DOI: 10.6060/ivkkt.20256802.7160
VJK: 547.8

CUHTE3 U CHEKTPAJIBHBIE CBOMICTBA ®TAJIOIIMAHUHOB
C 2,3,5-TPUMETUJI®EHOKCHU- U HUTPOI'PYIIIIAMMU

E.U. lemuaoBa, C.A. 3Hoiiko, E.E. MonxuyanoB, B.E. Maiizaum, O.A. Ilerpos

Exarepuna Uropesna Jemumosa, Cepadpuma Aumpeesra 3uoitko (ORCID 0000-0001-7023-7407)*,
Errenwuit EBrenneBrny Momuaros (ORCID 0000-0002-5786-3734), Bnagumup Edumosry Maiiznuin (ORCID
0000-0001-5423-3297)

Kadenpa TexHOMOTNM TOHKOTO OPTaHUIECKOTO CHHTE3a, VIBAHOBCKUI TOCYAapCTBEHHBII XHMHKO-TEXHOJIOTHYE-
CKHI yHUBepcHUTeT, np. lllepemerenckuii, 7, IBanoBo, Poccuiickas ®enepanus, 153000
E-mail: kdemidova798@gmail.com, znoyko_sa@isuct.ru, evgenmolch@mail.ru, maizlish@isuct.ru

Ouer Anekcauaposud ITerpos (ORCID 0000-0003-3424-7135)

Kadenpa opranndgeckoit xumun, MIBaHOBCKHMIT TOCYAapCTBEHHBIN XHMHUKO-TEXHOJIOTTIECKIA YHUBEPCUTET, Tip. L1le-
pemeteBckuii, 7, IBanoso, Poccuiickas ®enepanus, 153000
E-mail: poa@isuct.ru

Ha ocnose 4-0pom-5-numpogpmanonumpuna cunmesuposan pmanonumpui, cooepica-
wiuit Ha nepugpepuu ppazmenm 2,3,5-mpumemungpenona u numpozpynny. Ha ezo ocnose «num-
PUTBHBIMY MEMOO0OM OCywiecmenanu cunmes mempa-4-(2,3,5-mpumemungpenoxcu)mempa-5-
Humpogmanoyuanunos yunka u mazuus. Ilocieonuii ucnonvb3oean 011 ROJIYYeHUA COOmMEem-
cmeywuiezo pmanoyuanuna —nuzanoa. Bece cunmeszuposannsle coeounenus oxapaxkmepuszoeannl
Oannvimu OugpepenyuansHoii ckanupyloweii Kanopumempuu, snemenmunozo ananuza, \H AMP,
ungppaxpacnoit cnekmpockonuu u MALDI-TOF cnekmpomempuu. /lna ¢pmanoyuanunog u3zy-
YEeHbl CREKMPATbHO-TIOMUHECUEHNIHbIE CEOIICMEA, a4 MAKMCce KUCAOMHO-0CHOGHbIE CEOIICMEa
pmanoyuanuna — nuzanoa. O6Hapyceno, Umo paccmampugaemsle COeOUHEHUA AGIAIOMCA mep-
muuecku ycmoutyugvimu 0o 300 °C. Ilpu uccnedosanuu 31eKmMpPOHHBIX CREKMPOE NO2INOUICHUSA
00HapyIHCEHO, YUMo NPUPOOa MEMANNA-KOMNIAEKCO00PA306amenn nPAKmuidecKu He e1usaem Ha no-
noxycenue Q nonoc cunmesuposannvix coeounenuii ¢ MDA u xnopogpopme. Ilepexoo k nupu-
OUHY CONPOBOHCOAEMCA CUTLHBIM 2UNCOXPOMHBIM CO8U2OM () NOOC CUHMEIUPOSAHHBIX MEMAl-
J0¢pmanoyuanunos, a CHeKpsl PAcMeopos 8 KOHYECHMPUPOBAHHOI CEPHOIL KUCI0me XapaKmepusy-
1omcea 6amoxpomMuvIM cosuzom Q nOAOC 6cex paccMOmpeHHvIX coedunenuil 6onee ywem na 100 um.
Bce paccmompennvie 6 0anHoil pabome hmanoyuanunovl 061A0a10M TIOMUHECYEHMHBIMU CBOll-
cmeamu. Ommeueno, Umo 66e0eHuUe HUMPOZPYRR 8 MONEKYY CMEUIAHHO3AMEUICHHO20 (hmano-
UUAHUHA YUHKA C MPUMEmUA{eHoKCU- u HUmpozpynnamu pe3ko yeeauuusaem Cmokcoe coguz ¢
COXpaneHuem Keanmoeo20 evlxooda, m.e. 6e3 nomepu 3¢phexmuenocmu nromunecyenyuu. Benu-
YUHA K6AHMO0B020 8bIX00A 3AGUCUNL OM RPUPOObL MEMAILNA-KOMNIEKCO0OPA306amens U CHUICa-
emca 6 paody: ZnPc > MgPc > HoPc. dnexmponnvie cnexkmpul noznowenus mempa-4-(2,3,5-mpu-
MemuneHokcu)mempa-S-numpoghmanoyuanuna 8 cpede pacmeopumereii OCHO8HOU RPUPOObL
(nupuoun, /IM®A, /IMCO) coodepricam eounuunyro nepacuwiennennyio Q-nonocy. Kpome mozo,
YKa3zannoe coeounenue nposaeisem ceoicmea ogyxocnoenou NH-kucnomul u obpazyem ycmoii-
YUBbLIL KOMRIIEKC C NEPEHOCOM HPOMOHO8, MEPAIOWUIL C60I0 KUHEMUYECKYI0 YCIOYUE0CHb HPU
o0obasneHuu H-O0yMUNAMUHA.
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Phthalonitrile containing a 2,3,5-trimethylphenol fragment and a nitro group at the pe-
riphery was synthesized on the basis of 4-bromo-5-nitrophthalonitrile. Tetrakis-2,9,16,24-(2,3,5-
trimethylphenoxy)tetrakis-3,10,17,25-nitrophthalocyanine and its metallocomplexes with zinc and
magnesium were synthesized on its basis by the ""nitrile' method. The latter was used to obtain the
corresponding phthalocyanine - ligand. All synthesized compounds were characterized by differ-
ential scanning calorimetry, elemental analysis, *"H NMR, infrared spectroscopy and MALDI-
TOF spectrometry. Spectral-luminescent properties, as well as acid-base properties of the phthalo-
cyanine - ligand, were studied for phthalocyanines. It was found that the compounds under con-
sideration are thermally stable up to 300 °C. When studying the electronic absorption spectra, it
was found that the nature of the complexing metal has virtually no effect on the position of the Q
bands of the synthesized compounds in DMF and chloroform. The transition to pyridine is accom-
panied by a strong hypsochromic shift of the Q bands of the synthesized metal phthalocyanines,
and the spectra of solutions in concentrated sulfuric acid are characterized by a bathochromic shift
of the Q bands of all the compounds considered by more than 100 nm. All the phthalocyanines
considered in this work have luminescent properties. It is noted that the introduction of nitro groups
into the molecule of mixed-substituted zinc phthalocyanine with trimethylphenoxy and nitro groups
sharply increases the Stokes shift while maintaining the quantum yield, i.e. without losing the lu-
minescence efficiency. The quantum yield depends on the nature of the complexing metal and de-
creases in the series: ZnPc > MgPc > H,Pc. Electronic absorption spectra of Tetrakis-2,9,16,23-
(2,3,5-trimethylphenoxy)tetrakis-3,10,17,24-nitrophthalocyanine in basic solvents (pyridine, DMF,
DMSO) contain a single unsplit Q-band. In addition, this compound exhibits the properties of a
dibasic NH-acid and forms a stable proton-transfer complex that loses its kinetic stability upon
addition of n-butylamine.

Keywords: 2,3,5-trimethylphenol, phthalocyanines, synthesis, thermogravimetry, luminescence, acid-
base properties

The demand for phthalocyanines is explained,
on the one hand, by the relative ease of their produc-
tion, and on the other hand, by a unique combination
of physical and chemical properties: intense absorption
in the visible and near IR spectral range, high thermal,
chemical and photostability [1-7].

It is known that the presence of phenoxy
groups in the phthalocyanine molecule leads to the sol-
ubility of such compounds in various organic solvents
[3], promotes effective disaggregation of phthalocya-
nine molecules [8], imparts electrocatalytic properties
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and allows for the effective identification of an im-
portant biological analyte - nicotinamideadeninedinu-
cleotide (NADH) [9, 10], liquid crystal [3, 11], nonlin-
ear optical [12, 13], antioxidant [14], antiviral and an-
timicrobial [15], fluorescent properties and the ability
to generate singlet oxygen [16]. Phenoxy-substituted
phthalocyanines can be recommended as green filters
for liquid crystal displays [17], potential switches in
optical signal processing systems [18]. The introduc-
tion of alkyl fragments into phenoxy groups allows ob-
taining compounds with liquid crystal [19], nonlinear
optical [13] and fluorescent properties [13, 20].
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At the same time, there is a complete lack of
data on the properties of mixed-substituted phthalocy-
anines containing, in addition to phenoxy groups, elec-
tron acceptor nitro groups, which are capable of
strongly polarizing the chromophore system of phthal-
ocyanine. This will shift the emission bands to the re-
gion of longer wavelengths, which makes such dyes in-
teresting for use in the creation of LEDs [21].

Therefore, the aim of this work was to synthe-
size 4-(2,3,5-trimethylphenoxy)-5-nitrophthalonitrile,
which is not presented in the literature, to synthesize
the corresponding octasubstituted phthalocyanines on
its basis, and to study the physicochemical properties
of the obtained compounds.

EXPERIMENTAL-METHODICAL PART

Elemental analysis was performed on a FlashEA
1112 CHNS-O Analyzer. MALDI-TOF mass spectra
were obtained on a Shimadzu Biotech Axima Confi-
dence mass spectrometer in positive ion mode. 2,5-Di-
hydroxybenzoic acid was used as a matrix. Samples
were prepared by dissolving the compounds in chloro-
form or aqueous ethyl alcohol (C = 10 - 10 mol/L),
then mixed in a 1:1 (v/v) ratio with a matrix solution
(30 mg/mL) in tetrahydrofuran. IR spectrum (1) was
recorded on an Avatar 360 FT-IR ESP in the region of
400-4000 cm* in thin films. *H NMR spectra of solu-
tions of the synthesized compounds in DMSO d6 (1)
and CDCI3 (2a,b, 3) were recorded on a Bruker DRX-
500 device with an internal standard TMS. Studies of
the thermal-oxidative destruction of the synthesized
compounds were carried out on a synchronous thermal
analysis device STA 449 F3 Jupiter from Netzsch
(Germany) in an oxygen-argon atmosphere, the heat-
ing rate was 5 °C/min, and the crucible material was
aluminum oxide. Electronic absorption spectra were
recorded in chloroform on a HITACHI U-2001 spec-
trophotometer at room temperature in the wavelength
range of 325-900 nm. The luminescent properties of
the synthesized phthalocyanines were studied on an
Agilent Cary Eclipse fluorescence spectrophotometer.

Synthesis of 4-(2,3,5-trimethylphenoxy)-5-
nitrophthalonitrile (1).

In a two-necked flask were placed 50 ml of
N,N-dimethylformamide (DMF), 0.5 g (0.2 mmol) of
4-bromo-5-nitrophthalonitrile, 0.28 g (0.2 mmol) of
2,3,5-trimethylphenol. Then a solution of 0.28 g
(0.2 mmol) of potassium carbonate in 2 ml of water
was added and the mixture was kept at 35 °C for 2 h
with constant stirring. After stirring, the reaction mix-
ture was poured into water, the resulting precipitate
was filtered, washed with isopropanol, then with water
until the smell of isopropanol disappeared, and dried at
70-80 °C.
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Yield: 0.45 g (74%). Found, %: C 66,23; N
13,45; H 4,64. Ci7H13N3Os. Calc., %: C 66,44; N
13,67; H 4,26. MALDI-TOF, m/z, (%): 307 (100). *H
NMR (500 MHz, DMSO-d6), 6, ppm: 8.32 s (H3, 1H,
PhCN), 7.11 s (H6, 1H, PhCN), 7.05 s (H4, 1H, OPh),
6.71 s (H6, 1H, OPh).

Synthesis of Tetrakis-2,9,16,23-(2,3,5-tri-
methylphenoxy)tetrakis-3,10,17,24-nitrophthalocy-
anines (general method):

In a quartz test tube equipped with a thermom-
eter, 0.124 g (0.4 mmol) of ground phthalonitrile 1,
0.2 mmol of acetate of the corresponding metal and
0.096 g (1.6 mmol) of urea were introduced, after
which the mixture was heated at 200-240 °C and main-
tained at this temperature until the reaction mixture so-
lidified. After heating, the reaction mixture was
cooled, the obtained phthalocyanines were extracted
with dichloromethane and subjected to column chro-
matography on silica gel M60. Then the solvent was
distilled off, the substance was dried at 80 °C.

Tetrakis-2,9,16,23-(2,3,5-trimethylphe-
noxy)tetrakis-3,10,17,24-nitrophthalocyaninato
Zn(II) (2a): synthesized according to the general
method from compound 1 and 0.04 g of zinc acetate
dihydrate at 200 °C.

Yield: 0,094 g (72%). MALDI-TOF, m/z (%):
1295 [M+H]* (100). Found, %: C 62.98; H 4.40; N
12.68. CegHslezolzzn. Calc., %: C 6309, H 405, N
12.98. NMR *H (500 MHz, CDCls), 8, ppm.: 8.31 s
(H3, 4H, Pc), 7.10 s (H6, 4H, Pc), 7.05 s (H4, 4H,
OPh), 6.70 s (H6, 4H, OPh).

Tetrakis-2,9,16,23-(2,3,5-trimethylphe-
noxy)tetrakis-3,10,17,24-nitrophthalocyaninato
Mg(IT) (2b): synthesized according to the general
method from compound 1 and 0.04 g of zinc acetate
tetrahydrate at 240 °C.

Yield: 0,086 g (67%). MALDI-TOF, m/z (%):
1253 [M]* (100). Found, %: C 65.00; H 4.28; N 13.43.
CegHs52N12012Mg. Calc., %: C 65.16; H 4.18; N 13.41.
NMR H (500 MHz, CDCl3), 8, ppm.: 8.32 s (H3, 4H,
Pc), 7.10 s (H6, 4H, Pc), 7.05 s (H4, 4H, OPh), 6.71 s
(H86, 4H, OPh).

Tetrakis-2,9,16,23-(2,3,5-trimethylphe-
noxy)tetrakis-3,10,17,24-nitrophthalocyanine (3):
was synthesized from 0.05 g of compound 2b. The said
substance was dissolved in a mixture of hydrochloric
acid (5 wt. %) and chloroform. The solvent was then
distilled off, the compound was washed with water un-
til a neutral environment was obtained, dissolved in di-
chloromethane, and final purification was carried out
using column chromatography on silica gel M60, elut-
ing with dichloromethane.
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Yield: 0,042 g (92%). MALDI-TOF, m/z (%):
1231 [M]* (100). Found, %: C 66.28; H 4.65; N 13.45.
CesHs4N12015. Calc., %: C 66.33; H 4.42; N 13.65. H
NMR (500 MHz, CDCls), 5, ppm.: 8.31 s (H3, 4H, Pc),
7.10 s (H6, 4H, Pc), 7.02 s (H4, 4H, OPh), 6.73 s (H6,
4H, OPh).

RESULTS AND DISCUSSION

H;C CH;
OH
NC NO, CH, NC o
:@i + DMF, K,CO;3 35°C, 2 h D[
it
CH
NC Br  H,C CH, NC NO, 3
1

Scheme 1
Cxema 1

In the first stage, the initial 4-(2,3,5-trime-
thylphenoxy)-5-nitrophthalonitrile  was synthesized
using a known method [22] on the basis of 4-bromo-5-
nitrophthalonitrile (Scheme 1). The duration of the
synthesis was increased in comparison with that pro-
posed in the literature from 0.5 to 2 h, since with a syn-
thesis duration of 30 min the yield of the target com-
pound is 36% and, according to mass spectrometry
data, the presence of unreacted initial 4-bromo-5-ni-
trophthalonitrile is observed.

The obtained phthalonitrile was studied by 'H
NMR, IR spectroscopy and MALDI-TOF mass spec-
trometry.
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Fig. 1. 'H NMR spectrum of 4-(2,3,5-trimethylpenoxy)-5-nitroph-
thalonitrile 1
Puc. 1. *H SIMP cnektp 4-(2,3,5TpuMeTnndeHokcH)-5-HuTpodra-
JoHuTpuia 1

The *H NMR spectrum of compound 1 (Fig. 1)
contains 4 signals with an integrated intensity of 2, lo-
cated in the weak field region. In the weakest field, at
8.32 and 7.11 ppm, singlets of protons in positions 6
and 3 of the benzene ring of the phthalonitrile molecule
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are recorded. The signals at 7.05 and 6.77 ppm are due
to protons 5 and 4 of the trimethylphenoxy groups.

In the IR spectrum of 4-(2,3,5-trimethylphe-
noxy)-5-nitrophthalonitrile 1, there are bands of va-
lence vibrations of the introduced 2,3,6-trimethylphe-
noxy substitutes at 2964, 2854 (CHs) and 1218 cm™*
(Ar-O-Ar), bands of valence vibrations of cyano groups
at 2235 cm'?, as well as bands at 1539 and 1368 cm™ cor-
responding to the valence and deformation vibrations
of the nitro group.

A single peak of the molecular ion of com-
pound 1 was detected in the mass spectrum at 307 Da,
corresponding to the molecular mass of the compound
under study. The experimentally obtained isotopic dis-
tribution (Fig. 2A) corresponds to the theoretically cal-
culated one (Fig. 2B).
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20 308,58
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Fig. 2. MALDI-TOF mass-spectrum of phthalonitrile 1. Experi-
mentally obtained (a) and theoretical (6) isotopic distribution
Puc. 2. Macc-criekrp MALDI-TOF ¢ranonutpuna 1. Dxcnepu-
MEHTAJILHO TOJYUEHHOE (a) B TeopeTHueckoe (0) H30TOMHOE pac-
npeesieHne

307,10

[0

308,10

):m,m
310,10

Since phthalonitrile 1 was further intended to
be used in high-temperature synthesis of metal phthal-
ocyanines, it was of interest to study the processes oc-
curring with the synthesized substance at elevated tem-
peratures. For this purpose, compound 1 was studied

7 by differential scanning calorimetry. It was noted that

phthalonitrile 1, combining fragments of 2,3,5-trime-
thylphenol and nitro groups at the periphery, melts at
197-199 °C, which is accompanied by the appearance
of an endo-peak on the DSC curve. No mass loss was
recorded at this temperature (Fig. 3, curve 1).

100 —
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Am,% &
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25+
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Fig. 3. Thermogram of compound 1: 1 - TG, 2 — DSC
Puc. 3. Tepmorpamma coequnenus 1: 1 —TI', 2 — ICK
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At 299 °C, an exo-peak was detected, corre-
sponding to the onset of thermal destruction, occurring
in two stages, the first of which is accompanied by a
41% mass loss, indicating the splitting off of the 2,3,5-
trimethylphenol fragment, and the second by the final
decomposition of the compound and the appearance of
an endo-peak on the DSC curve at 519 °C (Fig. 4).

Then, phthalonitrile 1 was used in the synthesis of new
mixed-substituted metal phthalocyanines (Scheme 2).
Magnesium(ll)phthalocyanine 2b was dis-
solved in a mixture of hydrochloric acid (5 wt. %) and
chloroform (Scheme 3). The solvent was distilled off,
and the resulting phthalocyanine ligand 3 was washed
with water until a neutral medium, dissolved in di-
chloromethane, and chromatographically purified.

o NO,

HyC CH, H;C CH;,

H,C CH,4
N—" H;C
H;C N/ N
0N ) \ o
NC o iii = !
N—]\I/[—N
\ E
[0} / / NO,
NC NO, N N
. CcH, 7 XN
H,C CH, H,C CH,
i: Zn(OAc),*2H,0, (NH,),CO, 200 °C, 2h o o
ii: Mg(OAc),*4H,0, (NH,),CO, 240 °C, 2h ?
2a,b
M = Zn (2a), Mg (2b) b
CH,4
Scheme 2
Cxema 2
H;C e
0 NO,

\J—Mg—]\

CHCl; + HCI
—_—

cH, H;C CH;
N=A_ A —n H,C
N
\ o
HN
NO.
x| :
N

Scheme 3
Cxema 3

Phthalocyanines 2a,b and 3 were identified
and then their resistance to thermal-oxidative destruc-
tion, spectral-luminescent and acid-base properties
were studied.

'H NMR spectra of phthalocyanines 2a,b and
3 are practically identical to the spectrum of compound
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1, and contain 4 signals with an integrated intensity of
1, located in the weak field region, the positions of
which practically do not change in comparison with the
spectrum of the initial phthalonitrile.

In addition to the peak of the main molecular
ion, MALDI-TOF mass spectra also contained signals
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of its fragments, the appearance of which is apparently
associated with partial dealkylation of trimethylphe-
noxy groups. Based on the analysis of thermograms of
zinc phthalocyanine 2a, it was found that this com-
pound retains thermal stability up to 316 °C. At this
temperature, an exo-peak is observed on the DSC
curve (Fig. 4) and a 9% loss in sample mass. The main
loss in sample mass (by 73%) is observed in the tem-
perature range of 500-620 °C and is accompanied by
the appearance of two exo-peaks on the DSC curve at
529 and 611 °C.

529 611

60 —

Su/mw DS

10

36

20

T.°CFO?

T T v T T T T T T
100 200 300 100 500 600 700 800

Fig. 4. Thermogram of compound 2a: 1 — TG, 2 — DSC
Puc. 4. Tepmorpamma coegunenus 2a: 1 — TI, 2 — JICK

The electronic absorption spectra of the syn-
thesized phthalocyanines were studied. The results are
summarized in the table. It was found that the nature of
the complexing metal has virtually no effect on the po-
sition of the Q-bands of the synthesized compounds in
DMF (Table).

In solutions in concentrated sulfuric acid, a
significant bathochromic shift of the long-wave ab-
sorption bands of the synthesized phthalocyanines by
more than 100 nm is observed compared to the spectra
in organic solvents, associated with protonation at the
meso-nitrogen atoms of the phthalocyanine macroring
[1, 2] (Table).

It was found that the nature of the complexing
metal has virtually no effect on the position of the Q-
bands of the synthesized compounds in DMF (table).
When moving to solutions in concentrated sulfuric
acid, a significant bathochromic shift of the long-wave
absorption band by more than 100 nm is observed, as-
sociated with protonation at the meso-nitrogen atoms
of the phthalocyanine macroring [1, 2] (Table).

The Q-bands of the synthesized compounds in
pyridine solutions undergo a strong hypsochromic
shift compared to solutions in chloroform in the case
of zinc(Il) phthalocyanines 2a and magnesium(ll)
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phthalocyanines 2b (Table, Fig. 5). The luminescent
properties of the synthesized compounds were studied
in this solvent.

Table
Spectral and luminescent properties of synthesized
compounds
Tabnuya. CieKTpaabHO-TIOMHHECHEHTHbIE CBOHCTBA
CHHTE3UPOBAHHBIX COCI[PIHeHl/lﬁ

Absorption maxima, A, am |Fluorescence in Py

N | M Stokes

° DMF | CHCls | HoSO4 | Py | lum | shift, ;%
nm

2a|Zn| 703 | 706 | 824 |684|723| 49 |15

2b|Mg| 704 | 711 | 828 |674|730| 28 | 5

682,

3 |HH| 702 796, 835/ 702 | 725 | 52 1

703

684

005\

0,00

400 500 600 700 A, nm 800
Fig. 5. UV-Vis spectrain Py: 1-2a,2-2b,3-3

Puc. 5. DnexTpoHHbIe crieKTpsI noromienus B Py: 1 - 2a, 2 - 2b,

3-3

It was found that there is a decrease in the
quantum yield of luminescence of the synthesized
phthalocyanines in the series: ZnPc(2a) > MgPc(2b) >
HzPc (3) (Table, Fig. 6).

350 4

— 723
300
250 H
200 - ——
150 4
730
100 - ot N\ 2
50 - A 18 TN
o .-""". ."'h’;-__'-.-“: -------------- l’ nm
0 =T Bt PP

68 700 720 740 760 750 800 820 840
Fig. 6. Fluorescent spectrain Py: 1 -2a,2-2b,3-3
Puc. 6. Cnextps! ¢uryopecueHnun B Py 11 - 2a, 2 - 2b, 3-3
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The Stokes shift values for zinc phthalocya-
nine 2a and the corresponding phthalocyanine ligand
are close, but for magnesium phthalocyanine 2b the
Stokes shift decreases sharply (table), which is associ-
ated with the depolarization of the chromophore sys-
tem of phthalocyanine in the case of the introduction
of a magnesium atom, which has the strongest metallic
properties [22].

Data on the spectral-luminescent properties of
tetrakis-2,9,16,24-(3,4,5-trimethoxyphenoxy)phthalo-
cyaninato zinc(ll) have been found in the literature
[13]. The quantum yield for this compound in dichloro-
methane is 15%, and the Stokes shift is 12 nm.

From a comparison of the above phthalocya-
nine and the mixed-substituted zinc phthalocyanine 2a
synthesized in this work, which contains nitro groups
at the periphery in addition to trimethylphenoxy
groups, the Stokes shift of which is 49 nm (table), it is
evident how strongly the nitro groups polarize the
chromophore system of phthalocyanine [21]. It should
be noted that the quantum yields of tetrakis-2,9,16,24-
(3,4,5-trimethoxyphenoxy)phthalocyaninato zinc(I1) [13]
and tetrakis-2,9,16,24-(2,3,5-trimethylphenoxy)tetrakis-
3,10,17,25-nitrophthalocyaninato zinc(ll) are the same,
i.e. no loss of luminescence efficiency is observed.

The electronic absorption spectra of tetrakis-
2,9,16,23-(2,3,5-trimethylphenoxy)tetrakis-3,10,17,24-
nitrophthalocyanine 3 in basic solvents (pyridine, DMF,
DMSO) contain a single unsplit Q-band corresponding
to the symmetry group of the Dsh molecule (Figs. 6, 7).

Q-band in UV-Vis spectra of tetrakis-2,9,16,23-
(2,3,5-trimethylphenoxy)tetrakis-3,10,17,24-nitroph-
thalocyanine 3 8 DMSO at T =298 K A is observed at
702 nm, i.e. this compound exhibits the properties of a
dibasic NH acid and forms a complex with proton
transfer that is stable over time.

In this complex, the protons of the NH groups,
bound to the oxygen atom of the dimethylsulfoxide
molecules, are located on opposite sides of the macro-
cycle, which ensures a favorable spatial arrangement
of the base molecules [23, 24].

When n-butylamine additives are introduced
into DMSQ, the proton transfer complex loses its ki-
netic stability. Thus, when the n-butylamine content
(pKa?®® = 10.60 [25]) in DMSO is more than 4.27 mol/I
(T =333K), a simultaneous decrease in the intensity of
the unsplit Q-band and its bathochromic shift by 34 nm
are observed in the electronic absorption spectrum of
phthalocyanine 3 (Fig. 7), and the color of the solution
changes from green to violet.
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Thus, in the course of this work, a new 4-
(2,3,5-trimethylphenoxy)-5-nitrophthalonitrile was syn-
thesized, on the basis of which the corresponding mixed-
substituted phthalocyanine and its metal complexes
with zinc and magnesium were obtained. It was found
that the specified compounds are thermally stable up to
300 °C. All phthalocyanines considered in this work
have luminescent properties. It is noted that the intro-
duction of nitro groups into the phthalocyanine mole-
cule with trisubstituted phenoxy groups sharply in-
creases the Stokes shift with the preservation of the
quantum vyield, i.e. without loss of luminescence effi-
ciency. Phthalocyanine — ligand exhibits the properties
of a dibasic NH-acid and forms a stable complex with
proton transfer, which loses its kinetic stability upon
the addition of n-butylamine.

0,0
500
Fig. 7. The change in the UV-Vis spectra of Hz2Pc(3) under the in-
fluence of n-butylamine in DMSO at T= 333 K for 37 min
Puc. 7. Usmenenne DCII H2Pc(3) nox BnustHueM n-OyTnuinamuHa B
JMCO npu T=333 K B Teuenue 37 MuH

B
600 700 800 M
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