
compared to complex 5a (Table 2).

Within 30 minutes, in the presence of 4a, up to 50 %
of the starting compound is converted to disulfide, while
in the presence of 5a, the conversion depth is at the level
of 40 %. The effective rate constants in the presence
of cobalt complexes are 65.4 and 47.3 (sec'g)' for com-
plexes 4a and 5a, respectively. For comparison, the DTC
oxidation reaction was also performed with the addition
of phthalocyanine ligands. In the presence of complexes
6 and 7, DTC oxidation proceeds in the diffusion region,
and the process parameters are close to those for non-
catalytic aerobic oxidation. The degree of conversion
to the target product does not exceed 4 % within 30 minutes
of the reaction. These results show a greater efficiency
of cobalt complexes in comparison with phthalocyanines
ligands. It is noteworthy that for 6 the degree of conversion
is slightly higher than for phthalocyanine 7. A similar pat-
tern is also observed for complexes of these ligands with
cobalt. Obviously, this fact is due to the role of the periph-
eral environment of phthalocyanine macrocycles capable
of entering into additional coordination interaction with

361



d-Metal Phthalocyaninates in Catalytic Conversion of Thio-Compounds to Disulfides

Mass decline, % DSC, mW/Mg
100 1 7 477 - 18
L 16
80 1 L 14
12
60 A (a) L 10
40 8
-6
20 - 376 4
284 2
2
0 0

100 200 300 400 500 600 700
T, °C

Mass decline, % DSC, mW/Mg
100 1
391 14
80 1 F12
F10
60 4 (b)
-8
40 1 -6
4
20 4
F2
I
T T T T T 0
100 200 300 400 500 600
T, °C

Figure 4. TG curve of copper complexes of tetra(4-butoxyphenoxy)phthalocyanine 5b (a) and tetra(4-butylphenoxy)phthalocyanine 4b (b).

C2H5\ //S 0,, catalyst

2 N—C
/N

®
C2H5 S—Na -2Na

CoH S s CoH
2 5\N—c// o .
SN N
CoHs s—s CoHs

Scheme 4. Reaction of aerobic oxidation of DTC in the presence of phthalocyanine catalysts.

Table 2. Catalytic process of DTC oxidation efficiency
in the presence of phthalocyanine.

Parameters of catalytic action

Compound
ke (5°2)"! % %
4a 65.42 45.56
5a 47.30 40.71
6 0.05 0.76
7 0.25 3.60

the substrate. So, in the peripheral fragment of ligand 7
and its complex with cobalt 5a, there is an additional het-
eroatom, which in the catalytic process can act as an addi-
tional coordination center and hold one of the participants
in the catalytic process, thereby creating a visible effect
of reducing catalytic efficiency.

Conclusions

Thus, as a result of the work, tetra(4-butyl/butoxy-
phenoxy)phthalocyanines and cobalt, zinc, and copper com-
plexes based on them were synthesized. Through a number
of research and instrumental methods, including NMR, IR
spectroscopy, mass spectrometry and elemental analysis,
the structures of the compounds obtained were unambigu-
ously confirmed. The spectroscopic properties of phthalo-
cyanines in DMF, chloroform, acetone and tetrahydrofuran
were studied, the absorption maxima were determined.
It is established metal complexes in these conditions are
mainly in aggregated form. Finally, the parameters of ther-
mal oxidative degradation of compounds are determined.
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Introduction during the transition from alkyl substituted
phthalocyanines to alkoxy-analogs, an increase in the ther-
mal stability of the complexes was observed. The compounds
showed high catalytic activity in the oxidation reaction
of DTC, which, thus, may indicate the prospects for their use
in the pro-cesses of demercaptanization of sulfur contain-
ing compounds. Please formulate conclusions and possible
development.
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