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The porphyrazines bearing eight 4-carboxyphenyl and 4-butoxycarbonylphenyl groups (H,Pz(PhCOOH)s and
H,Pz(PhCOOBu)s), as well as their Zn(ll) complexes were obtained and characterized by spectral methods. The
conversion of carboxyl derivatives into their anionic forms H,Pz(PhCOO )g and ZnPz(PhCOQ) )g in the presence of
alkali leads to water-soluble species. ZnPz(PhCOOH)g and ZnPz(PhCOOBu)g possess the high ability to generate
singlet oxygen in DMF solutions (@ = 80-83%), while their metal free analogues are weak photosensitizers due to

their aggregation tendency.
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Honyuenvt oxkma(4-kapooxcugenun)- u oxma(4-6ymokcuxapoonungpenun)zamewjennvie nopgupasunvt (H,Pz(PhCOOH)g
u H,Pz(PhCOOBu)s), a maxoice ux komnaexcvl ¢ yunkom(ll), u uzyuenvl ux cnexmpanvhuvle ceoticmea. B wenounoi
cpede KapOOKcuibHble NPOU3800HbIe 00pasylom pacmeopumvie 6 600e anuonuvle gopmol HPz(PhCOO)s u
ZnPz(PhCOQO)s. B mo epems wxax xomnaekcolt ZnPz(PhCOOH)s u ZnPz(PhCOOBu)s obaadarom 6vicoKol
CNOCOOHOCMBIO K 2eHepayu CUHeIemHnozo kuciopooa 6 pacmeopax JIM®PA (D@, = 80-83%), coomeemcmsyouue um
bezmemanvhble MAKPOYUKIbL U3-30 CKIOHHOCHU K A2pe2ayuu s8IsIomcst CladblMu (homocencubunu3amopamu.

KarwueBbie cioBa: [lopdupa3uHbl, KOMIUIEKCH ITUHKA, KapOOKCHILHBIC 3aMECTHTENH, (OTOCECHCHOMIHM3ATOPHI,

OPraHN4Y€CKHUC KapKaCHBIC COCTMHCHUA C BOOOPOIHBIMUA CBA3AMU.

Due to their unique spectral and photochemical
properties phthalocyanine (Pc)-type dyes are actively
studied as perspective materials for various fields.!'? ©
Their solubility in aqueous medium which is often desirable
for catalytic or biomedical applications can be most easily
achieved by introduction of solubilising substituents in the
peripheral positions of the macrocycle.”! Among the
peripheral substituents used for design of anionic water-
soluble phthalocyanines and their analogues the carboxylic
(COOH) groups are widely used. Carboxy substituted
phthalocyanines are interesting as water-soluble photo-
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sensitizers'® and catalysts.”) Moreover COOH groups can
form intermolecular hydrogen bonds and participate in
complexation of metal ions, and, therefore, they are
suitable for the construction of hydrogen-bonded and
metal organic frameworks (HOF and MOFs).B1 Among
Pc and its analogues synthesis of octacarboxylated
phthalocyanines,!'"! tetrapyrazinoporphyrazines,''>"* and
tetraquinoxalinoporphyrazine!'¥ were reported. In the
present work we have prepared 4-carboxyphenyl
substituted porphyrazine and its Zn" complex and studied
their spectral and photophysical properties (Scheme 1).
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Scheme 1. Synthesis of Zn octa(4-carboxyphenyl)porphyrazine
from octa(4-butoxycarbonylphenyl)porphyrazine by two routs:

i —a) THF / NaOH saturated MeOH:H,O (5:1, v/v) solution,

40 °C, 1 h, b) H,0, HCL; ii — ZnAc,x2H,0 (2 eq.), DMF, reflux,
1 h; iii — ZnAc,x2H,0 (2 eq.), THF, reflux, 50 min.
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Figure 1. The UV-vis spectra of H,PZ(PhCOONa); (dashed line)
and ZnPz(PhCOONa); (solid line) in water.

Table 1. Spectral and photophysical parameters in DMF.

The starting octa(4-butoxycarbonylphenyl) substituted
porphyrazine H,PzZ(PhCOOBu)g was prepared according to (s,
Hydrolysis of ester group was conducted closely as
described in'* by treatment with methanol-water (5:1, v/v)
solution saturated with NaOH. The formed octasodium salt
H,Pz(PhCOONa); was dissolved in water (Figure 1) and
following acidification with HCI leads to precipitation of
octacarboxylic acid H,Pz(PhCOOH);. Its following heating
with two-fold excess of zinc acetate in DMF leads
according to the spectral data (Figure 2) to the Zn(II)
complex. The complete complexation and formation of
ZnPz(PhCOOH); requires 2 h, in contrast to the pyrazine
annulated analogue for which much longer treatment was
needed (12 h!"¥). After evaporation of DMF, the residue
was washed with water, ethanol, acetone and dried. The dry
product prepared in such way has lost solubility in water
and can’t be transformed to the octaanionic water soluble
species in the alkaline medium. Presumably, it is a result of
coordination of zinc cations, presenting in excess, with
carboxylic groups with formation of polymeric form, i.e.
MOF-type compound.

In the alternative synthetic route for preparation of
ZnPz(PhCOOH)g the free carboxylic groups were
preserved. First, the HPZ(PhCOOBu)g was converted to Zn
complex by refluxing its THF solution with Zn acetate
(Scheme 1). The better solubility of octabutyl ester as
compared to octacarboxylic acid makes the procedure of
synthesis and isolation of the product much easier. The
formed ZnPz(PhCOOBu); was purified by column
chromatography (silica, CH,Cl,:MeOH, 99:1, v/v) and
isolated in 68% yield. The alkaline hydrolysis of its ester
groups with following acidification, which was carried out
as described above for corresponding metal-free derivative,
resulted in formation of ZnPz(PhCOOH)g with a good yield
(75%). The obtained compound is easily soluble in water
after addition of alkali converting it to the octaanionic form
(Figure 1). It is noteworthy, that in the case of porphyrazine
analogue with annulated electron deficient pyrazine rings
the degradation of the macrocycle upon alkaline hydrolysis
was observed and ZnPyzPz(COOH)s could not be obtained
in a such way.!"*!

The characterization (mass-spectrometry, IR, "H NMR
data) of the obtained compounds are presented in the
Supporting Information.

Compound Stokes shift, vy, cm™! O, % Dy, %
H,Pz(PhCOOBu); 0.1 1.840.1
H,Pz(PhCOOH), 201 <0.1 3.540.5
ZnPz(PhCOOBu)g 378 2.240.1 80+8
ZnPz(PhCOOH)g 356 2.940.1 8344
ZnPcl!®17] 30 56
ZnPc(COOH)g (in DMSO)!'™ 57
ZnQPz(COONa)g (in DMSO/water, 9:1 v/v)!'4! 17 67
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Figure 2. The electronic absorption spectra (black), fluorescence emission (red) (A.,=590 nm) and excitation (green or blue) (A.,;=685 nm)
spectra of H,PzZ(PhCOOBu); (a), H,PZ(PhCOOH); (b), ZnPz(PhCOOBu); (¢) and ZnPz(PhCOOH); (d) in DMF.

The electronic absorption spectra, fluorescence
emission and excitation spectra are presented in Figure 2.
The UV-vis spectra of both metal free macrocycles,
H,Pz(PhCOOBu); and H,Pz(PhCOOH)s, contain unlike
their Zn(II) complexes, the broadened and more intense
Soret band at ~370 nm, what may evidence the association
process in their solutions. Thus, the excitation spectra of Zn
porphyrazines coincide in shape of their electronic
absorption spectra and confirm the monomeric state of the
molecules in the solution in contrast with the metal-free
analogs (Figure 2). Fluorescence quantum yields (®r) were
determined in DMF using zinc phthalocyanine (ZnPc) as a
reference as described in "), The aggregation diminishes
the fluorescence ability in the DMF solution of the both
metal free macrocyclic ligands and the values of
fluorescence quantum yields (®r) are close to zero (Table
1). For the non-aggregated Zn(Il) complexes the
fluorescence is higher, but remains low (®r ~ 2-3%).

Values of the singlet oxygen quantum yields (D,)
were determined following the kinetics of decomposition of
1,3-diphenylisobenzofuran (DPBF) using zinc phthalo-
cyanine as a reference compound.''” The both zinc(II)
complexes reveal very high ability to generate singlet
oxygen (®, ~ 80%) which is even higher than for the Zn(II)
phthalocyanine derivatives (Table 1). The metal free por-
phyrazines are rather weak photosensitizes (P, ~ 2—4%),
possibly due to their aggregation in the solutions.
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