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16ABSTRACT

Cancer always is among the major causes of death worldwide and only limited 
progresses were carried onto in order to reduce its morbidity and mortality. Starting 
from its approval in 1979, cisplatin became probably the most important 
component of chemotherapy for treating the ovarian, testicular, lung and bladder 
carcinomas, as well as lymphomas, myelomas and melanoma. Although, cisplatin 
is a widely used anticancer drug, its clinical exploitation leads to several side effects 
(decline of kidney, tubular and marrow cells, auditory system). Moreover, several 
cancer cells are not or poorly sensitive to the cis-Pt action. As a consequence, the 
recognition of suitable alternatives able to reduce of side effects during the antican-
cer therapy, some researches were carried out for providing other cis-Pt type 
complexes free from these contraindications. Therefore, several hundreds of 
cisplatin analogues were tested during the last 20 years, and many of these species 
were rejected in preclinical or early clinical stages of testing. Then, the develop-
ment of more selective and less toxic Pt-based drugs than cisplatin is still highly 
desirable. Recently, the anticancer activity of naturally occurring substances 
obtained from plants, such as flavonoids, curcumin and caffeine, has been tested 
and about 20 new drugs derived from natural products were introduced from 2001 
to 2005. So, a lack of knowledge also occurs about the possibility to combine the 
anticancer capability of cis-Pt related complexes with the limited contraindications 
for the human health given by the exposure to substances obtained from plants. 
This study is focused on the scope to fill this gap providing information about the 
cytotoxic activity. of cis-Pt type complexes synthetized using ligands extracted from 
natural substances obtained from plants. The research was carried out according 
two different paths. Firstly, these new complexes were synthetized, characterized 
according spectroscopic investigations and then their cytotoxic activity assessed 
towards several cancer cell lines in terms of IC50 values. As follows, further 
investigations were carried out in order to provide information about the extent of 
interactions between DNA and the new synthetized Pt-complexes with curcumin 
and caffeine, that were obtaining through different characterization techniques. Our 
results suggest that the exploited metal complexes act as efficient DNA binders. 
Suitable crystals for XRD analyses were also obtained for some of the synthesized 
complexes.

D.R.R.S.



POLITECNICO DI BARI 01
2016

Synthesis, characterisation and cytotoxicity of 
platinum(II) complexes containing natural ligands 
with biological activity

Department of Environmental, Bilding,  
Engineering and Chemistry 

DICATECh

Doctor of Philosophy in Environmental 
and Bilding risk and Development
Coordinator: Prof. Michele Mossa
XXIX CYCLE
Curriculum: Chemistry

Valentina Censi

Prof.ssa Maria Michela Dell’Anna
Department of Environmental, Bilding,  
Engineering and Chemistry
Politecnico di Bari

Prof. Piero Mastrorilli
Department of Environmental, Bilding,  
Engineering and Chemistry
Politecnico di Bari

D.R.R.S.



POLITECNICO DI BARI 01
2016

Synthesis, characterisation and cytotoxicity of 
platinum(II) complexes containing natural ligands 
with biological activity

Dipartimento di Ingegneria Civile, Ambientale,  
del Territorio, Edile e di Chimica 

DICATECh

Coordinatore: Prof. Michele Mossa
XXIX CICLO
Curriculum: Chimica

Valentina Censi

D.R.R.S.
Dottorato di ricerca in Ingegneria Civile, 
Ambientale,del Territorio, Edile e di Chimica

Prof. Piero Mastrorilli
Dipartimento di Ingegneria Civile, Ambientale,
del Territorio, Edile e di Chimica
Politecnico di Bari

Prof.ssa Maria Michela Dell’Anna
Dipartimento di Ingegneria Civile, Ambientale,
del Territorio, Edile e di Chimica
Politecnico di Bari



POLITECNICO DI BARI 01
2016

Synthesis, characterisation and cytotoxicity of 
platinum(II) complexes containing natural ligands 
with biological activity

Department of Environmental, Bilding,  
Engineering and Chemistry 

DICATECh

Doctor of Philosophy in Environmental 
and Bilding risk and Development

Coordinator: Prof. Michele Mossa
XXIX CYCLE
Curriculum: Chemistry

Valentina Censi

Prof. Piero Mastrorilli
Department of Environmental, Bilding,  
Engineering and Chemistry , Politecnico di Bari
Prof.ssa Maria Michela Dell’Anna
Department of Environmental, Bilding,  
Engineering and Chemistry , Politecnico di Bari

01
Sy

nth
es

is,
 ch

ara
cte

ris
ati

on
 an

d c
yto

tox
ici

ty 
of 

pla
tin

um
(II)

 
co

mp
lex

es
 co

nta
ini

ng
 na

tur
al 

lig
an

ds
 w

ith
 bi

olo
gic

al 
ac

tiv
ity

Va
len

tin
a C

en
si

DIC
AT

EC
h

20
16ABSTRACT

Cancer always is among the major causes of death worldwide and only limited 
progresses were carried onto in order to reduce its morbidity and mortality. Starting 
from its approval in 1979, cisplatin became probably the most important 
component of chemotherapy for treating the ovarian, testicular, lung and bladder 
carcinomas, as well as lymphomas, myelomas and melanoma. Although, cisplatin 
is a widely used anticancer drug, its clinical exploitation leads to several side effects 
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ment of more selective and less toxic Pt-based drugs than cisplatin is still highly 
desirable. Recently, the anticancer activity of naturally occurring substances 
obtained from plants, such as flavonoids, curcumin and caffeine, has been tested 
and about 20 new drugs derived from natural products were introduced from 2001 
to 2005. So, a lack of knowledge also occurs about the possibility to combine the 
anticancer capability of cis-Pt related complexes with the limited contraindications 
for the human health given by the exposure to substances obtained from plants. 
This study is focused on the scope to fill this gap providing information about the 
cytotoxic activity. of cis-Pt type complexes synthetized using ligands extracted from 
natural substances obtained from plants. The research was carried out according 
two different paths. Firstly, these new complexes were synthetized, characterized 
according spectroscopic investigations and then their cytotoxic activity assessed 
towards several cancer cell lines in terms of IC50 values. As follows, further 
investigations were carried out in order to provide information about the extent of 
interactions between DNA and the new synthetized Pt-complexes with curcumin 
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 1 
     EXTENDED ABSTRACT (eng)  Cancer always is among the major causes of death worldwide and only limited progresses were carried onto in order to reduce its morbidity and mortality. Starting from its approval in 1979, cisplatin became probably the most important component of chemotherapy for treating the ovarian, testicular, lung and bladder carcinomas, as well as lymphomas, myelomas and melanoma. Although, cisplatin is a widely used anti-cancer drug, its clinical exploitation leads to several side effects (decline of kidney, tubular and marrow cells, auditory system). Moreover, several cancer cells are not or poorly sensitive to the cis-Pt action. As a consequence, the recognition of suitable al-ternatives able to reduce of side effects during the anticancer therapy, some researches were carried out for providing other cis-Pt type complexes free from these contraindi-cations. Therefore, several hundreds of cisplatin analogues were tested during the last 20 years, and many of these species were rejected in preclinical or early clinical stages of testing. Then, the development of more selective and less toxic Pt-based drugs than cisplatin is still highly desirable. Recently, the anticancer activity of naturally occurring substances obtained from plants, such as flavonoids, curcumin and caffeine, has been tested and about 20 new drugs derived from natural products were introduced from 2001 to 2005. So, a lack of knowledge also occurs about the possibility to combine the anticancer capability of cis-Pt related complexes with the limited contraindications for the human health given by the exposure to substances obtained from plants.  This study is focused on the scope to fill this gap providing information about the cytotoxic activity of cis-Pt type complexes synthetized using ligands extracted from 



 2 
natural substances obtained from plants. The research was carried out according two different paths. Firstly, these new complexes were synthetized, characterized according spectroscopic investigations and then their cytotoxic activity assessed towards several cancer cell lines in terms of IC50 values. As follows, further investigations were carried out in order to provide information about the extent of interactions between DNA and the new synthetized Pt-complexes with curcumin and caffeine, that were obtaining through different characterization techniques. Our results suggest that the exploited metal complexes act as efficient DNA binders. Suitable crystals for XRD analyses were also obtained for some of the synthesized complexes. .   key words Platinum(II) complexes; Citotoxicity; Flavonoids; Curcumin; Caffeine; Crystal structure, Drugs-DNA interactions.   



 3 
       EXTENDED ABSTRACT (ita)  Il cancro da sempre è una delle maggiori cause di morte nel mondo e vi sono stati solamente pochi progressi nella riduzione della sua morbosità e mortalità.  A partire della quando è stato approvato nel 1979, il cisplatino è divenuto probabil-mente il più importante agente chemioterapico per il trattamento dei carcinomi ovarici, testicolari, del polmone e dalla vescica, come pure dei linfomi, dei mielomi e dei mela-nomi. Sebbene il cisplatino sia ampiamente usato come antitumorale, il suo uso clinico comporta alcuni effetti collaterali (problemi renali, alle cellule del midollo e al sistema uditivo). Inoltre, numerose cellule cancerogene sono debolmente sensibili al cisplatino.  Di conseguenza si è resa necessaria la ricerca di alternative valide capaci di ridurre gli effetti collaterali del cisplatino, quindi sono state portate avanti alcune ricerche nel de-siderio di trovare dei complessi analoghi del cisplatino privi delle sue controindicazioni. Negli ultimi vent’anni sono stati testate alcune centinaia di analoghi del cisplatino e molte di queste sostanze sono state respinte durante i test preclinici o ai primi stadi dei test clinici. Quindi, ancora di grande interesse lo sviluppo di nuovi composti più selettivi nell’azione antineoplastica e meno tossici del cisplatino. Recentemente è stata studiata l’azione antitumorale di sostanze di origine naturale quali flavonoidi, curcumina and caffeina e circa venti nuovi farmaci derivanti da prodotti naturali sono stati introdotti tra il 2001 e il 2005. Nasce così il desiderio di combinare l’azione antitumorale di complessi analoghi del cisplatino con gli effetti benefici delle sostanze naturali. 



 4 
Questo studio punta l’attenzione sul ricercare un’azione sinergica tra l’azione anti-cancerogena dei complessi analoghi del cisplatino e proprietà benefiche delle sostanze estratte dalle piante. La ricerca si è sviluppata in più step; in primis la sintesi di nuovi complessi di Pla-tino(II) la cui formazione è stata verificata mediante indagini spettroscopici e sui quali sono stata svolte analisi di citotossicità in vitro su selezionate linee cellulari in termini di IC50.  Successivamente sono state effettuate ulteriori analisi nel desiderio di studiare il meccanismo di interazione tra il DNA e i complessi con la curcumina e la caffeina, mediante l’uso di differenti tecniche di investigazione. I risultati ottenuti suggeriscono che i complessi testati interagiscono con in DNA. I cristalli ottenuti per alcuni dei com-plessi selezionati sono stati utilizzati per un’ulteriore conferma della struttura del com-plesso sintetizzato.  key words Complessi di Platino(II); Citotossicità; Flavonoidi; Curcumina; Caffeina; Struttura cristallina, interazioni complesso-DNA.             
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 9 
          1. INTRODUCTION/INTRODUZIONE  1.1 Cancer  The cancer is the wide and unregulated proliferation of cells growing and divid-ing according to an uncontrolled scheme. These invade normal tissues and organs and spread throughout the body. The most important issue in cancer pathology is the dis-tinction between benign and malignant tumours. A benign tumour is a mass of cells that lacks the ability to invade neighbouring tissue or metastasize. Thanks to the lack of such characteristics, proper of the cancerous tumour, the benign cancer is defined not cancerous. Malignant tumor is capable of both invading surrounding normal tissue and spreading throughout the body via the circulatory or lymphatic systems (Cooper, 2000); B. Alberts et al., Molecular Biology of the Cell, 4th Edition, 2002, New York, Garland). Malignant tumours are a major cause of mortality all over the world. The burden of cancer is increasing in economically developing countries (Fig. 1). The transformation from a normal cell into a tumour cell is a multistage process, from a pre-cancerous lesion to malignant tumours. These changes are the result of the interaction between a person’s genetic factor and 3 categories of external agents, in-cluding: • Physical carcinogens, such as ultraviolet and ionizing radiation; 
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• Metal-based drugs: according to their different structures there are many mech-anisms of action. An important example are platinum(II) complexes (cisplatin, carboplatin, oxalilplatin, that induce structural changes on DNA by covalent binding of metal centre to nucleic acids leading to the cell death. • Topoisomerase inhibitors: they are essential enzymes that maintain the topol-ogy and integrity of DNA. Inhibition of topoisomerase interferes with all central DNA processing steps such as replication, transcription, translation and recom-bination. • Antimetabolites: compete or substitute biomolecules involved DNA and RNA synthesis and therefore alter the critical pathways of nucleotide synthesis (ex-ample is 5-fluorouracil). Coupled with the chemotherapic approach, the cancer treatment was carried out exploiting several natural substances extracted from plants. There is a long history of plant use in the cancer treatment so that over 60% of currently used anti-cancer agents come from natural sources.  Natural dietary agents including fruits, vegetables, and spices have drawn a great deal of attention from both the scientific community and the general public owing to their demonstrated ability to suppress cancers. Recent studies suggest that the con-sumption of food rich in fruits, vegetables and spices have a lower incidence of cancers (stomach, esophagus, lung, oral cavity and pharynx, endometrium, pancreas and co-lon). Dietary agents consist of a wide variety of biologically active components that are responsible for the anti-cancer effects like curcumin, genistein, resveratrol, diallyl sulfide, S-allyl cysteine, allicin, lycopene, capsaicin, diosgenin, gingerol, ellagic acid, ursolic acid, silymarin, anethol, catechins, eugenol, isoeugenol, dithiolthiones, isothio-cyanates, indole-3-carbinol, isoflavones, saponins, phytosterols, inositol hexaphos-phate, Vitamin C, D-limonene, lutein, folic acid, beta carotene, selenium, Vitamin E and flavonoids. Many of which have been used in traditional medicines for thousands of years. These dietary agents are believed to suppress the inflammatory processes that 
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whereas for lung cancer and ovarian cancer the result is comparable. The choice of the most appropriate analog is a function of the cancer being treated, treatment intention (palliative or curative), and other component drugs used in combination (Christian, 1992, Lokich and Anderson, 1998). Cis-diammine(glycolato)-platinum(II) (nedaplatin) is cisplatin derivative that show less renal and gastrointestinal toxicity than cisplatin as well as reducing the ne-phrotoxicity and vomiting (Calvert et al., 1982, Allan and Smyth, 1986, Sasaki et al., 1991). Carboplatin has gained worldwide approval and steadily increasing acceptance as a less toxic alternative to cisplatin, while nedaplatin has received only limited regional approval (Jakupec et al., 2003). Changing the ammines of carboplatin results in (1R,2R-diaminocyclohexane) ox-alatoplatinum(II), (oxaliplatin, l.OHP), (Fig. 7). This compound was first reported in Ja-pan;(Kidani et al., 1977, Kidani et al., 1978) and entered the clinic in France(Misset, 1998). It has been approved for secondary treatment of lung and ovarian cancers and it is first line combination therapy for colon cancer. It shows a different range of activities compared with cisplatin(Mathé et al., 1986), and it overcomes cisplatin resistance, it is active in cisplatin-resistant cell lines(Harrap, 1995). Cancer continues to be one of the major causes of death worldwide and only modest progress has been made in reducing the morbidity and mortality of this disease. Cancers may be caused in one of three ways, namely incorrect diet, genetic predispo-sition, and via the environment. As many as 95% of all cancers are caused by life style and may take as long as 20– 30 years to develop. The prognosis for a patient with metastatic carcinoma of the lung, colon, breast, or prostate remains a concern and accounts for more than half of all cancer deaths. Chemoprevention or chemotherapy via nontoxic agents could be one approach for decreasing the incidence of these cancers. Many naturally occurring agents have shown chemopreventive and chemotherapeutic (anticancer) potential in a variety of bioassay systems and animal models. An effective and acceptable chemopreventive or anticancer agent should have certain properties: (a) no toxic effects in healthy cells, (b) 
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Plants have a long history of use in the treatment of cancer and it is significant that over 60% of currently used anti-cancer agents are come from natural sources. In between 2001 and 2005, 23 new drugs derived from natural products were introduced for the treatment of disorders such as bacterial and fungal infections, cancer, diabetes, dyslipidemia, atopic dermatitis, Alzheimer’s disease and genetic diseases. Natural dietary agents including fruits, vegetables, and spices have drawn a great deal of attention from both the scientific community and the general public owing to their demonstrated ability to suppress cancers. Recent studies suggest that the con-sumption of food rich in fruits, vegetables and spices have a lower incidence of cancers (stomach, esophagus, lung, oral cavity and pharynx, endometrium, pancreas and co-lon). Dietary agents consist of a wide variety of biologically active components that are responsible for the anti-cancer effects like curcumin, genistein, resveratrol, diallyl sulfide, S-allyl cysteine, allicin, lycopene, capsaicin, diosgenin, gingerol, ellagic acid, ursolic acid, silymarin, anethol, catechins, eugenol, isoeugenol, dithiolthiones, isothio-cyanates, indole-3-carbinol, isoflavones, saponins, phytosterols, inositol hexaphos-phate, Vitamin C, D-limonene, lutein, folic acid, beta carotene, selenium, Vitamin E and flavonoids. Many of which have been used in traditional medicines for thousands of years. These dietary agents are believed to suppress the inflammatory processes that lead to transformation, hyperproliferation, and initiation of carcinogenesis. Their inhibi-tory influences may ultimately suppress the final steps of carcinogenesis i.e angiogen-esis and metastasis. Flavonoids are present in a lot of plants and they belong to a group of natural substances with different phenolic structures. Flavonoids are benzo-g-pirone deriva-tives that have been classified according to their chemical structure according to pres-ence of different substituents on the rings and the degree of benzo-g-pyrone satura-tion(Fig. 11). More than 4000 different naturally occurring flavonoids were described and their list is updating. Flavonoids have been known as plant pigments for over a century and belong to a vast group of phenolic compounds that are widely distributed in all foods 







 24 
The capabilities of selected flavonoids to arrest solid tumour growth may be due to their inhibition of the neo-angiogenic process (Paper, 1998). Angiogenesis is the formation of new blood vessels beginning from the pre-existing ones, therefore repre-sent a crucial trial in the development and in the progression of the tumour. When de-prived of proper vascularization, the high proliferation rate in the tumour would be bal-anced by cell death due to the lack of diffusion of nutrients and oxygen. Angiogenesis inhibitors such as flavonoids are able to contrast with various points of angiogenesis, like basement destruction of blood vessels, proliferation and migration of endothelial cells or the lumen formation (Tosetti et al., 2002). Therefore, these compounds may have potential for the treatment of solid tumours.  In addition to the arrest of angiogenesis processes, another molecular mecha-nism of antiproliferation may be the inhibition of the pro-oxidant process that causes tumour promotion. Growth promoting oxidants and ROS are the major catalysts of the tumour promotion and progression stages(Chahar et al., 2011a). Among the multitude of anticancer actions developed by flavonoids, the most relevant is to give origin to the apoptosis. Apoptosis is programmed cell death or sui-cide, caused by extra - or intra - cellular signals. Dysregulation of apoptosis plays a fundamental role in oncogenesis and flavo-noids have shown to induce apoptosis only in cancer cell lines and not on healthy cells. The precise molecular mechanism followed by flavonoids in inducing apoptosis is not well known. Several paths may be involved, including inhibition of DNA topoisomerase I/II activity, decrease of ROS, regulation of heat shock protein expression, modulation of signal pathways, down regulation of nuclear transcription factor kappa B (NF-κB), activation of endonuclease, and suppression of Mcl-1 protein(Lee et al., 2002). Among the most known properties of flavonoids there is their antioxidant activity, that derives from the presence of a large number of hydroxyl groups in their structure, and at the same time to a highly conjugated π-electron system, let flavonoids to act like free radical scavengers via hydrogen atom. Furthermore, they can arrest the for-mation of ROS (reactive oxygen species), such as the hydroxyl radical, through chela-tion of redox-active transition metal ions. This can have a positive effect on cancer 







 27 
In-vitro experiments have confirmed these results, both in non-malignant cells and in rat mammary tumor cells.(Levy et al., 1984, Yokoo and Kitamura, 1997) Tyro-sine kinase expression is thought to be involved in oncogenesis via an ability to override normal regulatory growth control.(Boutin, 1994) Drugs targeting tyrosine kinase activity (tyrphostins) are envisioned as possible antitumor agents without the cytotoxic side-effects found with conventional chemotherapy.  Quercetin was the first tyrosine kinase inhibiting compound tested in a human phase I trial(Ferry et al., 1996, Klohs et al., 1997).In addition to this, quercetin has radical scavenging potential, preventing cancer induced by oxidative stress (Chahar et al., 2011b). Another quercetin activity is the chemoprotective action through apoptosis and metastasis against tumour cell lines (Gibellini et al., 2011). Moreover, quercetin anticancer action is being done both alone and in combination with drugs. In many cases the use of quercetin increases the anti-cancer effect of conventional drugs (Du et al., 2010). In fact, during in vitro  study using human MCF-7 cells (Michigan Cancer Foundation-7), quercetin has been reported to inhibit angiogenesis in tamoxifen-resistant cancer in breast cells (Oh et al., 2010). Polyphenols are the antioxidant compounds most abundant in the nutrition(Scal-bert et al., 2005). The term “polyphenols” describes a broad range of chemicals with this general structure. Polyphenols are biochemical compounds that have increasingly significant public health implications. Polyphenols are found in fruits and vegetables, green and black tea, red wine, coffee, nuts, chocolate, and extra virgin olive oil(Manach et al., 2004, Visioli et al., 2011). The main function of polyphenols is the prevention or the treatment at an early stage of degenerative diseases, such as cancer and cardio-vascular diseases or the treatment of disease at an early stage. Ethyl gallate is a natural compound belonging to the polyphenolic family. It is present in fruits and in a variety of plant sources including nuts, such as Indian gooseberry (Phyllanthus emblica) Ethyl gallate is the ester of gallic acid and it has been shown to exhibit antibiotic and relaxant functions. One of the most important ac-tion carried out by Ethyl gallate is to inhibit the lysozyme’s vasodilator effect. There-fore, the use of ethyl gallate is fundamental to treat septic shock. Ethyl gallate (Fig. 15), like some polyphenols, has an anticancer action against many types of cancer 
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Basically many antitumor drugs which are used in the clinical trials are DNA in-teracting agents with polyaromatic core able to intercalate between DNA bases. With longer exposure times (several days), caffeine potentiated the cytotoxic activity of sev-eral intercalators (Sabisz and Skladanowski, 2008). 1.4 Aim of the thesis Both the chemotherapic approach and that dietary based on the assumption of natural essences demonstrated their efficiency in the anticancer activity. This finding suggested the topic of this research as the recognition of selected species derived from cis-Pt like dsp2 square planar complexes substituted with ligands coming from different natural substances and their anticancer properties assessment. For achieving to these goals an approach based on several fronts was carried out: • Synthesis of cis-Pt like square planar complexes substituted exploiting suitable ligands derived from several classes of natural substances and ancillary ligands like PPh3 and DMSO.  • Recognition of their chemical-physical properties according to spectroscopic (IR, NMR, XRD) and mass spectrometric investigations coupled to theoretical model calculations.  • Recognition of drug-DNA interactions through the formation of adduct, charac-terising the ability of the metal-drugs to induce modification of DNA structure. Investigation of the reaction mechanisms and binding character of interactions between synthetized complexes and DNA. This goal was obtained according to chemical-physical assays using Agarose Gel electrophoresis, UV-Vis, Circular Dichroism (CD) and Fluorescence spectroscopy. These were associated to Atomic Force Microscopic (AFM) observations.  •  Assessment of anti-cancer activity of newly synthetized compounds as re-gards of selected cell lines.      
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 33 
CHAPTER/CAPITOLO 1    2. NOVEL Pt(II) COMPLEXES WITH NATURAL POLYPHENOLS   2.1 Materials and methods Tap water was de-ionized by ionic exchange resins (Millipore) before use. All chemicals and solvents were purchased from commercial suppliers and used without further purification. cis-Pt(PPh3)2Cl2 was synthetized according to literature proce-dures (Crudden and Alper, 1992). Melting points were determined with a Büchi Melting Point B-540 apparatus. Elemental analyses were carried out with a Perkin Elmer 2400 CHN Elemental Analyser at the Microanalytical Laboratory of the University of Bari, Department of Pharmacy. IR spectra were recorded on a Bruker-Vector 22 spectrometer. NMR spectra were rec-orded on BRUKER Advance 400 spectrometer; frequencies are referenced to Me4Si (1H and 13C), 85% H3PO4 (31P) and H2PtCl6 (195Pt). The signal attributions and coupling con-stant assessment were made on the basis of a multinuclear NMR analysis of each compound including, besides 1D spectra, 1H-31P HMQC, 1H-195Pt HMQC, 1H-13C HSQC, 1H-13C HMBC and 1H COSY. High resolution mass spectrometry (HR-MS) analyses were performed using a time-of-flight mass spectrometer equipped with an elec-trospray ion source (Bruker micrOTOF). All analyses were carried out in positive ion mode. The sample solutions were introduced by continuous infusion with the aid of a syringe pump at a flow rate of 180 μL/min. The instrument was operated at end plate offset -500 V and capillary -4500 V. Nebulizer pressure was 1.5 bar (N2), and the drying gas (N2) flow was 10 L/min. Capillary exit and skimmer 1 were 120 and 40 V, respec-tively. The drying gas temperature was set at 220°C. The software used for the simu-lations is Bruker Daltonics Data Analysis (version 3.3). The ESI-MS and MS/MS anal-yses were carried out on a triple quadrupole PE Sciex instrument (mod. API 365), equipped with a Turbospray source.  
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2.2 Synthesis and characterisation 2.2.1 Synthesis of cis-[Pt(PPh3)2(que)] (que = dianion of quercetin) (hereafter defined complex-1) A solution of KOH (2.90 mmol, 162.7 mg) in ethanol (7.0 mL) kept at 40°C was added dropwise to a clear yellow solution of cis-[PtCl2(PPh3)2] (1.45 mmol, 1.149 g) and quercetin (1.45 mmol, 0.439 g) in CH2C12 (80 mL) at room temperature under stirring. After overnight stirring at room temperature, the resulting dark orange reaction mixture was filtered (in order to remove KCl) and dried under reduced pressure. The red orange residue was dissolved in CH2Cl2 (10 mL) and added of n-hexane (30 mL), which caused the formation of a red-orange precipitate. This solid was filtered after overnight cooling at 4°C, washed with n-hexane (3 x 10 mL) and dried under vacuum. Yield: 1.073 g, 72.3%. Mp=212.5°C (dec). 1H and 13C{1H} NMR features are reported in tables 2 and 3, respectively, except those belonging to PPh3 groups. PPh3 region: 1H NMR (400 MHz DMSO-d6, 25 °C)  d = 7.45 ppm (m, 12 H, Horto), 7.42 ppm (m, 6 H, Hpara), 7.29 ppm (m, 12 H, Hmeta); 13C{1H} NMR (100 MHz DMSO-d6, 25 °C)   d = 134.7 ppm (s, Corto), 131.6 (s, Cpara), 128.8 (s, Cipso), 128.6 (s, Cmeta). 31P{1H} NMR (121.5 MHz, DMSO, 25 °C): d = 9.6 ppm (d,1JPtP = 3565 Hz, 2JPP = 23 Hz); 8.3 ppm (d, 1JPtP = 3600 Hz, 2JPP = 23 Hz).195Pt NMR (85.99 MHz, DMSO, 25 °C): d = -4062 ppm (dd).IR (KBr, cm-1): 3372-3633 (b, m, O-H), 3058 (m, C-H), 1650 (s, C=O), 1617 (s, C=C), 1515 (s, C=C), 1491 (s, C=C), 1426 (s, C=C), 1354 (m, O-H), 1270 (s, C-O-C), 1162 (m, O-H), 1099 (m, C-H), 997 (m, C-O-C), 741 (m, C-H), 530 (m, Pt-O). HRMS (ESI, acetonitrile, positive ion mode) m/z: calcd. for C51H38O7P2Pt [M]+ 1019.1740; found 1019.1681. HRMS (ESI, acetonitrile, negative ion mode) m/z: calcd. for C51H37O7P2Pt [M-H]- 1018.1672; found 1018.1678.  2.2.2 Synthesis of cis-[Pt(PPh3)2(3-Hfl)]Cl (3-Hfl = monoanion of 3-hy-droxyflavone) (hereafter defined complex-2) A solution of KOH (1.29 mmol, 72.4 mg) in ethanol (4.5 mL) kept at 40°C was added dropwise to a clear yellow solution of cis-[PtCl2(PPh3)2] (0.64 mmol, 0.505 g) and 3-hydroxyflavone (1.29 mmol, 0.308 g) in CH2Cl2 (40 mL) at room temperature 
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under stirring. After overnight stirring at room temperature, the reaction mixture was filtered to remove KCl and the resulting orange solution was concentrated to 2 mL under reduced pressure and added of ethanol (10 mL). Addition of pentane (30 mL) caused the precipitation of an orange solid from the orange solution. The solid was washed with pentane (3 x 10 mL) and dried under vacuum. Yield: 0.403 g, 31.5 %. Anal. Calcd. for 2, C51H39O3P2PtCl: C, 61.68; H, 3.93. Found: C, 60.69; H, 4.18. Mp=219.1°C (dec).1H and 13C{1H} NMR features are reported in tables 2 and 3, respectively, except those belonging to PPh3 groups. PPh3 region: 1H NMR (400 MHz DMSO-d6, 25 °C)  d = 7.78-7.16 ppm; 13C{1H} NMR (100 MHz DMSO-d6, 25 °C)   d = 135-128 ppm. 31P{1H} NMR (121.5 MHz, DMSO, 25 °C): d = 8.60 ppm (d,1JPtP = 3667 Hz, 2JPP = 24 Hz); 4.26 ppm (d,1JPtP = 3991 Hz, 2JPP = 24 Hz).195Pt NMR (85.99 MHz, DMSO, 25 °C): d = -4077 ppm (dd). IR (nujol mull, cm-1): 3059 (m, C-H), 1613 (s, C=O), 1568 (s, C=C), 1257 (m, C-O-C), 1093 (m, C-H), 996 (m, C-O-C), 755 (s, C-H), 515 (m, Pt-O). HRMS (ESI, acetonitrile, positive ion mode) m/z: calcd. for C51H39O3P2Pt [M]+ 956.2021; found 956.2021.  2.2.3 Synthesis of cis-[Pt(PPh3)2(etga)] (etga = dianion of ethyl gallate) (here-after defined complex-3) A solution of KOH (1.29 mmol, 72.4 mg) in ethanol (4.5 mL) kept at 40°C was added dropwise to a clear yellow solution of cis-[PtCl2(PPh3)2] (0.64 mmol, 0.505 g) and ethyl gallate (1.29 mmol, 0.135 g) in CH2Cl2 (40 mL) at room temperature under stirring. After overnight stirring at room temperature, the reaction mixture was filtered to remove KCl and the resulting solution was evaporated under reduced pressure and added of CH2Cl2 (10 mL). Addition of pentane (30 mL) caused the precipitation of a yellow solid from the dark yellow solution. The solid was washed with pentane (3 x 10 mL) and dried under vacuum. Yield: 0.376 g, 64.6%. Anal. Calcd. for 3, C39H44O5P2Pt: C 58.97, H 4.15; found C 58.21, H 4.22. IR (nujol mull, cm-1): 3496 (s, O-H), 3049 (m, C-H), 2000-1813 (w, aromatic overtone), 1688 (s, C=O), 1591 (s, C=C), 596 (s, Pt-O). 1H NMR (400 MHz DMSO-d6, 25 °C)  d = 7.44 ppm (m, 12 H, Horto, PPh3), 7.43 ppm (m, 6 H, Hpara, PPh3), 7.28 ppm (m, 12 H, Hmeta, PPh3), 6.56 ppm (s, 1H, 6-H), 
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6.41 ppm (s, 1H, 2-H), 5.60 ppm (s, 1H, 5-H), 4.10 ppm (q, 2 H, CH2, 3JHH = 7.1 Hz), 1.20 ppm (t, 3H, CH3, 3JHH = 7.1 Hz). 13C{1H} NMR (100 MHz DMSO-d6, 25 °C)   d = 167.2 ppm (s, CO), 163.1 ppm (s, C-3), 154.6 ppm (s, C-4), 144.6 (s, C-5), 134.8 ppm (s, Corto, PPh3), 131.8 ppm (s, Cpara, PPh3), 128.8 ppm (s, Cmeta, PPh3), 128.5 ppm (s, Cipso, PPh3), 116.8 ppm (s, C-1), 109.6 ppm (s, C-2), 104.3 ppm (s, C-6), 59.9 8s, CH2), 14.8 (s, CH3).31P{1H} NMR (121.5 MHz, DMSO, 25 °C): d = 11.2 ppm (d,1JPtP = 3552 Hz, 2JPP = 24 Hz); 6.4 ppm (d,1JPtP = 3660 Hz, 2JPP = 24 Hz). 195Pt NMR (85.99 MHz, DMSO, 25 °C): d = -4062 ppm (pseudot). HRMS (ESI, acetonitrile) m/z: calcd. for C45H38O5P2Pt [M]+ 916.1841; found 916.1845; calcd. for C45H38O5P2PtNa [M+Na]+ 938.1739; found 938.1755; calcd. for C45H38O5P2PtK [M+K]+ 954.1478; found 954.1496.  2.3 Crystallographic analysis Compounds 1 and 3 underwent batch crystallization, by slow drift of n-pentane in a solution of tetrahydrofuran containing the respective complex. Suitable crystals for diffraction analysis were obtained after 2 weeks.  The single-crystal X-ray diffraction data for crystals 1 and 3 were collected on a Kappa CCD Nonius area detector diffractometer, in φ and ω scans mode. Reflection data were measured at 293K, using graphite monochromated MoKa radiation (λ  = 0.71073 Å). Data were corrected for Lorentz and polarisation effects (Duisenberg et al., 2003), and for absorption(Sheldrick, 2008).  The structures were solved by the Patterson deconvolution procedure of SIR2014(Burla et al., 2015) and refined by the full-matrix least-squares technique based on F2 with SHELXL2014/7 (Sheldrick, 2015), using collected reflections with I≥2σ(I); up to 0.85 Å (crystal 1) and 0.83 Å (crystal 3) resolution; measured reflections with |(Iobs –Ical)/SigW(I)| > 10 were excluded during the refinement process.  
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and allowed to ride on their carrier atoms. Crystallographic data collection and refine-ment parameters are given in Table 1. Molecular graphics were generated by using MERCURY CSD 2.0 (Macrae et al., 2008) and JAV [(Burla et al., 2012). Two atoms separated by less than the sum of their Van der Waals radii have been considered in contact: for intermolecular contacts the two atoms must belong to different symmetry-equivalent molecules, for intramolecular contacts the additional requirement is that the two atoms must be separated by more than 4 bonds.  2.4 Computational details The Density Functional Theory (DFT) calculations were used to study the hy-drolysis reaction for cis-[Pt(PMe3)2(etga)], cis-[Pt(PMe3)2(3-Hfl)]+ and cis-[Pt(PMe3)2]using mPW1PW91 functional, which has been previously demonstrated to provide reliable structures and energies for cisplatin and its derivatives(Melchior et al., 2011).  Phenyls in PPh3 groups have been replaced by methyl (Me) groups for compu-tational convenience. Geometry optimizations were carried out in vacuum and with a 6-31+G(d) basis set for all atoms except the platinum atom, which was described by the quasi-relativistic Stuttgart–Dresden pseudopotential (SDD) (Andrae et al., 1990). In order to confirm that stationary points were actually minima or transition state geome-tries, the analytical calculation of second derivatives of the energy and vibrational fre-quency analysis were carried out. Due to the key role of solvation in influencing ther-modynamic and kinetic parameters in metal complex reactivity (Comuzzi et al., 2003, Del Piero et al., 2007, Melchior et al., 2013b, Di Bernardo et al., 2012, Endrizzi et al., 2015, Andrae et al., 1990), environmental effects have been introduced by representing water surrounding the reagents, transition states and the products, as a polarizable continuum (PCM) (Tomasi et al., 2005). Potential energy profiles were estimated from total electronic energies and adding zero point energy (ZPE) and thermal corrections at 298.15 °K. Total electronic energies plus thermal corrections (instead of free energies) are reported in order to uniform our data to those obtained in previous works (Melchior et al., 2011, Alberto et al., 2009, Lucas et al., 2009). DFT calculations were performed 
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with the Gaussian 09 program (Gaussian 09, Revision D.01, M. J. Frisch et al. Gauss-ian, Inc., Wallingford CT, 2016).   2.5 Cytotoxicity Assays and Combination Index (CI) Calculations Cell Lines: U87 cells from human glioblastoma and MCF-7 cells from breast car-cinoma were grown in Dulbecco’s modified Eagle’s medium (DMEM, Euroclone).  The complete culture medium was supplemented with 10% heat-inactivated fetal bovine serum (Euroclone), streptomycin (0.2 mg mL–1), and penicillin (200 IU mL–1). For U87 cells the complete medium was added with 1% of non-essential amino acids. Cells were incubated at 37 °C and 5% CO2 in a humidified incubator. The cytotoxicity assays were performed as previously de-scribed(Margiotta et al., 2014). Briefly, U87 cells from human glioblastoma and MCF-7 cells from breast carcinoma were exposed to tested compounds for a period of 72 h. All tested compounds were dissolved in dmso prior to their dilution with complete cell culture medium to the predetermined experimental concentrations (seven concentra-tions ranging from 0.10 to 200 μM). In all experiments the percentage of dmso never exceeded 1%. Cytotoxicity (IC50) values for the tested compounds were determined using the metabolic reduction of the soluble 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) by a mitochondrial enzyme of cultured cells into an insoluble colored formazan product. In particular, cells were seeded at a density of about 5,000 cells/well in a 96 well plate and incubated at 37 °C for 72 h in the presence and absence of the tested compounds. Untreated cells were used as positive control. Then, 10 μL of 5 mg mL–1 MTT solution was added to each well and the plates were incubated for additional 3 h at 37 °C. Next, cells were lysed by the addition of 150 μL of 50% (v/v) dmso and 50% (v/v) ethanol solution, and the absorbance of each individual well was measured using a microplate reader at 570 nm (Wallac Victor3, 1420 Multilabel Coun-ter, Perkin- Elmer). The reported values are the average of triplicate measurements per-formed in three separate experiments. The cytotoxic effects measured for tested compounds were further analyzed ac-cording to the Chou and Talalay method on CompuSyn software (ComboSyn, Inc., 



 40 
Paramus, NJ, USA). The combination index (CI) was calculated according to the equa-tion of Chou-Talalay for two drugs: CI = (D)1/(Dx)1 + (D)2/(Dx)2, where (Dx)1 and (Dx)2 are the doses (concentrations) of Drug1 alone and Drug2 alone, respectively, that inhibit x% of cell viability. (D)1 and (D)2 are the doses of Drug1 and Drug2, re-spectively, used in combination (D)1 + (D)2, able to inhibit x% of cell viability. Com-plexes 2 and 3 were considered at a fixed-dose-ratio combination (1:1) of their building blocks [(D)1 = (D)2]. CI = 1 indicates an additive effect in the absence of synergism or antagonism; CI < 1 indicates synergism; CI > 1 indicates antagonism.   3. RESULTS AND DISCUSSION 3.1 Synthesis and characterisation Pt(II) complexes The synthesis of all platinum phosphynic complexes has been carried out ac-cording to a common route(Boeré and Willis, 1985) starting from cis-[PtCl2(PPh3)2] in presence of different ligands. Regarding the synthesis of the precursor, the problem was to synthesize a complex of Pt (II) that had an ancillary ligand to the phosphorus. The phosphorus ligand has been identified in the triphenylphosphine, a solid phosphine easily to isolate and purify. The coordination of an alcoholic oxygen atom (hard donor) to platinum (soft acid) is thermodynamically disfavored and occurs exclusively when it is supported by an additional driving force, like for example the precipitation of an in-soluble side product. In fact, in all cases insoluble KCl was recovered at the end of the reaction.  As shown in the reaction scheme, the complex 1, has been prepared by slowly adding a solution of ethanolic KOH to a solution containing an equimolar amount of cis-[PtCl2(PPh3)2] and quercetin (scheme 1). In this reaction way, quercetin is deprotonated as anionic bidentate ligand and PPh3 is neutral ligand. 
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Their coupling constant 1JPtP values are typical of a PPh3 group trans to an oxygen atom(Arendse et al., 1999). The 13C{1H} NMR spectrum of the complex reported a significant downfield shifting of the 3’-C and 4’-C signals compared to those of the free ligand (Table 3), due to coordination to platinum center. In fact, they changed from δ  = 145.0 and 147.6 ppm to δ  = 166.6 and 163.4 ppm, respectively, on passing from free to platinum bound quercetin, remaining nearly unchanged the chemical shifts of the carbon signals belonging to A and C rings, far away from the coordination site. Their NMR attributions were verified also by 1H-13C HMBC and 1H-13C HSQC two di-mensional NMR experiments (Supporting Information), useful also for assessing B-ring proton signals falling under triphenylphoshane 1H NMR region (7.2÷7.5 ppm). On the base of the latter 2D NMR analyses and 1H COSY experiment, we assigned to the 2’-H proton the doublet at δ  = 7.00 ppm (4JH2’H6’ = 2.1 Hz), to the 5’-H proton the doublet at d = 6.19 ppm (3JH5’H6’ = 8.4 Hz) and to the 6’-H proton the chemical shift value of 7.23 ppm. The 1H NMR spectrum in DMSO-d6 shows (beside the above mentioned proton signals) also two doublets at d = 6.12 ppm and at d = 6.32 ppm, for 6-H and 8-H protons, respectively (4JH6H8 = 2.0 Hz), while the sharp singlets at d = 12.64 and 8.81 ppm are assigned to 5-OH and 3-OH protons, respectively. The 7-OH proton signal is a broad peak falling at 10.63 ppm. All of the hydroxyl protons give a cross-peak with the water proton signal in the relevant NOESY-EXSY spectrum (Figure 18).  
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capable of forming a metal complex. Another study on the absorption spectra of plati-num complexes of quercetin suggests that the metal(II) center binds with the 3ʹ -OH and 4ʹ -OH sites of the B-ring of quercetin according to the structure of complex 1.  Table 3- 1H NMR spectral data of 1, 2, quercetin and 3-hydroxyflavone (dmso-d6, 298 K).  When 3-hydroxyflavone instead of quercetin reacted with the platinum precursor under alkaline conditions, the reacting groups were selectively 4–O and 3–O, and the cationic complex 2 formed (scheme 2), although the chloride ion is not a weakly coordinating anion.  In the 31P{1H} NMR spectrum of 2 in DMSO-d6, two doublets (2JPP = 24 Hz) with sat-ellites at δ  = 8.60 and 4.26 ppm with 1JPtP = 3667 and 3991 Hz, respectively, were observed. The 195Pt NMR spectrum consists of a doublet of doublets at δ  = -4077 ppm, whose chemical shift is typical for Pt(II) phosphane complexes(Nakamoto, 2008b, Nakamoto, 2008a).  As it happened for complex 1, also the 13C{1H} NMR spectrum of complex 2 showed a significant down-shield shifting of the carbon signals close to the coordination site, on passing from free (4-C, 3-C and 2-C δ  = 173.1, 145.2 and 139.1 ppm, respec-tively) to metal bound (4-C, 3-C and 2-C δ  = 207.2; 173.4 and 154.0 ppm, respec-tively) ligand (Table 3). On the contrary, the 13C chemical shift values belonging to nuclei of A- and B-rings were very similar to the ones reported for free 3-hydroxyflavone (Burns et al., 2007). 
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The theoretical geometry of the model complex cis-[Pt(PMe3)2(etga)] is in excel-lent agreement with the experimental ones found for complex 3 (Table 5), thus con-firming the reliability of the computational protocol used. In Figure 4 the structures of reactants (R), products (P) and transition states (TS) are shown for both reaction paths of cis-[Pt(PMe3)2(etga)] (Scheme 10a). The reaction energy (E) profiles are shown in Figure 32. The energy values are referred to the separated reactants (R) rather than reactant adducts (RA) (Figure 22), since it is wide accepted that at the beginning of the reaction, the water molecule in the second coordination shell of the metal is possible only in vacuum, but it seems an artifact in solution(Lamm and Pack, 1990). The de-tachment of the etga ligand in the first hydrolysis can occur in two different ways (Scheme 7a): by breaking of the bond that involves the oxygen in a position to the OH group (O1 path) or the other Pt-O bond (O2 path). Both O1 and O2 paths (Figure 22a) showed a proton transfer from the incoming water molecule to the closer oxygen of the ligand (OL). This result has been previously reported also for the hydrolysis of other platinum drugs under neutral conditions (Pavelka et al., 2007, Lucas et al., 2009). Mono- and di-hydroxo complexes should form under physiological conditions, although it has been reported that the local pH in the vicinity of macromolecules could be different from the physiological one (Alberto et al., 2011, Despaigne et al., 2014). The energy profiles for the first step of the hydrolysis indicate that the formation of the reactant adducts (RA1-O1 and RA1-O2) is energeti-cally favored (Figure 23a). Both transition states TS1-O1 and TS1-O2 have a penta-coordinated structure, with imaginary frequencies of 99.7 cm–1 for TS1-O1 and 157.8 cm–1 for TS1-O2 corresponding to the rupture of the platinum-ligand bond (Pt-OL) and the simultaneous formation of a new bond between the metal and a water molecule.  
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one (DEa = Ea(TS1-O2) – Ea(cisplatin) = –2.7 kcal mol–1); on the contrary the Ea in O1 path is higher than the one calculated for cisplatin (Ea = +1.4 kcal mol–1) (Figure 23a). For the second hydrolysis step, Ea values for both O1 and O2 paths are much lower than cisplatin one (DEa = –6 kcal mol–1 for O1 path and DEa = – 6.4 kcal mol–1 for O2 path) (Figure 23b). The obtained results suggest that cis-[Pt(PMe3)2(etga)] leads to a mono-hydroxo complex with etga mono-coordinated to the metal, which promptly reacts with another water molecule giving the di-hydroxo species. The mono-hydroxo and di-hydroxo species are considered poorly reactive for DNA coordination, thus their formation can limit the efficacy of a platinum metallodrug(Wilson and Lippard, 2012). Furthermore, the low activation energy barriers of the second step and the con-sequent high hydrolysis reaction rate might make this complex subject to fast degra-dation, causing potentially poor pharmacological activity(Johnstone et al., 2016). The obtained Ea value (11.3 kcal mol–1) calculated for the first hydrolysis of cis-[PtCl2(PMe3)2] (taken as a model for the biologically inactive (vide infra) cis-[PtCl2(PPh3)2]) is much lower than the Ea calculated for cis-[Pt(PMe3)2(etga)] and cis-platin (Figure 32). Then, the Ea calculated for the second hydrolysis of cis-[Pt(PMe3)2(etga)] is close to that of cis-[PtCl2(PMe3)2] (Figure 23) and much lower than cisplatin. On this basi of DFT calculations, complex 3 should not be expected highly cytotoxic.  3.3.2 Hydrolysis reaction for cis-[Pt(PMe3)2(3-Hfl)]+ In Figures 24 the optimized structures of the complexes involved in the hydrolysis of cis-[Pt(PMe3)2(3-Hfl)]+ are displayed. The formation of the intermediate RA1-O2 is slightly energetically favored, while RA1-O1 formation energy is slightly positive. Also in this case, the transition states of both O1 and O2 paths have a penta-coordinated structure with imaginary frequencies of 87 cm–1 for TS-O1 and 78 cm–1 for TS-O2. 
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11.9 kcal mol–1 and 9.5 kcal mol–1for O1 and O2 path, respectively. Therefore, also for cis-[Pt(PMe3)2(3-Hfl)]+ the first hydrolysis is the rate determining step of the whole process leading to the complete release of the 3-Hfl. Furthermore, byanalyzing the ob-tained Ea values (Figures 24b), it emerges that the second hydrolysis step proceeds faster for cis-[Pt(PMe3)2(3-Hfl)]+ (both O1 and O2 paths) than for cisplatin and cis-[Pt(PMe3)2(etga). On the contrary, the first hydrolysis is slower for cis-[Pt(PMe3)2(3-Hfl)]+ with respect to cis-[PtCl2(PMe3)2] (Figure 24a). In the O1 path the final product shows a proton transfer from the water molecule bonded to platinum to the closer ox-ygen of the ligand, while in the O2 path this does not occur. The final product of cis-[Pt(PMe3)2(3-Hfl)]+ hydrolysis is the monoaquo-monohydroxo complex (cis-[Pt(PMe3)2(H2O)(OH)]+, Figure 23b). On the basis of DFT calculations, some synergic cytotoxic effect between platinum centre and 3- hydroxyflavon leaving group effect might be expected for cis-[Pt(PMe3)2(3-Hfl)]+, because the mono-aqua platinum spe-cies formed in both first and second hydrolysis steps, could coordinate DNA (Jamieson and Lippard, 1999). On the other hand, the theoretical hydrolysis activation energy (mainly affected by the trans influence of the carrier ligand), is significantly lower with respect to cisplatin (Figure 24) and could lead to fast deactivation of platinum com-pound and thus poorer biological activity(Johnstone et al., 2016).   3.4 Citotoxicity The antiproliferative action of the new complexes (2 and 3) was assessed in human glioblastoma (U87) and human breast cancer (MFC-7) cells, being the first cel-lular line sensitive to cisplatin and the latter cisplatin resistant. Complex 1 was not taken into consideration, due to the difficulty in separating it from the side-products formed in minor amounts during its synthesis. For comparison purposes, the cytotoxicities of 3-hydroxyflavone, ethyl gallate and cis-[PtCl2(PPh3)2] were evaluated under the same experimental conditions employed for the metal complexes.  Cellular viability was determinated by colorimetric MTT assay [MTT = 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]. The viability of cells in the presence of the tested compounds was compared to that observed for control cultures 
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 4.0 CONCLUSIONS/CONCLUSIONI   In this chapter the synthesis and in vitro anticancer features of new cis-diphe-nylphosphane platinum(II) complexes bearing biologically active polyphenolate leaving group ligands has been presented. Using this synthesis route, three novel platinum(II) complexes with natural ligands have been designed and synthesised in a few steps with overall yields. The coordination modes of deprotonated quercetin, 3-hydroxyflavon and ethylgallate to platinum(II) were determined in solution by NMR spectroscopy and in the solid state by X-ray diffraction. Biological assays carried out on complexes 2 and 3 indicate that these compounds did not show higher cytotoxicity compared to cisplatin for the considered cell lines (U87 and MCF-7). Theoretical calculations confirm that the studied complexes easily release their biologically active ligand in solution, thus sug-gesting a possible origin of the fact that their cytotoxicity is at least similar to that of their natural leaving groups. Although complexes 2 and 3 have similar O,Oʹ  chelate structure, there is a small difference in their natural ligand coordination mode, being the leaving group a deprotonated α-hydroxy ketone in the first complex and a double depro-tonated 1,2-diol in the second one. This small difference may affect the biological ac-tivity of the new compounds. In fact, a biological synergic effect between the ligand and the starting platinum compound was interestingly observed for complex 2 bearing 3-hydroxyflavonate, for which mono-aqua platinum species (able to coordinate DNA) smoothly forming both first and second hydrolysis steps, according to theoretical stud-ies. However, the cytotoxicity of cisplatin is still higher than that of complex 2 one be-cause of a too fast hydrolysis rate of the latter, due to the higher trans effect of the carrier ligand. When compound 3 is considered, theoretical calculations suggest that the lack of synergic cytotoxicity effect may be due either to production of relatively inert mono- and di-hydroxo complexes under physiological conditions (determined by ethyl gallate leaving group) and to a too fast hydrolysis rate (determined by carrier ligand features). 
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In conclusion, this study suggests that fine tuning of chemical parameters of both leav-ing groups and carrier ligands is a key step in designing biologically active Pt com-plexes. Therefore, further studies are warranted to synthesize new platinum(II) 3-hy-droxoflavonate complexes bearing carrier ligands different than triarylphosphanes.
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organism. Its involvement in crucial cellular events such as DNA replication or gene expression makes it a target of choice for drugs or diagnosis agents. A large and varied range of natural and synthetic ligands that bind to DNA, hence inhibiting or altering its biological activity, have been discovered or developed as therapeutic agents. The de-sign of new molecules with a higher specificity for DNA may lead to a greater control of gene expression and therefore to an improved anticancer efficacy. There are many types of drug-DNA interactions: upon DNA binding, the resulting adduct can be stabilized through a series of interactions. Actually, the molecules can bind to DNA in a covalent manner or in a non-covalent mode (Sirajuddin et al., 2013).  The covalent binding mode is irreversible and invariably causes the complete inhibition of DNA functions and subsequent cell death. Many anticancer complexes, like cisplatin, exert their anticancer activity through the formation of adducts via alkylation or intra-strand and inter-strand crosslinks. Alkylating agents belong to a class of compounds that have the ability to transfer an alkyl group to DNA. Alkylating agents preferentially proceed at the N-7 position of guanine and the N-3 position of adenine. DNA alkylation thus inhibits base pairing, which leads to DNA miscoding (errors in the transcription and translation of the genetic code). A second mechanism by which alkylating agents may cause DNA damage is the formation of cross bridges, namely the creation of bonds between atoms in the DNA, linking two bases. This Cross linking prevents DNA from being separated to allow syn-thesis or transcription. The most famous anticancer alkylating agent, namely cisplatin, forms intra and inter-strand crosslinks with DNA (Fig. 4), which inhibits its replication. Cisplatin is used for the treatment of bladder, ovarian, neck, and testicular cancer(Paul and Bhattacharya, 2012). The non-covalent binding of molecules to DNA includes various types of interac-tions, because the nucleic acid has a number of different binding sites, viz. (i) between two base pairs (intercalation), (ii) in the minor groove, and (iii) in the major groove.  The major groove of B DNA is wider than the minor groove (Fig. 29), and is therefore usually the target for large molecules, such as most DNA-binding proteins In 
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changing the width and depth of the DNA groove. The part of the protein that actually interacts with the DNA major groove is most commonly an α-helix moiety. An example  of major groove binding molecules are synthetic zinc fingers (ZnFs), whose design originates from naturally-occurring motifs in proteins (Laity et al., 2001). ZnFs represent a group of different binding motifs where a zinc ion coordinates and stabilizes the fold of an amino acid sequence. ZnF motifs bind to DNA, usually in a sequence-specific manner, and typically wrap around the outside of the double helix, following a right-handed helical path. ZnFs may also bind to RNA and proteins. Multiple DNA contacts are usually made, often involving more than one ZnF domains. DNA-binding ZnF proteins are involved in transcription processes. Minor-groove binding molecules are usually small molecules built from hetero-cyclic or aromatic hydrocarbon rings and that possess rotational freedom. These fea-tures allow the molecule to fit into the minor groove, through displacement of water. Minor-groove binding drugs usually exhibit a crescent shape, which effectively com-plements the shape of the groove and facilitates their interaction via van der Waals contacts with the N-3 of adenine and O-2 of thymine. Most minor-groove binding drugs bind to A/T rich sequences (Abu-daya et al., 1995). This preference, in addition to the designed propensity for the electronegative pockets of AT sequences (Pullman and Pullman, 1981), is probably due to better van der Waals contacts between the ligand and groove walls in this region, since A/T regions are narrower than G/C groove regions and also because of the steric hindrance in the latter, presented by the C2 amino group of the guanine base (Geierstanger and Wemmer, 1995). However, a few synthetic pol-yamides like lexitropsins and imidazole-pyrrole polyamides have been designed which have specificity for G/C and C/G regions in the grooves. The intercalation (Fig.30a) consists in the insertion of a molecule between two adjacent base pairs (Long and Barton, 1990). Intercalators typically contain planar het-erocyclic moieties, which p–p stack between adjacent DNA base pairs, giving rise to a stable DNA-molecule complex. When a molecule intercalates, structural changes occur both for the DNA and the interacting agent itself; these structural alterations can be used to study the nature of the drug-DNA interactions.  
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5.2.1 UV-Vis spectroscopy experimental details  The absorption titrations were achieved by adding increasing amounts (0–25 µM of calf-thymus DNA (ct-DNA) to the complexes investigated (constant complex con-centration of 25 µM) in 1 mM cacodylate – 20 mM NaCl buffer at pH = 7.2. The con-centration of ct-DNA was determined from its absorption intensity at 260 nm with a molar extinction coefficient of 6600 M-1cm-1. The UV-Vis experiments were performed with a Varian Cary-100 spectrophotometer. After addition of ct-DNA to the solution of the metal complex, the resulting mixture was allowed to equilibrate at 25 °C for 5 min in the case of [PtCl(DMSO)(PPh3)2]Cl, while it was incubated for 24 h at 37 °C for complexes trans-[PtCl2(DMSO(caffeine)] and [PtCl(DMSO)(curcumin)]Cl, after which the absorption spectra were recorded.  5.2.2 Fluorescence spectroscopy experimental details The relative binding affinities of the complexes towards ct-DNA were investigated with EB-bound DNA (EB = ethidium bromide) in 1 mM cacodylate – 20 mM NaCl buffer at pH = 7.2, containing 2.5% DMSO (DMSO was used to dissolve the platinum(II) coor-dination compounds). All samples contained 15 µM DNA and 75 µM EtBr in a fixed volume of 3 mL. In a first instance, DNA and EtBr were mixed in the buffer solution, followed by incubation for 30 minutes, to allow the intercalation of EtBr between DNA base pairs. Afterwards, increas-ing amounts of the studied compounds were added and the final samples were incu-bated for 24 h. The fluorescence measurements were carried out with a iHR320 HORIBA JOBIN YVON spectrofluorometer. The experiments were carried out at constant concentrations of ct-DNA and EB, of respectively 150 µMbp, adding increasing amounts of the complex studied (from 0 to 50 µM). The fluorescence spectra of all complexes were recorded at room temperature applying an excitation wavelength, lexc, of 514 nm. For the experiments with the minor-groove binder, a solution of Hoechst33258 bound to ct-DNA in 1 mM cacodylate – 20 mM NaCl buffer at pH = 7.2, containing 2.5% DMSO (DMSO was required to dissolve the 
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platinum(II) coordination compounds) was used. The experiments were carried out at constant concentrations of ct-DNA and Hoechst33258, of respectively 0.1 µM and 150 µMbp, adding increasing amounts of the complex studied (from 0 to 50 µM). The fluorescence spectra were recorded at room temperature applying an exci-tation wavelength, lexc, of 350 nm.  5.2.3 Circular Dichroism experimental details. Circular dichroism (CD) spectra were recorded at the Serveis Cientificotècnics of the Universitat de Barcelona, using a JASCO-810 spectropolarimeter, equipped with a xenon-arc lamp of 450 W, and connected to a computer to carry out the data pro-cessing. The sample compartment is cleaned before use, and dried in a current of ni-trogen of 5 L/min. For the measurements, quartz cuvettes with an optical path of 0.5 cm were used. The absorption titrations were achieved by adding increasing amounts (0–25 µM) of platinum(II) complexes to ct-DNA in 1 mM cacodylate – 20 mM NaCl buffer at pH = 7.2. The concentration of ct-DNA was determined from its absorption intensity at 260 nm, with a molar extinction coefficient of 6600 M-1 cm-1.  After addition of the metal complex to the solution of ct-DNA, the resulting mixture was incubated for 24 h at 37 °C, after which the absorption spectra were recorded.   5.2.4 Agarose Gel Electrophoresis experimental details Stock solutions of the platinum(II) compounds were prepared in 1 mM caco-dylate – 20 mM NaCl buffer (pH = 7.2) containing 2% DMSO. pBR322 plasmid DNA aliquots (0.2 mg mL-1) in 1 mM cacodylate – 20 mM NaCl buffer were incubated with the complexes for 24 h at 37 °C. Next, the reaction samples were quenched with 4 µL of loading buffer (5mM xylene cianol and 4mM glycerol) and then electrophoretized on agarose gel (1% in TBE 1X buffer) for 1.20 h at 6.5 V cm-1. The electrophoresis in agarose gel was realized in a BioRad horizontal tank connected to a CONSORT EV231 electrophoresis power supply. Free DNA was used as control. 
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Afterwards, the DNA was stained with SYBRs safe and the gel was photographed with a BioRad Gel Doc EZ Imager  5.2.5  Atomic Force Microscopy experimental details Stock solutions of the Pt(II) compounds were prepared in 40 mM HEPES – 10 mM MgCl2 buffer (pH = 7.2). pBR322 plasmid DNA aliquots (0.2 mg mL-1) in 40 mM HEPES – 10 mM MgCl2 buffer were incubated with the complexes for 24 h at 37 °C.  The AFM samples were prepared by casting a 5 μL drop of test solution onto freshly cleaved muscovite green mica disks as the support. The drop was allowed to stand undisturbed for 3 min to favour the adsorbate–substrate interaction. Each DNA-laden disk was rinsed with Milli-Q water and was blown dry with clean compressed argon gas directed normal to the disk surface. The samples were stored over silica prior to AFM imaging.  5.2.6  Cell cultures and cell-viability assays Human melanoma (A375) and lung (A549), breast (MCF-7), ovary (SKOV3) and colorectal (SW620) adenocarcinoma cell lines were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). The cell lines A549, A375, SKOV3 and SW620 were cultured in DMEM medium. All media were added with 10% heat-inacti-vated fetal bovine serum (FBS; Life Technologies, Carlsbad, CA, USA), 100 U mL−1pen-icillin, 100 µg mL−1 streptomycin, and 2 mM glutamine. The MCF-7 cell line was cul-tured in DMEM–F12 (HAM) media (1:1) added with 5% horse serum (Life Technolo-gies), 100 µM sodium pyruvate (Sigma-Aldrich Chemical Co., St. Louis, MO, USA), 10 µg mL−1insulin (Sigma-Aldrich), 100 U mL−1 penicillin, 100 µg mL−1 streptomycin, and 2 mM glutamine. Both the media and the added chemicals whenever not stated were obtained from the Biological Industries, Beit Haemek, Israel. Cells were grown at 37 °C in a 5% CO2 atmosphere. Cells (1 Å ~ 105 cells mL−1) were seeded in 96-well plates and allowed to grow for 24 h. For single-point experiments, the cells reacted with the investigated drugs at two different concentrations (i.e. 10 µM and 50 µM). For the dose–response curves, 
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the cells were treated with different concentrations of the compounds; in the range 0.63–80 µM for 24 h. After the treatment, a 10 µM solution of MTT (3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-tetrazolium bromide; Sigma-Aldrich) was added to each well and the plates were incubated at 37 °C for further 4 h. As follows, the medium was removed and the purple formazan crystals were dissolved in DMSO. The absorbance was measured at 570 nm using a multiwell plate reader (Multiskan FC, Thermo Scien-tific). The cell viability was calculated according to the relation:  viability (%) = [(absorbance of the treated wells)/(absorbance of the control wells)] Å ~ 100.  The IC50 values (corresponding to the compound concentrations in µM that pro-duce 50% cell-viability reduction) were obtained from the dose–response curves using GraphPad Prism V5.0 for Windows™ (Graphpad Software, San Diego, CA, USA). All data are shown as the mean value ± S.D. of three independent experiments for single-point assays and for the dose–response curves.  5.3 Methods 5.3.1 UV-Vis spectroscopy Absorption spectroscopy is a technique that can be used to evaluate the interac-tion of molecules with DNA. UV-Vis spectroscopic measurements are usually per-formed with a solution of the complex investigated and DNA in water or in a buffer. The absorption wavelength and the absorbance strength of a molecule depend not only on its chemical nature but also on the molecular environment of its chromo-phores, e.g. alternating single and double bonds that absorb visible light. Absorption spectroscopy is therefore an excellent technique to follow ligand-binding reactions, such as complex-DNA interactions. In fact, it is perhaps the most employed instrumen-tal technique for this purpose. The concentration of nucleic acid in solution is deter-mined by its absorbance. The absorbance (A) is correlated to the intensity of the light passing through the reference cell (I0) and the sample cell (I) according to the Lambert-Beer equation: ! = −log	 (()                                             (1) 
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structure. For instance, conformational or structural DNA changes upon complex-DNA formation through electrostatic interactions will be reflected by an hyperchromic effect. A hyperchromic effect may also be attributed to a partial uncoiling of the helix structure of DNA, causing a major exposition of DNA bases.  Finally, for weak interactions, hypochromic or hyperchromic effects are solely observed, without significant spectral shifts. Based on the variation in absorption, the intrinsic binding constant or the association constant (Kb) of a metal complex interacting with DNA can be calculated applying the Benesi-Hildebrand equation:   [./0]23425 = [./0]2)425 + 789(2)425)                    (3) where [DNA] is the concentration of DNA in base pairs, ea is the extinction coefficient observed at a given DNA concentration, ef is the extinction coefficient of the free com-plex in solution (Aobs/[complex]), and e0 is the extinction coefficient of the complex when fully bound to DNA. A plot of [DNA]/(ea - ef) vs [DNA] gives a slope corresponding to 1/(ea - ef) and a y-intercept equal to 1/Kb(ea - ef). Thus, the intrinsic binding constant Kb is the ratio of the slope to the intercept. Kb Values above 105 M-1 are considered to be indicative of a relatively strong interaction between DNA and the corresponding metal complex (Sirajuddin et al., 2013). 5.3.2 Fluorescence spectroscopy A molecule can absorb a photon and thereby excite to an upper energy state, which is unstable. Relaxation of the electrons back to the ground state may lead to the emission of photons (luminescence); molecules undergoing such a process are called fluorophores. The phenomenon of luminescence can be divided into two different types, namely fluorescence and phosphorescence. Phosphorescence takes place when a molecule does not immediately re-emit the radiation it absorbs. 
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the interacting compounds to DNA, as well as their binding mode. If the emission de-crease is observed in the presence of EtBr, the interaction will be of intercalative mode. If the decrease occurs in the presence of Hoechst33258, then the interaction will be in the minor groove. The experiment consists of recording the emission spectra of DNA-EtBr or DNA-Hoechst33258 adducts in the presence of increasing concentrations of the compound investigated, and to examine the corresponding variations of the maximum emission intensities. With the objective to estimate quantitatively the affinity of different compounds studied for ct-DNA, their quenching efficiency has been determined using the Stern-Volmer equation, ()( = 1 + =>?[+@AB,CD]                               (4) where [complex] is the quencher concentration, Io is the measured fluorescence intensity without quencher present, and I is the measured fluorescence intensity with complex present. After plotting (Io / I) against [complex], the slope gives the value of Ksv, i.e. the Stern-Volmer constant. It can be noticed that the Stern-Volmer equation does not contain a variable for the fluorophore concentration and therefore suggests that the fluorescence quenching is independent of it. Fluorescence quenching generally takes place through either a static or a dy-namic mechanism. For the former type, complexation occurs in the ground state be-tween the fluorophore and the quenching (interacting) compounds; in this case, the quenching of the excited fluorophore takes place upon irradiation. For the dynamic pro-cess, collision between the quencher and the fluorophore occurs during the excitation lifetime of the fluorophore. The efficiency of the dynamic quenching is associated with the lifetime of the excited state of the fluorophore and with the quencher concentration.  5.3.3-Circular Dichroism (CD) Circular Dichroism  spectroscopy is a valuable analytical tool useful to study the structure of biomolecules, such as proteins or DNA, in solution (Ivanov et al., 1973).  
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The direct measurement gives an algebraic mean value: ∆! F = !G F − !H F                                       (5) with: 
DA = circular dichroic absorbance, AL = absorbance of left circularly polarised light, AR = absorbance of right circularly polarised light Using Beer-Lambert law, equation (1) can also be written as  ∆! F = !G F − !H F = [*G F − *H(F)],+                      (6) ∆! F = [∆*(F)],+                                             (7) where Dε = molar circular dichroism or molar differential dichroic absorptivity expressed in litre mole−1 cm−1, 
εL= molar absorptivity of left circularly polarised light, 
εR = molar absorptivity of right circularly polarised light, c = concentration of the studied solution in mole litre−1, l = optical path of the cell in centimetres. A CD instrument determined 3 values that are: the absorbance (A), the molar circular dichroism (Dε) and the ellipticity (q). 
q (degrees) = 32.98 DA To remove the linear dependence of the pathlength and solute concentration, the molar ellipticity can be defined:   [θ]=100 IJK = 3298∆*                                      (8)  
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A third form may be observed, i.e. the linear form, which results from double-strand DNA cleavage. Each of these conformations presents a different electrophoretic mobility, so that they will be separated by this technique, and the CCC form presents a major electro-phoretic mobility than that of the OC form, due to its major degree of compaction. Hence, the aptitude of metallic compounds to notably modify the proportion of these forms can be evaluated using this analytical procedure; actually, the changes produced by metal complexes in the tertiary structure of the DNA can be investigated (Bertini et al., 1994). A well-known example of DNA/metal complex interaction is that of cisplatin. The interaction of this complex with plasmid DNA causes an unwinding of form CCC (re-sulting in lower compaction), and at the same time, promotes a certain folding of the OC form (Hintermann et al., 1981). Thus, at high cisplatin concentrations, the bands due to the two different forms coalesce to one sole band.  5.3.5- Atomic Force Microscopy (AFM) Atomic Force Microscopy (AFM)(Cubillas and Anderson, 2014) represents an application of Scanning Probe Microscopes (SPM). The first device was introduced by Binning and Rohrer in 1981. Early models obtained images representative of differences in electrical potential occurring between two different objects on the surface of a flat sample. They were aimed at recognizing the surface properties from the sub-micro-scopic to the atomic scale. In these instruments, the desired property is investigated by the changing of the z-position of a transductor (cantilever) which touches or scans a sample along the x-y plane.  At the same time, a computer gathers the information from the cantilever transforming it in an image on its screen. The AFM device, devel-oped in 1986, generated images based on the attraction and repulsion forces between the cantilever and the objects on the slide.  
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are usually exposed to the drug from 24 to 96 h depending on the drug activity. MTT is reduced both by metabolically active cells, and by the action of dehydrogenase en-zymes, forming some reducing equivalents such as NADH and NADPH. The resulting intracellular formazan can be dissolved in an organic medium and analysed spectro-photometrically. Viable cells, as opposed to no-viable cells, reduce MTT and the amount of formazan, that is formed, is proportional to the number of metabolically ac-tive cells.  The cell viability is assessed by absorbance measurements (570 nm) carried out on the crystals mother solution (Ahmadian et al., 2009). The obtained results compared to the analysis of a procedural blank allow us to the assess of the percentage of sur-viving cancer cells after the assay. This represents the extent anticancer activity of the studied drug and its IC50 value.  5.4 Synthesis and characterisation 5.4.1 Synthesis of cis-[Pt(PPh3)2(curcumin)]Cl (hereafter defined complex-4) A solution of KOH (1.4646 mmol, 0.0853 g) in ethanol (4.0 ml) at 40°C, was added dropwise to a green solution of cis-PtCl2(PPh3)2 (0.7250 mmol, 0.5766 g) and curcumin 1.4646 mmol, 0.5408 g)(1% in excess) in CH2Cl2 (40 ml) at room tempera-ture with stirring. After overnight stirring at room temperature, the reaction mixture was filtered to remove KCl and dried under vacuum. The green product was recrystallized from CH2Cl2 and the solid was filtered and washed with ether and dried under vac-uum.Yield: (0.7950 g, 98% yield). Mp=200.1°C (dec). Anal. Calcd for C59H55O6P2Pt [Mw: 1123.41]: C, 60.99; H, 4.37. Found: C, 62.18; H, 4.77.                            HRMS (ESI, acetonitrile, positive ion mode) m/z: calcd. for C59H55O6P2Pt [M]+ 1087.96; found. 1087.26. 1H NMR features are reported in table 7, except those be-longing to PPh3 groups. PPh3 region: 1H NMR (400 MHz DMSO-d6, 25 °C) d = 7.60-7.36 ppm. 13C{1H} NMR (100 MHz DMSO-d6, 25 °C) d (ppm) = 148.46 (C9,9’), 141.09(C-3,3’, 126.63 (C-5,5’), 123.71(C-6,6’), 121.4(C-4,4’),116.3(C-7,7’), 111.79(C-10,10’), 55.70(-OCH3). PPh3 region: 13C{1H} NMR (100 MHz DMSO-d6, 25 °C)   d = 135-129 ppm. 31P{1H} NMR (121.5 MHz, DMSO, 25 °C): d = 8.7 ppm 
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(d,1JPtP = 3873 Hz, 2JPP = 25 Hz). 195Pt NMR (85.99 MHz, DMSO, 25 °C): d = -3951 ppm (pseudot).                           IR (nujol mull, cm-1): 3419 (s, O-H), 1971-1813 (w, aromatic overtone), 1620 (s, C=O), 1600 (s, C=Cring), 1511 (s, C-O), 1294 (s, enol C-O), 1028 (s, C-O-C), 956 (s, benzoate trans-CH vibration), 744 (s, cis-C-H vibration of aromatic ring).  5.4.2 Synthesis of cis-[PtCl(curcumin)(DMSO)] (hereafter defined complex-5) 0.0686 g (1.6389·10-4 mol) of K[PtCl3(DMSO)] (Kukushkin et al., 1968) was dissolved in 5 ml water. A solution of an equimolar quantity of curcumin (0.0710g 0.009 g (1.6043 x10-4 mol) and KOH in ethanol (2.5 ml), followed by a 20% excess of curcumin was added dropwise to [KPtCl3(DMSO)] solution. After the first drops of ethanolic so-lution, the colour changed from yellow to dark orange. After 36 hours under vigorous stirring at room temperature, the reaction mixture was stored in refrigerator for the night. Then, the reaction mixture was filtered off, washed with ether and dried under vacuum at 60°C for 3 hours and at room temperature overnight. Yield: (0.0786 g, 71% yield). Mp=142.4°C (dec). Anal. Calcd for C57H49O6P2ClPt [Mw: 676.04]: C, 40.88; H, 3.73. Found: C, 40.50; H, 3.47. 1H NMR features are reported in table 7, except those be-longing to DMSO group. 1H NMR (400 MHz DMSO-d6, 25 °C) of DMSO group: 3.90 (s, 6H). 13C{1H} NMR (100 MHz DMSO-d6, 25 °C) d (ppm) = 161.3(C2,2’), 150.1(C8,8’), 149.4(C9,9’), 142.1 (C4,4’), 131.8, 127.8(C5,5’), 124.6 (C6,6’), 122.5 (C3,3’), 117.1 (C7,7’), 112.8 (C10,10’), 102.3 (C1), 57.2(-OCH3). 13C{1H} NMR (100 MHz DMSO-d6, 25 °C)of DMSO group: d 41.8 (–CH3)(ppm) 195Pt NMR (86.0 MHz, DMSO, 25 °C): 
d = -3941 ppm. IR (KBr, cm-1): 3378 (s, O-H), 3049 (m, C-H), 2000-1813 (w, aro-matic overtone), 1639 (s, C=O), 1599 (s, C…C), 1509 (s, C…O), 1028 (s, C-O-C), 958 (s, S-O stretching), 713 (s, cis-C-H vibration of aromatic ring). IR (nujol mull, cm-1): 446 cm-1 (m, Pt-O) symmetric stretching, 379 cm-1 (w, Pt-O) asymmetric stretching.    



 92 
5.4.3 Synthesis of trans-[PtCl2(caffeine)(DMSO)] (hereafter defined complex-6) 0.2503 g (5.97*10-4 mol) di [KPtCl3(DMSO)] was dissolved in 5 ml water, and an equimolar quantity of caffeine, followed by a 10% excess, was dissolved in 9 ml water and was added dropwise to resulting solution. The first drops of caffeine changed the colour of solution from orange to peach pink, and a white precipitate formed immediately. After overnight vigorous stirring at room temperature, the reaction mixture was filtered off, washed with alcohol and ether and dried under vacuum. Yield: (0.1786 g, 87% yield). Mp=232.4°C (dec). Anal. Calcd for C10H16O3SN4Cl2Pt [Mw: 588.22]: N, 9.52; C, 20.40; H, 9.52. Found: N, 9.34; C, 20.36; H, 2.79. 1H NMR (700 MHz DMSO-d6, 25 °C): d (ppm) = 7.29 (s, 1H, 8-H), 4.39(s, 3H, 3-H), 4.12(s, 3H, 7-H), 3.52 (s, 6H, -CH3 of DMSO group), 3.44 (s, 3H,1-H). 13C{1H} NMR (100 MHz DMSO-d6, 25 °C) d (ppm) = 154.3 (C6), 151.0 (C2), 145.0 (C4), 140.7 (C8), 108.4 (C5), 43.1(-CH3 of DMSO group), 35.1 (C7), 33.4 (C3), 28.5 (C1). 195Pt NMR (85.99 MHz, DMSO, 25 °C): d = -3009 ppm. IR (nujol mull, cm-1):  3419 br, 1713 (s, C=O), 1668 (s, C=O overlapped with C=C stretch), 1612 (s, C=N), 1459 (s, C=C), 1378 (s, C-N), 1236 (s, C=O ketonic group), 1141 (s, C=O ketonic group; w, C-C), 1035 (m, C=O), 844 (w, C-C). 
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6. RESULTS AND DISCUSSION 6.1 Synthesis and characterisation of Pt(II) complexes When curcumin reacted with the platinum precursor under alkaline conditions the cationic complex 4 formed (scheme 7), although the chloride ion is not a weakly coor-dinating anion. In curcumin exists a tautomeric equilibrium, with two possible enol structures through intramolecular hydrogen transfer. In some organic solvents the enol form predominates. Curcumin is a monobasic bidentate ligand and forms stable com-plexes with almost all the metals. The α,β-unsaturated β diketo moiety of curcumin is an excellent chelating agent (Priyadarsini, 2014).  The 31P{1H} NMR spectrum of 4 in DMSO-d6 shows a singlet with satellite at δ = 8.7 ppm with 1JPtP = 3882 Hz, according to its 195Pt NMR spectrum reporting a triplet at δ = -4400 ppm. The 1H NMR spectrum consists of the triphenyl phoshane proton signals between δ =7.40-7.60 ppm, the olephinic proton H4, H4’adjacent to aromatic rings appear upfield as compared to H3, H3’ (doublet at δ = 7.56; 3JH3,H4 = 7.1 Hz). The signals from aromatic protons H10,H10’ and H6,H6’ appear at downfield than H7,H7’. The latter was assigned to the proton of the 5-OH moiety, because the 1H-13C HSQC spectrum of 4 report any relevant cross peaks: 3C,3’C signal that coupled with 3H,3’H and also with 1H, 6-6’C coupled with 6-6’H and with adjacent 7-7’H(Payton et al., 2007). The IR spectrum shows a strong sharp peak at 3419 cm–1, which can be assigned to the free O-H bond stretching and an intense band at 1620 cm–1 assigned to carbonyl group (Kim et al., 2013). The ESI-MS spectrogram in the positive scale of a diluted acetonitrile solution of 4 showed the peak at m/z 1087.26, whose isotope pattern is perfectly superimposable on that calculated for the cation C59H55O6P2Pt+ (corresponding to [Pt(PPh3)2(curcu-min)]+), obtained by loss of the chloride anion. 
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Cell-viability assays were carried out with the free ligands (curcumin and caffeine) and complexes [PtCl(Curcumin)(DMSO)], [Pt(PPh3)2(Curcumin)]Cl and trans-PtCl2(DMSO)(Caffeine). Each metal complex was tested at 10 and 50 μM concentra-tions during single-point assays with the cancer cell lines A549 (lung adenocarcinoma), A375 (melanoma), MCF-7 (breast adenocarcinoma), SKOV3 (ovary adenocarcinoma) and SW620 (colorectal adenocarcinoma). Figure 64 shows the obtained results after 24 h incubation time. Results are also reported in Table 9.  As shown, trans-PtCl2(DMSO)(Caffeine) complex is inactive with all the tested cell lines. At metal complex concentration 10 μM, only [PtCl(Curcumin)(DMSO)] complex achieves to a 11% cell viability with MCF-7 (breast adenocarcinoma) after 24-h incu-bation time (Fig.64). At higher metal complex concentration, the cytotoxic behaviour of [PtCl(Curcumin)(DMSO)] complex is confirmed. Under these conditions, also [Pt(PPh3)2(Curcumin)]Cl complex shows a very good cytotoxic activity attaining to 9% cell viability. [PtCl(Curcumin)(DMSO)] complex shows optimal cytotoxicity activity to-wards colon-cancer SW620 cells (26% cell at 10 μM metal complex, 24-h incubation time). Under the same conditions, the [Pt(PPh3)2(Curcumin)]Cl complex attains to 47% cell viability. Under the same experimental conditions at 50 µM, the cells viability at-tained by both the metal complexes is 6 % for [PtCl(Curcumin)(DMSO)] and 10% for [Pt(PPh3)2(Curcumin)]Cl. Only the Curcumin at 50 µM shows cytotoxicity activity to-wards breast adenocarcinoma MCF-7 and colon-cancer SW620 cells. The half maximal inhibitory concentration (IC50) values for all compounds were determined for the active cell lines and for the cisplatin, chosen as reference coordination compound used clini-cally. The related results are reported in Tab. 10 for 24-h incubation time. Table 10 indicates that the [PtCl(Curcumin)(DMSO)] activity is good towards MCF7 and SW 620 cancer cells.  But the most interesting evidence is represented by the selectivity of the complex action with respect to MCF-7 (cancerous) and MCF 10A (nor-mal) cell lines.     
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   7.CONCLUSIONS/CONCLUSIONI   In this chapter, a novel Platinum(II) complexes synthesis route has been presented which allows the easy and efficient coordination of natural ligands. It has been demonstrated that different ancillary ligands can be attached to the Pt centre via this route, in few reaction steps. Using this synthesis route, three novel platinum(II) complexes with curcumin and caffeine have been designed and synthesised with very good yields, with respect to the starting material.  The coordination modes of curcumin and caffeine to platinum(II) were determined in solution by NMR spectroscopy and Infra-Red spectra. Unfortunately, these complexes are insoluble in water, however their solubility in DMSO allowed DNA binding studies to be carried out. DNA binding studies, including UV visible, fluorescence, circular dichroism with ct-DNA and atomic force microscopy, gel electrophoresis with plasmid DNA, were carried out for all complexes. All compounds are able to interact with DNA, Complex 4 as intercalating and complex 5 and 6 as groove binders. Almost all of them show significant cytotoxicity properties, as evidenced by the submicromolar IC50 values achieved in some cases, with various cancer cell lines. Interestingly, the results obtained show that the most efficient metal complex is 5, which contains the Curcumin ligand and DMSO group and exhibits the best DNA-interacting properties. Unexpectedly, complex 6 which is capable of cleaving the DNA strands is less cytotoxic than 4 and 5 (at least in the cell lines tested). Therefore, a coordination compound displaying high DNA-cleaving abilities would not necessarily 
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exhibit greater cytotoxicity behaviour than a related complex which does not act as a DNA cleaver.   
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