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Abstract: A ruthenium(ll)—arene complex with picolinic acid, [(#5-p-cyme-
ne)RuCl(pico)]-H,0, was prepared by the reaction of [(5%-p-cymene)RuCl,],
with picolinic acid in a 1:2 molar ratio in 2-propanol. The compound was cha-
racterized by elemental analysis, and IR and NMR spectroscopy. X-ray diffrac-
tion analysis showed that the molecule adopts a “three-leg piano-stool” geo-
metry, which is common for this type of complexes. The cytotoxic activity of
the complex was tested in two human cancer cell lines Hel.a (cervix) and FemX
(melanoma) by MTT assay. The I1Cs values were at 82.0 and 36.2 umol dm-3
for HeLa and FemX cells, respectively.
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INTRODUCTION

The structures and chemical properties of metal complexes of some pyridine
carboxylates have been widely investigated.1= Picolinic acid (2-pyridinecar-
boxylic acid) is a biologically important ligand incorporated into some enzymes,
and it is an active agent in some drugs as well.6-11 It is also catabolite of L-tryp-
tophan detected in the human body.1213 Picolinates are used as dietary supple-
ments. In particular, the chromium(l11) complex reduces diabetes risk and there-
fore is used as a dietary supplement for obese people.14 Zinc picolinate revealed
an effect in the oxidant—antioxidant balance in patients with chronic obstructive
pulmonary disease.1® Alkaline picolinates inhibit the growth of Escherichia
coli.16.17 Platinum complexes with picolinic acid have been synthesized and
screened for cytotoxic activity.18
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In recent years, ruthenium complexes have gained much attention19-23 in at-
tempts to overcome the downsides of platinum complexes. Organometallic com-
plexes and half-sandwich complexes of Ru(ll) emerged as promising scaffolds
for anticancer drug design.24-35 They often show aqueous solubility along with
the necessary lipophilicity. The electronic system of the arene ligand stabilizes
the metal in its lower oxidation state and also provides a hydrophobic face in the
complex, which might enhance transport of ruthenium through cell membranes.
In addition, ruthenium compounds possess good cytotoxic activity, while not no-
tably affecting normal cells.36:37 One aspect of the action of ruthenium com-
plexes is their ability to bind with the serum proteins: transferrin and albumin.38
Tumor cells are more susceptible to ruthenium complexes due to an increased de-
mand for iron and therefore there is an increased number of transferrin receptors
on their surface.3940 |n addition, because ruthenium can mimic iron in binding to
carrier proteins, its excess can be removed from cells, which is the reason for
lower toxicity of ruthenium complexes compared to platinum complexes.3°

Recently, two series of Ru(ll)-arene complexes with functionalized pyridines
were described of the general formulae [(#8-p-cymene)Ru(XY)CI] and [(15-p-
-cymene)Ru(X)Clo], where XY were the mono-anionic N,O-bidentates 2,3-
pyridine-, 2,4-pyridine-, 2,5-pyridine- and 2,6-pyridine-dicarboxylate, while X
were monodentate ligands 3-acetylpyridine, 4-acetylpyridine, 2-amino-5-chlo-
ropyridine, isonicotinic or nicotinic acid bound to ruthenium(ll) via the pyridine
nitrogen.41

Herein the X-ray diffraction structure of [(#8-p-cymene)Ru(pico)Cl] and its
antiproliferative activity in two human cancer cell lines (cervix HeLa and mela-
noma Femx) are reported. Since the introduction of picolinate into a metal com-
plex can result in enhanced activity, 4243 the aim of this work was to compare the
activities of the prepared complex with previously described analogue com-
plexes.#! 1t should be noted that the complex was previously described but its X-
ray diffraction structure has not hitherto been reported.44

EXPERIMENTAL
Materials and measurements

Picolinic acid was purchased from Acros Organics and used without further purification.
[(#8-p-Cymene)RuCl,], was prepared according to a published procedure.> Elemental anal-
ysis was redlized using an Elemental Vario EL Il microanalyzer. The infrared spectra were
recorded on a Nicolet 6700 FT-IR spectrometer using the attenuated total reflectance (ATR)
technique. The H- and 13C-NMR spectra of the ligand and the complex were recorded on a
Varian Gemini 200 instrument. Chemical shifts were referenced to residual *H and 13C pre-
sent in deuterated dimethyl sulfoxide.

Synthesis of the complex

To a warm solution of [(3#%-p-cymeng)RuCl,], (0.100 g, 0.16 mmol) in 2-propanol (25
cmd) was added a solution of picolinic acid (0.046 g, 0.35 mmol) in 2-propanol (5 cm3). The
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mixture was stirred at room temperature for 7 days and then kept in refrigerator until the
product precipitated. The yellow-orange product was filtered off, washed with several drops
of 2-propanol and then diethyl ether and dried in air. A crystal suitable for X-ray analysis was
obtained by the slow evaporation of the mother liquor.

Crystallographic structure determination

The measurement was performed on a Bruker X8 APEXII CCD diffractometer. A single
crystal was positioned at 35 mm from the detector and 941 frames were measured, each for 30 s
over a 1° scan width. The data were processed using SAINT-Plus software.*6 The crystal data,
data collection parameters and structure refinement details are given in Table |. The structure
was solved by direct methods and refined by full-matrix least-squares techniques. Non-hyd-
rogen atoms were refined with anisotropic displacement parameters. The H atoms were placed
at calculated positions and refined as riding atoms in the subsequent least-squares model re-
finements. The isotropic thermal parameters were estimated to be 1.2 or 1.5 times (methyl
groups) the values of the equivaent isotropic thermal parameters of the non-hydrogen atoms
to which the hydrogen atoms were bonded. The following software programs, persona
computer and tables were used: structure solution, SHEL X S-97,47 refinement, SHELXL-97,%8
molecular diagrams, ORTEP,#? Pentium |V, Tables 4.2.6.8 and 6.1.1.4 for the scattering fac-
tors were taken from the literature.0

TABLE |. Crystal data and details of data collection for 1:-H,0O

Empirical formula Ci6H20CINO;sRuU
FW 410.85
Space group Pn

alA 8.9150(4)
b/A 8.6498(4)
cl/A 10.6539(4)
Bl 91.853(3)
V/A® 821.12(6)

z 2

AlA 0.71073
Peica | g O 1.662
Crystal size, mm?® 0.50x0.05x0.01
T/K 100

4/ mm* 1.128

R 0.0381
WRy 0.0687
GOF* 0.979

R, = 3lIFo| - IFlI/EIF]; PWR: = {E[W(Fs2 — FAA/SW(F2A} % “GOF = {ZW(Fs? — F2A/(n - p)}*?, where n
is the number of reflections and p is the total number of parameters refined.

Cytotoxicity

Cdll culture. Human cervix carcinoma cells (HelL.a) and human melanoma cells (FemX)
were maintained as monolayer cultures in Roswell Park Memorial Institute (RPMI) 1640
nutrient medium (Sigma Chemicals Co, USA). The RPMI 1640 nutrient medium was prepa-
red in sterile deionized water, supplemented with penicillin (192 U ml-1), streptomycin (200
ug mi-1), 4-(2-hydroxyethy!)piperazine-1-ethanesul fonic acid (HEPES) (25 mM), L-glutamine
(3 mM) and 10 % heat-inactivated fetal calf serum (FCS) (pH 7.2). The cells were grown at
37°Cina5 % CO, humidified air atmosphere.
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Cytotoxicity assay. The drug-induced cytotoxicity was determined using the 3-(4,5-dime-
thylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma) assay.>! Cells were seeded in
96-well cell culture plates (NUNC), Hel.a (2000 c/w) and FemX (2000 c/w), in culture me-
dium and grown for 24 h. A stock solution of the complex was prepared in DMSO at a con-
centration of 30 mM and subsequently diluted with nutrient medium to the desired final con-
centrations (in the range up to 300 pM).

Solutions of various concentrations of the examined compound were added to the wells,
except for the control wells where only the nutrient medium was added. All samples were
prepared in triplicate. Nutrient medium with corresponding agent concentrations but without
the target cells was used as the blank, aso in triplicate. The cells were incubated with the test
compound for 48 h at 37 °C, in a5 % CO, humidified air atmosphere. After incubation, 20 pl
of MTT solution, 5 mg mL"1 in phosphate buffer solution (PBS), pH 7.2, were added to each
well. The samples were incubated for 4 h at 37 °C in a5 % CO, humidified air atmosphere.
Formazan crystals were dissolved in 100 uL 10 % sodium dodecyl sulfate (SDS) in 0.01 M
HCI. The absorbance was recorded on an enzyme-linked immunosorbent assay (ELISA) read-
er after 24 h at a wavelength of 570 nm. The 1Cs, (UM) was defined as the concentration of
drug producing 50 % inhibition and was determined from cell survival diagrams.

RESULTS AND DISCUSSION
Synthesis

The reaction of [(#%-p-cymene)RuCl,], with picolinic acid in a 1:2 molar
ratio in 2-propanol at room temperature leads to the formation of the complex
[(#78-p-cymene)RuCl (pico)]-H20 in high yield (Scheme 1). Crystals precipitated
directly from the reaction mixture. The complex is soluble in water, methanal,
ethanol, acetonitrile and dimethy! sulfoxide.

c cl
Ru/ >Ru/ +® 2PrOH, 7d, 1t }Q o
CI/ \CI 7
Hooc

N CI//RU\N N
o L

Scheme 1. Synthesis of the complex [(#6-p-cymene)RuCl(pico)]-H,O

Analytic and spectral data

Yield: 0.1 g, 76.9 %. Ana. Calcd. for C16H2003NRUCl (M; = 410.86): C,
46.77; H, 4.91; N, 3.41 %. Found: C, 46.70; H, 4.98; N, 3.39. IR (ATR, cmr3):
3536, 3467 (m), 3069, 2955 (w), 1637 (s), 1601 (w). IH-NMR (199.97 MHz,
DMSO-dg, ¢ / ppm): 1.12 (6H, dd, -CH(CH3)», J = 2.2 and 7 Hz), 2.15 (3H, s,
—CH3), 2.72 (1H, m, -CH(CH3)», J = 6.8 Hz), 5.88 and 5.65 (4H, 2t, CH (arene),
J=4.6and 7.8 Hz), 7.74 (1H, m, H4, J = 7.3 HZ), 7.79 (1H, m, H3), 8.09 (1H, td,
H5, J=7.5HZ), 9.26 (1H, d, H6, J = 5.6 Hz). 13C-NMR (50.28 MHz, DMSO-dg, 6 /
/ ppm) 18.27 (CH3), 22.00 (CH(CHg3)>), 30.65 (CH(CH3)2), 80.23, 81.21, 82.60,
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82.78, 98.38 and 101.17 (CH (arene)), 125.59 (C3), 128.30 (C5), 139.86 (C4),
150.73 (C2), 154.01 (C6), 170.70 (C1).

Jpectroscopy

[(#8-p-Cymene)RuCl (pico)]-H,0 exhibits an asymmetric stretching vibration
vas(COOM) at 1637 cm™L. Picolinic acid revealed an analogous vibration of the
free carboxylic group at 1718 cm~1. The difference in frequency is due to coor-
dination of the ligand through one of the oxygen atoms of the carboxylic group
and nitrogen atom of the pyridine ring, and is consistent with the X-ray diffrac-
tion structure.

The 1H NMR spectrum of the complex contains a characteristic pattern for
the p-cymene moiety. A methyl group singlet is seen at 2.15 ppm, the resonance
signal of —CH(CH3)> appears as a multiplet at 2.72 ppm and -CH(CH3), as a
doublet at 1.12 ppm. The resonances of the arene ring protons were found at 5.64
and 5.88 ppm. Aromatic region of the 1H-NMR spectrum of the complex aso
shows four resonances (7.74 (1H), 7.78 (1H), 8.09 (1H), 9.26 (1H)) of coordi-
nated picolinate. Concerning the pyridine protons, H3 and H# are shifted down-
field by 0.3 and 0.27 ppm, respectively, while H® and HE are shifted upfield by
0.44 and 0.52 ppm, respectively, compared with the free ligand as a consequence
of picolinate coordination to the ruthenium(l1) atom.

The 13C-NMR spectrum displays resonances at 18.27 ppm from the methy!
group attached to the cymene moiety, 22.00 ppm from —CH(CHs3),, while the
signal at 30.65 ppm is due to the CH(CH3)2 group. The aromatic carbons from
cymene display resonances within 80.23-101.17 ppm. Five pyridine carbon reso-
nances were observed at 125.59 (C3), 128.30 (C®), 139.86 (C%4), 150.73 (C?),
154.01 (C5) and carboxylate carbon at 170.67 ppm (C1).

X-Ray crystallography

The structure of [(#8-p-cymene)RuCl(pico)]-Ho,O was confirmed by X-ray
diffraction. The complex crystallized in the monoclinic space group Pn and has
the typical “three-leg piano-stool” geometry well-documented for a large number
of ruthenium(I1) and osmium(ll) arene complexes, and in particular, for the clo-
sely related compounds [(n5-1,3,5-Me3CgH3)RUCI(pico)]®2 and [(n6-p-cyme-
ne),0sCl (pico)],42 with the #8 r-bound arene ring forming the seat and the pico-
linate ligand bound via a nitrogen and one carboxylic oxygen, with one chloride
ligand as the legs of the piano-stool. Selected bond lengths and angles are given
in the legend to Fig. 1. The bond lengths Ru—ing centroid, Ru—Cl, Ru-O1 and Ru—
—N1 in [(75-p-cymene)Rul!Cl(pico)]-H20 of 1.665(9), 2.4225(9), 2.085(2) and
2.101(3) A, respectively, are dightly longer than similar bonds 1.652(2), 2.4048(13),
2.080(3) and 2.090(4) A in [(776-p-cymene)Os'! Cl(pico)].42 The shortening of the
Ru-N and Ru-O bonds in mer-[Rulll(pico)s]-H20 (2.052(3), 2.064(3), 2.052(3)
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and 2.002(3), 2.024(3), 1.996(2) A, respectively)S3 is even more evident. The
Ru—Cl, Ru-N1 and Ru-O1 bonds in [(76-1,3,5-Me3CgH3)RUCl(pico)]>2 are at
2.420(1), 2.102(4) and 2.101(4) A, respectively. Two hydrogen bonding interac-
tions between the co-crystallized water molecule and 1 of the type O3—-H---O2
(O3-H, 0.86, H--02, 1.94, 03--02, 2.78 A, 03-H--02, 168.5°) and O3-H---CI1]
(x + 05, -y + 1, z+ 0.5) (O3-H, 0.87, H--02, 1.94, 03--Cl1i, 2.78 A, 03-H---CI1],
172.6°) are evident in the crystal structure of 1-H»O.

Fig. 1. ORTEP view of a molecule of 1
with atom-labeling scheme and thermal
ellipsoids drawn at the 50 % probabi-
lity level. Selected bond distances (A)
and angles (°): Ru—0O1 2.085(2), Ru—
—N1 2.101(3), Ru-Cl 2.4225(9), Ru—
—C7 2.195(3), Ru—C8 2.186(3), Ru—C9
2.175(4), Ru—-C10 2.211(4), Ru—Ci11
2.192(4) and Ru-C12 2.176(4), O1—
—Ru—-N1 77.96(10).

Cytotoxic activity

The antiproliferative activity of the prepared complex was assayed in two
human cancer cell lines HeL a (cervix) and FemX (melanoma) by the MTT assay.
The tumor cells were incubated for 48 h with the investigated complex. The re-
sults of these tests indicate that the complex after 48 h of incubation exhibited
cytotoxic activity with 1Csg 81.97 uM for Hel a cells and 36.23 pM for FemX
cells. These values are the mean of 2 to 3 independent experiments, whereby the
standard deviations were less than 15 %. The results of representative experi-
ments are shown in Fig. 2.
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Fig. 2. Diagram of (a) HeLa and (b) FemX cells survival after 48 h of continual agent action.
Data are representative for one out of two to three separate experiments
with standard deviation.
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CONCLUSIONS

In this paper, the synthesis and characterization of the organoruthenium
complex, [(55-p-cymene)RuCl(pico)]-H,0 is described. Although in a previous
work, structurally related complexes were found to have limited antiproliferative
activity in tumor cells, the complex reported herein exhibits much higher cyto-
toxicity in cervix HeLa and melanoma FemX human cancer cell lines. This im-
plies that the presence of picolinate coordinated to a metal center had a notable
effect on cytotoxic activity. This makes this new ruthenium complex of interest
for further investigation.

SUPPLEMENTARY MATERIAL

Crystallographic data for 1 has been deposited with the Cambridge Crystallographic Data
Center as supplementary publication No. CCDC 775760. Copies of the data can be obtained
free of charge on application to The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK (fax: +44 1223 336 033; e-mail: deposit@ccdc.cam.ac.uk).
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M3BOJ

PEHAI'EHCKA CTPYKTYPHA AHAJIU3A 1 HIUTOTOKCHUYHA AKTUBHOCT
IMMKOJIMHATO PYTEHUIYM(I1)-APEHCKOT' KOMITJIEKCA

UBAHKA UBAHOBUR', CABA TPTYPUR-IIUMNKA®, HEBEHKA [JTUTOPUJEBUR?, CHHUILA PAJTYJIOBUR?,
JKUBOCJIAB Jb. TEHH/ITIl, ALEXANDER ROLLER® 1 BERNHARD K. KEPPLER®
! Xemujcxu ®axyaimiem, Yuusepsuiiein y Beozpady, Ciiydeniticku iipz 12—16, 11 000 Beozpad, *Uucitiuimiyin 3a
oHK0A0ZUjy U paduonozujy Cpbuje, Iacitieposa 14, 11000 Beozpad u Institute of Inorganic Chemistry,
University of Vienna, Wahringer Str. 42, 1090 Vienna, Austria

Pyrennjym(l1)—apeHcKE KOMIUIEKC ca IHKOTMHCKOM KucemuHoM [ (#78-p-mmmen)RUCH (muxo-
nunato)]-HoO cunrerncan je y peaxumju [(7%-p-ummen)RUCl,], koMiuiexca ca HMHKOIHMHCKOM
KHCEJIMHOM Y MOJICKOM ofHocy 1:2 y n3onponanomy. Jenumemne je OKapaKTEpPUCaHO eIEMEHTAITHOM
anamm3oM, U1 1 NMR cnekrpockonujoM. AHanm3a nudpakiujoM X-3panrma Mokasana je 1a Mo-
aexkyn uma 13B. “three-leg piano-stool” reomerpujy Kkoja je KapaKTepUCTHYHA 3a OBaj THII
KoMIUIeKca. [[uTOTOKCHYHA aKTHBHOCT KOMIUIEKCaA je oapel)eHa Ha 1Be XymaHe TyMopcke henujcke
nuuuje, HelLa (rpauha marepune) u FemX (menanoma), MTT tecrom. |Cgy BpeaHoCTH Cy Ouite
82,0 u 36,2 pmol dm 3a HeLau FemX hemuje, pegom.

(Mpumsbeno 17. maja, peenaupano 17. asrycra 2010)
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