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Abstract

Two new thiosemicarbazone ligands, 2-propionylthiazole ethylthiosemicar-
bazone (PTZ-ETSC), and 2-propionylthiazole tert-butylthiosemicarbazone
(PTZ-tBTSC), along with their two copper(Il) complexes, [Cu(PTZ-ETSC)CI]
and [Cu(PTZ-tBTSC)CIl], are reported here for the first time. Once characte-
rized by NMR and MS, these mono-anionic tridentate ligands were reacted
with Cu®" to form the square planar metal complexes [Cu(PTZ-ETSC)CI] and
[Cu(PTZ-tBTSC)CI]. The x-ray crystal structure of the [Cu(PTZ-tBTSC)Cl]
complex shows that the complex adopts a square planar arrangement around
the copper(Il) ion, but forms a sulfur-bridged dimer in the solid state. Both of
the copper complexes displayed strong inhibition of human topoisomerase Ila
at activities between 2 - 4 uM for [Cu(PTZ-ETSC)Cl], and between 8 - 10 pM
for the [Cu(PTZ-tBTSC)Cl] complex. The EC50 values for the MDA-MB-231
breast cancer cell line were 82.6 uM for (PTZ-ETSC), 17.9 uM for [Cu(PTZ-
ETSC)Cl], 97.8 uM for (PTZ-tBTSC), and 1.41 pM for [Cu(PTZ-tBTSC)Cl].
The EC50 values for the MCF7 breast cancer cell lines were 9.36 uM for
(PTZ-ETSC), 0.13 pM for [Cu(PTZ-ETSC)Cl], 0.333 uM for (PTZ-tBTSC),
and 0.093 uM for [Cu(PTZ-tBTSC)Cl].

Keywords

Topoisomerase, Breast Cancer, Thiosemicarbazones

DOI: 10.4236/0jmc.2018.82004

Jun. 29, 2018 30

Open Journal of Medicinal Chemistry


http://www.scirp.org/journal/ojmc
https://doi.org/10.4236/ojmc.2018.82004
http://www.scirp.org
https://doi.org/10.4236/ojmc.2018.82004
http://creativecommons.org/licenses/by/4.0/

E. C. Lisicetal.

1. Introduction

Thiosemicarbazones are exceptionally versatile multidentate ligands that coor-
dinate to many transition metals with hundreds of papers in the literature dis-
cussing their biological activities, their analytical uses, and their ability to coor-
dinate transition metal ions in a variety of oxidation states and geometries [1]
[2] [3] [4] [5]. Thiosemicarbazones often act as high affinity bidentate, triden-
tate, or tetradentate chelating agents depending upon their structural backbone,
often losing a hydrazinic proton during chelation to become mono-anionic [1]
(6] [71.

Interestingly, a specific subset of tridentate thiosemicarbazone ligands that
have been referred to as a-(N)-heterocyclic thiosemicarbazones have extremely
powerful anti-proliferative properties against a wide variety of microbes and
cancer cells [8] [9] [10]. Some of these a-(N)-heterocyclic thiosemicarbazones,
such as Triapine®, have potent activity against the enzyme ribonucleotide re-
ductase which catalyzes the conversion of ribonucleotides into deoxyribonucleo-
tides, providing the precursors required for DNA synthesis when a cell is divid-
ing [11] [12] [13]. With their N-N-S tridentate coordination backbone, these
a-N-heterocyclic thiosemicarbazones have been shown to chelate to biologically
important transition metals, such as Cu(II) and Fe(II) [14] [15] [16] [17]. Coin-
cidentally, literature shows that the copper complexes of several series of triden-
tate mono-anionic a-(N)-heterocyclic thiosemicarbazones are now known to al-
so exhibit greater antineoplastic activity and work by an entirely different me-
chanism than the ligands themselves [18] [19] [20].

Several series of these Cu(II) complexes of a-(N)-heterocyclic thiosemicarbazones
including acetylpyridine-thiosemicarbazones, acetylpyrazine-thiosemicarbazones, as
well as benzoylpyridine-thiosemicarbazones, have been demonstrated to have
high activity against cancer cell lines due to inhibition of the human topoiso-
merase IIa enzyme [21] [22]. The structural similarity in these three different
series of Cu complexes is that they exhibit a slightly distorted square-planar
geometry around the metal center, and have a general formula [Cu(TSC)CI]
[19].

This work expands upon that type research by introducing a previously un-
known series of a-(N)-heterocyclic thiosemicarbazones ligands based on a
2-propionyl-thiazole backbone, and their Cu(II) complexes, and shows that the
Cu complexes not only inhibit function of human topoisomerase IIa, but have
significant activity against two different breast cancer cell lines. The structural

representations for these new compounds are shown in Figure 1.

2. Experimental
2.1. Material and Methods
All reagents and solvents used to synthesize the ligands and the copper com-

plexes were purchased from Sigma-Aldrich or Alfa-Aesar and used without fur-

ther preparation unless otherwise noted. Recombinant human Topoisomerase

DOI: 10.4236/0jmc.2018.82004

31 Open Journal of Medicinal Chemistry


https://doi.org/10.4236/ojmc.2018.82004

E. C. Lisicetal.

CH [3] [Cu(PTZ-ETSC)Cl]

’ s

vl [ o
H—N 7 CH,

s N
[1] PTZ-ETSC \f CuCly . /
\

S% HCI s\(N
@ [ cHCH \

S N
[2] PTZ-tBTSC \f CuCl ‘ /
\

|
s I HCI s AN
ﬁy/KCHQ—CH3 \( CH,

N
H~ C—CH;
CHj

Figure 1. The Propionyl-thiazole-TSC Ligands and the reaction to form their Copper (II)
Complexes.

IIa was overexpressed and purified from yeast Saccharomyces cervisiae as de-
scribed [23]. The enzyme was stored in the buffer with 50 mM Tris (pH7.8), 750
mM KCl, 40% Glycerol and 0.5 mM DTT as 1 mg/mL stock in liquid nitrogen.
Recombinant pBR322 plasmid was amplified and purified following the protocol
of Qiagen™ Plasmid Mega Kit.

2.2. Instrumentation

The melting points were taken with a Stanford Research Systems Digimelt
MPA160, and TLCs were taken with Whatman 250 pm layer PE SIL G/UV po-
lyester-backed plates. The thiosemicarbazone ligands were characterized by
'H, “"C DEPTQ-135, 'H-'H COSY, 'H-"C HSQC, 'H-"N HSQC, 'H-"C
HMBC, and 'H-""N HMBC NMR techniques as well as mass spec. NMR spec-
troscopy was carried out at the Center for Structural Chemistry, Tennessee
Technological University (USA). The spectra reported here were measured
with a Bruker Avance III HD 500 spectrometer at 500.13 MHz ('H), 50.69 MHz
(®N) and 125.03 MHz (**C) at 25°C equipped with a PRODIGY cryoprobe. For
these measurements, the substances were dissolved in the appropriate deuterated

solvent, and the chemical shifts were referenced to the solvent residual peak.
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Coupling constants (J) are given in Hertz. The '"H NMR experiments were ac-
quired using Bruker’s standard PROTON (zg30) NMR pulse sequence with the
following parameters: Relaxation delay, 1 s; 90° pulse, 12.0 ps; spectral width,
10,000 Hz; number of data points, 32 K; and digital resolution, 0.153 Hz/point.
The UV-Vis data was gathered using a Cary Varian 3E UV-Vis Spectrophoto-
meter. Each sample was diluted to 10 ppm and scanned over a range of 200 - 800
nm. All mass spectrometry data was taken with a Varian 300/310/320-MS
LC/MS Quadrupole Mass Spectrometer in negative mode using APCI. The co-
rona current was set to —5.00 pA, while the shield potential was set to —600.00
volts. The housing, drying gas, and vaporizer gas temperatures were set to 50°C,
150°C, and 350°C respectively. The drying, nebulizing, and vaporizer gas pres-
sures were each set to 12.0 psi, 55.0 psi, and 17.0 psi. For the mass spectrometry
data, each sample was dissolved in minimal amounts of dimethyl sulfoxide and

then diluted to 10 ppm in methanol.

2.3. Synthesis and Characterization

All reagents and solvents used to synthesize the ligands and the copper com-
plexes were purchased from Sigma-Aldrich or Alfa-Aesar and used without fur-

ther preparation unless otherwise noted.

2.3.1. Synthesis of PTZ Ligands
PTZ-ETSC:
(E)-N-ethyl-2-[1-(thiazol-2-yl) -propylidene] hydrazinecarbothioamide.

In a 50 ml round-bottomed flask containing a magnetic stir bar was added
1.045 g (7.40 mmol) of 2-propionylthiazole and 0.8810 g (7.39 mmol) of 4-ethyl-
3-thiosemicarbazide. The reagents were dissolved in 30 mL of isopropanol, and 5
mL of a 1% by weight sulfuric acid solution in isopropanol was added to catalyze
the reaction. The reaction mixture was heated to 60°C and stirred for 24 hours.
The solution was cooled to 0°C overnight. The white crystalline precipitate
formed was filtered and dried. Yield: 1.530 g (6.31 mmol), 85.4%. MP: 137.6°C.
Theoretical MS m/z (relative intensity) for [1]-H": 241.06 (100%). Actual MS
m/z (relative intensity) for [1]-H*: 241.0 (100%).

H-Bonded Conformer: '"H NMR (500 MHz, DMSO-d}) &'13.30 (s, 1H, hydra-
zinic), 8.69 (t, /= 6.0 Hz, 1H, thioamide), 8.25 (d, /= 3.3 Hz, 1H), 8.09 (d, /= 3.3
Hz, 1H), 3.65 - 3.57 (m, 2H), 3.01 (q, /= 7.5 Hz, 3H), 1.27 (t, /= 7.4 Hz, 3H) 1.16
(t, /= 7.1 Hz, 3H).

Non-H-Bonded Conformer: '"H NMR (500 MHz, DMSO-d;) 10.78 (s, 1H, hy-
drazinic), 8.23 (t, /= 6.0 Hz, 1H, thioamide), 7.88 (d, /= 3.2 Hz, 1H), 7.78 (d, /=
3.2 Hz, 1H), 3.65 - 3.57 (m, 2H), 2.78 (q, / = 7.4 Hz, 2H), 1.15 (t, /= 7.1 Hz, 3H),
1.06 (t, /= 7.5 Hz, 3H).

Ratio of H-Bonded Conformer/Non-H-Bonded Conformer at 1 hour (35/1)
and at 24 hours (2.5/1).

PTZ-tBTSC:

(E)-N-tert-butyl-2-[1-(thiazol-2-yl) -propylidene] hydrazinecarbothioamide
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In a 50 ml round-bottomed flask containing a magnetic stir bar was added
1.071 g (7.58 mmol) of 2-propionylthiazole and 1.1463 g (7.57 mmol) of
4-tertbutyl-3-thiosemicarbazide. The reagents were dissolved in 30 mL of iso-
propanol, and 5 mL of a 1% by weight sulfuric acid solution in isopropanol was
added to catalyze the reaction. The reaction mixture was heated to 60°C and
stirred for 24 hours. The solution was cooled to 0°C overnight. The white crys-
talline precipitate formed was filtered and dried. Yield: 1.430 g (5.29 mmol),
69.8%. MP: 135.7°C. Theoretical MS m/z (relative intensity): 269.09 (100%).
Actual MS m/z (relative intensity): 269.0 (100%).

H-Bonded conformer: 'H NMR (500 MHz, DMSO) 'H NMR (500 MHz,
DMSO) 613.22 (s, 1H, hydrazinic), 8.26 (d, /= 3.2 Hz, 1H), 8.10 (d, /= 3.2 Hz,
1H), 7.89 (s, 1H, thioamide), 2.80 (q, /= 7.3 Hz, 1H), 1.53 (s, 1H), 1.24 (t, /= 7.3
Hz, 1H).

Non-H-Bonded conformer: "H NMR (500 MHz, DMSO) 10.84 (s, 1H, hydra-
zinic), 7.89 (d, /= 3.2 Hz, 1H), 7.76 (d, /= 3.2 Hz, 1H), 7.76 (s, 1H, thioamide),
2.99 (q, /=7.5Hz, 1H), 1.54 (s, 1H), 1.07 (t, /= 7.5 Hz, 1H).

Ratio of H-Bonded Conformer/ Non-H-Bonded Conformer at 1 hour (7.6/1)
and at 24 hours (1/1.68).

2.3.2. Synthesis of Copper Complexes
[Cu(PTZ-ETSC)Cl]

Chloro-[ N-ethyl-2-[1-(thiazol-2 -yl-’N") -propylidene) hydrazinecarbothioamidato-
kN, k8] -copper(I])

The [Cu(PTZ-ETSC)CI] complex was synthesized by the same procedure as
used for the [Cu(PTZ-tBTSC)Cl] complex below. Yield: (56.6%), TLC Sili-
ca/ethyl acetate (Ry): 0.91, Theoretical MS m/z (relative intensity) for [3]™: 338.96
(100%), 340.95 (85.6%). Actual MS m/z (relative intensity): 338.7 (100%), 340.9
(84.5%).

Anal. Found: C, 31.55; H, 3.79. Calcd. for C,H,;CICuN,S,: C, 31.76; H, 3.85.
UV-VIS: A, nm (&): 421 (30.85), 23,753 cm™, 683 (0.6115), 14,641 cm™.

[Cu(PTZ-tBTSC)Cl]

Chloro-[ N-tert-butyl-2 -[1-(2-thiazol-2 -yl-kN') propylidene) hydrazinecarboth-
ioamidato-kN, kS -copper(Il)

In a 100 mL round-bottomed flask containing a magnetic stir bar was added
0.3234 g (1.90 mmol) of copper (II) chloride dihydrate. This was dissolved in 25
mL of ethanol with stirring, and then 0.5150 g (1.90 mmol) of 2-propionylthiazole
tert-butylthiosemicarbazone (PTZ-tBTSC) which was slurried in 30 mL of etha-
nol was added to the flask to initiate the reaction. An immediate dark green col-
or was produced. A reflux condenser was added to the flask and it was heated at
65 degrees Celsius overnight. The dark green solution was filtered hot, and the
resulting solution was allowed to cool. The flask was capped and placed in the
refrigerator for four days yielding the crystals used to obtain the crystal struc-
ture.

Yield: 0.512 g (1.39 mmol), (73.1%). TLC Silica/ethyl acetate (R): 0.90. Theo-
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retical MS m/z (relative intensity): (100%). Actual MS m/z (relative intensity):
366.8 (100%), 368.2 (43.3%). Anal. Found: C, 35.55; H, 4.79; Calcd. for
C,,H,,CICuN,S,: C, 35.86; H, 4.65. UV-VIS: 1__, nm (&): 423 (35.11), 23,640
cm™, 684 (0.6340), 14,620 cm ™.

2.4. Crystallographic Data Collection and Structure Determination

Black block crystals of [Cu(PTZ-tBTSC)Cl] were grown from a methanol solu-
tion of the compound with cooling. A crystal of dimensions 0.08 x 0.09 x 0.10
mm was mounted on glass filament with silicone grease a Bruker Apex2
CCD-based X-ray diffractometer equipped with an Oxford N-Helix Cryosystem
and fine focus Mo-target X-ray tube (1 = 0.71073 A) operated at 2000 W power
(50 kV, 40 mA). The X-ray intensities were measured at 173(2) K; the detector
was placed at a distance 6.000 cm from the crystal. A total of 5002 frames were
collected. The total exposure time was 13.89 hours. The frames were integrated
with the Saint software package using a narrow-frame algorithm. The integra-
tion of the data using a triclinic unit cell yielded a total of 44,474 reflections to a
maximum 6 angle of 34.97° (0.62 A resolution). The final cell constants of a =
7.9302(2) A, b = 8.9315(2) A, ¢ = 12.0625(3) A, a = 105.3380(11)°, B =
101.3206(11)°, y=108.2728(11)°, volume = 745.14(5) A3, are based upon the re-
finement of the xyz-centroids of 9673 reflections above 20 o(I) with 5.158° < 26
< 69.79°. Data were corrected for absorption effects using the multi-scan method
in SADABS. The space group was assigned as triclinic P-1 using XPREP of the
Bruker ShelXTL package, solved with ShelXT and refined with ShelXL 2014/7
and the graphical interface ShelXle, with Z = 1 for the formula C,,H,,N,S,Cl,Cu,
where the asymmetrical unit C,,H,,N,S,CICu dimerizes across an inversion cen-
ter [24]. All non-hydrogen atoms were refined anisotropically. H atoms attached
to carbon and nitrogen were positioned geometrically and constrained to ride on
their parent atoms. U;,(H) values were set to a multiple of U,(C) with 1.5 for
CH,, and U, (H) values were set to a multiple of U.(C) and U, (N) with 1.2 for
CH,, CH, and NH, respectively. Full matrix least-squares refinement based on
F2 converged at R1 = 0.0210 and wR2 = 0.0542 [based on I > 20(I)], R1 = 0.0205
and wR2 = 0.0563 for all data. Complete crystallographic data, in CIF format,
have been deposited with the Cambridge Crystallographic Data Centre. CCDC
1,560,749 contains the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge Crystallographic Data

Centre via https://www.ccdc.cam.ac.uk/structures/.

2.5. Topolla Mediated Relaxation Assay

The assay has been described previously [21] [22]. A 20-ul reaction is set up with
0.2 pg of Topolla, 0.3 ug of DNA pBR322, 2 mM ATP and DMSO (ND) or dif-
ferent concentrations (1 - 10 uM) of thiosemicarbazone compounds. The reac-
tions were incubated at 37°C for 30 min and terminated by addition of 3 uL of
stop solution (77.5 mM EDTA, 0.77% SDS). Then proteinase K was added to the
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reaction for incubation at 45°C for 30 min. The products were subject to elec-
trophoresis in 1% agarose gel in 1x TBE buffer. The results were imaged with

BioRad Gel Doc XR+ imaging system.

2.6. Methods for Alamar Blue Viability Assay of Breast Cancer
Cells Exposed to Topoisomerase II Inhibitors
2.6.1. Cell Culture and Plating
Cell lines used were MDA-MB-231 (cancerous, epithelial-type human breast
adenocarcinoma cells), and MCF-7 (cancerous, epithelial-type human breast
adenocarcinoma cells). Adherent cells were cultured in 25 cm? or 75 cm? tissue
culture flasks within a humidified incubator at 37°C and 5% CO,. DMEM con-
taining L-glutamine (Lonza) supplemented with penicillin/streptomycin and
10% FBS was used as the complete culture medium. Confluent cells were trypsi-
nized, cell clumps dissociated by gentle pipetting, and split using a 1:10 ratio into
fresh flasks containing pre-warmed complete media. Cell counts were performed
by staining 100 pL of cells with 100 pL of trypan blue (Hyclone) and then
counted on a hemocytometer. With this number determined, cells were diluted
in complete media to a concentration 25,000 cells/mL, and 200 uL/well of a cell
solution was added to a 96-well plate using a multichannel pipette. Plated cells
were placed in the humidified incubator at 37°C and 5% CO, to incubate for 24
hr prior to drug addition.

2.6.2. Viability Assay of the Ligands and Copper Complexes

After cells were cultured for 24 hr, the existing culture media was replaced with
complete media containing dilutions of compounds PTZ-ETSC, [Cu(PTZ-ETSC)Cl],
PTZ-tBTSC, and [Cu(PTZ-tBTSC)Cl] ranging from 1000 uM down to 0.001 pM.
The dilutions were generated using serial dilutions of prepared DMSO stock so-
lutions of 10 mM in ACS-grade DMSO (Fischer) which were stored at —20°C
until use. Wells were also prepared with 200 pL of complete media only or 200
uL of complete media with 1:100 dilution of DMSO as positive controls. Both
positive controls were found to be statistically equivalent showing no added tox-
icity of DMSO at the highest applied concentration of DMSO. The 96-well plate
was then incubated (humidified, 37°C, 5% CO,) for 24 hr after application of the
compounds. Alamar Blue (Thermo Scientific) was then added to each well using
complete media as a carrier to attain 8% Alamar blue per well and applied using
a multichannel pipette. The plate was then placed back into the incubator and
allowed to incubate for approximately 5 hr, after which fluorescence measure-
ments were made at 560 nm excitation and 590 nm emission using the Tecan in-
finite M200 Pro reader.

2.6.3. Data Analysis
Initial analysis of fluorescence data were performed with Microsoft Excel 2013
normalized by the fluorescence signal from positive controls. Statistical analysis,

data fitting, and plot generation was performed with GraphPad Prism 6; norma-
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lized data were fit using log(inhibitor) vs. response with variable slope (four pa-
rameter) model. This model calculated EC50 and Hill slope values for each

curve.

3. Results and Discussion

3.1. Synthesis of Ligands and Ligand Conformations in Solution

The synthesis of the PTZ-ETSC and PTZ-tBTSC ligands proceeds in good yield
to produce clean, crystalline off-white solids. These ligands have some solubility
in polar organic solvents such as methanol, ethanol, and isopropanol, and are
more soluble in acetone and DMSO; but they are not appreciably soluble in wa-
ter.

These ligands show evidence of two conformers in solution at equilibrium at
room temperature as seen by '"H NMR. We have shown this type of equilibrium
to be between an intramolecular hydrogen-bonded (HB) form and a
non-hydrogen bonded (NHB) form for the analogous ligands ATZ-ETSC and
ATZ-tBTSC, which has been recently published [25].

The thiosemicarbazone hydrazinic N-H hydrogen H(1) appears between 13.30
ppm and 10.78 ppm in each molecule. Moreover, the HB form of the hydrazinic
H(1) was shifted greatly downfield an average of 2.45 ppm which supports its
participation in a hydrogen bond [25]. The hydrazinic proton is the most down-
field shifted of all the protons on the HB form, and the further away from the
hydrogen bond the protons are on the molecule the lesser they are shifted. The
next protons to feel the effect of the hydrogen bond are the thiazole ring protons
of which there are two. Signals for the thiazole ring hydrogens were found as two
doublets between 8.26 ppm and 7.76 ppm in both the HB and NHB forms. The
signals from the HB form were shifted up field on average 0.37 ppm for H(rl)
and 0.32 ppm for H(r2). This is consistent with the data from the ATZ-ETSC
and ATZ-tBTSC molecules reported previously which had shifts of 0.38 ppm
and 0.31 ppm for the same thiazole ring protons [25]. The thioamide protons
reported here H(th) appear between 7.76 ppm and 8.69 ppm. The signal for the
HB form of H(th) shifted on average 0.30 ppm downfield also supporting the
presence of this hydrogen bond. Parts of these molecules that should not expe-
rience substantial changes in their chemical environment with the formation of
an internal hydrogen bond such as the ethyl hydrogen’s and the tert-butyl hy-
drogen’s were shifted an average of 0.01 ppm downfield reinforcing the local
nature of these chemical shift changes due to the hydrazinic hydrogen bond.

Thus far the minor and major forms of the series of molecules reported here
can be visualized as an internally hydrogen bonded HB and non-hydrogen
bonded NHB hydrazinic H configurations as shown in Figure 2.

To ascertain the exact form of the major and minor configurations of this se-
ries of thiosemicarbazones the nitrogen chemical shifts were examined. This was
achieved via 'H-""N HSQC and 'H-""N HMBC NMR with all nitrogen nuclei be-

ing clearly visible in all spectra.
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Figure 2. Hydrogen bonded (HB) and non-hydrogen bonded (NHB) forms of the ligands
found in d6-DMSO solvent at ambient temperature.

In this system, the thiazole nitrogen appears between 304 ppm and 312 ppm.
In the minor form the resonance shifts an average of 4.55 ppm up field. This up-
field shift is consistent with the hydrogen bond reducing the sp* character of and
increasing its sp® character. The protonation of the thiazole ring and resulting
resonance stabilized tautomer that would be one of the expected contributing
resonance forms of the molecule in the hydrogen bonded conformation.

The two conformations of the PTZ-ETSC and the PTZ-tBTSC ligands are in
equilibrium in solution after approximately 12 hours in DMSO, and cannot be
isolated. The discerned ratios change from primarily HB conformation initially
in solution (the PTZ-ETSC HB/NHB ratio of 35/1 and PTZ-tBTSC HB/NHB ra-
tio of 7.6/1) to more nearly equal ratios (the PTZ-ETSC HB/NHB ratio of 2.5/1
and PTZ-tBTSC HB/NHB ratio of 1/1.68) of both conformers.

3.2. Copper Complexes

The alpha-(N)-heterocyclic thiosemicarbazones chelate metal ions such as Cu(II)
by loss of the hydrazinic proton, which results in a tridentate mono-anionic li-
gand, and this ligand then becomes planar with apparent resonance stabilization.

The [Cu(PTZ-tBTSC)CI] complex crystallizes as a S-bridged dimeric form, a
type that has been reported in the literature for several similar compounds [26]
[27]. The dimeric crystal structure of [Cu(PTZ-tBTSC)CI] is shown in Figure 3.

The Cu (II) complexes of a-(N)-heterocyclic thiosemicarbazones seem to
generally crystallize in three fashions, 1) as simple square-planar monomers, 2)
as S-bridged dimeric structures, and 3) as halide bridged dimers [27]. The rea-
sons for these types of solid state structures existing as monomers or as dimers
for [Cu(TSC)CI] complexes are unknown, but possible contributing factors are
the nature of the heterocyclic ring, the bulkiness of substituents on the ring and
the thioamide arm [26]-[32].

In the dimer there is 3.482 A between Cu centers, which is consistent with re-
ports in the literature of other similar Cu(II) a-(N)-heterocyclic thiosemicarba-

zones compounds [27]. It is important to note that the crystal structure is of the
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Figure 3. Crystal structure of [Cu(PTZ-tBTSC)Cl] as a dimer.

solid material, but that the biological work reported in the next sections is on the
compounds in solution.

As we and others have noted, the mass spec data shows that the [Cu(TSC)Cl]
compounds are monomers in solution. Thus, the biologically active Cu(II) spe-
cies are not dimers, but solvated monomers; we believe that the solution struc-
ture of the [Cu(PTZ-ETSC)CI] and [Cu(PTZ-tBTSC)CI] complexes is indicated
by the monomeric structure shown in Figure 4. This conclusion is backed up by
our mass spec data listed in the synthesis section, which shows that the molecu-
lar ion in negative APCI mode indicates the monomer is the actual species in

solution.

3.3. The Copper(II) Complexes Inhibit Topolla-Mediated DNA
Plasmid Relaxation

Previous studies have shown that Cu(II) thiosemicarbazone complexes inhibit
Topolla activities in Topolla-mediated DNA plasmid relaxation assays [21]
[22]. We tested [Cu(PTZ-ETSC)CI] and [Cu(PTZ-tBTSC)CI] inhibition on hu-
man Topolla, and some of that data is shown in Figure 5.

The ligands PTZ-ETSC and PTZ-tBTSC didn’t show any inhibition of the
Topolla enzyme at concentrations less than 50 uM, and so aren’t included in
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Figure 4. Crystal structure of [Cu(PTZ-tBTSC)CI] as a monomer.

[Cu(PTZ-ETSC)] [Cu(PTZ-tBTSC)]
NTND 1 2 4 6 8 10 ND 1 2 4 6 8 10

1 2 3 4 5 6 7 8 9 10 1112 13 14 15

Figure 5. Dose-dependence inhibition of Topolla by [Cu(PTZ-ETSC)Cl] and
[Cu(PTZ-tBTSC)CI].

Figure 5, however, the dose dependence inhibition of human topoisomerase Ila
is shown for both of the Cu(II) complexes compared in this study.

The [Cu(PTZ-ETSC)Cl] or [Cu(PTZ-tBTSC)Cl] metal complexes with con-
centrations of 1, 2, 4, 6, 8 or 10 uM were incubated with Topolla and pBR322 in
the presence of 2 mM ATP. The NT lane is the control without Topolla. ND is
the control with 1% of DMSO, and no TSC drugs. The result here is one repre-
sentative of four independent experiments. Relaxed (R) DNA and Supercoiled
(SC) DNA are denoted on the right on the assay. The SC DNA is relaxed by
Topo to form the R DNA, and so the addition of drug causes the Topo inhibi-
tion which is revealed by the presence of the SC DNA on that gel lane.

As shown in Figure 5, concentrations of [Cu(PTZ-ETSC)CI] or [Cu(PTZ-tBTSC)ClI]
were examined from 1 - 10 uM. The results show that [Cu(PTZ-ETSC)CI] inhi-
bits Topolla at ~2 uM, while [Cu(PTZ-tBTSC)Cl] inhibits at ~10 uM. Our data
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suggest that both [Cu(PTZ-ETSC)Cl] and [Cu(PTZ-tBTSC)Cl] exhibit excellent
inhibitory activities on Topolla, but that the [Cu(PTZ-ETSC)Cl] complex inhi-
bits Topo at even lower concentrations than does the[Cu(PTZ-tBTSC)Cl].

3.4. In Vitro Viability Assays

The in vitro viability assay of compounds PTZ-ETSC, PTZ-tBTSC, [Cu(PTZ-ETSC)Cl)]
and [Cu(PTZ-tBTSC)Cl] was determined using two cancerous, epithelial-type
human breast adenocarcinoma cell lines, MDA-MB-231 and MCF7. Compound
concentrations ranging from 0.001 - 1000 pM were used and cell viability was
assayed after 24 hours of incubation with the compounds in complete DMEM

media.

3.4.1. MDA-MB-231 Assays

The MDA-MB-231 cells were treated with ligands or copper complexes after a
48 hr recovery time. Then, the cells were allowed to incubate another 24 hr with
the inhibitors before assaying with Alamar Blue. Concentration of inhibitors and
ligands ranged from 0.001 uM to 1000 uM. All fluorescence data were collected
after 4 hr of incubation with Alamar Blue. Each concentration was tested in rep-
licates of 4.

Cells were initially plated at a target density of 5000 cells/well in a 96-well
plate. Inhibitors were added to the wells after 48 hours of incubation. Then, the
cells were allowed to incubate another 24 hours with the inhibitors before assay-
ing with Alamar Blue. Here, cell viability refers to the fraction of Alamar Blue
signal relative to a positive control of healthy (no inhibitor) cells. Viability is
proportional to the fluorescence signal from the conversion of Alamar Blue-greater
signal means greater viability.

As shown in Figure 6 for one experiment of six of cellular viability using the
four new compounds (each experiment had 4 replicates done for each concen-
tration) the most effective compound for activity against the MDA-MB-231 breast
cancer cell line was the [Cu(PTZ-tBTSC)Cl] complex.

The EC50 values for the MDA-MB-231 breast cancer cell line were 82.6 uM
for (PTZ-ETSC), 17.9 uM for [Cu(PTZ-ETSC)Cl], 97.8 uM for (PTZ-tBTSC),
and 1.41 uM for [Cu(PTZ-tBTSC)CI].

1.4+
2,1 -~ PTZ-ETSC
. -m- [Cu(PTZ-ETSC)CI]
S 1'Oi::,: S T A i Ll
= o8} i <1 < -v- [Cu(PTZ-BTSC)CI]
O 06- ¥
]
g 04 :
© .
z 0.2
2 0.0 . r T ==
024 2 A4 0 12 3

log of Conc (1uM) of Inhibitor

Figure 6. One of the MDA-MB-231 cell viability experiments.
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3.4.2. MCF-7 Assays

MCF7 cells were treated with inhibitors and uncomplexed ligands after a 94 hr
recovery time. Then, the cells were allowed to incubate another 24 hr with the
inhibitors before assaying with Alamar Blue. Concentration of inhibitors and li-
gands ranged from 0.01 pM to 1000 pM. All fluorescence data were collected af-
ter 4 hr of incubation with Alamar Blue. Each concentration was tested in repli-
cates of 4.

As shown in Figure 7 for one experiment of six of cellular viability using the
four new compounds (each experiment had 4 replicates done for each concen-
tration) the most effective compound for activity against the MCF-7 breast can-
cer cell line was also the [Cu(PTZ-tBTSC)Cl] complex. The EC50 values for the
MCEF7 breast cancer cell lines were 9.36 uM for (PTZ-ETSC), 0.13 uM for
[Cu(PTZ-ETSC)Cl], 0.333 uM for (PTZ-tBTSC), and 0.093 pM for [Cu(PTZ-tBTSC)Cl].

4. Conclusions

The PTZ-ETSC and the PTZ-tBTSC ligands form two conformers each in the
solution state which can best be described as the non-hydrogen-bonded confor-
mer and the hydrogen-bonded conformer. It is not known if the two conformers
that are in equilibrium in solution exhibit different biological properties. How-
ever, the biological studies presented here show that the PTZ-tBTSC compound
has more anti-proliferative action (probably ribonucleotide reductase poisoning,
as with Triapine) against both MDA and MCEF-7 cancer cell lines studied than its
PTZ-ETSC analogue. This could be due to the fact that at equilibrium, the
PTZ-tBTSC has a higher ratio of non-hydrogen-bonded conformer than does
PTZ-ETSC, however, the tert-butyl group is more lipophilic than the ethyl
group, and this difference in lipophilicity may indicate that the PTZ-tBTSC en-
ters the cell more effectively than the PTZ-ETSC.

More importantly, the copper complexes of the ligands are far more effective
at inhibition of the Topo enzyme than the ligands themselves, and also inhibit
viability of both cancer cell lines more than the ligands. The ligands will not in-
hibit Topo at concentrations below 50 uM, however, the [Cu(PTZ-tBTSC)CI]
complex inhibits Topo at 8 - 10 uM, and the smaller [Cu(PTZ-ETSC)Cl] com-
plex inhibits Topo at lower levels down to 2 - 4 uM. The [Cu(PTZ-ETSC)CI]

1.4
-~ PTZ-ETSC
-m- [Cu(PTZ-ETSC)CI]
A+ PTZ-tBTSC

-v- [Cu(PTZ-BTSC)CI]

Normalized Cell Viability

-2 -1
log of Conc (uM) of Inhibitor

Figure 7. One of the MCF-7 cell viability experiments.

DOI: 10.4236/0jmc.2018.82004

42 Open Journal of Medicinal Chemistry


https://doi.org/10.4236/ojmc.2018.82004

E. C. Lisicetal.

complex is the better inhibitor of Topo, possibly because it is smaller than the
[Cu(PTZ-tBTSC)Cl] complex and can somehow interact with the Topo with less
steric hindrance. However, that is not the case when compared to the breast
cancer cell viability assays. For the breast cancer cell lines the larger and more
lipophilic [Cu(PTZ-tBTSC)Cl] complex is more effective with lower EC50 val-
ues. The results may possibly be explained by greater cell permeability of the
[Cu(PTZ-tBTSC)Cl] complex through the cell membranes which equates to
more cell bioavailability.
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