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Abstract: Three new coordination compounds of copper(ll) with glycine (HGly) and 2,2'-bipyridine (bipy) were synthesized by solution-based
and mechanochemical methods: [Cu(Gly)(H20)(bipy)][Cu(Gly)(SOa4)(bipy)]-6H20 (1a-6H20), [Cu(Gly)(H20)(bipy)]2SOa (1b), [Cu(Gly)(H20)
(bipy)]2SO4-H20 (1b-H20). The amount of water in the reaction mixture influenced the product of crystallization. All compounds were
characterized by X-ray diffraction methods and form 1D infinite chains or 2D sheets of complex ions connected by m-interactions. Compounds
1a-6H20 and 1b were characterized by X-band electron spin resonance (ESR) spectroscopy and the values of g-tensors for Cu(ll) ions were
determined. Compounds 1a-6H20 and 1b showed pronounced antiproliferative activity toward a panel of six human cell lines. The most
impared was HepG2 cell line at 107> mol dm=3 concentration (74.5 % reduction of cell growth) followed by moderate activity toward KATO llI,
Caco-2, MDA-MB-231, PANC-1 and MRC-5 cells at 10™* mol dm= concentration of compounds 1a-6H20 and 1b. Generally, both compounds
express similar antiproliferative effect on evaluated cells.

Keywords: X-ray diffraction, ESR spectroscopy, crystallization, mechanochemistry, ternary coordination compounds, copper(ll), glycine, carcinoma,
tumor cell lines.

pronounced antitumor activity.[*7] Investigations by
different research groups showed that the mode of their

INTRODUCTION

c OPPER is an essential trace metal ion in our body and
is the key element for the regular function of many
proteins (cytochrome c oxidase, plastocyanin, ceruloplasmin,
dopamine-monooxygenase, tyrosinase, superoxide dismutase
(SOD)).IL21 Defects in copper homeostasis lead to human
diseases (Wilson's and Menkes disease). The first copper(ll)
complexes with amino acid were prepared in 1841 and
scientists' interest in these compounds continued in the
20th century.B1 Ternary coordination compounds of
copper(ll) with amino acids and heterocyclic bases have
been investigated for decades mostly due to their

action against tumor cells was DNA cleavage via reactive
oxygen species generation, mitochondrial toxicity, or direct
interaction with DNA.[8-12 Ternary coordination compounds
of copper with amino acids and heterocyclic bases have
been also investigated as model compounds in the study of
copper interactions with DNA/proteins.[13-15] Also, recently
this group of coordination compounds has been inves-
tigated for the purpose of developing new materials with
certain magnetic properties, chemical sensors, and the
potential of storing solvents or other molecules.l”15] Three
crystal structures containing copper(ll), 2,2'-bipyridine and
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glycinate are published in Cambridge Structural Database
(CSD),!*6] containing different anions (chloride, nitrate or
polyoxomolybdate). In all three reported crystal structures
geometry around the copper(ll) atom is a distorted square
pyramid, where 2,2'-bipyridine and glycinate ligands form
chelate rings with copper(ll) atom in the equatorial plane,
while solvent molecule (water or DMF) or chloride ion are
coordinated in the apical position.[17-20]

As a part of our ongoing research on ternary
copper(ll) coordination compounds with amino acids/amino
acid derivatives and heterocyclic bases [6:21-23] we explored
the versatility of intermolecular interactions and structure-
property relationship in ternary coordination compounds
of copper(ll) with glycine (HGly) and 2,2’-bipyridine (bipy).
We have performed solution-based and liquid-assisted
mechanochemical reactions of copper(ll) sulfate with
glycine and 2,2’-bipyridine. The effects of different copper(ll)
sulfates (hydrated and anhydrous) and solvent (water and
methanol) on crystallization and crystal structures were
investigated. The following new compounds were obtained:
[Cu(Gly)(H20)(bipy)][Cu(Gly)(SO4)(bipy)]-6H20 (1a-6H.0),
[Cu(Gly)(H20)(bipy)]12SO4 (1b), [Cu(Gly)(H20)(bipy)]2SO4-H20
(1b-H,0).

Considering that there were an estimated 19.2
million newly diagnosed cancer cases and 9.9 million cancer
deaths in 2020,124 it is important to find more effective and
selective, economical options to combat against cancer.
Since synthesized compounds (1a-6H,0, 1b, 1b-H,0)
contain copper(ll) in combination with amino acid, such
compounds have proven to be useful in the therapeutic
direction making them suitable as antitumor drugs.[?5]
Knowing the potential of copper(ll) complexes we tested
the biological potential of synthesized compounds as
antitumor remedies.

EXPERIMENTAL

Materials and methods
All chemicals for syntheses were obtained from commercial
sources (Gram-Mol, Carlo Erba, Acros, Scharlau, Alfa Aesar)
and were used without further purification. Grinding
experiments were performed on Retch MM200 vibrational
mixing mill operating at a frequency of 25 Hz, using Teflon
jars (V=14 mL) with one stainless steel ball (diameter 8
mm). All chemicals used for cell cultivation and bioassay
were manufactured by Sigma-Aldrich, MERCK.

Solution-based Syntheses

Synthesis of
[Cu(Gly)(H20)(bipy)][Cu(Gly)(SOa)(bipy)] - 6H0 (1a-6H,0)
Copper(ll) hydroxide (24.4 mg, 0.25 mmol), copper(ll)
sulfate pentahydrate (62.4 mg, 0.25 mmol), 2,2'-bipyridine
(78.1 mg, 0.5 mmol) and glycine (37.5 mg, 0.5 mmol) were

dissolved in 10.0 mL of water. The resulting mixture was
heated for 15 minutes at boiling point and then filtered.
Dark blue prisms, suitable for single-crystal X-ray diffraction
analysis, crystallized from the mother liquor. Crystals
gradually decompose outside the mother liquor.

Synthesis of [Cu(Gly)(H.0)(bipy)].SO4-H20 (1b-H;0)
Copper(ll) hydroxide (24.4 mg, 0.25 mmol), copper(ll)
sulfate pentahydrate (62.9 mg, 0.25 mmol), 2,2'-bipyridine
(78.1 mg, 0.5 mmol) and glycine (37.5 mg, 0.5 mmol) were
dissolved in 10.0 mL of methanol. The resulting mixture was
heated for 15 minutes at boiling point and filtered. Dark
blue prisms of 1b-H,0, suitable for single-crystal X-ray
diffraction analysis, crystallized from the mother liquor.
Crystals are stable outside of the mother liquor. Along with
1b-H,0, blue crystals of [Cu(u-SO4)(H20).(bipy)] (CSD
refcode: ABPZCU)[26! crystallize from the solution.

Synthesis of [Cu(Gly)(H.0)(bipy)]>SO4 (1b)
Copper(ll) hydroxide (24.4 mg, 0.25 mmol), anhydrous
copper(ll) sulfate (39.9 mg, 0.25 mmol), 2,2'-bipyridine
(78.1 mg, 0.5 mmol) and glycine (37.5 mg, 0.5 mmol) were
dissolved in 10.0 mL of methanol. The resulting mixture was
heated for 15 minutes at boiling point and filtered. Dark
blue prisms, suitable for single-crystal X-ray diffraction
analysis, crystallized from the mother liquor. Crystals are
stable outside the mother liquor.

Liquid-assisted Mechanochemical
Syntheses

Synthesis of
[Cu(Gly)(Hz0)(bipy)][Cu(Gly)(SO4)(bipy)] - 6H.0 (1a-6H;0)
Copper(ll) hydroxide (24.4 mg, 0.25 mmol), anhydrous
copper(ll) sulfate (39.9 mg, 0.25 mmol), 2,2'-bipyridine
(78.1 mg, 0.5 mmol) and glycine (37.5 mg, 0.5 mmol) were
placed into a milling jar and water was added (36 L,
2 mmol; n = 0.2 uL mg1). Grinding was performed for 15
minutes. The product was analysed by powder X-ray
diffraction and the pattern was consistent with the powder
pattern calculated from the crystal structure of 1a:-6H,0
(Scheme 2).

Synthesis of [Cu(Gly)(H.0)(bipy)]2SO4-H,0 (1b-H;0)
Copper(ll) hydroxide (24.4 mg, 0.25 mmol), copper(ll)
sulfate pentahydrate (62.4 mg, 0.25 mmol), 2,2'-bipyridine
(78.1 mg, 0.5 mmol) and glycine (37.5 mg, 0.5 mmol) were
placed into a milling jar and methanol was added (40 pL,
1 mmol; n = 0.2 uL mg1). Grinding was performed for 15
minutes. The product was analysed by powder X-ray
diffraction and the pattern was consistent with the powder
pattern calculated from crystal structures of 1b-H,0 and
[Cu(u-SO4)(H20)2(bipy)], but the diffraction pattern also
contained several diffraction maxima of unidentified
phases (Scheme 2).
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Synthesis of [Cu(Gly)(H20)(bipy)].SO4 (1b)
Copper(ll) hydroxide (24.4 mg, 0.25 mmol), anhydrous
copper(ll) sulfate (39.9 mg, 0.25 mmol), 2,2'-bipyridine
(78.1 mg, 0.5 mmol) and glycine (37.5 mg, 0.5 mmol) were
placed into a milling jar and methanol was added (40 pL,
1.0 mmol; n = 0.2 uL mg1). Grinding was performed for 15
minutes. The product was analysed by powder X-ray diffrac-
tion and the pattern was consistent with the powder pattern
calculated from the crystal structure of 1b (Scheme 2).

X-ray Diffraction Methods

Single-crystal X-ray diffraction data of 1a:6H,0, 1b-H,0
and 1b were measured on an Oxford Diffraction Xcalibur3
CCD diffractometer with MoK, radiation (A = 0.71073 A).
Crystals of 1a-6H,0 decompose outside of the mother
liguor so a single-crystal was placed into a capillary
transparent to X-ray radiation for data collection.
Diffraction data were processed in CrysAlisPRO program
package.[2”] Crystal structures were solved and refined in
WinGX software.l28] The crystal structure of 1a-6H,0 was
solved by SHELXT,[29] and crystal structures of 1b-H,0 and
1b were solved by SHELXSBY program. All structures were
refined using full-matrix least-squares refinement based on
F2 against all reflections in SHELXL program.31 All non-
hydrogen atoms were refined anisotropically. Hydrogen
atoms were placed in calculated positions (aromatic
hydrogen atoms) or in positions found in the Fourier
difference map. Hydrogen atoms belonging to all water
molecules were constrained to O—H and H--H distances to
0.85(1) A and 1.39(2) A, respectively. The sulfate ion in 1b
is disordered in two positions since the two-fold axis passes
through the sulfur atom and occupancies of oxygen atoms
were restrained to 0.5. Geometry parameters of crystal
structures were calculated using PLATON.32 Visualizations
of crystal structures were made using Mercury 2021.3.0.33]
Crystal structures of 1b, 1a-6H,0, 1b-H,0 are deposited in
Cambridge Structural Database under numbers 2217105—
2217107, respectively.

X-ray powder diffraction data were measured at
room temperature on a Panalytical AERIS diffractometer in
a Bragg-Brentano geometry using CuK, radiation (A =
1.54184 A). Measurements were performed in 26 range
5 —40° with a step size 0.022° and measurement time per
step 15.045 s. The data were analysed using Highscore
Software Suite.[34

X-band Electron Spin Resonance (ESR)
Spectroscopy

Bruker Elexsys 580 FT/CW ESR spectrometer was used to
investigate complexes 1a:6H,0 and 1b. The measurements
have been performed at liquid nitrogen temperature, 78 K,
and at room temperature, 298 K. During the ESR
measurements the microwave frequency was 9.71 + 0.01

GHz at the liquid nitrogen temperature and 9.63 + 0.01 GHz
for the measurements at room temperature. In all
measurements, magnetic field modulation amplitude was
set to 0.5 mT and modulation frequency to 100 kHz.

In vitro Assay of Biological Activity

1a-6H,0 and 1b were prepared in sterilized water as a
stock solution at the 102 mol dm=3 concentration. Prior to
application into the bioassay compounds were diluted in a
cell culture medium to obtain working concentration as
follows: 10-3; 10%4; 10~° and 10-¢ mol dm™3.

Cell Cultivation

Bioactivity of compounds 1a-6H,0 and 1b were evaluated
on a panel of six human cells lines: MRC-5 (normal
fibroblasts; ATCC CCL-171); Caco-2 (colorectal adeno-
carcinoma; ATCC HTB-37); KATO Il (gastric carcinoma;
ATCCHTB-103); PANC-1 (pancreatic carcinoma; ATCC CRL-
1469); Hep-G2 (hepatocellular carcinoma; ATCC HB-
8065,); MDA-MB 231 (mammary adenocarcinoma; ATCC
CRM-HTB-26). Cells were cultivated in the Dulbecco Modified
Eagle medium (DMEM) with the addition of 10 % fetal
bovine serum, 2 mmol dm=3 glutamine and 1 % of non-
essential amino acids in a CO; incubator (IGO 150 CELLIife
TM, JOUAN, ThermoFisher Scientific, Waltham, MA, USA)
until they reach 85 % of confluence. Cultivation was set
under a predetermined condition of 5 % CO, and 37 °C.
For further manipulation cells were detached from the
growth surface with 0.25 % trypsin/EDTA. The viability of
cells was identified by 0.2 % erythrosine B solution under
the light microscope (Axiovert 25, Carls Zeiss, Jena,
Germany).

Bioassay — MTT test
Antiproliferative effects of compounds 1a:6H,0 and 1b
were determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay.l*! Cells were
seeded in 96 micro well flat bottom plates (Greiner,
Frickenhausen, Austria) at a concentration of 2 x 104 cells
mL™1 and left overnight in the CO; incubator allowing them
to attach to the plate surface. 24 hours later, investigated
compounds were added and left to act for the next 72
hours. On the fifth day of the test, the medium was
discarded and 5 mg mL™! of MTT was added. After 4 hours
of incubation at 37 °C water-insoluble MTT-formazan
crystals were dissolved in DMSO. Absorbance was
measured at 595 nm on the Elisa microplate reader (iMark,
BIORAD, Hercules, CA, USA). Control cells were grown
under the same conditions. Blank represents medium
without cells containing MTT. All experiments were
performed at least three times in triplicates. The percent-
age of viable cells was calculated by the following equation:

(Asample _Abackground) / (Acontrol _Abackground) x 100 (%)-
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From obtained results, we calculated the con-
centration of compounds 1a-6H,0 and 1b leading to a
reduction of viable cells by 50 %. The parameter was des-
ignated as ICsp and applied for comparison among
investigated compounds (1a:6H;0; 1b).

STATISTICA 14.0.0.15 (TIBCO Software Inc. Tulsa,
USA)BB¢ was used for statistical analysis of the results of
biological activity. Results are expressed as the mean value
of triplicates () standard deviation (SD). Mann-Whitney
U test and student t-test were applied for data analysis.
Differences were considered statistically significant at
p < 0.05.

RESULTS AND DISCUSSION
Synthesis

Two approaches were used for the syntheses of different
solvates of ternary copper(Il) coordination compounds with
glycine (HGly) and 2,2'-bipyridine (bipy) — solution-based
syntheses and liquid-assisted grinding (LAG). In solution-
based syntheses, two different copper(ll) sulfates (anhydr-
ous and pentahydrate) were used, 2,2'-bipyridine, glycine
and copper(ll) hydroxide as well as two different solvents —
water and methanol (Scheme 1). In an aqueous solution,
with copper(ll) sulfate pentahydrate pure crystals of
[Cu(Gly)(H20)(bipy)][Cu(SO4)(Gly)(bipy)]-6H20 (1a-6H;0) were
obtained. When water was replaced with methanol,
with the same reactants, less hydrated [Cu(Gly)(H;0)
(bipy)]12S04-H20 (1b-H,0) crystallized, but in a mixture with
[Cu(p-SO4)(H20)a(bipy)] (CSD refcode: ABPZCU). By replacing
copper(ll) sulfate pentahydrate with anhydrous copper(ll)
sulfate we obtained [Cu(Gly)(H20)(bipy)]2SOs (1b) in
methanol solution.

In LAG synthesis we used different copper(ll) sulfates
(pentahydrate and anhydrous) to control the amount of
water in the system. All three compounds (1a-6H;0,
1b-H,0 and 1b) were obtained, but 1b-H,0 crystallized
along with [Cu(p-SO4)(H20)2(bipy)]. In the diffraction
pattern of 1b-H,O there are also some unidentified
diffraction maxima that cannot be attributed to either
reactants or other hydrates described in this paper. Due to
weak intensities and only few maxima we could not identify
this impurity phase. Powder diffraction patterns of the

HO0 | [Cu(Gly)(H,0)(bpy)][Cu(Gly)(SO,)(bipy)]-6H,0
=5 (1a:6H,0)

\_ N/
[Cu(Gly)(H,0)(bipy)],SO, H,0
/_( CHOH®M| 1bHO)
m o s [Cu{u-S0,)(H.0),(bipy)],
(CSD refcode: ABPZCU)

CuSO, xH,0 -
Cu(OH), CH,OH®M [Cu(Gly)(H,0)(bipy)1,SO,
x=0 (1b)

Scheme 1. Solution-based syntheses of compounds
1a-6H30, 1b-H;0 and 1b.
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Scheme 2. Liquid-assisted mechanochemical syntheses
(LAG) of compounds 1a-6H,0, 1b-H,0 and 1b. Powder
patterns with a red line are experimental powder patterns
of products of LAG reactions, while powder patterns with a
blue line are calculated from corresponding crystal
structures.

reaction products compared with calculated diffraction
patterns from crystal structures are given in Scheme 2.

Crystal Structures

Crystallographic data for 1a-6H,0, 1b-H,0 and 1b are given
in Table S1. ORTEP drawings with atom labelling scheme of
all compounds are given in Figure S1. The formula unit of
compounds 1b-H,0 and 1b contains two complex cations
[Cu(Gly)(H,0)(bipy)]* and one sulfate anion. In both
compounds copper(ll) ion is pentacoordinated by one N,N'-
donating bipyridine ligand and one N,O-donating glycinate
ligand in the basal plane and an apically coordinated water
molecule (Figure 1, Table S2). The asymmetric unit of
coordination compound 1b-H,0 additionally contains one
water molecule of crystalization per formula unit. In
1a-6H,0, the asymmetric unit contains the same complex
cation [Cu(Gly)(H,0)(bipy)]*, complex anion [Cu(Gly)(SOa)
(bipy)]- and six water molecules of crystallization. In
complex anion, the copper(ll) ion is also pentacoordinated
with one 2,2'-bipyridine and one glycinate in the basal
plane but with apically coordinated sulfate anion (Figure 1,
Table S2). In 1a-6H,0 geometry of both complex cation and
anion can be described as square-pyramidal with additional
close contact of the oxygen atom. The carboxylate group of
one complex cation is in close contact with a copper atom
of the neighboring complex cation (Cu-O distance is
2.975(2) A), while the water molecule of crystallization is
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Flgure 1 Schematic representation of complex cations and 1a-6H20
anions in 1a-6H,0, 1b-H,0 and 1b.
|
close to the copper atom of a complex anion (Cu-O f —ape———
distance is 3.245(3) A). Consequently, apical Cu-O bonds in S }
1a-6H,0 are longer (2.3589(17) and 2.608(2) A) than apical "‘T* [ ‘\ \
o — e ———
bonds in 1b-H,O and 1b (2.2429(15) — 2.2809(14) A) —
indicating trans-influence in 1a-6H,0. Also, complex cations ; B ] “‘r"’
[Cu(Gly)(H,0)(bipy)]* in 1a-6H,0 have more distorted geo- E [ e
metry than other complex cations in other two structures, —rey _ "
due to hydrogen bonding of coordinated water molecule |
with sulfate ion in neighboring complex anion (Figures 3 J
and S2). 1b-H,0 1b

Due to asymmetrical coordination in equatorial
plane, there are two possible isomers of complex species,
considering apically coordinated oxygen atom. Since all
described crystal structures are centrosymmetric, racemic
mixtures of all isomers are present in crystal structures.

In all three compounds, complex species are m-stacked
(Figure 2) forming 1D chains or 2D layers. In 1a-6H,0
complex anions form 2D layers (Figure S3) with centroid—
centroid (Cg—Cg) distances 3.7456(16)-4.3577(16) A, while
complex cations form dimers (closest Cg—Cg distance is
3.6557(13) A) which form 1D chains (with Cg—Cg distances
between dimers 5.3303(13)-5.9498(14) A). Only 1D chains
of m-stacked complex cations are present in 1b-H,0
(Cg—Cg distances 3.5590(12)-4. 1008(14) A) and 1b (Cg—Cg
distances 3.5435(12)-4.0381(14) A).

Extensive hydrogen bonding is present in all crystal
structures. All amino group hydrogen atoms, except one
belonging to complex cation in 1a-6H,0, form hydrogen
bonds with sulfate ions (d(N—H-Osyfate) = 2.752(4) —
3.002(4) A). In 1b-H,0 and 1b sulfate ions act as a bridge
between m-stacked chains of complex species (Figures 3a
and b, Table S3). In 1b sulfate ions are disordered in two
positions of equal occupancy (two-fold axis is passing
through sulfur atom) and sulfate in both positions form
equivalent hydrogen bonds (Figure 3a). In 1a-6H,0 amino
group of complex cations [Cu(Gly)(H,0)(bipy)]* is also
hydrogen-bonded to sulfate ion in [Cu(Gly)(SO4)(bipy)]- by
one hydrogen atom, and both amino group hydrogen
atoms in complex anions form intra- or intermolecular
hydrogen bonds with sulfate ions (Figure 3c). Five out of six
crystallization water molecules are interconnected through

Figure 2. m-stacking of complex species in compounds
1a-6H,0 (complex cations left, anions right), 1b-H,0 and 1b.

hydrogen bonds along c-axis and connect layers of complex
cations and anions (Figure S3). The sixth crystallization
water molecule is in a discrete pocket and connects com-
plex cations.

X-band Electron Spin Resonance (ESR)
Spectroscopy

Compounds 1a-6H,0 and 1b were investigated by X-band
electron paramagnetic resonance (EPR) or electron
spin resonance (ESR) spectroscopy. The representative
spectra, obtained at room temperature and liquid
nitrogen temperature are shown in Figure 4. For the
spectral simulations we used EasySpin softwarel37! with

the following form of the spin-Hamiltonian for copper(ll)
ions:[3839]

H=psB-g-S. (1)

In Eq. (1) us is Bohr magneton, g is the g-tensor, B is the
magnetic field and S is the electron spin operator. For all
simulations, hyperfine interaction i.e. the interaction
between electron and nuclear spins, was omitted because
it was not experimentally observed. In the spectral
simulations, the same values of g-tensors were used at both
investigated temperatures. The spectra were simulated
allowing the line width of the assumed Lorentzian lineshape
to change with temperature. The spin-Hamiltonian values
obtained from the simulations are given in Table 1.

DOI: 10.5562/cca3936
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Figure 3. Hydrogen bonds involved with sulfate ion in: a) 1b,
b) 1b-H,0 and c) 1a-6H,0. Oxygen atoms in two disordered
positions in 1b are marked with red and blue colors.

T=78K

ESR intensity (a.u.)

— simulation
— experiment

2;0 3(;0 3;0 4(‘)0 2;0 ' 360 3;0 400 i
B(mT) B(mT)
Figure 4. Experimental (black lines) and simulated (red lines)
ESR spectra of polycrystalline samples of the investigated
complexes 1a-6H,0 and 1b at 78 K and at 298 K. The ESR
intensities of the spectra at different temperatures are
presented in the real ratios.

The small variations in the local geometry of Cu(ll)
coordination can cause the distribution of g, g,~ and g,
values around some average values.[*! This effect
described by grain parameters is also considered in the
simulations with the values presented in Table 1. The
obtained g-values are in agreement with the literature
data.l*ll Obtained values gy = g, < g, are expected for the
elongated octahedral, square pyramidal or square planar
copper geometry.l42l This is in agreement with structurally
determined distorted square pyramidal geometries in
these compounds. In the case of 1a:6H,0, there are two
copper(ll) ions in the asymmetric unit, but due to mutually
similar copper geometries and g-parameters, only one ESR
line is observed in powder spectra. The distance between
the two nearest copper atoms is 5.333 A and 5.142 A for
1a-6H,0 and 1b, respectively. The Cu—Cu distances are
large enough for significant exchange interactions to be
observed in these compounds.

Anticancer Activity
Bio evaluation of compounds 1a-6H,0 and 1b against a
panel of five human malignant cell lines opposite normal
MRC-5 fibroblast point to a very similar pathway of activity
of both compounds. Panel of evaluated cell lines was
chosen with the intent to estimate the potential targeting
tissue of evaluated compounds since all malignant cell lines
originated from the most diagnosed cancers in the world 24,
Notably impaired by the presence of compounds 1a-6H,0
and 1b were Caco-2, PANC-1 and KATO I, followed by
MDA-MB 231, Hep-G2 and MRC-5 (Figure S4). The most
illustrious concentration was 10 moldm=3 on the
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Table 1. The principal g-values obtained from the ESR spectral simulations, together with the parameter used for the

simulations: gstrain and linewidths /.

Compounds g=1[gx g9y g:] lw/mT T/K
[0.02 0.08 0.09] 437 78
1a-6H,0 (2.072.072.22] [0.03 0.12 0.16] 2.67 298
[0.110.02 0.08] 388 78
N 2.06 2.06 2.21] [0.02 0.08 0.09] 4.65 298
Table 2. ICso concentration of compounds 1a-6H,0 and 1b.
ICso / uM
MDA-MB 231 Hep-G2 KATO Il PANC-1 Caco-2 MRC-5
1a-6H0 21.0 (1.1) 5.1(1.1)* 12.4 (1.2)* 19.0 (2.1) 11.0 (0.3)* 40.4 (1.9)
1b 24.6 (1.7) 5.1(0.8)% 1m.1(1.8)* 10.4 (2.1)* 10.2 (1.)* 37.2(2.8)

Mean (SD) of three independent experiments (+ SD); student t-test (*p < 0.05; #p < 0.01 ) compared to MRC-5.

evaluated cell panel. Cell growth of named cell lines was
suppressed from 94.9 % (Caco-2) up to 79.8 % (MRC-5)
indicating significant antiproliferative activity (p < 0.05) of
compounds 1a-6H,0 and 1b. Hep-G2 was the most
sensitive to the presence of evaluated compounds which
was seen by the high impact of 10> mol dm=3 concen-
tration which reduce cell growth by 74.5 %. Gained results
of the MTT bioassay provide insight into the anti-
proliferative activity of synthesized compounds and allow
us to appraise inhibitory concentration which reduces cell
growth by 50 % (ICso). Results indicate selective influence
on different cell lines with spare effect on normal human
fibroblasts (ICso = 37.2; 40.4 uM). Malignant cancer cell
lines express higher sensitivity towards 1a:-6H,0 and 1b
compounds what is visible from 1Csp values (Table 2).

CONCLUSIONS

We have shown that by controlling the amount of solvent and
the selection of reactants — it is possible to obtain different
ternary copper(ll) coordination compound with 2,2'-bipyridine
and glycine. In a controlled manner by reactions in solution
as well as in the solid state we obtained two hydrates
([Cu(Gly)(H20)(bipy)][Cu(SO4)(Gly)(bipy)]-6H.0 (1a-6H;0),
[Cu(Gly)(H20)(bipy)]2SO4- H,0 (1b-H,0)) and one anhydrous
coordination compound ([Cu(Gly)(H20)(bipy)]2SO4 (1b)). Even
when a low amount of water was present in the reaction
mixture in methanolic solution, an aqua complex was
formed (1b), showing a high preference of those ternary
compounds towards water. Although crystals of 1a-6H,0
decompose in the air at room temperature we were able to
obtain a pure compound in mechanochemical synthesis
indicating that the compound is stable under reaction
conditions (high relative humidity). 1b-H,O was not

obtained pure, it crystallized with [Cu(pu-SO4)(H,0)2(bipy)]
in solution-based and solid-state synthesis. Compounds
with less water content 1b-H,O and 1b have some
similarities in their structure, they both contain the same
building units — complex cations [Cu(Gly)(H,0)(bipy)]* and
sulfate ions. Both structures have similar packing of
complex cations by m-interactions into infinite 1D chains.
1a:6H,0 on the other hand contains complex cations
[Cu(Gly)(H,0)(bipy)]* and complex anions [Cu(Gly)(SOa)
(bipy)]-, where anions form 2D layers through m-interactions,
while cations form dimers which form 1D chains. Some
intermolecular interactions are conserved in all structures
— the presence of n-interactions between bipyridine rings
and hydrogen bonds between amino groups of glycinate
and sulfate ions. From ESR simulations, g-values of Cu(ll)
ions were determined for 1a-6H,0 and 1b compounds,
which is in the agreement with copper square-pyramidal
geometries. Although compounds 1a:6H,0 and 1b vary in
the preparation process (water/methanol solution) from a
biological point of view they act very similarly on chosen
cell lines. Since both compounds indicate a significant
antiproliferative effect on malignant cancer cells with a
spare effect on normal cell line we can conclude that these
two compounds have the potential for further biological
evaluation.
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Figure S1. Asymmetric unit of 1a-6H.0, 1b and 1b-H0. Displacement ellipsoids of non-hydrogen atoms
are drawn at the 50% probability level. Oxygen atoms of one disordered part of sulfate ions are shown
in blue colour.





Figure S2. Overlapped complex cations of 1a:6H,0 (light blue), 1b (dark blue) and 1b-H,0 (yellow and
red).

Figure S3. Packing of complex anions (blue) and cations (yellow) in 1a-6H,0 a) in b-c plane and b) a-b
plane. Blue surfaces in a) show contact surface around water molecules. Hydrogen bonds in b) are
shown as cyan lines.
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Figure S4. Antiproliferative effect of compounds 1a and 1b. Data are presented as mean (SD) of cell
viability (%) obtained from three independent experiments done in triplicate. (*) statistically significant
(P <0.05) in respect to control group determined by Mann-Whitney U — test.





Table S1. Crystallographic data for coordination compounds 1a-6H,0, 1b and 1b-H,0

Compound 1a:6H,0 1b 1b-H,0
Formula Co4H38CuaNgO15S  Ca4H28CuU2N6010S C24H30Cu2Ng011S
Formula weight 809.74 719.66 737.68
Space group P1 C2/c P 2:/c
a/A 7.3674(3) 21.6670(12) 20.1814(9)
b/A 10.6440(5) 6.7922(3) 6.7748(3)
c/A 21.6080(8) 21.0213(11) 20.9225(8)
af° 85.638(3) 90 90
B 87.793(3) 121.389(7) 106.977(4)
7° 71.320(4) 90 90
V/A3 1600.38(12) 2640.9(3) 2736.0(2)
Deaic/g cm™ 1.680 1.810 1.791
u/mm1 1.474 1.761 1.705
F(000) 836 1472 1512
Orange/° 4.3-30.0 4.2-27.0 4.2-27.0
T/K 293 150 150
\F:Z‘ii;:igth 0.71073 0.71073 0.71073
Range of h. k. | -9-9,-13-14, -27-27, -8-8, -25-23, -8-8,
-28-28 -26-26 -26-26
Eslflfcctt:;”s 30616 21309 31716
nglizfiZiint 7685 2875 5961
Observed
reflections 6622 2489 5172
(I=20)
Rint 0.041 0.051 0.040

R, wR?[I1220(1)]
Goodness-of-fit,
SC

No. of
parameters
Apmin, Apmax

(e A7)

CCDC no.

0.0389, 0.0992

1.05

521

-0.89, 0.61

2217106

0.0280, 0.0669

1.05

237

-0.27,0.40

2217105

0.0316, 0.0751

1.05

453

-0.57,0.40

2217107

AR=X | | Fo| _l Fcl | /Zl Fol ; b WR = [Z(FDZ - FcZ)Z/ZW(Foz)Z]l/Z; tS= Z[W(FOZ - Fcz)z/(Nobs - Nparam)]l/2





Table S2. Selected bond lengths (A) and angles (°) for compounds 1a-6H,0, 1b and 1b-H.0.

1a-6H,0 1b 1b-H,0

Cul-011  1.9423(15)  1.9469(19)  1.9473(16)
Cul-013  2.608(2) 2.2429(15)  2.2535(14)
Cul-N1 1.981(2) 1.9860(19)  1.989(2)
Cul-N11  1.9898(17)  1.9949(17)  1.9955(19)
Cul-N110 1.9982(17)  2.017(2) 2.0140(19)
Cu2-011S  2.3589(17) - -

Cu2-021  1.9526(18) - 1.9222(18)
Cu2-023 - - 2.2809(14)
Cu2-N2 1.978(2) - 1.998(2)
Cu2-N21  1.988(2) - 1.998(2)

Cu2-N210  2.0069(19) - 2.0073(19)





Table S3. The geometry of selected hydrogen bonds for compounds 1a-6H,0, 1b and 1b-H;0.

D-H-A D-H/A H--A/A D--A/A D-H--A /3
N2-H2A--014S 0.92(3) 2.07(4) 2.930(3) 155(3)
N2-H2B:--0135? 0.85(3) 2.14(3) 2.925(3) 154(3)
la-6H,0  O1W-H1W2--014S°  0.85(4) 2.40(5) 3.077(3) 138(4)
013-H13A--0135 0.85(3) 1.92(3) 2.736(3) 164(3)
O6W-H6W1--0118°  0.85(3) 2.04(3) 2.876(3) 167(3)
N1-H1A--012S 0.84(3) 2.17(3) 3.002(4) 175(3)
N1-H1A.-0125° 0.84(3) 1.97(3) 2.752(4) 154(3)
N1-H1B.-0115¢ 0.88(3) 2.14(3) 2.956(4) 154(3)
1b N1-H1B.--0135* 0.88(3) 2.00(3) 2.868(4) 168(3)
013-H13A.-011° 0.83(3) 2.05(3) 2.856(3) 163(3)
013-H13B---0115 0.829(18) 2.09(3) 2.807(4) 145(3)
013-H13B---0145f 0.829(18) 1.967(16) 2.737(4) 154(3)
N1-H1A--0125# 0.87(3) 2.10(3) 2.958(3) 170(3)
N1-H1A--01258 0.89(3) 2.01(3) 2.890(3) 170(2)
1b-H,0 N1-H1A--0125" 0.84(3) 2.14(3) 2.947(3) 159(3)
N1-H1A--012§' 0.87(3) 2.03(3) 2.899(3) 173(2)
O1W-HI1W1--0145¢  0.84(2) 2.05(2) 2.868(3) 164(3)

-1+x,,2; °14x,y,2; “x,y,1/2-z; Ox,1+y,2; °-X,-y,1-z; *-x,y,1/2-z; &x,-1+y,-14Z; "x,1/2-y,-1/2+2 ;'x,3/2-y,-

1/2+z





