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Abstract: A series of four Zn(II) complexes with asymmetrical porphyrinic li-
gands were synthesized: [5-(4-hydroxyphenyl)-10,15,20-triphenyl-21H,23 H-por-
phinato]Zn(I) (Zn(IHTPPOHp), [5-(3-hydroxyphenyl)-10,15,20-triphenyl-21H,23H-
-porphinato]Zn(Il) (Zn(II)TPPOH,,), [5-(2-hydroxyphenyl)-10,15,20-triphenyl-
-21H,23 H-Zn(IT)-porphinato]Zn(IT) (Zn(I)TPPOH) and the well-known (5,10,15,20-
-tetraphenyl-21H,23 H-porphinato]Zn(Il) (Zn(II)TPP) as reference, in a 1:1 mole
ratio. In all cases, the free-base porphyrin served as a tetradentate ligand
through the four pyrrole nitrogen atoms. The complexes were characterized by
elemental analysis, FTIR and UV—Vis spectroscopy, which fully confirmed the
structure of the complexes. UV—Vis showed that the spectral absorption of the
four complexes was blue-shifted by at least 50 nm compared to that of the free
ligands. Also important structural data were obtained from several different NMR
experiments (including 'H-NMR, 13C-NMR, DEPT, COSY, HMBC and HMQC).
Influences of external substituents on the porphyrin ring were observed.

Keywords: asymmetric porphyrins; Zn(II) porphyrin complexes; sensitizers for
photodynamic therapy; molecular absorption coefficients; NMR spectroscopy.

INTRODUCTION

Tetrapyrrolic macrocycles (i.e., porphyrins) play highly diverse and funda-
mental roles in biological systems.!-2 They readily combine with metals, coordi-
nating with them in the central cavity.l:2 One of the more recent and promising
applications of metalloporphyrins in medicine is their employment in the detec-
tion and cure from tumors, for which they are being intensively investigated as
second and third generation photosensitizers for cancer photodynamic therapy
(PDT), as efficient sensitizing agents in the photodegradation of malignant tis-
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sues.3™ PDT is a new, non-surgical, technique for cancer treatment. After admi-
nistration of a photosensitizer, which is selectively retained by tumor cells, sub-
sequent irradiation with light in the red region of the visible spectrum (within the
so-called phototherapeutic window, where light can penetrate living tissues) in
the presence of oxygen specifically inactivates neoplastic cells.3713

In spite of some promising studies with other classes of compounds, 14720 the
only PDT photosensitizers already approved for human treatment have a porphy-
rin-like heterocyclic ring structure, although they absorb only weakly at about
620 nm and are a complex and non-separable mixture of monomers, dimers, and
higher oligomers.21,22

The increasing need for higher efficiency against tumors continues to deter-
mine a great number of synthetic studies directed to the synthesis of single pure
porphyrinic compounds with well-established structures and which efficiently ab-
sorb light at longer wavelengths22:23 (in the red region of the absorption spectra,
630-680 nm, in the so-called phototherapeutical window, where the light deeply
penetrates body tissues3~12), have relevant singlet oxygen quantum yields,24-25
photostability26-27 and low toxicity.28

In order to achieve the most appropriate locations at the level of the various
cellular constituents, photosensitizers further need to possess the most adequate
structural characteristics.29 By modifying the charge density and its distribution
at the periphery of the porphyrinic macrocycle, in the meso-position (an H has to
be substituted by one —OH functional group), it is possible to control the route of
these compounds to the target cells.26:29-31

In the present study, a series of new mesoporphyrinic complexes, monohyd-
roxyphenyl Zn(II)-substituted porphyrin complexes, [5-(x-hydroxyphenyl)-10,15,20-
-triphenyl-21H,23 H-porphinato]Zn(Il) (x = 2, 3 and 4) (Scheme 1), were synthesized
and characterized for use in PDT, with a prevalence to the latter mentioned objective.

Scheme 1. Structure of the mono-hydroxy-substi-
tuted Zn(II)-porphyrin complexes. For Zn(II)TPP
as the reference: Ry_s = H; for Zn(I)TPPOH:
R;=OH and R,s5=H; for Zn(I)TPPOHy:
Ry35=H and R,=OH; for Zn(I[)TPPOHp:
R1,2,4,5 =H and R3 = OH.
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EXPERIMENTAL
Materials and methods

Commercially available chemicals and solvents were used as received from Aldrich,
Merck and Sigma.

The elemental analysis of C, H and N was performed with an automatic Carlo Erba L-1108
analyzer. The metallic ion was determined gravimetrically and volumetrically.

The IR spectra were recorded with a FTIR 400D Nicolet Impact spectrometer. The sam-
ples, previously dried at 150 °C for 24 h, were measured as KBr pellets of spectroscopic
purity. The spectra were measured in the 4000-500 cm™! spectral range.

The NMR spectra were recorded with a 400 MHz Bruker NMR Spectrometer. 'H-NMR,
I3C-NMR, DEPT 90, HMQC, HMBC and COSY spectra were measured.

The molecular absorption spectra were recorded with a Specord M400 Carl Zeiss Jena
UV-Vis spectrometer, assisted by an internal computer, within the spectral range of 210-900 nm.
All spectra were recorded in a mono-beam system, in order to eliminate the specific absorp-
tion of the solvent and the absorption differences caused by the optical pathway. For measu-
rement of UV—Vis absorption both polar (chloroform) and non-polar (benzene) solvents were used.

Synthesis of the Zn(Il) complexes

The methods presented in the literature3233 for the synthesis of metalloporphyrins, usu-
ally result in very low yields, mainly because of the high temperatures and low pH of the
environment used during the synthesis. For this reason, the synthesis of the complexes in the
present work was instead conducted at moderate temperatures and in the presence of a basic
catalyst, 2,6-dimethylpyridine, which determined the removal of a proton from the inner ni-
trogen atoms inside the porphyrinic macrocycle, thereby enabling the production of the com-
plex. These new experimental conditions considerably reduced the duration of synthesis and
increased the yield of the reaction to around 90 %.

Solutions (= 10* M) of each of the four porphyrinic ligands (TPP, TPPOH,, TPPOHy,
and TPPOHp)3* in chloroform were gently heated under stirring until the ligand crystals were
completely dissolved. Then, several drops of 2,6-dimethylpyridine were added, together with
the appropriate amount of a methanolic solution of ZnCl, to give a 1:1 stoichiometric ratio.
The reaction mixture was refluxed under continuous stirring for 1 h at 55 °C. The presence of
the complex in the reaction mixture was monitored during the course of the reaction by thin
layer chromatography. After cooling, the reaction mixture was purified by passing it through
an alumina chromatographic column. The excess metallic salt was retained by the alumina,
while chloroform containing the complex (the deep violet-colored complex was the second
band passing through the chromatographic column) was collected. The solutions of the com-
plexes in chloroform were concentrated by simple distillation. The obtained violet crystals
were dried at = 100 °C for 12 h.

RESULTS AND DISCUSSION
Elemental analysis

The results of the elemental analysis of the four ligands combinations with
Zn(Il) are given in Table I.

The experimental values obtained for the percentage elemental analysis of
carbon, hydrogen, nitrogen and zinc are in accordance with the theoretical values
calculated on the basis of a 1:1 Zn (II):porphyrinic ligand stoichiometry, thus con-
firming this stoichiometry for all the four synthesized metalloporphyrinic complexes.
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TABLE I. Results of elemental analysis

Content, %
Complex C H N 7n
Calcd. Found Calcd. Found Calcd. Found Calcd. Found
Zn(IDTPP 77.86  77.25 4.16 4.50 8.25 8.35 9.64 9.29
Zn(IDTPPOHy  76.06  75.90 4.06 4.12 8.06 8.32 9.42 9.15
Zn(IDTPPOHy; 76.06  75.70 4.06 4.19 8.06 8.12 9.42 9.19
Zn(ITPPOHp  76.06  75.89 4.06 4.21 8.06 8.15 9.42 9.23

IR Spectra

The most relevant results extracted from the IR spectra of the synthesized
Zn(IT) complexes, together with those for the corresponding free complexes are
given in Table I1.34

The IR spectra of the four Zn-free complexes, i.e., TPP, TPPOHp, TPPOHyy,
TPPOHp, were previously analyzed.34 In agreement with the structure of the free
complexes, the presence of the characteristic bands of vg-y; (obviously not
present for TPP) and vN—y in the spectral range 3410-3528 cm™! and 3314-3448
cm™! could be identified.34

TABLE II. Characteristic IR vibrations of the free-base porphyrins and of the mono-hydroxy-sub-
stituted Zn(II) complexes

Characte- v/em!

ristic Zn(11)- Zn(ID)- Zn(Il)-
o 34 34 34 34
vibration TPP** Zn(IDTPP TPPOHQ* ) OH,, TPPOH, TPPOH,, TPPOHp TPPOH,

Vo - - 3528 3533 3521 3494 3527 3525

VO-H - - 3424 3429 3424 3429 3410 3412

associated

VNLH 3448 - 3448 - 3440 - 3430 -

YN-H 3316 - 3316 - 3316 - 3314 -

associated

Ve-NH 1557 - 1558 - 1558 - 1557 -

veo - - 1176 1176 1178 1177 1170 1171

As reported before,34 two bands corresponding to vN—y were present: the
first one, well individualized in the region 3430-3448 cm™1, can be attributed to
VN-H stretching vibrations; the second one, less intense, in the 3314-3316 cm™!
range corresponds to the stretching vibration VN—Hagsociated. A band attributed to
VC=NH Was also present at 15571558 cm™!.

Comparing the IR spectra corresponding to the newly synthesized complex
versus those for the corresponding free ligand (as can be seen in Table II), the
disappearance of three bands from the spectrum of the zinc containing complexes
was evidenced. The absence of these bands for Zn(II)TPP and Zn(II)TPPOHY is
very clear evidence for the removal of one proton from the =NH groups (nitrogen
atoms in the positions 21 and 23 at the inner part of the porphyrinic ring (Scheme 1),
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which confirms coordination of the metallic ion to the nitrogen atoms of the por-
phyrinic macrocycle.

The presence of the —OH functional group in TPPOHg, TPPOH);, TPPOHp34
and in the corresponding complex combinations with Zn(Il) ions was fully con-
firmed by the IR spectra, in which two bands in the spectral ranges of 3494—
-3533 cm! and 34123429 cm™! (3521-3528 cm™! and 3410-3424 cm™! for the
TPPOHy free base) corresponding to vo-g and VO-Hassociated Vibrations were
identified. For all non-symmetrically substituted compounds (both the free ba-
ses4 and the Zn(II) complexes), a medium intensity band in the 1170-1178 cm™!
(1171-1177 cm™! for the metal-containing complexes) spectral range was identi-
fied, which was attributed to the vc—o. The presence of this band in all three
Zn(Il) complexes further confirms that the —OH functional group was not lost upon
metal complexation with the asymmetric porphyrinic macrocycle. Accordingly,
neither vo—g nor vc—o bands were present for TPP34 and Zn(II)TPP.

All infrared spectral features described above for the free bases and the
Zn(Il) complexes fully support and confirm that Zn(II) inclusion onto TPPOHg,
TPPOHy;, TPPOHp was fully successful without the destruction of the mono-
hydroxy substitution of the phenyl group of the porphyrinic ligand. The same re-
sults were observed before for Cu(Il) inclusion on the same ligands.35 As already
stressed, this type of substitution was previously identified as being extremely
important for the appropriate location of these types of compounds in biological
media.26-29-31

NMR experiments

To clearly illustrate the relation between structure and NMR spectra, the S-pyr-
role meso-positions (according to the Fischer rule) in terms of the arrangement of
hydroxyl substituents are presented in Scheme 2, in which the ortho-, meta- and
para-positions are indicated by b’, ¢’ and d’, respectively.

Scheme 2. Complete atomic numbering of the
TPPOH( structure for NMR assignment.
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The chemical shifts and multiplicities of the 'H-NMR signals for the Zn(II)
complexes and other important complementary data provided by the 13C-NMR
spectra are presented in Table II1.

TABLE III. Chemical shifts and multiplicities of the 'H-NMR and !3C-NMR signals for the
Zn(I1) complexes

Complex TH-NMR 13C-NMR
Zn(I)TPP 7.79-7.71 (12H, m, mPh, p-Ph) 1211 (Cs 10,150); 126.5; 127.4 (Cp; )
8.22 (8H, dd, 0-Ph); 8.94 (8H, s, fyyrr) 132.0; 134.4; 142.8
Zn(ITPPOH,, 7.34 (1H, 1, ¢’-Ph); 119.3 (Cs); 121.2 (Cyo.15.20);
7.53-7.51 (1H, m, ¢’-Ph); 115.2 (Co); 126.5 (C,); 127.5 (Cy);
7.79-7.68 (1H, m, d’-Ph); 128.8 (Cg); 130.0 (Cy0); 130.8 (Cy);
7.79-7.68 (9H, m, c,d-Ph); 131.1 (Co);
7.98 (1H, d, f’-Ph), 8.21 (6H, d, b-Ph), 132.0 (C2’3’ 8,12,13,17,18 ﬂpyrr);
8.95-8.89 (8H, m, SByyr) 132.7 (C5); 134.9 (Cy); 142.7 (C,);

142.8 (Cp); 155.5 (Cy)
Zn(I)TPPOHy, 6.99 (1H, ¢, ’-Ph); 7.43 (1H, £, £-Ph); 114.6 (C.); 120.2 (Cp); 121.0 (Cs);

7.56 (1H, m, d’-Ph); 121.9 (Cy9,15.20); 126.5 (Cp);
7.73 (1H, s, b’-Ph); 127.4 (Cy); 127.6 (Cy»); 129.6 (Cy);
7.75 (9H, m, C,d-Ph), 131.9 (C2,8,12,13,17,18 ﬂpyrr); 132.3 (C7),
8.19 (6H, ¢, b-Ph); 134.4 (Cy); 142.8 (C,); 144.3 (C,»);
8.92 (6H, m, Hy 3 g8 12,13,17,18 Boyrr)s 150.6 (Ccoon)

8.97 (1H, ¢, Hy ﬂpyrr);
9.02 (1H, d, Hy ﬁpyrr)

Zn(I)TPPOH, 6.9 (1H, 1, ¢’-Ph); 7.43 (1H, 7, b’-Ph); 113.5 (Ce-); 120.4 (Cs);
7.56 (IH, m, C,-Ph), 121.0 (C10’15’20); 126.5 (Cc)a
7.73 (1H, S, P-Ph), 127.4 (Cd), 131.9 (C2,8,12,13,17,18 ﬂpyrr),
7.75 (9H, m, c,d-Ph); 132.0 (C37 foym); 1344 (Cy);
8,19 (6H, 7, b-Ph); 135.2 (C,); 135.5 (Cy-p); 142.7 (Cy):
8,92 (6H, m, Hy 8 15 13,1718 Boyn)> 155.3 (Cy-.on)

897 (IH, t, H7 ﬂpyrr)e
8.97 (1H, 1, Hy fyy);
9.02 (1H, d, H3 Byy)

The high frequency region of the !H-NMR spectra (5 = 9 ppm) shows the
chemical shifts for the pyrrole hydrogen atoms (fyyrr). The observed differences
in the signals are due to the vicinity of the substituted phenyl.

Several other experiments, i.e., DEPT 90, HMQC, HMBC and COSY, were
also performed. Due to the higher capacity of 2D spectra (which present on same
image cross-peaks of TH-NMR and 13C-NMR for HMQC and HMBC, and pro-
ton coupling for COSY), it was possible to identify several carbon atoms and also
to elucidate the differences between the influence of the hydroxyl substituent on
its surroundings in dependence on whether it was positioned in the o-, m- or p-po-
sition, as shown in Figs. 1 to 3.

The HMQC data for Zn(I)TPPOHg (Fig. 1a, inset) shows the bonding between
the pyrrolic protons and the corresponding carbon atoms. The cross-peak reveal-
ed the connection between C7, Cg and the rest of C Boyre O ONC side and the Hpyyr
on the other.
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These kind of data permitted the establishment of the correct interpretation
of the C signals and, more important, of the influence of the —OH group on the en-
vironment (especially the atoms in the S-pyrrolic positions 2, 3, 7 and 8). The C
signal is influenced by the presence of the —OH group, at 132.7, 132.3 and 132.0 ppm
for Zn(I)TPPOHp, Zn(II)TPPOHy; and Zn(II)TPPOHp, respectively. Due to the
symmetry of the compound, this C type is identical with the C3pyyy. This situation
was also confirmed by HMBC (Fig. 2). The presence of the —OH group in the
ortho-, meta- and para-positions was also confirmed by the differences in the H-H

coupling.
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Molecular electronic spectra

The molecular electronic absorption spectra are usually used for quantitative
determinations of compounds, but in the case of porphyrinic compounds, they
were shown to be real “fingerprints”.1-2,12,36=38 Degpite the great number of
atoms in their structures (typically 40-80 atoms) and of the complex structures
adopted by the free base porphyrins and their metal containing complexes, the
spectral analysis of their UV—Vis molecular electronic absorption spectra is still
an efficient method for the identification of porphyrin. This is explained by the
fact that the peripheral substitutions do not significantly disturb the inner © elec-
tron ring of the porphyrinic macrocycle, which is responsible for the active elec-
tronic transitions in the above-mentioned spectral range.1-27.39-42

The molecular electronic absorption spectra of the newly synthesized Zn(II)
complexes were measured at room temperature in benzene and chloroform so-
lutions at 20-30 °C, in order to gain evidence for their structures and to deter-
mine their molar absorption coefficients at various wavelengths. A series of sub-
sequent dilutions (= 1074-106 M) were performed in order to obtain absorbance
values in the range 0—1.0 and thereby to ensure the maximum accuracy of the
determinations. The time required for the complete dissolution of the compounds
ranged from several seconds, in the case of chloroform, to several days, for some
of the compounds in benzene.

The maxima of the absorption bands and the corresponding molar absorption
coefficients of the Zn(II) complexes synthesized in this work are given in Table
IV. The four Zn(II) complexes all displayed Soret bands, peaking at 422-424 nm,
accompanied by two Q bands peaking in the 548—554 nm and 588-594 nm spec-
tral range.

TABLE IV. UV-Vis spectral characteristics of the mono-hydroxy-substituted Zn(II) complexes

A/nm | ex10°2 / m2 mol’!

Solvent
Complex
Chloroform Benzene
Soret Q(1,0) Q(0,0) Soret Q(1,0) Q(0,0)
Zn(I)TPP 4221265 552114 59413.9 422|253 548 |14 58812.2

Zn(INTPPOH, 424|252 55412  594[3.6 424|269  550|14  590|2.7
Zn(INTPPOHy, 424300  552|13  594[3.9 424|288  550|13  588|24
Zn(I)TPPOHp 4241333 554 |15 594|5.1 424|277 550 |15 590|3.3

The spectra of the newly synthesized compounds are quite similar to those of
symmetrically tetra-substituted compounds, both in shape and in the ratio between
the absorption band intensities.

The molar absorption coefficients did not undergo significant changes (see
Table IV). The values for the reference compounds were in good agreement with
those presented in the literature.43

The two Q bands for Zn(II) metalloporphyrins underwent a hypsochromic
shift and a partial overlap, as already reported in the literature for other metallo-
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porphyrins of the same type!-12:40 and was also observed for the inclusion of
Cu(Il) in the same ligands.35> When using chloroform as the solvent, an absorp-
tion band could be observed with a maximum at A = 552-554 nm, as well as
another band at A = 594 nm, which partially overlaps the first one. In the case of
the solutions in benzene, the above-mentioned overlap was slightly more evident,
but two absorption bands could still be distinctly identified, displaying absorption
maxima, respectively, at 4 = 548-550 nm and at 4 = 588-590 nm. Similar results
were observed for Cu(Il) complexes with the same ligands.3> These results are
strikingly different from those of the corresponding free bases,34 for which four
Q bands could clearly be identified. The decrease in the number of Q bands was
reported previously for several other metalloporphyrins!-12:40 and is the conse-
quence of metal inclusion in the free base ligand.!

Metal inclusion in the macrocycle increases the symmetry of the latter and con-
duces its coordination geometry to a higher symmetry class (Dg4p,) than that of the
free base porphyrins (D»y,). This latter fact yields a simplified Q band spectra which
usually collapses from four to only two bands.! Therefore, these UV—Vis results
present a further strong proof of Zn(I) inclusion on the TPP and TPPOHx ligands.

As can be seen from Table IV, the spectra of the three Zn(II) non-symmet-
rical complexes are quite similar to that of Zn(II)TPP, a symmetrically tetra-sub-
stituted compound, both in shape and in the ratio between the absorption band
intensities. The molar absorption coefficients did not undergo significant chan-
ges, apart from the fact that they are mostly slightly higher for the non-sym-
metrical substituted porphyrinic complexes. Only &soref(Zn(II)TPP) = 253x102
m2mol™! as compared with &5oe(Zn(I) TPPOHQ) = 269%102 m2 mol ™1,
&Soret(Zn(I) TPPOHy ) = 288x102 m2 mol~! and &gyre(Zn(I))TPPOHp) = 277x102
m2 mol~! was measured in benzene. The same tendency was observed in chlo-
roform and it was mostly observed both for the Soret and Q bands (see Table IV).

The influence of the solvent on the molar absorption coefficients could be
easily observed for the Q bands: the absorption coefficients (&) were always
higher in the case of chloroform. These spectral differences among the spectra of
the three mono-hydroxy-substituted Zn(Il) porphyrin complexes are explained by
the influence of the non-symmetrical substituent vs. the inner m-electron ring of
the macrocycle (Scheme 1). When the —OH group assumes various positions in
the phenyl nucleus (ortho-, meta- or para-), its influence is limited to the © elec-
tron of the phenyl. The angles of 70-80° between the phenyl and the tetrapyrrolic
macrocycle would practically prevent conjugation. The disturbance of the inner nt-elec-
tron ring of the macrocycle, which is responsible for the UV—-Vis absorption
spectra of the porphyrin compounds, is implicitly irrelevant. Regarding the po-
tential inductive effect, it is practically terminated at a distance of 3—5 atoms due
to the presence of the oxygen atom towards the electron ring.

The spectra recorded in the above-mentioned solvents (both polar and non-po-
lar) did not provide evidence for the existence of self-association processes in the
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investigated concentration range (¢ = 10741076 M). The absence of an isosbestic
point in the plot of the absorption spectra of these compounds with increasing
concentrations, from 1076 to 10-4 M, is strong proof for this.

The spectral absorptions of the Zn(II) complexes can be further compared
with those of the free bases (with their Soret band always peaking at 420 nm and
their typical four Q bands absorbing at 514-516 nm, 548550 nm, 590-592 nm
and 648-652 nm) for the same solvent, benzene.34 From the comparison, it can
be observed that in practice the Zn(II) complexation did not shift the global
absorption features of these compounds into the red region of the spectra. Thus,
comparing the data of the Zn(Il) complexes with the data previously published
for the free bases, the absorption of the latter ones extends up to 670 nm, while
those of the metal containing complex had already attained zero by 600—630 nm.
A similar result was observed for Cu(II) complexation with the same ligands.34

CONCLUSIONS

In this paper, the synthesis of four Zn(Il) complexes, one with TPP and the
other three with non-symmetrically —OH substituted mesoporphyrinic ligands is
presented. A new synthetic method, conducted at moderate temperatures and low
pH, was successfully employed, which enabled a reduction of the synthesis time
and markedly increased yields of the reaction, to about 90 %. The compounds
were synthesized foreseeing their use as PDT sensitizers that could appropriately
locate in cellular components. For the latter three Zn(II) complexes, for which the
charge density and its distribution at the periphery of porphyrinic macrocycle was
modified by the inclusion of an OH group, it is possible to anticipate that their
route and localization at the cellular level could be controlled, while keeping
most of their relevant photochemical properties intact.

Elemental analysis of the synthesized complexes confirmed Zn(II) inclusion
in TPP, as well as in the three non-symmetrically —OH substituted porphyrinic
ligands, having a 1:1 stoichiometry for all the four complexes.

The spectral properties of the four Zn(Il) complexes were investigated by
FTIR, NMR and UV-Vis spectroscopy. FTIR spectra fully confirmed the struc-
ture of the herein prepared compounds: Zn(Il) coordination to the symmetric and
to the non-symmetric ligands was further confirmed; the ionic metal coordination
to the porphyrinic ligand does not affect the asymmetric substitution of the li-
gand. NMR techniques together revealed the complete structure and the in-
fluences of the unsymmetrical substituents on the porphyrinic ring. From UV—Vis
absorption, it could be observed that although the non-symmetric substitution did
not significantly change the absorption properties of the ligands, the Zn(II) com-
plexation unfortunately did not result in the desired improvement of the absorp-
tion properties of these porphyrinic compounds towards the red region of the
spectra, whereby their absorption would have been shifted into the photothera-
peutical window. This result is fully explained by the collapse and overlap of the
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four Q bands into only two Q bands, resulting from an increase in the symmetry
of the coordination geometry which is experienced by the compounds upon Zn(II)
complexation.
U3BO ]
MMPOYYABAIE Zn(I1) MOHOXUJIPOKCUDPEHNII-ME30INIOPO®UPUHCKUX
KOMIUIEKCA. CUHTE3A 1 KAPAKTEPU3ALIMJA

RICA BOSCENCU', RADU SOCOTEANU?, ANABELA S. OLIVEIRA® u LUIS FILIPE VIEIRA FERREIRA3

ICarol Davila” University of Medicine and Pharmacy, Faculty of Pharmacy, Inorganic Chemistry Department,
Traian Vuia 6, Bucharest, >Romanian Academy, Institute of Physical Chemistry "I. G. Murgulescu”, Splaiul
Independentei 202, 77208 Bucharest, Romania and 3Centro de Quimica-Fisica Molecular, Complexo
Interdisciplinar, Instituto Superior Técnico, Universidade Técnica de Lisboa,

Av. Rovisco Pais 1049-001, Lisbon, Portugal

Cunrerncana je cepuja ox uerupu Zn(Il) xommiekca ca acUMETPHYHUM MOPHUPHHCKUM
nipcreHoBuMa: [ 5-(4-xunpokcudennn)-10,15,20-tpudennn-21H,23 H-noppunaro]Zn(Il) (Zn(II)TPPOHp),
[5-(3-xunpoxcudenun)-10,15,20-tpudennn-21H,23 H-nopdunaro]Zn(Il) (Zn(I[)TPPOHy), [5-(2-
xunapoxcudenmn)-10,15,20-tpudpennn-21H,23 H-nopdunaro|Zn(1l) (Zn(II)TPPOHg) u nobpo mo3-
Hatu (5,10,15,20-terpadennn-21H,23 H-noppunaro]Zn(ll) (Zn(II)TPP), koju je xopumheH kao
pedepentHa cyncranua, y 1:1 mMonckom oxHocy. Y cBHM cityuyajeBHMa cinoboaHa 6aza mopdupun
JIeJIOBaJIa je Kao TeTPaJeHTaT IIPEeKo YeTUPH aToMa a30Ta nupoia. KoMmekcu cy okapakreprcaHu
enemenTtanioM aHanuzoM, FTIR u UV-Vis cniektpockonujoM, unme cy yTBpheHe CTpyKType KoM-
mrekca. UV—Vis CIIeKTpH Cy IoKa3aiu Jja je CIeKTpalHa allCopIIHja YeTHPH KOMILIEKCa IoMepeHa
Ka TJIaBOM TIOZIpyYjy HajMame 3a 50 nm y ogHoCy Ha cao0oqHe nuranae. BaxkHu cTpyKTypHH Hoganu
¢y mobujenn u u3 Hexomuko pazmmantux NMR excriepumenara (\H-NMR, 3C-NMR, DEPT, COSY,
HMBC and HMQC). YoueH je u yTHLaj CIIOJbHUX CYNCTHTYEHATa Ha OPGHUPUHCKOM IPCTEHY.

(Ipumsbeno 27. jyna, peBuaupano 29. okrodpa 2007)
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