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Abstract A binaphthyl-linked bipyridyl compound, 1,1’-
bis(6-methyl-6'-oxymethylenyl-2,2’-bipyridine)binaphthyl,
(L) has been synthesised and used as a ligand for the for-
mation of Cu(Il), Ni(I), and Co(II) complexes. The ligand
and its transition-metal complexes were characterized by
physico-chemical and spectroscopic methods. The com-
plexes were also investigated for cytotoxic activity. The
cytotoxicity of complexes, CuL(ClO,),, NiL(ClO,4),(H,0),
CoL(ClOy),, were tested in vitro applying seven well-
characterized human tumor cell lines, MCF7, EVSA-T,
WIDR, IGROV, M19 MEL, A498, H226, and the micro-
culture sulforhodamine B (SRB) test. All complexes show a
very high cytotoxicity (IDso < 250 ng/ml) in these cell lines.

Introduction

Binaphthylic compounds have received a great deal of
attention as chiral ligands for transition metal catalysts [1,
2]. In recent times, they have also found use as chiral-
building blocks in coordination and metallosupramolecular
chemistry [3—5]. Considerable interest in these complexes
arises from the field of bioinorganic chemistry [5, 6]. In
addition, 2,2'-bipyridine is a well-known and important
ligand. In earlier work, many chiral bipyridines have been
prepared and used as chiral ligands in asymmetric reactions
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and the self-assembly field [7-10]. More recently, we have
synthesized the macrocyclic and acyclic binaphthyl-
bipyridyl-based ligands [11] and studied metal complexes
of macrocyclic binaphthylic ligand containing two 1,1'-
binaphthyl units linked through two bipyridine units, and
their genotoxic activity [12]. To the best of our knowledge
there are no other reports of the cytotoxic activity of bi-
naphthylic ligands and their metal complexes. For this
reason, we now report on the synthesis and characterization
of the acyclic ligand 1,1’-bis(6-methyl-6’-oxymethylenyl-
2,2'-bipyridine)binaphthyl, (L), which contains two bipyr-
idine units connected through one 1,1’-binaphthyl unit, and
its Cu(Il), Ni(II), and Co(Il) complexes (Fig. 1). Also
presented are the cytotoxicities of the novel complexes
against human tumor cell lines, MCF7, EVSA-T, WIDR,
IGROV, M19 MEL, A498, H226, and the microculture
sulforhodamine B (SRB) test.

Experimental

The ligand (L) was synthesised as reported in the literature
[11]. All reagents were used as purchased from commercial
suppliers without further purification. The purity of L. was
checked by its melting point (92-94 °C), elemental anal-
yses Calc. for C44H34N40,: C, 81.2; H, 5.3; N, 8.6, Found:
C, 80.8; H, 5.0; N, 8.6; molecular weight (Calcd. 650.74,
MS miz: 651 (M™)), and "H NMR (300 MHz; CDCl5): 2.63
(6H, s, CH3), 5.27 (4H, s, CH,), 6.74 (2H, d, J 7.3 Hz),
7.14 (2H, d, J 7.3 Hz), 7.34-7.39 (8H, m), 7.48 (2H, d,
J 9.0 Hz), 7.66 (2H, t, J 7.6 Hz), 7.88 (2H, d, J 7.6 Hz),
7.96 (2H, d, J 9.0 Hz), 8.08 (2H, d, J 7.9 Hz), 8.16 (2H, d,
J 7.9 Hz). oc (75.5 MHz; CDCly): 24.67 (CHj3), 72.05
(CH,), 115.48, 115.61, 118.12, 118.53, 119.94, 120.92,
123.48, 124.01, 125.36, 125.70 (C), 126.68 (C), 128.17,
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Fig. 1 Synthesis of the ligand
L, 1,1’-bis(6-methyl-6'-
oxymethylenyl-2,2’-bipyridine)
binaphthyl and metal complexes
ML(CIOy),. (i) %47 HBr, Bry,
NaNO, then NaOH, (ii)
NiCl,(PPhs),, Zn, Et,NI, THF,
under argon gas, (iii) NBS,
CCl4, benzoyl peroxide, (vi)
DMF, K,COs;, (v) MeOH,
M(CIO,), {M=Cu?**, Ni*T,
C02+}

128.31 (C), 129.694, 134.42 (C), 137.50, 154.09 (O),
155.58 (C), 157.42 (C), 157.99 (O).

Melting points were determined by using a Gallenkamp
MPD350.BM2.5 digital melting point apparatus and are
listed as uncorrected. The compounds were checked for
purity by TLC on silica gel 60 F,s4 (Merck). Spectroscopic
data were recorded on the following instruments: elemental
analyses were performed on a CHNS-O Carlo Erba EA
1108 elemental analyser; IR spectra of the solid complexes
were recorded in KBr on a Shimadzu 470 spectropho-
tometer; 'H-NMR spectra (5, ppm, Hz) were recorded on a
Varian (300 MHz) in solvent CDCls; '*C-NMR spectra (9,
ppm, Hz) were recorded on a Varian (75.5 MHz) in solvent
CDCl;; MS-FAB; Finnigan Mat 95 mass spectrometer.
Conductivity measurements were carried out in ca.
10~ mol/L anhydrous N,N-dimethylformamide solutions
at 20 °C using a Metrohm 712 conductometer. The elec-
tronic absorption spectra of the complexes in DMF were
measured in the range 200-1100 nm using a Shimadzu UV
160 A, Pharmacia (VIS) spectrophotometer. EPR and
Ligand Field spectra were obtained at Leiden University
(LIC) on a Bruker EPR at room temperature (powder) and
on a Perkin-Elmer Lambda 900 spectrophotometer using
the diffuse-reflectance technique, with MgO as a reference.

Preparation of the complexes

To L (0.065 g, 0.1 mmol) dissolved in MeOH (25 ml), the
appropriate hydrated metal perchlorate salt (0.1 mmol) was
added also dissolved in MeOH (25 ml). The reaction
mixture was refluxed for 2 h and filtered hot. The filtrate
was evaporated to half the volume and then allowed to cool
by standing at room temperature. After slow evaporation of
the solvent at 25 °C, colored complexes obtained were
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collected and washed MeOH. The reaction made with
Cu(Il) perchlorate salt was applied at room temperature.

CoL(ClOy),: Color of complex: claret, yield: 0.067 g
(72%); Selected IR data (KBr disc vy /cm™'): 1596, 1571,
1504, 1468, 1433, 1366, 1324, 1251, 1203,1091, 816, 790,
752, 624; m/z: 808.1 [CoL(ClO4)] ", 354.6 [1/2CoL]*" A/
Q' mol™!' cm® (DMF): 158 (2:1); Electronic spectrum
(DMF): 338,296 nm; Calc. for C44H34N40,,CIl,Co: Co, 6.5;
C,58.1;H,3.8;N, 6.2, Found: Co, 6.6,C,57.6;H,3.7; N, 6.7.

NiL(H,0)(ClOy4),: Color of complex green, yield:
0.037 g (40%); Selected IR data (KBr disc Vpa/cm™'):
3408, 1600, 1571, 1504, 1468, 1436, 1369, 1321, 1251,
1203,1091, 819, 790, 752, 624; m/z: 807.1 [NiL(C1O)]T,
707.2 [NiL] %%, 354.1 [12NiL]*" Aw/Q ™' mol™! cm?
(DMF): 167 (2:1); Electronic spectrum (DMF): 338,
294 nm; Calc. for C44H3¢N4O;;CI,Ni: Ni, 6.3; C, 57.1; H,
3.8; N, 6.0, Found: Ni, 6.5, C, 57.0; H, 3.3; N, 5.8.

CuL(ClOy),: Color of complex: dark brown, yield:
0.046 g (50%); Selected IR data (KBr disc Vimax/em ™)
1596, 1571, 1504, 1465, 1436, 1376, 1324, 1251, 1212,
1145, 1088, 816, 793, 755, 624; m/z: 812.1 [CuL(ClO)]T,
713.2 [CuL]*™, 356.5 [1/2CuL]*"; AW/Q ™' mol™! ecm?
(DMF): 164 (2:1); Electronic spectrum (DMF): 445,
292 nm; Calc. for C44H34N40;;Cl,Cu: Cu, 7.0, C, 57.9; H,
3.8; N, 6.2, Found: Cu, 7.3; C, 58.0; H, 4.0; N, 5.8.

Activity

Cell lines

The human tumor cell lines, MCF7 breast cancer, EVSA-T
breast cancer, WIDR colon cancer, IGROV ovarian cancer,

M19 MEL melanoma, A498 renal cancer and H226 non-
small cell lung cancer, were used. Cell lines WIDR, M19
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MEL, A498, IGROV, and H226 belong to the currently
used anticancer screening panel of the National Cancer
Institute, USA [13]. The MCF7 cell line is estrogen
receptor (ER)+-/progesterone receptor (PgR)+ and the cell
line EVSA-T is (ER)-/(PgR).

Prior to the experiments, a mycoplasma test was carried
out on all cell lines and found to be negative. All cell lines
were maintained in a continuous logarithmic culture in
RPMI 1640 medium with Hepes and phenol red. The
medium was supplemented with 10% FCS, penicillin
100 IU/ml, and streptomycin 100 pg/ml. The cells were
mildly trypsinized for passage and for use in the
experiments.

Biochemicals

RPMI and FCS were obtained from Life Technologies
(Paisley, Scotland). SRB, DMSO, penicillin and strepto-
mycin were obtained from Sigma (St. Louis MO, USA),
TCA and acetic acid from Baker BV (Deventer, NL) and
PBS from NPBI BV (Emer-Compascuum, NL).

SRB test

The test and reference compounds were dissolved to a
concentration of 250000 ng/ml in full medium, by twen-
tyfold dilution of a stock solution which contained 1 mg
compound/200 pl. The compounds CuL.(ClOy,),, NiL(H,0)
(Cl04), and CoL(ClQ,), were dissolved in DMSO. Cyto-
toxicity was estimated by the microculture sulforhodamine
B (SRB) test [14].

The experiment was started on day 0. On day 0, 150 pl
of trypsinized tumor cells (1500-2,000 cells/well) were
plated in 96-wells flat bottom microtiter plates (falcon
3072, BD). The plates were preincubated 48 h at 37 °C,
8.5% CO, to allow the cells to adhere. On day, a threefold
dilution sequence of ten steps was made in full medium,
starting with the 25,0000 ng/ml stock solution. Every
dilution was used in quadruplicate by adding 50 pl to a
column of four wells. This results in a highest concentra-
tion of 62,500 ng/ml present in column 12. Column two
was used for the blank. To column 1 PBS was added to
diminish interfering evaporation.

Results and discussion

In the present work, the acyclic ligand 1,1’-bis(6-methyl-6'-
oxymethylenyl-2,2’-bipyridine)binaphthyl, (L), which
contains two bipyridine units linked via a 1,1’-binaphthyl
unit was prepared using our published procedure [11] as a
cream solid in a good yield 85% (Fig. 1). Using this ligand
(L), a number of novel mononuclear Cu(Il), Ni(Il), and

Co(II) complexes were prepared (Fig. 1). The structures of
the ligand and its metal complexes were investigated by
physico-chemical and spectroscopic studies.

The proton and carbon-13 NMR spectra for the free
ligand were consistent with the proposed formulation. The
methyl protons were assigned to the most upfield signal in
the spectra (0 2.63). Methylene protons appeared as a
singlet at 6 5.27. The FAB-mass spectrum of the ligand
gave a parent ion at m/z 651, corresponding to the
molecular weight of ligand L ((M+H]™). The composition
of the ligand was also confirmed by elemental analyses.

The infrared spectra of the complexes were compared
with those of the free ligand. Upon comparison, it was
found that the vc_, stretching vibration from bipyridine is
found in the free ligand at 1619 cm™". This band is shifted
to lower frequencies (19-23 cm_l) on coordination, as a
result of the interaction between the metal and the bipyri-
dine nitrogen atoms in the all complexes. On the other
hand, all complexes show single absorption bands at 1088—
1091 and 624 cm™"' which were assigned to the v3 and v4
stretching modes of non-coordinated perchlorate ion [15].
For NiL(H,O)(ClO4), complex, a broad band around
3408 cm ™' is considered to originate from the O-H
stretchings of the water molecule [16].

The molar conductance measurements in anhydrous
DMEF are found to be in the range 158-164 Q~'.cm?*.mol ™"
corresponding to 1:2 electrolytic nature for all complexes
[17]. Thus, the complexes may be formulated in solution as
[CuL](ClO4),, [NiL](ClO4),, and [CoL](ClOy),.

The electronic spectra of the ligand and complexes
exhibit an intense band around 300 nm region, which may
be assignable to m — n* transitions of the conjugated
aromatic rings. The electronic spectra of the complexes are
of little help in the present case, since the expected d — d
transitions are masked by the tail of this strong charge-
transfer band. The [CuL](ClO4), complex has broad band
near 445 nm, which may be caused by the nitro-
gen — metal charge transfer (L — Cu charge transfer).
The LF of the solid Cu compound shows, in addition to a
strong LMCT at 470 nm, 2 band maxima (785 and
1550 nm), suggesting an octahedrally and a tetrahedrally
based Cu(Il) species, although a five-coordinate axially
compressed structure cannot be excluded. The EPR of the
powder shows an inverted spectrum with g// = 2.05 and
g(perp) = 2.22, suggesting a compressed-axial geometry.

The API-ES mass spectrum of the complex, NiL(H,O)
(ClOy4),, in the positive ion mode is structurally enlight-
ening, since it displays a series of intermediate breakdown
species. The loss of an anionic perchlorate ion from the
neutral parent molecule generates the cationic [NiL(-
C10,)]", which is the first peak observed at m/z 807.1 in
the mass spectra. The loss of a second perchlorate anion
occurs to generate [NiL]2+ at m/z 707.2. The final major
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Table 1 IDs, values (ng/ml) of

test compounds and the A498 EVSA-T H226 IGROV M19 MCF-7 WIDR
reference compounds in vitro CuL(ClOy), 250 146 350 2017 180 51 330
using SRB as a cell viability test .
NiL(H,0)(ClOy4), 45 19 57 624 29 4 63
CoL(Cl0y), 25 15 49 368 24 <32 31
DOX 90 8 199 60 16 10 11
CPT 2253 422 3269 169 558 699 967
5-FU 143 475 340 297 442 750 225
MTX 37 5 2287 7 23 18 <3.2
ETO 1314 317 3934 580 505 2594 150
TAX <3.2 <32 <3.2 <32 <3.2 <3.2 <32
peak of interest arises at 354.2 in the spectra from the Acknowledgments The authors thank Trakya University and

separation of the half m/z unit of [NiL]*". The electrospray
ionization mass spectra of CoL(ClO,4), shows two intense
peaks at m/z 808.1 and 354.6. The first peak corresponds to
the [CoL(ClO4)]" cation, where the parent molecule has
lost one perchlorate anion, to generate a positive ion. The
loss of a second perchlorate generates half m/z unit of
[CoL]*" as a second peak. The electrospray ionization
mass spectrum of CulL(ClOy4), shows identical breakdown
patterns. The loss of an anionic perchlorate ion from the
neutral parent molecule generates the cationic [CuL(ClO4)]*
species which is the first peak observed in the mass spectra.
The loss of a second perchlorate anion generates [CuL]*™.
The separation of the half m/z unit of [CuL]*" also being
observed as a major peak.

Activity

Results of the SRB absorbance and the corresponding dose-
response curves of each test compound are given in
Appendix 1. The IDs, values (ng/ml) of the compounds
and some established cytotoxic drugs are given in Table 1.

On day 7, the incubation was terminated by washing the
plate twice with PBS. Subsequently, the cells were fixed
with 10% trichloroacetic acid in PBS and placed at 4°C for
1 h. After five washings with tap water, the cells were
stained for at least 15 minutes with 0.4% SRB dissolved in
1% acetic acid. After staining the cells were washed with
1% acetic acid to remove the unbound stain. The plates
were air-dried and the bound stain was dissolved in 150 pl
10 mM Tris-base. The absorbance was read at 540 nm
using an automated microplate reader (Labsystems
Multiskan MS). Data were used for construction of con-
centration-response curves and determination of the IDsq
value by use of Deltasoft 3 software.

The compounds CuL(ClOy4),, NiL(H,O)(ClOy),, and
CoL(ClOy4), showed mostly a very high cytotoxicity
(IDsg < 250 ng/ml).

@ Springer

Anadolu University, Commissions of Scientific Research Projects and
gratefully acknowledge Leiden University for the experimental and
theoretical support of this work and for discussions (G.A. van Albada
and J. Reedijk). The authors also thank Pharmachemie BV Nether-
lands, for performing the anticancer tests and recording API-ES mass
spectrum and EPR of complexes.

References

1. Noyari N (1994) Asymetric catalysis in organic synthesis. New
York, Wiley

2. Brunel JM (2005) Chem Rev 105:85

3. Hanafy AI, Maki AKT, El-Mankhaly K, Mostafa MM (2008)
Spectrochim Acta A: Mol Biomol 71:133

4. Judice JK, Keipert SJ, Cram DJ (1993) J Chem Soc Chem
Commun 1323 doi:10.1039/¢39930001323

5. Tefler SG, Kuroda R (2003) Coord Chem Rev 242:33. doi:
10.1016/S0010-8545(03)00026-2

6. Ouchi A, Zandomeneghi G, Zandomeneghi M (2002) Chirality
14:1. doi:10.1002/chir.10026

7. Chelucci G, Thummel PR (2002) Chem Rev 102(9):3129. doi:
10.1021/cr0101914

8. Fletcher CN (2002) J Chem Soc Perkin Trans 116:1831. doi:
10.1039/b204272j

9. Kaes C, Katz A, Hosseini MW (2000) Chem Rev 100(10):3553.
doi:10.1021/cr990376z

10. van Zelewsky A, Mamula O (2000) J Chem Soc Dalton Trans
219 doi:10.1039/a908730c

11. Beynek N, Ulugam G, Benkli K (2008) Helv Chim Acta 91:2089.
doi:10.1002/hlca.200890223

12. Beynek N, Ulucam G, Tiiylii BA, Zeytinoglu H, Benkli K (2007)
Drug Chem Toxicol 30:410. doi:10.1080/01480540701522601

13. Boyd MR (1989) Status of the NCI preclinical antitumor drug
discovery screen. Princ Prac Oncol 3:1

14. Keepers YP, Piazo YP, Peters GJ, Van Ark-Otte J, Winograd B,
Pinedo HM (1991) Eur J Cancer 27:897

15. Nakamoto K (1972) Infrared and Raman spectra of mnorganic and
coordination compounds. New York, Wiley

16. Williams DH, Fleming I (1989) Spectroscopic methods in
organic chemistry. McGrow-Hill, London

17. Geary WJ (1971) Coord Chem Rev 7:81. doi:10.1016/S0010-
8545(00)80009-0


http://dx.doi.org/10.1039/c39930001323
http://dx.doi.org/10.1016/S0010-8545(03)00026-2
http://dx.doi.org/10.1002/chir.10026
http://dx.doi.org/10.1021/cr0101914
http://dx.doi.org/10.1039/b204272j
http://dx.doi.org/10.1021/cr990376z
http://dx.doi.org/10.1039/a908730c
http://dx.doi.org/10.1002/hlca.200890223
http://dx.doi.org/10.1080/01480540701522601
http://dx.doi.org/10.1016/S0010-8545(00)80009-0
http://dx.doi.org/10.1016/S0010-8545(00)80009-0

	Synthesis and cytotoxic activities of transition-metal complexes �of a binaphthyl-linked bipyridine ligand
	Abstract
	Introduction
	Experimental
	Preparation of the complexes
	Activity
	Cell lines
	Biochemicals
	SRB test

	Results and discussion
	Activity
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


