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Isomeric phthalonitriles having four terminal cyagmups are synthesized by means of nucleophilic
replacement of 4-nitrophthalonitrile’s nitro-groupwith resorcinol and hydroquinone fragments.
Corresponding phthalocyaninates of cobalt, zinckel and copper are obtained based on the compounds
The synthesized metal phthalocyaninates are stuidiegrms of spectroscopic properties using various
organic solvents and additionally organic basesitBgsized cobalt and zinc phthalocyaninates areaddo
form stable sandwich-type dimers while reacting hwitl,4-diazabicyclo[2.2.2]loctane (DABCO).
Phthalocyaninates having substituted para-posititaren more stable sandwich-type agregates than meta
substituted ones. A stability of molecular compdesdel:1 composition obeys the following order: PRz <

DABCO for all synthesized phthalocyaninates.

Keywords: Pthalocyanines, d- metals complexes, synthesistreseopic-luminiscent properties, catalysis,

aggregation

1. Introduction

Metal phthalocyanines have become widespread estie# elements of optics devickSand electronic systenis stable
dyes and pigments, sensitiz&ras well as highly selective catalysfs Such a wide application range originates from the
compounds being specific and unique in properties is reflected by features of the structure,terise ofr-conjugated

macrocycle core and easyness of modifying preiprerd non-peripheral substituents. One can fine tproperties of



resulting compounds by varying central métahd peripheral substituents. The most prevaldatabphthalocyanine metal
complexes in industry is catalysis where the compleucan effectively and selectively catalyze dewmmgtianization of oil

fractions. To date for purposes mentioned abovalysis®® based on metal phthalocyaninates having aromatigrfents

bonded to each other in a harsh way are applliadh & bonding deprives a molecule of flexibility nkiog its catalytic

activity because of sterical hindrance in comirmmsel of a substrate and an oxidizer with centrahhsom. Extension of
the periphery by fragments bonded to each otheiblieis one of ways out”**

Cyano-substituted phthalocyaninates are of ceiitetigrests being precursors for polyphthalocyanittactures
covalently bonded through a periphéfy*® Such systems are applicable due to nonlineacapproperties of third order
1920 One can synthesize both homo- and hetero-polymsetatures by utilizing various central metalra® It allows fine
selective tuning properties of a resulting matedi@pending on necessity. In addition tetrapyrratiacroheterocycles are
known to be prone to aggregatitin Aggregation is a prominent, naturally occurrifgepomenon that involves automatic
formation of dimers and higher aggregate of variemsl often complex structures. Aggregation of ploityanines
proceeds in different ways including with small améc ligands?. These applications arise from the MPc conjugated
system, an ability of central cavity to coordinataious ligands and their chemical and physicabiktg MPcs can be
tuned for different applications by substitutingtaa position of the macrocycle.

Aggregation is known to affect catalytic propert@sphthalocyaninates dramatically. Extension @& geriphery
with spatially-flexible substituents can providsatjgregation of the molecules due to sterical facto

Thus, this work is devoted to the preparation off qpEhthalocyaninates of cobalt, zinc, copper, ardkedi with
cyanophenoxyl peripheral fragments. The presen@eadptor cyano groups and oxygen atoms provicdsfiain electron
density from the macrocycle to the periphery, favgpthe occurrence of catalytic reactions, alonthle flexible structure
of substituents due to the presence of oxygen bsidBased on the obtained phthalocyaninates withirial cyano groups,

it is planned to obtain oligo- and polymeric multidtear phthalocyanine structures.

RESULTS AND DISCUSSION

Synthesis of 4,4'-[1IX-phenylenbis(oxy)]diphthalonitriles

4,4'-[1,4-Phenylenbis(oxy)]diphthalonitrile and '44,3-phenylenbis(oxy)]diphthalonitrile were syetlized by
nucleophilic replacement of 4-nitrophthalonitrilg’s) nitro-group with corresponding isomers of dihydybenzene. The
reaction was carried out in anhydrous DMF accongmhniith addition of potassium carbonafeciieme ). Reaction

mixture was being stirred for 48 h under @5The reaction was controlled by means of thin{lajgomatography (Si



utilizing ethanol as eluent. In order to extracth@odinitriles2 and3 the reaction mixture was poured into 0.1 M water-
alkali solution, the precipitate was filterred affid washed with water. Then the precipitate washadsvith water-alkali
solution and water until neutral pH. Excess of lest was removed under vacuum. Recrystallizatibthe compounds

was performed from ethanol. Yield of compoudmnd3 was 65 and 76% respectively.
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Scheme 1Meta- and para- phenylenebisoxy-substituted dgdbtfitriles synthesis route

Compounds2 and 3 were structurally characterized by means of IR, Rlgpectroscopies and MALDI-TOF
spectrometry. The IR spectra represent the wholefsgharacteristic vibrations at 2232-2243tofC=N), 1243-1256 cm
v(Ar—0 —Ar), 1389-1597 cihv(Ca=C.), 2850-3065 c v(C,—H). Completeness of+ nucleophilic replacement alae
being monitored by IR-spectroscopy method. IR speat2 and3 contain no bands characterizing symmetric (1340135
cm™) and asymmetric (1560-1565 Sjnvibrations of nitro-group’s N=0O bond evidencingnepoundil. Additionally, the
band at 1243-1256 chappears reflecting skeleton vibrations of Ar-Oghoup resulting from the reaction.

MADLI-TOF mass-spectra of high definition obtainéat 2 and 3 represent molecular signals of m/z equal to
362.11 and 362.09 respectively (Supplementary).

Individuality of obtained compoundsand3 is proved by position, quantity and shape of sigrialind in*H and
13C spectra (Supplementary) as well as by absencenpfirities signals. Para-substitution of resultingitdle provides
notable shift of all signals to weak field compatedcorresponding proton signals registered forartete in'H NMR
spectrum®C spectrum in contrary contains negligible shiftqabl.5-2 ppm) to strong field.

Meta-substitution noteworthy yields higher for 1X%mpared to similar para-substitution most probahlg to

steric factor. Corresponding phthalocyaninates-ofafal were obtained based on phthalodinit@esd3.

Synthesis of d-metal phthalocyaninates
Synthesis of the phthalocyaninates is carried guemplate melting technique utilizing corresporgiitrile and
anhydrous acetate of nickel, cobalt, zink or coppeder temperature of 190-19% for 30 minutes (till complete

3



crystallization) 6cheme 2. Obtained mixture after cooling is replaced omt&hfilter and washed with water and ethanol
in order to remove traces of a salt and a niti@gloroform (for Co and Zn complexes) or acetoneg {fb and Cu
complexes) are applied in order to extract desimdpound and separate it from polyphthalocyaniaetions. The solvent
is removed and the complex is purified by meanscafimn chromatography (SHD utilizing chloroform (Co, Zn-

complexes) or chloroform-acetone mixture (10:1,8li-complexes) as eluent.
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Scheme 2Synthesis of Co(ll), Zn(l1), Ni(ll), Cu(ll) tetrag-(dicyanophenoxy)phthalocyanines

Compoundsgt-11 were identified with help of IR and NMR spectrogias as well as MALDI-TOF spectrometry.
All obtained metal complexes give mass-spectraesagrting molecular signal while signals of di- aadly-phthalocyanine

systems absenFEig. 1).
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Fig. 1. MALDI-TOF mass spectra of cobalt {4, b —5) and zinc¢- 6, d-7) complexes



Corresponding IR-spectra fof-11 represent whole set of characteristic bands (upghtary). Besides, a
phthalocyanine metal complex originated from cqroegling dinitrile has more intensive band respogdmvibrations of
C=N group (~ 2232 cl) that is explained by bigger number of such a gsou

'H NMR spectra of the metal complexes has no extamesignals and spectrum of each set of metal
phthalocyaninates has general view (supplementgpmpanied with a signals shift for 0.02-0.03 piomweak field
according to the following order Cu — Zn — Ni — Co.

Highest yields are reached in case of Co(ll) usedeamtral metal, lowest — in case of Cu(ll). In g, yield is

higher in case of para-substituted molecules coetpr meta-substituted ones.

Spectroscopic and coordination properties of Co(Iland Zn(ll) phthalocyaninates

Zinc and cobalt complexes are the most prospeesvmaterials for catalysts and photocatal§st$his is due to
their ability to coordinate additional ligands irfiih and sixth positions resulting in labile motdar complexes. For the
beginning all obtained compounds were studied speabpically in various solvent34ble 1). There was no deviations
from the Lambert-Bouguer-Beer law observed upondystwf concentration dependence for solutions of the
phthalocyaninates in DMSO, Py, acetone and DMF.eAbs of the deviations is explained by specifizatbn of central
metal cation by the chosen solvents. One can cdacthe macrocyclic chromophore under such conditiointains

constant. A shape of a spectrufig( 2) indicates the chromophore to be monomeric.

Wavelength, nm

a b
Fig. 2. UV-vis spectra of complexek(a) in 1) Py (2.91x16 M), 2) DMF (1.51x1G M), 3) DMSO (2.86x10 M), 4)
Acetone (1.34x10 M), 5) CHCE(4.41x10° M) and7 (b) in 1) Py (3.32x18 M), 2) DMF (3.31x16 M), 3) DMSO

(3.33x10° M), 4) Acetone (3.67xIDM), 5) CHCE(2.91x10° M).



Meta-substituted complexes of Co(ll) and Zn(ll) dmthgreater values of extinction compared to panatogues.

Moreover, exchange of Co for Zn is accompanied witheasing extinction coefficients. Varying a smiv does not affect

the shape of spectrum but shift Q-band bathochraliyior hypsochromicallyRig. 2). The most significant red shift of the

band for CoPc and ZnPc is observed in DMF. Thetgsdalue shift responds to DMSO.

Table 1.Spectroscopic characteristics of phthalocyanik@sn various organic solvents

A, am (lge)
Compound Me
DMSO Py Acetone CHGI DMF
662 662 664 669
4 675 (4.48)
(4.03) (3.99) (4.42) (4.48)
Co
663 664 665 673
5 677 (3.63)
(3.61) (3.55) (3.67) (4.47)
679 678 671 679 675
6
(4.59) (4.38) (4.61) (4.55) (4.52)
Zn 680 680 673 681
7 678 (4.33)
(4.44) (4.28) (4.45) (4.59)

Chloroform solutions of CoPc and ZnPc upon reacHirtx10®> M concentration and further increadeig( 3)

exhibit deviation from linearity indicating appeaca of new macrocyclic form within the solution.€fform is supposed to

be H-aggregate.
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Fig. 3. UV-vis spectrum changes under dilution of Zn(lfitlpalocyanie ) solution in CHC} at concentration range from
7.32x10° M to 3.06x10 M. Insertion — the deviations observed from thenbart-Buger-Beer's law for phthalocyaninates

4 (a), 5 (b), 6 (), 7 (d) at the concentrations about 5.7%14.

Interaction between phthalocyaninates and ligardsheen studied in order to find aggregation tyyte Position
of Q-band shifts during titration of CoPc and Zndtdoroform solutions by pyridine. Spectroscopic dabr is changed
indicating axial coordination of pyridine by certraetal cation. Addition of pyridine to chloroforsolution of CoPcl
causes negligible (up to 5 nm) hypsochromic sHifpdoand that could be caused by appearance otiatism equilibrium
due to increasing solvating ability of mixed solvénhloroform-pyridine) toward macrocycle periphegoordination
parameters of pyridine are presentedrable 2 All studied phthalocyaninates additionally cootie only one pyridine
molecule into axial position of the metal. Valuédglermodynamic constants obtained for pyridinaimplexes of studied

phthalocyaninesTable 2) indicates their low stability.

Table 2. Thermodinamical parameters of phthalocyanines éexap4-7 formation with pyridine and characteristics of

pyrazine and DABCO aggrerates stability

IgKs B
Py Pz DABCO
Compound M
MPc-L (MPg,- Ly)s MPc,- Ls
4 2.67 2.51 4.75
Co
5 2.47 2.73 471
6 2.39 2.48 4,74
Zn
7 2.42 2.87 4.67

Exchange of pyridine with pyrazine used for tiati causes significant decrease of Q-band intengsy,
bathochromic shift and wideningify. 4). Titration curve consists of two steps (suppletagy). The first step corresponds
to bonding between pyrazine molecule and phthaliogamacrocycle forming 1:1 complex. Higher concatitn of
pyrazine contributes complexation of molecular ctaxes resulting in an aggregate of general comiposittMPGL,),.

Bathochromic shift of Q-band is most probably exptd by displacement of macrocycles’ dipole momeelative to each



other (aggregation type is close to J-dimers). Baath calculation results n equal to 3. A stapitif such aggregates is to

be determined in first by sterical factor of pegpdl substituents.

360 420 480 600 660 720
Wavelength, nm

Fig. 4. Spectroscopic changes under tittration of codahaocyanine&) solution by pyrazine solution (0.22 M) in CHCI

Insertion — Bent-French line of phthalocyanidgg), 5 (b), 6 (c), 7(d).

In contrast to pyrazine titration of chloroform sidbns of CoPc and ZnPc by DABCO results in hypsoutic

shift up to 10 nm. Figure 5 provides parallel dsiion of macrocyclic molecules being part of aragyjregates. The

following equilibria occurs upon titration by DABCO

MPc+DABCOU ffr MPdIDABCO+ DABCO.(fr DABCQ@ MPE& DABC(
MPc[DABCO+ MPdI(DABCO) Ui (MPc)(DABCO)

0.0 L 1 L L L
350 420 430 560 630 700 770
Wavelength, nm

Fig. 5. Spectroscopic changes under titration of cobataibcyanine ) (7.32x10° M) solution by DABCO solution (0.22

M) in CHCls. Insertion — Bent-French line of phthalocyanidgs), 5 (b), 6 (c), 7(d).



Composition of complexes calculated for every stkfitration proves equilibria described above. Tingt step is
coordination of one or two DABCO molecules. Molemutomplexes are accumulating till certain conagitin when
starting to interact with each other forming sarahaiype dimers. Final composition of the compleMiBc:L 2:3. In this
way, in contrast to pyrazine forming coordinatidigemers consisting of macrocyclic molecules linkidough ligand
bridge DABCO provides formation of dimeric struaar A stability of dimeric structures containing B8O is mush

higher compared to aggregates with pyrazifeb(e 2).

Table 3. Catalytic parameters of complexed.1in DTC oxidation reaction

Co Zn Cu Ni
Subst.
% X b
kobs kobs kobs kobs A %
% % %
m- 19.4 34 6.5 14 6.8 9 3.4 7
p- 16.8 | 36 6.8 16 7.4 8 4.9 8

The liquid-phase oxidation of DTC in the presenéglathalocyaninates synthesized proceeds more taagc
than non-catalytic oxidation. The reaction ratddd@iC convertion to tetraethylthiuram disulfide inases up to 19 times in
the case of CoPcl. The kinetic curves for all tepounds studied are linear and obey the firstrdkihetic equation. The
data ofTable 3 show the range of catalytic activity of the comgps synthesized is as follows: CoPc (m-) > CoPcXp
CuPc (p-)> CuPc (m-)> ZnPc (p-)> ZnPc (m-) > NiPc (p-) > NiPc (m-). As expectedbatt phthalocyaninates are the
most active in the series due to the larger pértishcompensated charge on the central metal catidhe macroring.
Nickel phthalocyaninates turned out to be the mattlyt ically disadvantageous due to the high dioation
saturation of the bonds between the metal and therauycle, which leads to a low ability to coordamadditional axial
ligands. Unexpectedly close activity was shown dyplexes of copper and zinc, which in this casgbigously associated
with the steric and electronic effects of periphatgstituents, which are exerted on the macrocygre. A correlation is
observed between a series of catalytic activityhef phthalocyaninates obtained and the stabilitthefr 1 : 1 molecular
complexes Table 2), which indirectly confirms the course of the catihn of DTC by the coordination mechanism.

In the phthalocyanine macrocomplex, metals have Bmnds with a ligand, namely, two coordination dawd
covalent ones. Due to the specificity of the elmur structure of the macrocyclic ligand and thesgnce of aligned-

conjugation in it, all metal-ligand bonds are aéigrand they begin to manifest a single nature. ,Tihiss leads to complete



coordination saturation of nickel in the phthalatye macrocomplét?. Taking into account the coordination mechanism
of the manifestation of the catalytic activity ohtpalocyanines during the oxidation of sulfur-camitay organic
substrate€® considered in this article, the presence of cengtion, as well as the formation of a stable éripkidizing-
phthalocyanine-substrate complex, is an integrelgfehe catalytic act. In this regard, the coaedion saturation of nickel
leads to the possibility of the formation of onlyrmnodentate complex of nickel phthalocyaninateegitvith an oxidizing
agent or with a substrate, the stability of whiomglicates the process of ligand elimination arettebn pair exchange in
the ternary complex. In this regard, the probapitf the formation of such ternary complexes in tase of nickel
phthalocyaninates is less than in the case of cexepl with cobalt and copper, which is a key faetidecting the cat
activity of these complexes in the oxidation rearctof sulfur-containing compounds. Meanwhile, tha@se cat activity of
cobalt and zinc is quite natural for this reactture to the fact that in addition to the electrictfa, the presence of a
successful geometric arrangement of metal catiotise metal complex is essential. Due to the Jadyier effect, a change
in the geometry of the structures of cobalt and zimmplexes occurs, which favors the occurrendbetatalytic act on the
one hand, but the insufficient amount of partialllcompensated charge on the central metal ionarcéise of the zinc
complex leads to a decrease in its activity dua tiecrease in the likelihood of the formation dfiple complex’. Thus,
the close activity between the cobalt and zinc dergs can be explained by the fact that, in the cdthe zinc complex,
the geometric factor is predominant, and in the adscobalt, the electronic structure factor of tha&crocycle.

In the study of the fluorescent properties of ctares4-7, a number of regularities were reveal@&dlfle 4). So, in
the general case, during the transition from cobaihplexes to zinc complexes, a regular increasgenfluorescence
quantum yields is observed. Meta-substituted amaegf zinc phthalocyaninates show large valuequaitum yields
compared with para-analogues, which is probably tdusteric effects. The study of the fluorescenaangum yields of
aggregates of complexes with pyrazine and DABCQusldicthat, in general, this type of interaction k&alan increase in

the fluorescence properties.

Table 4.Quantum vyields of free metalcomplexeg and their aggregates with pyrazine and DABCO iridaye and

CHCl,
System 4 5 6 7
Py 0.37% | 0.00% | 4.18%| 5.189
CHCl, 0.52% | 0.09% | 4.23%| 6.16%
Pz Py 0.03% | 0.08%| 8.02% 12.27%

10



CHCI; | 0.06% | 0.10% | 11.56% 15.73%

DABCO | Py 0.02% | 0.01%| 5.80% 5.40%

CHCIl; | 0.17% | 0.02% | 7.93%| 10.49%

Thus, in the study of aggregates with pyrazingnarease in the fluorescence quantum yields by2ldselers of magnitude
was observed, and in the case of DABCO up to Inggi Finally, during the transition from pyriding ¢hloroform, an

increase in the fluorescence quantum yields of ¢exeg4—7was determined.

CONCLUSIONS

Isomeric diphthalonitriles were synthesized duringe work. Based on the diphthalonitriles correspogd
phthalocyaninates of cobalt(ll), zinc(ll), nickd)(and copper(ll) were obtained. The compounds wsaated, purified and
identified. Meta-substitution was found to vyieldyhér compared to para-substitution. ShiftlafNMR proton signals to
weak field was revealed in Cu — Zn — Ni — Co seri@btained compounds were spectroscopically stuttiedarious

organic media. Meta-substituted metal complexesamsinates greater values of extinction coefficie@sbalt and zinc
phthalocyaninates being part of chloroform soluticere found to form dimeric sandwich-type structunénile interacting

with DABCO, whereas interaction with pyrazine leéol$ormation of oligomeric structures close to/ge aggregates.

EXPERIMENTAL SECTION

Equipment and reagents

IR spectra were recorded by means of Fourier-IRctspghotometer Avatar 360 (USA) in 400-4000 tm
frequency range. The samples were obtained by iggndorresponding crystallic compound combined vétihydrous
potassium bromide taken in 1 :100 ratio until hoerogpus composition followed with tablet pressintj.data presented in
the work was gaining in transmission mode.

Electronic absorption spectra were recorded by smedrspectrophotometer UNICO 2800 in 300-1100 nngea
utilizing quartz cuvettes of optical path lengthualto 1 cm.

NMR spectra were recorded by means of «Bruker AVANB0O» spectrometer (TMS is inner standard)
registering'H and*3C nuclei at 500 and 125 MHz frequencies respectively

Mass-spectra were registered by means of timeigtitflmass-spectrometer «Simadzu Axima Confidence»
(MALDITOF MS). Samples of approximately 20V concentration were stored in tetrahydrofurand @HCA (alpha-
Cyano-4-hydroxycinnamic acid) was used as a matrix.

Purification of the compounds was performed utiligsilica gel 60 (230-400 mesh).
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4-Nitrophthalonitrile (99%, «Sigma-Aldrich»), chtdorm (99%), Dimethylformamide (DMF) (99%), Dimethkylfoxide
(DMSO) (99%) pyridine (Py) (99%), acetone (99%)sareinol (98%) hydroquinone (98%, «Sigma-Aldrichd)4-
Diazabicyclo[2.2.2]octane (DABCO) (99.5%, «SigmadAth»), pyrazine (Pz) (99%, «Sigma-Aldrich») weapplied
without additional purification. Sodium hydroxideotassium carbonate and acetates of cobalt(llx(&jn nickel(ll) and
copper(ll) were purified and dehydrated right beftite experiment according to common techniques.

The homogeneity of the products was tested in steghby TLC (SiQ).

The study of catalytic ativity

The experiment carried out using standard SodiuNtdiethylcarbamodithioate oxidation reaction. Tketion involved
was carried out in special constructed cell withuate of 650 ml. The standard temperature was magda298.15 K with
an accuracy of + 0.05 K. Air was supplied via ma@ompressor with a constant rate of 2 I/min.

After the temperature of the reaction mixture beesroonstant, solution was mixed, the sample of &ad selected to
determine initial concentration and compressor tuased on. The moment of air supply was the begipoif the reaction.
Samples of 2 ml were taken at regular intervalénduthe experiment to determine the current comaéion of the DTC.

Method of DTC determination: sample of 2 ml was ewvo the flask of 25 ml and 4ml of CuSO4 solutigith
concentration of 0.08 M was added. It leads tofthmation of dark-brown precipitate — the compléxcopper with DTC.
Then mixture was stirred. After this 5 ml of chlfmom and 0.05 ml of 50% acetic acid was added ¢orésulting solution.
Then it was extracted for 1.5 min. The organic tayas moved into a volumetric flask of 25 ml, ahd temaining water
solution of the Cu-DTC complex was extracted adairimprove the accuracy of analysis. Collected tmhuof copper
complex with DTC was diluted to the exact volumbeTptical density of the solution was determined aavelength of
436 nm. DTC concentration was calculated with ledélthe known molar extinction coefficient.

Disulfide formation was monitored with FT-IR, 1H N&/ and**C NMR spectra’H NMR of DTC to oxidation (500
MHz, D,O): & 4.34 (m, J = 15 Hz, 4H, Gi 1.39 (t, J = 5 Hz, 6H, CHl **C NMR of DTC to oxidation (100 MHz)5
11.65, 27.50, 49.08, 205.02. IR of DTC to oxidatiBn(KBr): v, cmi* 2979 (-CH vad, 2847 (-CH- v.9), 1476 (-CH- 3),
1378 (-C-Ng), 1269 (-C =S), 1075, (d, -C-S).

During oxidation of DTC the formation of diethyltemothioylsulfanyl-N,Ndiethylcarbamodithioate (Tham E) is
observed'H NMR of Thiuram E obtained by DTC oxidation (500Hg, CDCL): & 3.71-3.77 (m, 8H, CB); 1.29-1.23 (m,
12H, CH). *C NMR of Thiuram E obtained by DTC oxidation (10(HK): & 10.49, 25.72, 52.04, 51.26, 190.05. IR of
Thiuram E obtained by DTC oxidation IR (KBr); cm* 2974 (-CH v,J, 2861 (-CH- v,J, 1505 (-CH- §), 1380 (-C-Ns),
1273 (-C=S), 1143, 995 (-S-S-).
Synthesis
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Synthesis of 4,4'-[1,3-phenylenebis(oxy)]diphthaltiie (2)
4-Nitrophthalonitrile (1.00 g, 5.77 mmol) and resiaol (0.32 g, 2.88 mmol) were dissolved in 100ahdry DMF. After
stirring for 1 h at room temperature, finely grouachydrous potassium carbonate (0.99 g, 2.5 mma$) added to the
described solution. The reaction mixture was slime 25 °C for 48 h and then it was poured into 80®f 0.1 M NaOH
aqueous solution. The resulting precipitate wdteréd off and washed with deionized water (2 xn3@) 0.1 M aqueous
solution of NaOH (2 x 30 ml) and finally with deiaed water (2 x 30 ml) until neutral pH. Obtainiogarse crude crystals
were recrystallized form ethanol to remove anydeai of reagents. The pure product was obtaindiglatsyellow powder
and it was soluble in chloroform, ethanol, and awet Yield 0.68 g (65%) mp 190°C. FT-IR;ay cmi® 3088, 2917, 2850
(Car— H); 2243 (&N); 1586, 1474, 1389 (Ca = Cay); 1256 (Ar—O—Ar)*H NMR (500 MHz, CDCJ): 8, ppm 7.76 (dd, 2 H, J
=8.6); 7.55 (t, H, J = 8.3); 7.32 (d, B, *J = 2.5); 7.29 (dd, B, %) = 2.53) = 8.3); 6.99 (dd, B, %) = 8.3, 4] = 2.2)); 6.82
(m, 1H, 3 = 2.2). *3C NMR (100 MHz, Acetone): 5, ppm 160.66, 155.52, 135.65, 132.35, 122.03, 117197.66,
115.10, 114.74, 112.85, 109.91. MS (MALDI-TOF): r862.11 [M], calcd. 363.08.
Synthesis of 4,4'-[1,4-phenylenebis(oxy)]diphthaltiie (3)
4-Nitrophthalonitrile (1.00 g, 5.77 mmol) and hydunone (0.32 g, 2.88 mmol) were dissolved in 100ofdry DMF.
After stirring for 1 h at room temperature, fingyound anhydrous potassium carbonate (0.99 g, tbljrwas added to
the described solution. The reaction mixture wasest at 25 °C for 48 h and then it was poured 38® ml of 0.1 M
NaOH aqueous solution. The resulting precipitateevfdtered off and washed with deionized waterx(30 ml), 0.1 M
aqueous solution of NaOH (2 x 30 ml) and finallyiwdeionized water (2 x 30 ml) until neutral pH.t&@hing coarse crude
crystals were recrystallized form ethanol to remamg residual of reagents. The pure product waairodd as light yellow
powder and it was soluble in chloroform, ethannt] acetone. Yield 0.79 g (76%) mp 190°C. FT4Rs, cm’ 3065, 2924,
2850 (G, — H); 2232 (&N); 1597, 1562, 1479 (Car = Cy); 1243 (Ar—O—Ar) *H NMR (500 MHz, CDCJ): 5, ppm 8.01 (d, 2
H, J=8.7); 7.64 (d, ®, J = 2.5); 7.48 (dd, B, J = 8.7, 2.6); 7.35 (s, ¥). *C NMR (100 MHz, Acetone}: 5, ppm
158.36, 154.87, 134.99, 122.12, 120.63, 120.09,7016116.13, 115.67, 107.79. MS (MALDI-TOF): m/z2389 [M[’,
calcd. 363.08.
General way to synthesis tetrakis-(dicyanophenoXyjjpocyaninetes of Co (4, 5), Zn (6, 7), Ni (8, &d Cu (10, 11).
A mixture of compoun@ or 3 (0.20 g, 0.55 mmol) and anhydrous salt of corredpa metal (0.13 mmol) were heated in
ceramic crucible for 30 min at 195-200°C. Roughifization was performed by filtration of fusion mhacts on the Schott
filter with chloroform to remove residual of polynie phthalocyanines forms. Further, the solvent eweaporated and the
filtrate was subjected to purification using coluoiimomatography (Si) CHCL).

Co(ll) tetrakis-[3-(3,4-dicyanophenoxy)phenoxy]phalocyaninate (4)
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Yield 0.137 g (66 %). FT-IRvmay, cmi* 3037, 2958, 2921, 2847 {G- H); 2236 (&N); 1591, 1473, 1405 (Ca = Cy); 1245
(Ar—O—Ar). *H NMR (500 MHz, THF-g): 8, ppm 7.92 (s, 4 H), 7.91 (s, 4 H), 7.59 (dd, 81 8.7, 2.5 Hz), 7.53 (t, 4 H, J
= 2.2 Hz), 7.42 (dd, J = 8.3, 2.2 Hz, 4 H), 7.40,(@ = 8.4, 2.3, 4 H), 7.05 (dd, J = 8.3, 2.2 H#{)47.03 (dd, J = 8.2, 2.2
Hz, 4 H), 7.00 (s, 4 H). MS (MALDI-TOF): m/z 1508.4M]", calcd. 1508.33. Anal. calcd fokggEl,N,¢0sCo: C 70.08, H
2.67, N 14.86, O 8.49, Co 3.91; found: C 70.07,.6b2N 14.86, O 8.52, Co 3.90.

Co(ll) tetrakis-[4-(3,4-dicyanophenoxy)phenoxy]phalocyaninate (5)

Yield 0.143 g (69 %). FT-IRVyay cmi* 3020, 2924, 2853 (£ H); 2233 (&N); 1561, 1489 (C,, = Cy); 1246 (Ar—O-Ar).
4 NMR (500 MHz, THF-g): 8, ppm 7.74 (s, 4 H), 7.73 (s, 4 H), 7.29 (d, 8 15 (d, J = 2.5 Hz, 4 H), 7.24 (d, J = 2.5
Hz, 4 H), 7.12 (s, 16 H). MS (MALDI-TOF): m/z 150%. [M]", calcd. 1508.33. Anal. calcd foggEl,oN;¢0sCo: C 70.08, H
2.67, N 14.86, O 8.49, Co 3.91; found: C 70.06,. 642N 14.87, O 8.51, Co 3.93.

Zn tetrakis-[3-(3,4-dicyanophenoxy)phenoxy]phthalganinate (6)

Yield 0.127 g (61 %). FT-IRVmas CM* 3081, 2923, 2850 (£— H); 2232 (EN); 1591, 1482, 1422 (Ca = Cuy); 1245 (Ar—
O-Ar). ).*H NMR (500 MHz, THF-g): &, ppm 7.90 (s, 4 H), 7.88 (s, 4 H), 7.56 (dd, J2 8.1 Hz, 8 H), 7.50 (t, J =2.2
Hz, 4 H), 7.39 (dd, J = 8.2, 2.1 Hz, 4 H), 7.38,(@¢ 7.9, 2.2 Hz, 4 H), 7.03 (dd, J = 8.3, 2.3 ##]), 7.02 (dd, J = 7.9, 2.1
Hz, 4 H), 6.97 (s, 4 H). MS (MALDI-TOF): m/z 1518JM]", calcd. 1514.77. Anal. calcd foggEl,N1¢0sZn: C 69.78, H
2.66, N 14.80, O 8.45, Zn 4.32; found: C 69.80,.6b62N 14.79, O 8.46, Zn 4.33.

Zn tetrakis-[4-(3,4-dicyanophenoxy)phenoxy]phthalganinate (7)

Yield 0.123 g (59 %). FT-IRVmax CM* 3078, 2921, 2853 (£— H); 2233 (EN); 1561, 1498, 1482 (Ca = Cuy); 1244 (Ar—
O-Ar). 1H NMR (500 MHz, THF-g): &, ppm 7.72 (s, 4 H), 7.70 (s, 4 H), 7.26 (d, J5 Rz, 8 H), 7.22 (d, J = 2.5 Hz, 4
H), 7.20 (d, J = 2.6 Hz, 4 H), 7.09 (s, 16 H). MBALDI-TOF): m/z 1515.09 [M], calcd. 1514.77. Anal. calcd for
CgeHioN160sZn: C 69.78, H 2.66, N 14.80, O 8.45, Zn 4.32; fu@ 69.80, H 2.64, N 14.80, O 8.47, Zn 4.34.

Ni(ll) tetrakis-[3-(3,4-dicyanophenoxy)phenoxy]phtiocyaninate (8)

Yield 0.089 g (43 %). FT-IRvmay, cMi* 3069, 2961, 2924, 2853 {G- H); 2233 (&N); 1591, 1473, 1412 (Ca = Gy); 1247
(Ar—O—Ar). *H NMR (500 MHz, THF-g): 8, ppm 7.92 (s, 4 H), 7.90 (s, 4 H), 7.59 (dd, % 8.1 Hz, 8 H), 7.52 (t, J = 2.2
Hz, 4 H), 7.41 (dd, J = 7.9, 2.2 Hz, 4 H), 7.40,(@¢ 8.0, 2.1 Hz, 4 H), 7.04 (dd, J = 8.2, 2.2 ##]), 7.03 (dd, J =8.1, 2.2
Hz, 4 H), 7.00 (s, 4 H). MS (MALDI-TOF): m/z 150&QM]*, calcd. 1508.09. Anal. calcd forgBlsN1¢0sNi: C 70.09, H
2.67, N 14.86, O 8.49, Ni 3.89; found: C 70.10,.862 N 14.85, O 8.51, Ni 3.90.

Ni(ll) tetrakis-[4-(3,4-dicyanophenoxy)phenoxy]phtiocyaninate (9)

Yield 0.079 g (38 %). FT-IRVmay cM* 3072, 2923, 2854 (£ H); 2231 (&N); 1490, 1412 (Ca = Cuy); 1236 (Ar—O—-Ar).
H NMR (500 MHz, THF-g): §, ppm 7.73 (s, 4 H), 7.71 (s, 4 H), 7.27 (d, 51z, 8 H), 7.23 (d, J = 2.5 Hz, 4 H), 7.21
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(d, J =2.6 Hz, 4 H), 7.10 (s, 16 H). MS (MALDI-TDFn/z 1508.19 [M], calcd. 1508.09. Anal. calcd foggEl,oN1¢OgNi:

C 70.09, H 2.67, N 14.86, O 8.49, Ni 3.89; found/11, H 2.66, N 14.86, O 8.50, Ni 3.91.

Cu(ll) tetrakis-[3-(3,4-dicyanophenoxy)phenoxy]phétocyaninate (10)

Yield 0.135 g (65 %). FT-IRVmay, CM* 3077, 2924, 2854 (G- H); 2230 (&N); 1577, 1479, 1420 (Ca = Cuy); 1248 (Ar—
O-Ar). *H NMR (500 MHz, THF-g): 8, ppm 7.89 (s, 4 H), 7.87 (s, 4 H), 7.56 (dd, J% 8.2 Hz, 8 H), 7.50 (t, J = 2.2 Hz,
4 H), 7.39 (dd, J = 7.9, 2.2 Hz, 4 H), 7.37 (ddBJ1, 2.2 Hz, 4 H), 7.03 (dd, J =8.2, 2.1 Hz, 4 HY1 (dd, J =8.0, 2.2 Hz, 4
H), 6.97 (s, 4 H). MS (MALDI-TOF): m/z 1513.15 [M]calcd. 1512.94. Anal. calcd forgBl4oN160sCu: C 69.86, H 2.67,
N 14.81, O 8.46, Cu 4.20; found: C 69.87, H 2.67.4\B0, O 8.48, Cu 4.18.

Cu(ll) tetrakis-[4-(3,4-dicyanophenoxy)phenoxy]ph#éfocyaninate (11)

Yield 0.112 g (54 %). FT-IRVmas CM* 3077, 2917, 2853 (£— H); 2233 (EN); 1562, 1495, 1483 (Ca = Cyy); 1243 (Ar—
O-Ar).'H NMR (500 MHz, THF-g): 8, ppm 7.71 (s, 4 H), 7.69 (s, 4 H), 7.25 (d, J5Hz, 8 H), 7.21 (d, J = 2.5 Hz, 4 H),
7.19 (d, J = 2.6 Hz, 4 H), 7.08 (s, 16 H). MS (MAEDOF): m/z 1513.05 [M] calcd. 1512.94. Anal. calcd for

CagH4oN160sCu: C 69.86, H 2.67, N 14.81, O 8.46, Cu 4.20; thun 69.88, H 2.65, N 14.82, O 8.47, Cu 4.18.

Spectroscopic studies
Spectroscopic studies were carried out for isomeskmies of solutions. Calculation of stability ctamt for MePc-L
molecular complex formation was carried out basedlmnges of absorption density of solution in eaafjQ band.

_ [nLToPd 1)

© [cord @’

Equilibrium concentration of molecular complex veadculated as:

-0 A- A) (2)
Ceopar CCOPCI%W

where gep... — equilibrium concentration of molecular comple%eec — initial concentration of macrocycle oAA. and A,
— initial, equilibrium and final values of solutienoptical density of Q band respectively.

Concentration of free ligand was determined acogrth equation:
A-A) (3)

CL = 0 - OoPc

-G A-A)

Taking into account equations 2 and 3 the formatac&lculating stability is to be:

15



K o L(A-A)I(A-A)] (4)
T [ {A- A) (A A)]

The investigation was carried out with excess ghitid relative to the metallophthalocyanine. Thatwvisy

equilibrium concentration of the ligand is consil&to be equal to its initial concentration. It glifies calculating K:

Kszﬂ (5)
(A-A)Q

To estimate the number of units of forming sandwasisociates the semi-log method of Bent-Frenchabyevof the
slope of plots was applied
Ig(u} f(lge,) (6)
A-A
wherec, — equilibrium concentration of axial ligan#ly, A. u A, — initial, equilibrium and final values of solutis optical
density respectively
Constants of associate stability (3) were obtainased on EAS data of two wavelengths (before atet #ie

shift) **and calculated according to:

IB_[MPcELEMPc]_ 1 [AA,)IIA'%,AZJ @)

" [MPcLL][MPc] [MPcLL]| AA,,AA,

where}; — initial wavelength), — wavelength after the shift of absorption maximutA, — maimal change of ptical

density at given wavelengthA; — change of optical density at given wavelengtth @ncentration.
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Highlights:

» d- metal cyanophenoxy-phthal ocyaninates were synthesized and
characterized;

» Extra- coordination leads to formation of aggregates closeto J- and H-
types;

» Fluorescence quantum yields increase under the aggregation processes were
found;

» Cobalt complexes accelerate DTC oxidation reaction up to 19 times.



