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In the last decades, there has been considerable interest in
the synthesis, characterization and biological investigation
of vanadium compounds as they exhibit interfering physio-
logical processes such as cell proliferation and cellular
metabolism as well as insulin-mimetic properties.1-4 More-
over a number of vanadium complexes with hetero atom
ligands display potential antitumor activity.5-8 

Vanadium(IV) complexes in a general formula of cis-
[VOX(N-N)2]0/+1, (X=Cl−, OH−, SO4

−2 and N-N = phen, bipy)
have been reported.5,9-11 We considered the methyl-sub-
stituted bipyridine analogues, 4,4'-dimethyl-2,2'-bipyridine
(4dmbpy) and 5,5'-dimethyl-2,2'-bipyridine (5dmbpy) as
ligands since our last studies on cytotoxicity of oxovana-
dium(IV) exhibited that introduction of a methyl group into
N-N ligands causes further enhanced cytotoxicity of the
related complex.5,12 Totally, two new oxovanadium(IV),
[VOCl(4dmbpy)2]·Cl·H2O·C2H5OH (1) and [VOCl(5dmbpy)2]
·Cl·H2O·CH3OH (2) were synthesized, proposing anticancer
activity of the cationic part of the complexes, as ionic vana-
dium compounds show to increase membrane permeability
with a potential for dose reduction.4 Both complexes were
fully characterized by means of elemental analysis, IR and
UV-Vis. spectroscopy as well as the X-ray diffraction method.
Furthermore their cytotoxicity were assayed in three cell
cultures, colorectal adenocarcinoma (Caco-2), colon car-
cinoma (HT-29) and breast ductal carcinoma (T47D) by
means of MTT assay (MTT=3-(4,5-dimethylthiazol-2-yl)
2,5-diphenyl tetrazolium bromide) and the results were com-
pared with cisplatin, an anticancer drugs which shows
limited activity on colon and breast cancers.13

The titled complexes can be obtained by the reaction of
VCl3 salt with 4dmbpy and 5dmbpy ligands respectively, in
a metal to ligand ratio of 1:2. Both complexes were synthe-
sized at 40-45 °C in an alcoholic moiety. The consumed
alcohol was ethanol for complex 1 but complex 2 shows low
solubility in the mentioned solvent. So methanol was used
for preparation of complex 2, where better solubility was
achieved. Resulting green crystals of complexes 1 and 2
were prepared from the slow evaporation of solvent after a
few days. As seen in Scheme 1, the vanadium(III) metal ion

in initial salt changed to vanadium(IV), leading to vanadyl
complexes (VO2+) in compounds 1 and 2. This valence
change of the vanadium center during treatment with hetero
cycle ligand has been observed in other reports as well.9,14

The IR spectra of the titled complexes contain several
bands in the region 1000-3100 cm−1, which are related to
C-H, C=C, C=N, C-C and C-N.15,16 These bands show some
shifts in comparison with the free ligand that can be ex-
plained by changing the geometry of the free ligand from
syn to anti orientation upon coordination to metal center.17 In
IR spectra of 1 and 2, a broad peak in the highest frequency
3470 and 3450 cm−1 can be assigned to O-H stretching
vibrations for uncoordinated water and alcohol molecules.
New similar peaks have been observed in 1 and 2, related to
coordination environment of vanadium center where the
peaks at 973 (in 1) and 979 (in 2) cm−1 can be assigned to
vanadyl component (V=O2+);18,19 at 424 cm−1 (in 1 and 2) to
V-N bond; and at 349 (in 1) and 356 cm−1 (in 2) to V-Cl
bond.11

The complexes 1 and 2 are green in the solid state and
DMSO solution. In Figure 1, UV-Vis spectra of both com-
pounds in DMSO are brought in the range of 350-900 nm.
Two d-d bands at around 760 and 640 nm (sh) were observ-
ed for the compounds which were assigned to b2(dxy) →
e(dxz,dyz) and b2(dxy) → b1(dx2-y2) transitions, on the assump-
tion of C4v symmetry.11 The spectra also exhibit a third band
in the ultraviolet region at 380 nm for 1 and 384 nm for 2,
which can be attributed to the charge transitions of the ligand
to the metal atom (LMCT).20 Furthermore, the π-π transition
of the aromatic ligand disappears at 282 nm for 1 and 292
nm for 2. 

Crystallographic data for 1 and 2 are given in Table 1 and

Scheme 1. Synthesis of titled compounds.
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the selected bond lengths and angles are presented in Table
2. As shown in Figures 2 and 3, the asymmetric unit of both
complexes contain one vanadyl cation complex cis-[VOCl
(N-N)2]+ (N-N = 4dmbpy in 1 and 5dmbpy in 2) and three
uncoordinated components chloride ion, water and alcohol
molecules. In the main cation complex, the coordination
environment around the vanadium center is distorted octa-
hedral, involving one oxygen atom, one chloride and four
nitrogen atoms from two dimethyl-bipyridine ligands, which
has also been observed in other bis(phen) and bis(bpy)
oxovanadium complexes.5,9,11,21 

The V1-O1 bond distances in vanadyl component are
1.642(3) Å (in 1) and 1.583(4) Å (in 2), which are typical for

double bond VIV=O5,21-23 and shorter (ca. 0.4 Å) than single
bond VIV-O bond length.5,24,25 The V-Cl1 bond lengths are
comparable, 2.3174(16) Å in 1 and 2.3382(12) Å in 2 and
are in the usual range.11,21 The V-N bond lengths are in the
range of 2.105(3)-2.120(3) Å, except for the nitrogen being
trans to oxo ligand that are longer [2.287(3) Å in 1 and
2.312(4) Å in 2] as a consequence of the strong trans
influence of the mentioned oxo ligand. 

The bite angles of N1-V-N2 and N3-V-N4 are about 77°
and 73° in both complexes which significantly deviate from
the ideal 90° and is comparable with the value of 74.9° in
[VOCl(bpy)2]+. These small bite angles, accompanied with
the different bond distances of V-N, V-O and V-Cl are the
main factors accounting for the distortion in octahedral
geometry around the vanadium moiety.

To explore the in vitro antitumor activity of the titled
vanadium complexes, cultures of three cancer cells; Caco-2,
HT-29 and T47D were treated with these compounds and
cell viability was determined by means of a colometric micro-
culture assay (MTT assay). The results were compared with

Figure 1. Room temperature absorption spectra for 1 (5.84 × 10−3

M) and 2 (5.99 × 10−3 M), in DMSO solution.

Figure 2. ORTEP drawing of 1, showing the atom labeling
scheme with thermal ellipsoids at 30% probably level.

Figure 3. ORTEP drawing of 2, showing the atom labeling scheme
with thermal ellipsoids at 30% probably level. 

Table 1. Crystal structure data and refinement for complexes 1 and
2

1 2

Empirical formula C26 H32Cl2N4O3V1 C25H30C12N4O3V1

Formula weight 570.40 556.37

Temerature (K) 298 (2) 298 (2) 

Wavelenght / λ (Å) 0.71073 0.71073 

Crystal system Triclinic Triclinic

Space group P1 P1

a (Å) 9.9037 (12) 11.1166 (13) 

b (Å) 11.1521 (13) 11.6609 (15) 

c (Å) 14.6561 (16) 12.2455 (14) 

α (°) 67.924 (8) 61.336(9) 

β (°) 71.988 (9) 82.153 (9)

γ (°) 81.678 (9) 87.149 (10)

Volume (Å3) 1225.8 (3) 1379.6 (3) 

Z 2 2 

Calculated density (g cm−3) 1.329 1.339 

Absorbtion coefficient 0.568 0.585 

F(000) 594 578

Crystal size (mm) 0.19 × 0.23 × 0.25 0.20 × 0.24 × 0.29

θ Range for data collection 1.97 - 29.27 1.85 - 29.27 

Index ranges -13  ≤ h  ≤ 13 -15  ≤ h  ≤ 15

-15  ≤ k  ≤ 15 -13  ≤ k  ≤ 16

-20  ≤ l  ≤ 20 -16  ≤ l  ≤ 16

Data collected 16957 15874

Unique data (Rint) 7648 (0.037) 7436 (0.0818)

Parameters, restrains 339, 0  329, 0

Final R1, wR2
a

 (Observed 
data)

0.0815, 0.2007 0.0758, 0.1496

Final R1, wR2
a (All data) 0.1208, 0.2237 0.1480, 0.1765

Goodness of fit on F2 (S) 1.034 1.009

Largest diff peak and hole
(e Å−3)

1.750, -0.601 0.470, -0.334 

aR1 = Σ||Fo|−|Fc||/Σ|Fo|, wR2 = [Σ(w(Fo
2
−Fc

2)2)/Σw(Fo
2)2]1/2  
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the original Pt-based drugs cisplatin, as summarized in Table
3. To note, the difference between complexes 1 and 2 is only
the variety of methyl position on bipyridine as ligands (Fig.
2 and 3). However, it leads to changes on antitumor capacity
of the complexes. Complex 1 demonstrated more activity
than cisplatin for HT29 and especially T47D as its IC50

values are lower. It seems, compound 2 has more selec-
tive cytotoxicity, where it exhibits no cytotoxic activity on
Caco2, less cytoxicity than cisplatin on HT29, and further
cytotoxicity related to cisplatin on T47D cell (more than
twenty times).

We have shown the synthesis of two vanadium(IV) com-
plexes with dimethyl-bipyridine from vanadium(III) chloride
salt. The methyl group position in ligand has been found to
be an effective parameter on cytotoxicity of relevant com-
pounds where IC50 values of two complexes in different
cultures are extensively different.26 Future studies will be
directed toward the toxicity evaluation of the titled compounds
on normal cells as we expect that vanadium complexes
exhibit less toxicity compared to platinum-based drugs, and
consequently in vivo evaluation of them.

Experimental

Reagent grade chemicals were purchased from Merck and
Aldrich and used as received without further purification.
Infrared spectra (250-4000 cm−1) were recorded on a shimadzu-
470 plus spectrophotometer using CsI pellets. UV-Vis spectra
were obtained on a Cary 100 BIO-Varian using a 1 cm path
length cell. Analyses for C, H and N were carried out by a
Heraeus CHN-O Rapid analyzer. 

For synthesis of [VOCl(4dmbpy)2]·Cl·H2O·C2H5OH (1),
4,4'-dimethyl-2,2'-bipyridine (0.30 g, 1.62 mmol) in C2H5OH
(7 mL) was added to a solution of VCl3 (0.13 g, 0.81 mmol)
in C2H5OH (4 mL) and H2O (2 mL) and the resulting violet
solution was stirred at 40-45 °C for 30 min. The green block
crystals of 1 were obtained after 2 weeks with slow evapo-
ration. (yield 0.36 g, 77.9%). IR (CsI, cm−1): 3470br, 3029w,
2914w, 1620s, 1556w, 1494w, 1445m, 1308w, 1245w, 1032m,
973s, 925w, 840m, 563w, 519m, 424w, 349s, 253m. Anal.
Calcd. C, 54.74; H, 5.61; N, 9.82%. Found: C, 54.28; H,
5.57; N, 9.75%. 

For synthesis of [VOCl (5dmbpy)2]·Cl·H2O·CH3OH (2),
5,5'-dimethyl-2,2'-bipyridine (0.13 g, 1.62 mmol) in CH3OH
(5 mL) was added to a solution of VCl3 (0.13 mg, 0.81
mmol) in CH3OH (5 mL) and H2O (5 mL) and the resulting
solution was stirred at 40-45 °C for 30 min. During the
treatment, the brown solution first turned to violet and then
to green. After 10 days, the green block crystal of complex 2
was obtained (yield 0.33 g, 73.2%). IR (CsI, cm−1): 3451br,
3037w, 2924w, 2695br, 1608m, 1479s, 1390m, 1320w, 1243m,
1161w, 1054s, 979s, 835s, 732w, 658w, 493w, 424m, 356s,
264w. Anal. Calcd. C, 53.97; H, 5.39; N, 10.06%. Found: C,
53.51; H, 5.35; N, 9.97%. 

The crystals of 1 and 2 were mounted on glass fibers using
X-Ray diffraction data (Mo-Kα, graphite monochromator, λ
= 0.71073 Å) and were collected at a temperature of 298(2)
K using a Bruker APEX II CCD area detector diffractometer.
The single crystals with dimensions 0.19 × 0.23 × 0.25 mm3

for 1 and 0.20 × 0.24 × 0.29 mm3 for 2 were selected for
structure determination. The structures of 1 and 2 were
solved by SHELX-97 and SHELXTL ver. 5.1 and absorption
correction were done using the SADABS, X-Area 1.31 and
APEX2 programs for 1 and 2 respectively.27-29 The numeri-
cal absorption coefficient, µ, is 0.568 mm−1 for 1 and 0.585
mm−1 for 2. Data collection, cell refinement and data reduc-
tion were done by X-Area 1.31 and APEX2, SAINT,
SHELXTL ver. 5.1, PLATON and MERCURY.27-32 

For determining the cytotoxicity of the complexes, three
carcinoma cell lines have been considered, including Caco-
2, HT-29 and T47D obtained from Pasteur Institute (Tehran,
Iran). Cell incubation was kept at 37 ºC under an atmosphere
of 95% air: 5% carbon dioxide. For MTT assay, the cells
were plated in 96-well microtiter plates and incubated for 24
h at the density of 1 × 104 cells/well. Cells were then
exposed to 62.5, 125, 250, 500, 750 µg/mL concentrations
of the gold drugs. Cells were treated with cell lines for 48 h
and incubated with 100 μL of 5 mg/ml MTT solution for 3-4
h at 37 ºC.33 Cell survival was evaluated by measuring the

Table 2. Selected distances (Å) and angles (°) for 1 and 2

1 2

Bond length

V1-Cl1 2.3174(16) 2.3382(12)

V1-O1 1.642(3) 1.583(4)

V1-N1 2.118(3) 2.120(3)

V1-N2 2.106(3) 2.105(3)

V1-N3 2.287(3) 2.120(3)

V1-N4 2.124(3) 2.312(4)

Bond angle

N1-V1-N2 76.85(12) 77.06(13)

O1-V1-N1 94.77(14) 96.42(16)

N1-V1-Cl1 164.52(11) 162.97(12) 

O1-V1-Cl1 98.82(12) 99.81(13)

N1-V1-N3 80.02(12) 90.84(13)

Cl1-V1-N2 93.05(10) 94.55(10)

O1-V1-N2 101.89(14) 101.57(14)

N1-V1-N4 93.83(12) 81.24(14)

N2-V1-N3 89.33(12) 159.38(15)

N2-V1-N4 161.39(13) 88.38(14)

N3-V1-N4 73.06(12) 73.15(13)

O1-V1-N3 166.31(15) 96.28(13)

O1-V1-N4 94.84(14) 169.06(12)

Cl1-V1-N3 88.26(9) 92.49(10)

Cl1-V1-N4 92.37(9) 83.75(9)

Table 3. Cytotoxicity of the complexes against human cell lines

Comp.
IC50 (µM)

Caco2 HT29 T47D

1 78.14 ± 13.11 20.16 ± 13.67 12.86 ± 1.30

2 > 100 52.30 ± 4.19 3.54 ± 0.49

Cisplatin 12.9 ± 0.8 37.9 ± 1.3 56.3 ± 5.1
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absorbance at 690 nm, using a micro plated reader (Anthos
2020, Cambride, UK). The values of 50% inhibition of cell
proliferation (IC50) were evaluated from the dose response
curves by plotting cell survival versus compound concent-
ration. 
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