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Synthesis, characterization, and in vitro anticancer studies of
chlorido(triphenylphosphine)ruthenium(II) dithiocarbamate complexes

Peter A. Ajibade and Fartisincha P. Andrew

School of Chemistry and Physics, University of KwaZulu-Natal, Scottsville, Pietermaritzburg, South Africa

ABSTRACT
Three chlorido(triphenylphosphine)ruthenium(II) dithiocarbamate complexes - [RuCl(PPh3)3(Mbzdtc)] 1,
[RuCl(PPh3)3(Ppipdtc)] 2, and [RuCl(Ph3)3(Mordtc)] 3 with Mbzdtc ¼ N-methylphenyldithiocarbamate,
Ppipdtc¼phenylpiperazyldithiocarbamate and (Mordtc) ¼ morpholinyldithiocarbamate were synthe-
sized and characterized by elemental analysis and spectroscopic techniques. The Ru(II) atom is six
coordinate and displays an octahedral coordination geometry, in which it is bonded to one dithiocar-
bamato anion acting as bidentate ligand. Electrochemical studies indicate for complexes 1 and 2 a
quasi-reversible one electron redox couple due to Ru(III)/Ru(II), whereas complex 3 showed two redox
couples due to Ru(III)/Ru(II) and Ru(II)/Ru(I). The E1/2 values observed toward the cathodic region are
consequence of the presence of S-S donor atom of the dithiocarbamate ligand. The anticancer poten-
tial of the complexes was assessed using sulforhodamine B (SRB) assay against renal (TK10) melanoma
(UACC62) and breast (MCF7) human cancer cell lines. Complex 1 exhibits the highest cytotoxic activity
against MCF7 with an IC50 value of 33.36lM, whereas complex 3 exhibits the lowest activity against
TK10 with an IC50 value of 91.95lM.
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Introduction

The introduction of cisplatin in 1965 as anticancer agent has
been a great breakthrough in the development of metallo-
pharmaceuticals.[1] This led to the discovery of many other
platinum-based drugs such as nedaplatin, carboplatin, oxali-
platin, heptaplatin, and laboplatin. Although cisplatin and
analogues are the best metallo-based therapeutic agents that
are used in about 70% of the cancer cases[2] they are often

constrained by severe toxicity, resistance, and narrow activ-
ity range.[3] Their nonspecific target of DNA and reaction
with proteins such as metallothioneins, thioredoxine, and
other thiol-containing molecules like cysteine, reduced gluta-
thione and methionine provide a pathomechanism of the
various side effects associated with their clinical applica-
tion.[4] Consequently, there has been a consistent search for
new compounds of other transition metals other than the
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classical platinum-based anticancer agents with the aim of
overcoming the side effect associated with the platinum-
based compounds.

In recent years, ruthenium-based complexes are being
studied as viable alternative to platinum-based anticancer
agents, which has led to the discovery of the therapeutic
potentials of trans-[Ru(Im)(DMSO)Cl4](Him) (NAMI-A)
and trans-[Ru(Ind)2Cl4](Hind) KP1019 (Ind¼ imidazole).[5]

Although the mechanisms of action of these ruthenium
compounds are still a matter of debate, ruthenium(II) and
ruthenium(III) oxidation states are known to be stable at
physiological conditions and are generally regarded as
redox-activatable prodrugs.[6–8] NAMI-A and KP1019
belong to this class of compounds and could be activated
in vivo via the reduction of ruthenium(III) to more active
ruthenium(II) species in the low oxygen environment of the
solid tumors.[9–12] Ruthenium belongs to the same triad as
iron and could mimic iron in binding to biomolecules, as it
can easily bind proteins such as transferrin (known to trans-
port iron in the body).[13] Cancer cells possess more trans-
ferrin receptors than normal cells,[14] although it is argued
that binding to transferrin does not necessarily mean tumor
cell accumulation. Tumor cells are believed to require more
iron than the healthier cells because they have more faster
cyclic activity compared to their healthier cell counterparts,
hence, they express large amount of transferrin receptors to
get this essential element. This means tumor cell accumula-
tion by transferrin might influence the ability of ruthenium
compounds to bind to DNA or other biomolecules.[15]

The development of metal-based therapeutic agents has
shown that in vitro and in vivo activities of metal complexes
can be fine-tuned by subtle changes in the coordinated
ligands. Many ruthenium complexes with ligands such as
azo-quinolines, polypyridyl, Schiff bases, thiosemicarbazones,
arenes, and dithiocarbamate, have been reported for their
cytotoxic activity.[16–21] However, very little has been done
on ruthenium(II) dithiocarbamate complexes as anticancer
agents.[22,23] Therefore, in view of this and the growing con-
cern in the design of metal complexes as anticancer agents,
we report the synthesis, characterization, electrochemistry,

and in vitro anticancer screening of chlorido(triphenylphos-
phine) ruthenium(II) dithiocarbamate complexes. The choice
of the dithiocarbamate ligand lies in their ability to stabilize
wide range of metal ions at different oxidation states coupled
with their rich electrochemistry and excellent biological activ-
ity.[24,25] The complexes were screened against renal (TK10)
melanoma (UACC62) and breast (MCF7) human cancer cell
lines to evaluate their anticancer potential.

Results and discussion

Synthesis and physicochemical data

The complexes [RuCl(PPh3)3(Mbzdtc)], [RuCl(PPh3)3 (Ppipdtc)],
and [RuCl(PPh3)3(Mordtc)] were synthesized by the reaction of
chloridotris(triphenylphosphine)ruthenium(II) and N-methylben-
zyl-, phenylpiperazyl-, and morpholinyl-dithiocarbamate ligands
in 1:1 ratio as presented in Scheme 1.

All the complexes were isolated as air stable solids in
moderate yields with melting points ranging from 189 to
217 �C. The complexes were highly soluble in dichlorome-
thane, chloroform and DMSO but insoluble in toluene, hex-
ane, and benzene. The molar conductance of the complexes
in the range of 2.94� 12.50Ohm�1cm2mol�1 measured in
DMSO indicated that the complexes are non-electrolytes
in solution.

FTIR spectroscopic studies

The FTIR spectra of the ligands and complexes due to
�(C—N) and �(C—S) stretching vibrations were compared
to deduce the mode of coordination of the ligands to the
ruthenium(II) ion. A single sharp �(C—N) vibrational band
was observed at 1498 cm�1 and 1492 cm�1 for complexes 1
and 2, respectively, as compared to those of the correspond-
ing free ligands, L1 (1625 cm�1) and L2 (1494 cm�1). In
complex 3, however, the vibrational frequency is observed at
1467 cm�1 compared to the free ligand at 1418 cm�1. Other
studies have shown that single sharp bands in the range of
1450–1550 cm�1 in dithiocarbamate complexes are typical of
carbon nitrogen bond order that is intermediate between the
stretching frequencies associated with C—N single bond
(1250–1350 cm�1) and double bond (1640–1690 cm�1).[26,27]

The shift observed in the metal complexes relative to those
of the free ligands is consistent with an increase in double
bond character of the C—N bon as a consequence of the
delocalization of electrons within the dithiocarbamate anion
bonded to the Ru(II) ion. In addition, the presence of a sin-
gle sharp �(C—S) band in the region of 1021–1026 cm�1

indicates a symmetrical coordination of the dithiocarbamate
anions to the Ru(II) ion. This confirmed that the dithiocar-
bamate anion acts as a bidentate chelating ligand to the
Ru(II) ion, otherwise two bands at approximately
1000 ± 70 cm�1 would have been observed for monoden-
tately coordinated dithiocarbamate anion.[26–37]

Table 1. Electronic spectra of ligands and complexes.

Compounds Wavelength (kmax nm) Assignment

Mbzdtc, L1 258, 285 (shoulder) n-p�/p-p� intraligand
Mbzdtc, L2 261, 286 (shoulder) n-p�/p-p� intraligand
Mordtc, L3 261, 287(shoulder) n-p�/p-p� intraligand
[RuCl(PPh3)3(Mbzdtc)] (1) 229

267–546
n-p�/p-p� intraligand

MLCT
[RuCl(PPh3)3(Ppipdtc)] (2) 230, 259

322–418
n-p�/p-p� intraligand

MLCT
[RuCl(PPh3)3(Mordtc)] (3) 229, 264

321–429
n-p�/p-p� intraligand

MLCT

Table 2. Summary of electrochemical data (V) recorded in CH2Cl2 at 25
mVs�1using TBAPF6 supporting electrolyte DEp ¼ Epa – Epc, E1/2 ¼ (Epa –
Epc)/2.

Complexes Epc (V) Epa (V) DEp (V) E1/2 (V) Range of scan

[RuCl(PPh3)3(Mbzdtc)] (1) –0.0389 0.1877 0.23 0.0744 –0.21 to 0.39 V
[RuCl(PPh3)3(Ppipdtc)] (2) 0.7049 1.0373 0.33 0.8711 0 to 1.4 V
[RuCl(PPh3)3(Mordtc)] (3) 1.0228

0.0912
1.2091
0.3581

0.19
0.27

1.1160
0.2247

–0.12 to 1.28 V
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Electronic spectra

The electronic spectra of the ligands and the corresponding
Ru(II) complexes are shown in Supporting Information
Figures S5, S10 and S15 for complexes 1, 2, and 3, respect-
ively, and relevant data are presented in Table 1. The spectra
are dominated by ligands to metal charge transfer electronic
transitions.

An electronic transition in the range of 258–261 nm with
a shoulder at 285–286 nm observed in the free ligands was
assigned to n-p�/p-p� intraligand transitions. These absorp-
tions shifted in all complexes with the appearance of should-
ers. A broad absorption band in the range of 267–546 nm
for complex 1, 322–418 nm for complex 2, and 321–429 nm
for complex 3 is assigned to metal to ligand charge transfer
transitions.[38]

1H and 31P NMR spectra

The 1H NMR spectra of the complexes 12 3 showed mul-
tiplets in the range 7.70–7.05 ppm (Supporting Information
Figures S16, S17 and S18, respectively). These multiplets are
due to the triphenylphosphine co-ligand and appeared a lit-
tle upfield relative to the aromatic signals of the free dithio-
carbamate ligands. The 31P NMR spectra showed a single
peak at 29.0 and 25.5 ppm for complexes 1 and 2, respect-
ively, which indicate that the phosphorus atoms of the tri-
phenylphosphine co-ligands are magnetically equivalent in
these complexes. However, complex 3 showed two peaks at
29.0 and 53.0 suggesting that the phosphorus atoms of the
phosphines are magnetically nonequivalent.[39]

Electrochemistry

The redox properties of the three complexes were probed
using cyclic voltammetry and square wave at a scan rate of
25mV/s. The electrochemical data is presented in Table 2.
The voltammogram of complex 1 (Supporting Information
Figure S19) displays a cathodic peak potential of Epc ¼
�0.0389V and a corresponding anodic peak potential of Epa
¼ 0.1877V in the range �0.21� 0.39V. The peak separation
(DEp) is 0.23V and E1/2 ¼ 0.0744V. The increase in the
value of DEp with increasing scan rate provides evidence for
quasi-reversible Ru III/II couple.[40,41] Similarly, complex 2
(Supporting Information Figure S20) was studied at
0� 1.4V potential range. The cathodic peak potential is Epc
¼ 0.7049V and the corresponding anodic peak potential is
Epa ¼ 1.0373V. The DEp value is 0.33V and E1/2 ¼
0.8711V, the increase of DEp with increasing scan rate indi-
cates a quasi-reversible one electron process due to Ru III/
II. The square wave (Supporting Information Figure S21)

also confirms this redox process. However, complex 3 exhib-
its two quasi reversible redox peaks (Supporting Information
Figure S22): the first at Epc ¼ 1.0228V and the correspond-
ing oxidation peak at Epa ¼ 1.2091V with DEp ¼ 0.19V
and the second at Epc ¼ 0.0912V and the oxidation peak at
Epa ¼ 0.3581V with peak separation DEp ¼ 0.27V. This is
also confirmed in the square wave scan (Supporting
Information Figure S23) where two peaks at the same region
were observed. The first peak may be attributed to Ru(III)/
Ru(II) couple and the second may be due to Ru(II)/Ru(I)
couple. The E1/2 values observed toward the cathodic region
in the voltammogram are a consequence of the presence of S-S
donor group of the dithiocarbamate ligands. This is consistent
with the proposition by Devagi et al. that hard donor atoms
tend to give more negative E1/2 values whereas soft donor
atoms such as dithiocarbamate give positive E1/2 values.

[42,43]

Anticancer studies

The complexes were screened using sulforhodamine B (SRB)
assay for their anticancer activity against renal (TK10),
UACC62 (melanoma), and breast (MCF7) human cancer
cell lines. The half maximum inhibitory concentrations
(IC50) that inhibit growth of the cancer cells are presented
in Table 3. The complexes exhibit low to moderate cytotox-
icity against the three cancer cell lines with IC50 values rang-
ing from 33.36 to 91.95lM. The anticancer potency of the
cell lines. The activity of the compounds is relatively lower
compared to that reported for Cu(II) and Zn(II) complexes
against these cancer cell lines.[25,44–46] Complexes 1, 2, and
3 were moderately active against MCF7 with IC50 values of
33.36, 38.18, and 41.07lM, respectively. Complex 1 also
exhibits a good activity against UACC62 cell line with IC50

value of 39.28. However, the activity of all complexes was
comparatively low against TK10 cell line with IC50 between
77.18 and 91.95lM. Similarly, the activity of complexes 2
and 3 were relatively low against UACC62 with IC50 72.32
and 90.20 lM, respectively. Although one cannot ascertain
the reason for the relative activity of the three compounds
against MCF7, the ruthenium(II) complexes have a capacity
to reduce the energy status in tumors as well as to enhance
tumor hypoxia, which also influences their antitumor activ-
ities.[47] Similarly, mixed ligand complexes tend to have
enhanced biological activity.[48]

Experimental

Materials and methods

All starting materials were purchased from Aldrich and used
without further purification. The 1H NMR spectra were
recorded at 400MHz and the 13C NMR spectra at 100MHz
with a Bruker Avance III 400MHz spectrometer at room
temperature using TMS as internal reference. All the proton
and carbon NMR shifts are quoted in ppm and relative to
relevant solvent signal. FTIR spectra were recorded in the
region 4000–500 cm�1 using Perkin Elmer spectrum 100
FTIR spectrometer. The UV–Visible spectra were recorded

Table 3. IC50 (lM) values of the Ru(II) complexes tested against renal (TK10),
UACC62 (melanoma), and breast (MCF7) cancer lines.

Complexes TK10 (lM) UACC62 (lM) MCF7 (lM)

[RuCl(PPh3)3(Mbzdtc)] (1) 79.39 39.28 33.36
[RuCl(PPh3)3(Ppipdtc)] (2) 77.18 72.32 38.18
[RuCl(PPh3)3(Mordtc)] (3) 91.95 90.20 41.07
Parthenolide 4.64 11.37 3.52
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using Cary100-UV–Vis spectrophotometer. Molar conduct-
ivity was measured with Jenway 4510 conductivity meter
using 10�3 molL�1 freshly prepared solutions of the com-
pounds. Human cancer cell lines TK10 (renal), UACC62
(melanoma), and MCF7 (breast) were obtained from
National Cancer Institute (NCI) in the framework a collab-
orative research program between the Council for Scientific
and Industrial Research (CSIR), South Africa, and NCI. In
vitro cytotoxic activity of the compounds was tested using
sulforhodamine B (SRB) assay. Electrochemical measure-
ments for the ruthenium complexes were performed with
Autolab potentiostat (with Nova 1.7 software) equipped with
three electrode system; a glassy carbon working electrode
(GCWE), Ag/AgCl reference electrode and an auxiliary plat-
inum counter electrode. Fresh 2mM solution of the complexes
and the supporting electrolyte (0.1M tetrabutylammonium
hexafluorophosphate) was prepared in dichloromethane. All
solutions were purged with nitrogen steam for about 10min
before every experiment. The glassy carbon working electrode
is polished between each run with slurry of alumina and ultra-
pure water on Buehler felt pad and rinsed thoroughly with
ultra-pure water.

Synthesis of sodium N-methylbenzyldithiocarba-
mate (Mbzdtc)
A method reported in the literature[44] was adopted for the
synthesis of this ligand. NaOH (2.0 g, 50mmol) was added
to methanolic solution of N-methylbenzylamine (6.0 g,
50mmol) and stirred for 30min, followed by the addition of
cold carbon disulfide (3.8 g, 50mmol). The reaction mixture
was stirred for 4 h at 0–4 �C; the resulting white precipitate
was filtered, washed several times with diethyl ether, and
dried under vacuum over silica. Yield, 96%, m.p 129 �C,
Km(Ohm

�1 cm2 mol�1): 44.60, Anal. Calcd for
Na(S2CNCH3CH2C6H5) � 2H2O: C, 42.34; H, 5.53; N, 5.49;
S, 25.12. Found: C, 42.20; H, 5.60; N, 5.46; S, 25.54%. 1H
NMR (400MHz, D2O) d¼ 7.52 (t, 3JHH ¼ 8.0Hz, 2H,
C6H5,), 7.42 (t, 3JHH ¼ 8.0Hz, 1H, C6H5,), 7.36 (d, 3JHH ¼
4.0Hz, 2H, C6H5,), 5.50 (s, 2H), 3.50 (s, 3H). 13C NMR
(400MHz, D2O): d¼ 210.1 (CS), 42.7 (N-CH3), 59.6 (N-
CH2-(C6H5)), 136.8, 126.8, 127.4, 128.9 (-C6H5), UV–Vis
(H2O): kmax ¼ 258, 285 nm. Selected IR data (solid state):
1625, �(C-N); 949, �(C-S) cm

�1.

Synthesis of sodium phenylpiperazyldithiocarba-
mate (Ppipdtc)
The ligand was prepared according to literature.[45]

Twomilliltre of a cold aqueous solution of NaOH (2.0 g,
50mmol) was added to 15mL of a cold methanolic solution
of 1-phenylpiperazine (8.07 g, 50mmol) followed by the add-
ition of cold carbon disulfide (3.80 g, 50mmol). The reaction
mixture was stirred for 4 h at 0–4 �C; the resulting white
precipitate formed was filtered, washed several times with
diethyl ether and dried over silica. Yield 78%, m.p 159 �C,
Km (Ohm�1 cm2 mol�1): 67.52, white solid, Anal. Calcd for
Na(S2CNC4H8NC6H5) � 2H2O: C, 44.58; H, 5.78; N, 9.45; S,
21.64. Found: C, 44.28; H, 5.82; N, 9.35; S, 21.92%. 1H NMR

(400MHz, D2O): d¼ 7.41 (t, 3JHH ¼ 8.0Hz, 2H, C6H5,),
7.17 (d, 3JHH ¼ 8.0Hz, 2H, C6H5,), 7.08 (t, 3JHH ¼ 8.0Hz,
1H, C6H5,), 4.50 (t, 3JHH ¼ 8.0Hz, 4H, CH2,), 3.24 (t, 3JHH

¼ 4.0Hz, 4H, CH2,).
13C NMR (400MHz, D2O): d¼ 209.0

(CS), 49.7, 50.5 (N-CH4CH4N-), 118.0, 122.2, 129.6, 150.3
(-C6H5). UV–Vis (H2O): kmax ¼ 261, 286 nm (shoulder).
Selected IR data (solid state): 1494, �(C-N); 994, �(C-S) cm

�1.

Synthesis of sodium morpholinyldithiocarbamate (Mordtc)
The sodium salt of morpholinedithiocarbamate was prepared
according to literature procedure.[40,42,43] To equimolar
amounts of morpholine (4.44 g, 50mmol) dissolved in
20mL of methanol and NaOH (2.0 g, 50mmol) cold carbon
disulfide (3.80 g, 50mmol) was added. The reaction mixture
was stirred for 4 h at 0–4 �C; the resulting white precipitate
was filtered, washed several times with diethyl ether, and
dried under vacuum over silica. Yield 65%, m.p 185 �C, Km

(Ohm�1 cm2 mol�1): 66.30. Anal. Calcd for
Na(S2CNC4H8O) � H2O: C, 29.55; H, 4.96; N, 6.89; S, 31.55.
Found: C, 29.18; H, 5.04; N, 6.92; S, 32.08%. 1H NMR
(400MHz, D2O): d¼ 4.45 (t, 3JHH ¼ 8.0Hz, 4H, CH2,), 3.84
(t, 3JHH ¼ 8.0Hz, 4H, CH2).

13C NMR (400MHz, D2O):
d¼ 209.4 (CS), 51.4, 66.1 (OCH4CH4N-). UV–Vis (H2O):
kmax ¼ 264, 286(shoulder) nm. Selected IR data (solid state):
1418, �(C-N); 979, �(C-S) cm

�1.

Synthesis of [RuCl(PPh3)3(Mbzdtc)] 1
N-Methylbenzyldithiocarbamate (0.0228 g, 0.104mmol) and
[RuCl2(PPh3)3] (0.10 g, 0.104mmol) were refluxed in 20mL
of methanol for 4 h. The resulting greenish like solution was
allowed to cool to ambient temperature. The precipitate
formed was filtered and washed with diethyl ether. Yield
58%, green solid, m.p 203 �C, Anal. Calcd for
[Ru(S2CNCH3CH2C6H5Cl(PPh3)3] � 4.5H2O: C, 62.70; H,
5.35; N, 1.18; S, 5.40. Found: C, 62.67; H, 5.19; N, 1.72; S,
5.09%. Km (Ohm�1 cm2 mol�1): 12.50. 1H NMR (400MHz,
CDCl3): d¼ 7.70-7.43 (m, 50H), 5.98 (s, 2H), 3.79 (s, 3H).
31P NMR (400MHz, CDCl3): d¼ 29.0. Selected IR data
(solid state): 1498, �(C-N); 1024, �(C-S) cm�1. UV–Vis
(CH2Cl2): kmax ¼ 229, 267–546 nm.

Synthesis of [RuCl(PPh3)3(Ppipdtc)] 2
Phenylpiperazyldithiocarbamate (0.104mmol, 0.0270 g) and
[RuCl2(PPh3)3] (0.104mmol, 0.10 g) were refluxed in 20mL
methanol for 4 h, the resulting greenish like solution was
allowed to cool. The precipitate formed was filtered and
washed with diethyl ether. Yield 52%, green solid, m.p
189 �C, Km (Ohm�1 cm2 mol�1): 11.11. Anal. Calcd for
[Ru(S2CNC4H8NC6H5)Cl(PPh3)3] � 2H2O: C, 65.23; H, 5.22;
N, 2.34; S, 5.36. Found: C, 65.55; H, 4.95; N, 2.01; S, 5.79%.
1H NMR (400MHz, CDCl3): d¼ 7.79-7.06 (m, 50H), 5.94 (s,
4H), 3.50 (s, 4H). 31P NMR (400MHz, CDCl3): d¼ 29.0,
Selected IR data (solid state): 1492, �(C-N); 1026, �(C-S) cm

�1.
UV–Vis (CH2Cl2): kmax ¼ 230, 259, 322–418 nm.
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Synthesis of [RuCl(Ph3)3(Mordtc)] 3
Morpholinyldithiocarbamate (0.104mmol, 0.0193 g) and
[RuCl2(PPh3)3] (0.104mmol, 0.10 g) were refluxed in 20mL
of methanol for 4 h. The resulting greenish like solution was
allowed to cool to ambient temperature. The precipitate
formed was filtered and washed with diethyl ether. Yield
58%, m.p. 217 �C, green solid, Km (Ohm�1 cm2 mol�1):
2.94. Anal. Calcd for [Ru(S2CNC4H8OCl(PPh3)3] � 2H2O: C,
63.06; H, 4.74; N, 1.27; S, 5.81. Found: C, 63.01; H, 4.87; N,
0.82; S, 5.99%. 1H NMR (400MHz, CDCl3): d¼ 7.70-7.06
(m, 45H), 5.95 (s, 4H), 3.50 (s, 4H). 31P NMR (400MHz,
CDCl3): d¼ 29.0. Selected IR data (solid state): 1467, �(C-N);
1021, �(C-S) cm�1. UV–Vis (CH2Cl2): kmax ¼ 229, 264,
321-429 nm.

Conclusion

Three chlorido(triphenylphosphine)ruthenium(II) dithiocar-
bamate complexes - [RuCl(PPh3)3(Mbzdtc)], [RuCl(PPh3)3
(Ppipdtc)], and [RuCl(PPh3)3(Mordtc)] – were synthesized
and characterized by FTIR, UV–Vis, and NMR spectros-
copy, elemental analysis, and cyclic voltammetry. The elem-
ental and spectroscopic data agree with the proposed
composition and structure of the compounds. The electro-
chemical studies showed one reversible Ru(III)/Ru(II) redox
couple in the voltammogram of complexes 1 and 2, whereas
for complex 3 two redox couples due to Ru(III)/Ru(II) and
Ru(II)/Ru(I) were observed, which was further confirmed by
their square wave plots. The in vitro anticancer activity of
the Ru(II) complexes was evaluated against three human
cancer cell lines: renal (TK10), melanoma (UACC62), and

breast (MCF7) using sulforhodamine B (SRB) assay.
Complex 1 with methyl benzyldithiocarbamate is the most
active followed by complex 2 with phenylpiperazyldithiocar-
bamate while complex 3 with morpholinyldithiocarbamate
showed low anticancer activity. The results indicate that
coordination of different dithiocarbamate anions with to
chlorido(triphenylphosphine) ruthenium(II) result in differ-
ent cytotoxic activities against the cancer cell lines. The
design of the complexes can be modified to obtain more
potent compounds.
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