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Two new nitrato complexes of zinc and nickel with 1,4,8,11-tetrakis(2-pyridylmethyl)-1,4,8,11-
tetraazacyclotetradecane (tpmc), have been synthesized and characterized. The IR spectral peaks showed
that the coordinated and ionic nitrate ions are in agreement with the formula proposed by elemental anal-
ysis. Conductometric titrations predicted methanol to be a convenient solvent for synthesis and revealed
the stoichiometry of the complexes, while molar electrical conductivities indicated a 1 : 3 complex elec-
trolyte type for the zinc complex, and a 1 : 2 complex electrolyte type for the nickel complex. The opti-
mized complex structure was obtained by molecular modeling and density functional theory calculations.
The biological activity of the novel complexes was examined by screening eight different bacterial strains
and two cancer cell lines. The zinc complex showed better antimicrobial activity against the bacterial
strains, while the complexes did not show significance antiproliferative activity toward cancer cells MCF-
7 and MDA-MB-231.
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CHUHTE3A, KAPAKTEPU3AIIUJA 1 BUOJIOIIKO UCTIUTYBAIBE HA HOBU
JUHYKJEAPHU HUHK(I1) M HUKEJI(I1) OKTAA3A MAKPOLLUKJINYHU KOMIIJIEKCH

CHHTEeTH3MpaHH W KapakTepuU3WpaHH ce JBa HOBH Komiuiekca co 1,4,8,11-terpakuc(2-
nupuaunmernn)-1,4,8,11-rerpaazanukinorerpagekan (tpmc) xako sawmrana. Crexrtpandute IR mukoBu
MOKa)XKyBaaT JieKa KOOPAMHHUPAHUTE W JOHCKUTE HUTPATHU jOHH CE BO COMIACHOCT cO (opMynaTa IITO
IIPOU3JIETYBa O]l €JIeMEHTHATa aHanu3a. KOHAyKTOMETpUCKUTE TUTPALUU NPEABUIYBaaT AeKa METaHOIOT
€ COOJIBETEH PAacTBOPYBAY 3a CHHTE3a M ja J]aBaaT CTEXHOMETpHjaTa Ha KOMIUIEKCHTE, JI0/1eKa MOJIApHUTE
SJIEKTPUYHHA KOHJYKTUBHOCTH YKa)KyBaaT Ha | : 3 €NeKTpOJMTEH TUII HAa KOMIUIEKC 3a KOMIUIEKCOT Ha
LIUHK U | © 2 eJeKTPOJIMTEH THUIl Ha KOMIUIEKC 32 KOMIUIEKCOT Ha HuKes. ONTHMH3MpaHaTa KOMIUICKCHA
CTPYKTypa € JOOHMeHa CO MOJICKYJICKO MOJEIHpame M TEOPETCKH IPECMETKH Ha (YHKIMOHAIOT Ha
rycTuHa. brononikaTa akTHBHOCT Ha HOBHUTE KOMIUIEKCH Oellle NCIIUTaHa CO aHaJHM3a Ha OCyM pasziIMyHU
0aKTEepHCKH BHJIOBH M CO Pa3MHOXKYBame Ha [IBa BHIAa KAaHIEPOT'CHHW KIETKH. KOMIUIEKCOT Ha IMHK
MTOKa)KyBa MOA00pa aHTUMUKPOOHA aKTHBHOCT KOH OAaKTEPHCKHUTE BHUIOBH, JOAEKAa KOMIIJIEKCHTE HEMAatT
3HaYajHa aHTUPA3MHOXKYBauKa aKTHBHOCT KOH KieTkute Ha pak MCF-7 u MDA-MB-231.

Kutyunu 300poBH: IMHK; HUKEI; tPMC; KOMIUTEKC; OMOJIONIKA aKTHBHOCT
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1. INTRODUCTION

In recent years, interest in macrocyclic poly-
amines has been on the increase as a result of their
attractive structures and their possible applications
in many different fields [1-3]. The reason for that
is their possibility to react or coordinate with many
different metal ions as well as organic molecules
via by nitrogen atoms [4-7].

Cyclam (1,4,8,11-tetraazacyclotetradecane)
is one of the most widely-used macrocyclic ligands
[8-10]. Some of its derivatives block the entry of
HIV into cells and can be highly potent anti-HIV
drugs [11, 12], but they also show antimicrobial
activities [13]. As a molecule, cyclam has four ni-
trogen atoms; in derivatives, these atoms are often
substituted with different groups which can in-
crease the number of coordination sites.

When the amine protons of cyclam are sub-
stituted with 2-pyridylmethyl groups, the deriva-
tive is known as tpmc (1,4,8,11-tetrakis-(2-
pyridylmethyl)-1,4,8,11-tetraazacyclotetradecane)
with eight possible coordination sites (Scheme 1).
Transition metals can form mono- or dinuclear
complexes with tpmc, while it can be coordinated
using two, three or four nitrogen atoms from
pyridyl groups and cyclam [14-17]. Until now,
only a few metal complexes with coordinated tpmc
have been synthesized [15-21], mostly with cop-
per(1l) ions, in dinuclear complexes [22-24]. These
complexes have shown different electrochemical
properties [25, 26], as well as antibacterial [4, 17]
and cytotoxic activity [19, 27, 28].

Scheme 1. The structure of tpmc with C-atoms assigned

According to our knowledge, this is the first
report of the synthesis, characterization, and
electrochemical and biological study of a dinuclear
zinc complex with tpmc containing nitrato ion as a
bridging ligand, as well as a dinuclear nickel-
nitrato complex with tpmc ligand.

2. EXPERIMENTAL

Elemental analysis (C, H, N) was carried out
by standard micro methods at the Center of In-
strumental Analysis, University of Belgrade. IR
spectra (ATR technique) were recorded on a Per-
kin-Elmer FTIR 31725 X spectrophotometer, while
'H NMR and C NMR spectra were run on a
Bruker Avance Il spectrometer (500 and 50 MHz,
respectively) in DMSO-ds at room temperature.
Molar electrical conductivities of the complex (c =
1 x 1073 M) solutions in acetonitrile were measured
at room temperature using a Jenway 4010 conduc-
tometer.

2.1. Synthesis of compounds

1,4,8,11-Tetrakis(2-pyridylmethyl)-1,4,8,11-
tetraazacyclotetradecane (tpmc): This compound
was prepared using a previously described method
[29].

[ZNn2(tpmc) (u-NO3)](NOs)s-CH;0H  (com-
plex 1): The ligand (tpmc) (143.7 mg, 0.254 mmol)
was suspended in a 1.5 : 1 methanol/water mixture
(5 ml) at 50 °C. To this solution a methanol solu-
tion (4 ml) of zinc(Il) nitrate hexahydrate (147.7
mg, 0.496 mmol) was added. The mixture was
stirred for 1.5 h at 65 °C and then cooled to room
temperature. The white crystals formed were fil-
tered off and washed with ethanol (5 ml). The pre-
cipitate was recrystallized from a mixture of water
and ethanol (1:1 v/v). The yield of complex 1 was
129 mg (53%) Anal. Calc. for C35H48N120132n2: C
43.09, H 4.96, N 17.23. Found: C 42.81, H 4.83, N
17.08%. IR (ATR, cm™): 2868.9 v(CH,), 1610.1
vs(CN), 1573 o(C=C), 1477.9 v(NOs), 1361.4
vas(NO3), 1021.3 cm™ v(NOs), 826.4 cm™ v(NO3),
761.6 v(Py). 'H NMR (ppm) (DMSO-ds, 500
MHz) &: 1.80-2.05 (m, 4H, CH,CH,CH,); 2.38—
251 (m, 4H, CH:CH:CH)); 294 (m, 4H,
CH,CH2CHy); 3.12-3.19 (m, 8H, CH>CH,, 1H,
CHsOH); 4.17 (m, 8H, Npy-CH,, 3H, CH3:OH);
7.45-7.86 (m, 8H, pyridine ring); 8.17-8.42 (m,
4H, pyridine ring); 8.60 (m, 4H, pyridine ring). *C
NMR (ppm) (DMSO-ds, 50 MHz) &: 38.45,
38.87(Ci); 50.26 (CH3OH); 53.62 (Cy), 56.32(Cy);
58.02 (Cy); 123.79, 124.69 (C.); 125.37,
125.51(Ce); 138.03, 141.82 (Cg); 148.25, 149.47
(Ca); 154.65, 155.38 (Cy).

[Ni2(tpmc)(NO3)2](NO3)2:3H>O  (complex
2): To a warm solution of tpmc (144.3 mg, 0.255
mmol) in methanol (9 ml), a methanol solution (4
ml) of nickel nitrate hexahydrate (146.5 mg, 0.503
mmol) was added. The mixture was stirred for 1 h
at 75 °C and then cooled to room temperature. The
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violet precipitate was filtered off and washed with
ethanol (5 ml). The compound was recrystallized
from a mixture of water and ethanol (1:1 v/v). The
final yield was 175 mg (69.7 %). Anal. Calc. for
CasHsoN12015Ni2: C 41.49, H 5.12, N 17.08. Found:
C 41.10, H 5.32, N 17.07 %. IR (ATR, cm™):
3457.7 v(OH), 2890.7 v(CHz), 1610.3 v(CN),
1572.6 v(C=C), 1503.3 v(NOs), 1360.8 v(NOs3),
1027.4 cm* v(NOs), 852.9 cm™* v(NOs), 827.5 cm™
V(NO3), 778.4 v(Py).

2.2. Electrochemical measurements

The conductance measurements were per-
formed on a WTW Model 330i digital conduc-
tometer (Germany). The experimental procedure
for conductometric titrations was reported in our
previous work when complexation of different
metal ions with tpmc in acetonitrile and aqueous
solutions was investigated [22]. The conductance
of the solution was measured in thermostated titra-
tion cell with methanol or ethanol solution of 1.0 x
10~* M nitrate salt of Zn?* and Ni?* ions, while the
tpmc concentration was increased by adding the
ligand solution (5 x 10° M) in aliquots of 0.05 ml.
The molar conductance of synthesized dinuclear
Zn/tpmc nitrato complexes was measured in ace-
tonitrile solution at a concentration of 1 mM [30].

2.3. Computational details

Geometry of the [Zn2(tpmc)NOs]** complex
ion was fully optimized with the DFT (Density
Functional Theory) method, more specifically the
hybrid B3LYP functional using standard Pople’s
basis set —-6-31 G(d,p) for nonmetallic atoms (O,
N, C and H) and LanL2DZ basis set with Effective
Core Potential (ECP) for inner core electrons for
the zinc atoms.

The global minimum in the gas phase was
found and nature of the minimum was confirmed by
frequency calculation. All DFT calculations were
performed with Gaussian09 software package [31].

2.4. Antibacterial screening

Antimicrobial activity of complexes and tpmc
was performed using Staphylococcus pseudinterme-
dius (clinical isolate), Staphylococcus aureus ATCC
29213, Staphylococcus saprophyticus ATCC 15305,
Staphylococcus xylosus ATCC 29991, Staphylococ-
cus pseudintermedius ATCC 49444, Enterococcus
faecalis ATCC 29212, Klebsiella pneumoniae
ATTC 700603 and Escherichia coli ATTC 25922
The isolation of S. pseudintermedius was from clin-
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ical material delivered to the Department of Micro-
biology of the Faculty of Veterinary Medicine, Uni-
versity of Belgrade. The clinical isolate was identi-
fied with a BBL Crystal Gram-Positive 1D kit (Bec-
ton Dickinson).

Minimal inhibitory concentration (MIC) val-
ues were determined by broth microdilution in ac-
cordance with the CLSI recommendations (Clinical
and Laboratory Standards Institute 2006) [32]. Cati-
on-adjusted Mueller Hinton Il broth (CAMHB, Bec-
ton Dickinson) was used and method was performed
in microtiter plates (Sarstedt) with "U" bottom. In-
vestigated concentrations of compounds were 1280;
640; 320; 160; 80; 40; 20; 10; 5; 2.5; 1.25; 0.625
and 0.3175 pg ml™'. The compounds complex 1,
tpmc and its nickel complex 2, were first dissolved
in DMSO and the two-fold serial dilutions down to
the lowest tested concentration were prepared in
CAMHB. The desired inoculum density of 5 x 10°
colony forming units (CFU) ml™! was achieved by
preparing suspensions of bacteria of approximately
1-2 x 108 CFU ml™!, which was the density equal to
McFarland standard. Volumes of 0.5 and 50 pl of
this suspension were added to 100 ul CAMHB, after
which the number of bacteria in the media was ap-
proximately 5 x 10° ml™!. The media were incubated
at 37 °C for 24 h. All investigations were carried out
in triplicate.

2.5. Cytotoxic activity

Cell culture: HS5 (ATCC® CRL11882™),
MCF-7 (ATCC® HTB22™) and MDA-MB-231
(ATCC® HTB-26™) were cultured in HAM’s
F12: DMEM (1:1) (DMEM, Sigma-Aldrich, St
Louis, MO, USA) supplemented with 10% fetal
serum plus 100 units mI™ penicillin/streptomycin
(both from PAA Laboratories) in a humidified at-
mosphere at 37 °C with 5% CO..

Proliferation assay: The cell proliferation
cytotoxic effects of the compounds were analyzed
by (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide) tetrazolium (MTT) assay. Briefly,
10 x 102 cells/well were seeded into 96-well plates.
Stock solutions of investigated compounds were
prepared in sterile PBS at concentrations of 20
mM. The following day, cells were treated with the
indicated compounds diluted in culture medium
ranging in concentration from 25 to 400 uM for an
additional three days. Then, 10-times concentrated
MTT (Sigma-Aldrich) was added to each well to a
final concentration of 0.5 mg ml=, followed by an
additional 2 h of incubation. Cell supernatants
were then removed and 100 pl of isopropa-
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nol/dimethyl sulfoxide (3 : 2) was added to solubil-
ize the formazan crystals. The absorbance was read
at 630 nm, and 1Csp values (defined as the concen-
tration at which growth is inhibited by 50 %) were
calculated by using Excel software.

3. RESULTS AND DISCUSSION

Conductometric titration study. In order to
evaluate the possibility of the formation of com-
plexes of Ni and Zn with tpmc ligand, their stoi-
chiometry and a prediction of the most convenient
solvent for synthesis, conductometric titrations of
Zn(NOs3)2 and Ni(NOs), solutions with tpmc solu-
tion at 20 °C were performed. As seen in Figure 1,
the addition of tpmc to Zn?* cation in pure metha-
nol and ethanol resulted first in a decrease in molar
conductivity until the molar ratio of metal:ligand
reached 2 : 1 and then to an increase. The equiva-
lent point of titration was sharp in methanol solu-
tion, and the formation of dinuclear Zn/tpmc com-
plex was evident. The shape of conductometric
titration curves (when conductance increases after
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complex formation) is characteristic of processes
where very unstable ion pairs (or sandwich struc-
tures) are formed [33, 34]. In the conductometric
curve for titration of Ni?* with tpmc in methanol
and ethanol, molar conductance increased continu-
ously and an equivalent point of titration could not
be specified at any ratio (figure not presented). Ti-
tration of Ni?* in acetonitrile and water [26], in a
similar way to the titration in methanol and ethanol
in this work, also gave undefined titration curves.
Previous conductometric titration studies of Zn?* in
acetonitrile and aqueous solution indicated the
formation of mono- and dinuclear Zn/tpmc com-
plexes, and even the formation of a 1 : 2 (Zn/tpmc)
complex in acetonitrile [26]. Based on our previous
conductometric results, we assumed that synthesis
of Ni?* and Zn?*/tpmc complexes in acetonitrile
and agueous media could be very difficult, but syn-
thesis in methanol, especially for Zn, could be
promising. We assumed that methanol as a solvent
favors the coordination environment for the suc-
cessful synthesis of dinuclear Zn and maybe
Ni/tpmc complexes.
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Fig. 1. A plot of molar conductance, A, vs. V (ml of added ligand solution) for the binding
of Zn?* by tpmc in ethanol and methanol at 20 °C

Spectral characterization. The synthesis of Zn
and Ni/tpmc complexes was carried out according to
the synthesis procedure given in Section 2.1. Based
on elemental analysis, dinuclear structures of the ob-
tained complexes [Zna(tpmc)NO3](NOs)s- CH;OH
(complex 1) and [Nix(tpmc)(NOs3)2](NOs).-3H,0
(complex 2) are proposed. The complexes were pre-
pared by the reaction of zinc(ll) nitrate hexahydrate
or nickel nitrate hexahydrate and tpmc ina 2 : 1 mo-
lar ratio. The compounds are stable microcrystalline
solids, soluble in acetonitrile and dimethyl sulfox-

ide. The molar conductivity (Am) value for complex
1 of 420 S cm? mol indicate a 1:3 complex elec-
trolyte type and points to a boat conformation of
the tpmc ligand (Fig. 2b). In the same conditions,
the molar conductivity (Am) value for complex 2 of
304 S cm? mol* indicate a 1 : 2 complex electro-
Iyte type and suggest a chair conformation of the
tpmc ligand (Fig. 2a) and possible distorted octa-
hedral geometry of the complex. Both values in
accordance with literature data [30].
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Fig. 2. Proposal structure of the complex cation in the: a) Ni(ll) complex and b) Zn(11) complex; L = NOs™.

In the IR spectrum of complex 1 (Fig 3b) a
weak broad band at 2868.9 cm™ originates from
the stretching vibrations of CH; group, and a band
at 1573 cm™ from aromatic v(C=C) bending vibra-
tions. A sharp band at 1589.4 c¢cm, ascribed to
pyridine ring skeletal vibration in the spectrum of
free tpme (Fig. 3a) is displaced to 1610 cm™ upon
coordination [4]. Strong broad bands at 1361.4—
1295.3 cm* and 1021.3 cm™ are assigned to coor-
dinated nitrate [35]. Complex 2 (Fig. 3c) showed a
broad band due to hydrogen bonds at 3457.7 cm™
from bonded water crystal molecules. Also, the
strong asymmetric and symmetric vibrations of
CH, group at 2900-2700 cm™ observed in free
tpmc were weak and displaced in the spectra of
both complexes, which confirms the coordination
of tpmc. A weak band in the IR spectrum of com-
plex 2 at 2890.7 cm™ (m, CH,) were shifted to

Figure 3

higher energy when compared to that of free tpmc
as well as complex 1, thus indicating a different
conformation of the tpmc ligand. The band at
1610.3 cm™?, the (CN) vibration of pyridine, was
displaced to a higher-energy region compared to
free ligand [16], as in complex 1. The strong and
broad bands at 1506.3 cm™ and 1360.8 cm™ indi-
cated vibration of symmetrically coordinated ni-
trate ions, besides the bands at 1274.3cm™ and
1027.4 cm™, which corresponded to coordinated
nitrate [16, 21]. In IR spectra of both complexes
showed bands at 761.6 cm™ (1) and 778.4 cm™ (2)
due to vibration of 2-substituted pyridine [21].
Comparing the band seen in the spectrum of the
free tpmc ligand at 769 cm™, the complexes
showed shifts toward lower and higher energies,
which coincides with the acquirement of a differ-
ent conformation.
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Fig. 3. IR spectra of a) tpmc, b) complex 1 and ¢) complex 2
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The NMR spectra of complex 1 were rec-
orded in DMSO-d® at 500 MHz for *H and 50 MHz
for 3C, as described in the experimental section.
The *H NMR spectrum of complex 1 showed char-
acteristic pyridine proton peaks at 7.45-8.60 ppm.
Protons of aliphatic methylene groups appeared
below 3 ppm, while linked CH, protons between
pyridine and nitrogen belonging to cyclotetrade-
cane showed peaks at 4.17 ppm, as previously re-

T 15465
- 140,47
~=14g.25
-— 14152
— 138,03
12551
125.37
12469
123.79

-~ 15538

L
X

e

ported [29]. Chemical shifts in the 3C NMR spec-
trum of aliphatic carbon atoms from the cyclam
ring were at 38-56 ppm, while near 58 ppm were
methylene carbon atoms in groups connecting
cyclam and pyridine. Meanwhile, the chemical
shifts of pyridine carbon atoms were above
120 ppm, but the most intensive chemical shifts
(154.65 and 155.38 (Cp)) were seen for carbons
near the pyridine nitrogen (Fig.4).
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Fig. 4. 3C NMR spectrum of complex 1

To elucidate the preferred geometry of the
[Zna(tpmc)NOs]** complex, different model sys-
tems were used for ion DFT calculations. The ge-
ometry of the model system with the lowest calcu-
lated energy is shown in Figure 5. In this structure,
the 14-membered tpmc ring adopts a boat confor-
mation and the whole structure belongs to symmet-
ric B set [26] with short metal-metal distance (4.8
A). The coordination geometry around both Zn?*
centers is close to trigonal-bipyramidal (t parame-
ters are 0.92 and 0.86 for Znl and Zn2 centers).
Both metal center at equatorial positions are occu-
pied by one oxygen atom from the NOs~ bridging
ligand, nitrogen atom from 2-pyridylmethyl group
and nitrogen atom from tpmc. Apical positions are
occupied by two nitrogen atoms, one from tpmc
and the second from a 2- pyridylmethyl group.

Maced. J. Chem. Chem. Eng. 38 (1), 1-11 (2019)

Fig. 5. Optimized structure of the [Zn2(tpmc)NOs]** complex ion.
Colors: violet — zinc; red — oxygen; blue — nitrogen;
gray — carbon
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Antibacterial activity. In vitro bacterial ac-
tivity of free ligand, tpmc and its complexes were
investigated on six Gram-positive and two Gram-
negative bacterial strains. The MIC values of the
tested compounds are shown in Table 1.

All compounds showed weak antibacterial
activity against Gram-negative strains E. coli and
Klebsiella, compared to their activities on Gram-
positive strains. These results are in agreement
with previous research into tpmc complexes [19,
28]. The free ligand was almost inactive against
selected bacterial strains and showed only low ac-
tivity against an isolated strain of S. pseudinterme-
dius. Complexes 1 and 2 displayed different anti-
bacterial activity compared to tpmc.

Noticeably, all tested compounds showed
similar antibacterial activities toward almost all
investigated Staphylococcus strains.  Actually,
Cu(ll)-tpmc dianionic complexes displayed similar
antibacterial activity [28] against S. aureus. Never-

Tablel

theless, the exception was complex 1, which exhib-
ited a higher antibacterial activity against S.
pseudintermedius (80 ug ml?). Meanwhile, the
MIC values of complexes 1 and 2 against Klebsiel-
la were 320 and 640 pg ml?; the free ligand pos-
sessed lower activity toward the same bacterial
strain. This confirms previous studies into cyclam
derivative complexes [9]. On the other hand, com-
plex 1 exhibited moderate activities against all
Gram-positive bacterial strains (80-640 pg ml™?),
while the analogous nickel complex showed weak
effects (640-1280 pg ml™). Similar results have
been seen for zinc and nickel complexes with mac-
rocyclic tetraaza ligands [36]. Different antibacte-
rial activities of complexes and tpmc could be ex-
plained by chelation effects of the macrocyclic lig-
and, which reduce the polarity of the metal ions
and may result in increasing uptake of compounds
through the bacterial cell membrane.

Antimicrobial activity of investigated compounds

Bacterial strai MIC (ug ml?)

acteriat strain tpmc Complex1 Complex 2 0 A
Staphylococcus aureus
ATCC 29213 >1280 >640 >1280 0.25 -
Staphylococcus saprophyticus
ATCC 15305 1280 >640 1280 0.125 -
Staphylococcus pseudintermedius 640 640 640 >256
isolat .
Staphylococcus xylosus
ATCC 29991 >1280 >640 >1280 0.66 -
Staphylococcus pseudintermedius
ATCC 49444 1280 80 640 0.25 -
Enterococcus faecalis
ATCC 29212 1280 320 640 - <0.125
Escherichia coli ATTC 25922 >1280 >640 >1280 - 4
Klebsiella pneumoniae 51280 >640 51280 3 >128

ATTC 700603

O — Oxacillin, A — Ampicillin

Cytotoxicity. Cytotoxicity of investigated
compounds was determined by MTT assay in nor-
mal human HS-5 cells and MCF-7 and MDA-MB-
231 breast cancer cell lines (Fig. 6).

Interestingly, experimental results indicate
that both complexes, after three days incubation,
displayed lower cytotoxic activities on cancer cell
lines and normal human cell (IC50 >200 puM) than
did tpmc. In fact, under the same conditions, tpmc

showed an inhibition of both MCF-7 and MDA-
MB-231 cell viability (IC50 122 + 14 uM and 168
+ 17 uM, respectively). Even though several metal
complexes have shown antiproliferative activities
on different cancer cell lines, all of them have a
coordinated sphere of other organic ligands besides
tpmc; as a consequence, this may increase the
cytotoxic effects of metal complexes [19, 27, 28].
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4. CONCLUSIONS

This study reported the synthesis and char-
acterization of two new dinuclear complexes,
[Zn2(tpmc)(u-NO3)](NOs)s- CH3OH 1) and
[Ni2(tpmc)(NOs)2](NOs)2:3H.0 (2) by different
techniques. Based on elemental analysis, molar
conductivity and spectroscopy, in complex 1 Zn(1l)
ions are five-coordinated with trigonal-bipyramidal
geometry, while in complex 2 the Ni(ll) ions are
six-coordinated with a distorted octahedral geome-
try. Also, these complexes displayed different con-
formations of the tpmc ligand molecule, which in
complex 1 revealed a boat conformation, but a
chair conformation in complex 2. The complexes
showed lower cytotoxicity activities toward breast
cancer cell lines compared to the ligand-free tpmc
molecule. Furthermore, complex 1 demonstrated
better antimicrobial activity than did complex 2,
which may be related to the structural confor-
mation of the molecules. Finally, both complexes

Maced. J. Chem. Chem. Eng. 38 (1), 1-11 (2019)

can be used as starting compounds for the synthe-
sis of new mixed complexes, such as the already
used analogous complexes with tpmc as ligand.
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