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Abstract

Metal complexes of the ligand, 10, 15, 20-Tetralgkporphyrine abbreviated as,HPP
were prepared by reaction of salts of \\0&hd Cu (OAC), with H,TPP in dry DMF.
Characterization of the ligand and its complexes waade by microanalyses, FT-1R{
NMR and UV-Visible spectroscopy. These new compeghowed excellent anti-tumor
activity against two kind of cancer cells that &®62 (human chronic myeloid leukemia)
cells and Jurkat (human T lymphocyte carcinomdgcel

Keywords: 10, 15, 20-Tetra-p-tolyl-porphyrine,,HPP, VOF;, Cu (Il), complex, anti-tumor
activity against, K562, Jurkat.

Introduction

The porphyrins are a class of naturally occurriragm cyclic compounds, which play a very
important role in the metabolism of living organsnThese have been extensively studied
due to their biological importance as well as atiedy applications [1]. Particular attention
has been given to porphyrins as the highly semsitthromogenic reagents for
spectrophotometric determination of several matakibased on the use of the so-called
Soret band at 400 - 500 nm [2-7]. The photodynathérapy of cancer (PDT) is used a
combination of photosensitize drug and light givinge to reactive oxygen species in the
tumor environment, leading to tumor death .In récgears, several papers have been
published on the mechanism and kinetics of meta$ imcorporation into the porphyrin
nucleus [8 -11]. Metalloporphyrins have been extesg studied for many years because of
their biological and catalytic functions [12—-14]ev@ral spectroscopic techniques such as
EPR [15], NMR [16], and Mossbauer spectroscopy Hafje been used to directly probe the
metal centers in metalloporphyrin systems. Metappyrins are used as homogeneous
catalysts in a variety of oxidation reactions [18]. Kinetic study of porphyrin metalation is
indispensable in order to understand in vivo mdtatorporation processes leading to the
formation of natural metaloporphyrins. Generallgrghyrins are synthesized in a metal-free
form and metal ions are subsequently inserted enpttocesses catalyzed by enzymes [20].
Synthetic metaloporphyrins are suitable sensitir@rphotodynamic therapy of cancer [21].
From these points of view, it is interesting to dstudifferent types of transition metal
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complexes of these biologically active ligandsthis paper, the synthesis, characterization
and anti-tumor properties of a number of the fiost transition metal complexes with one of
the above ligands have been studied.

Results and discussion
Preparation for Ligand, H,TPP and V(V) and Cu(ll) complexes

The reaction of V(V) and Cu(ll) salts with the ligh HTPP, results in the formation of
[ML] for M= V(V) and Cu(ll).The complex probablersicture is shown in Figurel.

Figure. 1. Metallated 10, 15, 20-Tetra-p-tolyl-poryrine

The Vanadium (V) and copper (lI) complexes wererati@rized by several techniques using
FT-IR, electronic spectra and molar conductance soreanents. The molar conductance
measurements reveal the presence of 1:1 electroigtiure complexes. All complexes are
quite stable and could be stored without any apaioéx change. They are insoluble in
common organic solvents, such as ethanol, methanetpne and DMF; however, they are
soluble in chloroform. Their structures were chegezed by elemental analysi$d NMR
and IR. The spectral data of the complexes have gelationship with the literature data.
[22, 23]

Cytotoxicity studies

H,TPP ligand and [V(GHseN4)O]F; and [Cu( GsHseN4 )]J(OAC), compounds have been
tested against two human cancer cell lines: K5&R Jmkat. The Iy cytotoxicity values of
the complexes were compared to those found forstAding organic bases as well as for
some of the anti-cancer agents used nowadays fthatisplatin and oxaplatin compounds
[24]. The general method used for testing on amtigr properties of these compounds is the
standard testing method that has been previousgritbed in greater detail in some papers
[25, 26] and abbreviated in following:

After preincubation lasting 12h at &7 in a 5% CQ atmosphere and 100% humidity, the
tested compounds in the concentration rang OuvR8for H,TPP, 0.1-2QM for
[V(C44H36N4)O]F3 and 0.1-25M for [Cu( CuqHzsN4 )](OAC), were added. The incubation
lasted 72 h and at the end of this periodyl&d IG, of the dead cells and live cells was
measured by Trypan blue. d€and 1Gy values that are the compounds concentrationsl letha
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for 90% and 50% of the tumour cells were determibheth in control and in compounds
concentrations lethal for both in compounds-treatettures. The complexes were first
dissolved in DMSO and then filtrated. The corresing 50% and 90% inhibitory dose @€
and 1Gg) values are shown in Tablel.

Tablel. 72 hour I1Go and ICy values (4M) obtained for three compounds

Compound IC 5o for Cell line IC oo for Cell line
K562 Jurkat K562 K562
H,TPP >10 >10 - -
[V(C44H36N4)O]F3 >8.5 >8 >70 >65
[CU(C44H36N4)](OAC)2 >9 >9 >40 >30

Experimental Section

Materials and measurements

Vanadium (V) oxy tri fluorides, copper (ll) acetataonohydrate,were either Merck
chemicals and were used without further purificati®rganic solvents were reagent grade.
Electronic spectra were recorded by Cam spec UMbMispectrophotometer model Wpa
bio Wave S2 100. The IR spectra were recorded USIRtR Bruker Tensor 27 spectrometer.
'"H-NMR were recorded on a Bruker AVANCE DRX 500 spemeter at 500 MHz
respectively. All the chemical shifts are quotedppm using the high-frequency positive
convention;*H NMR spectra was referenced to external SiMé@e percent composition of
elements was obtained from the Micro analytical drakories, Department of Chemistry,
OIRC, Tehran.

Cell culture

The human chronic myeloid leukemia: K562 cell limed the human T lymphocyte
carcinoma: Jurkat cell line, used for treatmenhwiite drugs, was provided. K562 and Jurkat
cells were grown at 3T in an atmosphere containing 5% £@ith RPMI-1640 MEDIUM
HEPES Modification with L-glutamine and 25mM HEPESIGMA-ALDRICH CHEMIE
GmbH) supplemented with 10% heat-inactivated fetaline serum (FBS) (Gibco), 2.7%
sodium bicarbonate and 500 mg/L ampicillin.

Synthesis of 10, 15, 20-Tetra-p-tolyl-porphyrine

Synthesis methods for the preparation of 10, 15T&®a-p-tolyl-porphyrine [22] are
summarized in follow.

A 25-mL round-bottom flask fitted with a water camger is heated in a sand bath or heating
mantle. Propionic acid, 12 mL, is added to thekflard brought to reflux=(L41°C).To the
refluxing propionic acid 0.06 mL of benzaldehydeadsled using a 0.1-mL graduated pipette.
Pyrrole, 0.04 mL, from a freshly opened bottle catiled at low pressure (30-40 mmHgQ)
within a few days of use, is also added using &tpép The colour darkens to orange-yellow
and becomes dark brown-black as the reaction pdsc@ée reaction mixture is refluxed for
a total of 30 min. After cooling to room tempera&uthe mixture is added to a flask
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containing 10 mL of methanol. This is chilled in ime bath with stirring. Crystallization is
induced by scratching the sides of the flask withlass rod. The deep-purple crystals are
filtered using a Buchner funnel. The crystals arasked with three 0.5-mL portions of
methanol and three 0.5-mL portions of out ling-tistilled water. The crystals are air-dried
on the filtration funnel and stored in a vacuumickzgors over a drying agent until the next
laboratory period. The resultingHPP is pure enough for the subsequent metalatioreps.
"HNMR (3 ppm CDC4, 300MHz): 7.12 and 7.36 [4d, 16H, arom]; 6.78 [2H, Pyrrole]; 5.6
[s, 2H, NH]J; 2.56 [s, 12H, CHl IR absorptions (cH‘n KBr): 1635.42, 1434.3, 1449.04, 985,
602-966. Anal. Calc. for £H3zgN, : theory: C, 84.88; H, 6.1; N, 9; found: C, 85.H;6.42;

N, 9.35. UV- vis (MeCN)A 272 nm € 19), A nax 313 nm §€ 272.4),A 515 nm §€ 10.6),A
548 nm € 4.4),A nm591¢€ 2.8),A 646nm¢E 2.4).

General conditions for synthesis of complex

A solution of metal salt (VO§F(0.02 g, 0.16mmol) and Cu (OAL]J0.032g, 0.16 mmol)
dissolved in acetonitrile added gradually to areti N,N-dimethylformamide (DMF)
solution of the ligand (\TPP(0.1g, 0.16mmol)), in the molar ratio 1:1 (melgland). The
reaction mixture was further refluxed for 4-5h twsere of the completing and precipitation
of the formed complexes. The precipitated solid plexes were filtered, washed several
times with 50% (v/v) ethanol-water to remove amcés of the unreacted starting materials.
Finally, the complexes were washed with diethyketiind dried in vacuum desiccators over
anhydrous CaGl

Analysis of Vanadium (V) 10, 15, 20-Tetra-p-tolyl-porphyrine

'HNMR (5 ppm CDC}, 300MHz): 8.11-8.88 [4d, 16H, arom]; 7.29-7.91[8#, Pyrrole];
1.55 and 2.64 [s, 12H, GH IR absorptions (cfh KBr): 1627.59, 1410.43, 1150, 992, 985,
601-799.8. UV- vis (MeCN) 278nm € 40),A 357 nm £ 60), Amax 440 nm € 400),A 522
nm € 20),A 554nm € 20),A 600nm € 50),A 655nm € 120) Figure 2.

/a

|
L2 )ull
1.4 - -:g__// k P

2
18
1.6

51
]
144
2
|
i

e,
EE T R TR

12

1

0.8

absorbance

0.6

04 -

0.2

0

250 300 350 400 450 500 550 600 650 700 750 800
wavenumber ( o)

Figure. 2. UV-visible spectra of [V(G4H36N4)O]F 3 in acetonitril
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Analysis of Copper (11) 10, 15, 20-Tetra-p-tolyl-porphyrine

IR absorptions (cith KBr): 1632.9, 1588, 1343.77, 601-793,470. UV- (& CN): A 351nm
(€ 26.4),A 417 nm € 251.2),Amax 440 nm € 260),A 522 nm ¢ 380),A 554nm € 15), A
600nm € 12),A 654nm € 40) Figure 3.
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Figure. 3. UV—-visible spectra of [Cu (G4H36N4)](OAC), in acetonitrile

In Vitro Activities

H,TPP ligand and [V(4H3sN4)O]F; and [Cu(GaH3eN4)](OAC), compounds were assayed
for cytotoxicity in vitro against K562 (human chrommyeloid leukemia) cells and Jurkat
(human T lymphocyte carcinoma) cells.

The two cell lines were provided by the Pasteurtitute Laboratory of natural and
Biomimetic in Iran. The procedure for cytotoxicitudies was similar to that reported earlier
[27]. Briefly, in order to calculate the concenioat of each drug that produces a 50%
inhibition of cell growth (IGo), 190 mL of cell suspension (5¥16ell/mL) were exposed to
various concentrations of ligand and complexesotlissl in sterile DMSO. The final
concentration of DMSO in the growth medium was 28%)(or lower, concentrations without
effect on cell replication [25, 26]. After incubati periods 72 h for all cell lines, the cell
concentrations were determined both in controliandrug-treated cultures. All experiments
were carried out in six times and series.

Conclusion

It is clear from the above discussion that,TAP, [V(C4H3sN4)O]Fs and
[Cu(CaaH36N4)](OAC), compounds offer a new outlook for chemotherapy.

The results of antitumor activity show that the ahetomplexes exhibit anti-tumour
properties and it is important to note that thegvglenhanced inhibitory activity compared to
the parent ligandThe mechanism by which these complexes act asuamur agents is
apoptosis. It has also been proposed that contientrplays a vital role in increasing the
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degree of inhabitation. [28, 29]

Acknowledgements

We gratefully acknowledge the financial supportnirdghe Research Council of Ardabil
Islamic Azad University and many technical suppdhat provided by Tarbiat Modarres
University.

References

[1] M. Biesaga, K. Pyrzyn” ska, M. Trojanowidlanta , 2000,51, 209.

[2] M. Tabata, K. KanekoAnalyst, 1991116, 1185.

[3] R. Giovannetti, V. Bartocci, M. Gusteri, P. Bamonti,Talanta, 1995,42, 1913.

[4] S. Igrashi, T. Aihara, T. Yotsuyanaghnal Chimica Acta, 1996 323, 63.

[5] M. Tabata, T. Kusano, J. Nishimo#nall Sci, 1997 13, 157.

[6] R. Giovannetti, V. BartocciTalanta, 1998,46, 977.

[7] Z. Li, Z. Zhu, T. Jan, J. PaAnalyst, 1999,124, 1227.

[8] N. Nahar, M. Tabata] Porphy Phthalocyanines, 199§ 2, 397.

[9] V. Barocci, R. Giovannetti, E. CarsettiPorphy. Phthal ocyanines, 1998 2, 139.

[10] Y. Inada, Y. Nakano, M. Nomura, S. Funahakforganic Chemistry, 2000,39, 4793.

[11] S. Funahashi, Y. Inada, M. Inanfmalytical Science, 2001, 17 917.

[12] K.M. Kadish, K.M. Smith, and R. Guilard (Edi&). The porphyrin handbook. Academic
Press, Burlington, MAL999.

[13] L.R. Milgrom. The colours of life: An introdtion to the chemistry of porphyrins and

related compounds. Oxford University Press, NewkY&897

[14] J.E. FalkPorphyrins and metalloporphyrins. Elsevier, Amsterdani975

[15] F.A. Walker,Coordination Chemistry Review, 1999 471, 185/186.

[16] H.J. Jakobsen, R.R. Inners, and C.F. Jerds&m Chem Soc, 1982 104, 7442.

[18] J. T. Groves, R. Quind,Am Chem Soc, 1985 107, 5790.

[19] J.-E. Ba ckvall, A.K. Awasthi, Z.D. RenkdAm Chem Soc, 1987 109, 4750.

[20] H.A. Dailey, C.S. Jones, S.W. KaBiochim. Biophys. Acta, 1989,999, 7.

[21] 1.J. MacDonald, T.J. DauhertyPorphy Phthalocyanines, 2001, 5, 105.

[22] D.F. Marsh and L.M. MinkJournal of Chemical Education. 1996 73.

[23] X. Guo et alJ Photochem Photobiol A: Chemistry, 2005 173, 258-263.

[24] Y. S. Kim et alJournal of Inorganic Biochemistry. 2004 98, 98-104.

[25] J. Ishida et aBioorganic & Medicinal Chemistry Letters, 1999 9, 3319-3329.

[26] J, K, Son et aEuropean Journal of Medicinal Chemistry, 2007, 1-8.

[27] G. Zhao, H. Lin, S. Zhu, H. Sun, Y. Ch@rnporg Biochem, 1998,70, 219-226.

[28] Fahmideh Shabani et Bioinorg Chem App, 2008,10.1155, 501021.

[29] S. Ghammamy, F Shababier Pharma Chemica; 2009,1 (1):30-36.



