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Abstract 
 

In the light of precedent and current developments, there is preference for the development of 

new bioorganometallic metallodendrimers. Dendrimers and Metallodendrimers are highly 

branched, globular, multivalent, monodisperse three dimensional fractal like macromolecules 

with synthetic resourcefulness and many promising applications ranging from catalysis to 

electronics and drug delivery. Because of multipurpose applications it was intended to 

expand a method to synthesis nickel containing metallodendrimer molecules using 2,4,6-

triaminopyrimidine or Diazine. 
 

At first, a suitable process for the synthesis of metallodendrimer compounds 7-11was 

developed from the reaction of diazine (pyrimidine)  with different aroylchlorides 2-6  in 

presence of (Ph3P)2NiBr2 at room temperature as shown in the scheme 1. 
 

 

 
Scheme: 1 
 
            2, 7     R = C6H4CH3(p) 

3, 8     R  = C6H4NO2 (p) 
4, 9     R  = C6H5 
5, 10   R=  C6H4Cl (p)  
6, 11   R = C6H4OCH3 (p) 

 
The synthesized compounds were characterized by IR, 1H NMR, 13C NMR 

spectrophotometry to establish the structure. SEM was taken for analysis of surface 

morphology. The Compounds were found having a homogeneous and non�homogeneous 

morphology with the particle size range from 100 µm to 500 µm. The particle size detected 

by SEM indicated that the molecule was supramolecule. 
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T     temperature 
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1.1 Dendrimers: an overview 
 
Dendrimers, in contrast to linear polymers, are symmetrically highly branched, 

monodispersed three dimensional fractal like macromolecules.  

                               

 

                    Figure 1.1: Linear, Branched polymers, Dendron and Dendrimer 

These nanoparticles, similar in size (5-10 nanometers in diameter) to naturally occurring 

proteins were attained by an repetitive order of reaction steps producing a higher generation 

(G) molecule [1a-f]. 

 

                                        Figure 1.2 : Higher Generation Dendrimer 

Large dendrimers have a tendency to assume a globular shape [1g-j]. 

The “Dendrimer’’ word derived from two Greek words Dendron: “tree/branch’’ and meros: 

“part’’ [2]. 

Chemists' interest towards dendrimers is featured to the specifically determined molecular 

and more or less perfect structures they demonstrate when compared to usual polymers. In 

addition, dendrimers and linear polymers show significant differences in their physical 

properties [3, 4]. For instance, dendrimers have established a dissimilar solubility outline as 

soon as compared with their linear counter parts [5-9]. 
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Figure 1.3: Subclasses given at the dendritic state. 

 

Convention a linear polymers are two dimensional, randomly coiled chains typically 

containing two reactive chain ends. Dendrimers feature a large number of functional groups 

at the periphery and internal cavities that can host guests of different sizes [10a, c]. 

 

Dendrimers are a class of regularly branched mono-dispersed polymer with distinctive 

structural and topological features whose properties are attracting significant concern from 

both scientists and technologists [11]. 

 

Dendrimers are just among molecular chemistry and polymer chemistry. They relate to the 

molecular chemistry world by virtue of their step by step controlled synthesis, and they 

pertain to the polymer world due to their repetitive structure made of monomers. Contrasting 

classical polymers, dendrimers have a high degree of molecular regularity, narrow molecular 

weight allocation, definite size and shape uniqueness and a highly-functionalized terminal 

surface. Dendrimer oligonucleotide are delegate of a new sector of polymer science, often 

been referred to as the “Polymers of the 21st century” [12]. 

Dendrimers are a striking special set of polymers with controlled configuration. 
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1.2 Historical perspective 

 

A dendrimer is both a covalently accumulate molecule and also a discrete nanoparticle. The 

earliest dendrimers be accomplished by divergent synthesis highly developed by Fritz Vogtle 

in 1978 [13], R. G. Denkewalter at Allied corporation in 1981 [14], Donald Tomalia at Dow 

Chemical in 1983 and by George Newkome in 1985 [15].  

 

In 1990 a convergent synthetic approach was introduced by Jean Frechet [16]. A lot of 

investigation has already been concluded by studying the diverse properties and appliance of 

dendrimers but a lot of researchers still believe it to be in its preliminary stages. 

 

Dendrimers are specifically defined, synthetic nonmaterials. Dendritic polymers or 

dendrimers offer a route to produce very distinct nanostructures suitable for drug 

solubilization applications, delivery of DNA and oligonucletide, targeting drug at exact 

receptor site, and aptitude to act as carrier for the improvement of drug delivery system.  

 

Dendrimers are core-shell nanostructures with specific structural design and low 

polydispersity, which are synthesized in a layer-by-layer fashion (expressed in ‘generations’ ) 

around a core unit, consequential in high level of control over size, branching points and 

surface functionality. The ability to modify dendrimer properties to therapeutic needs makes 

them perfect carriers for small molecule drugs and biomolecules. Dendrimers are being 

considered as additives in numerous routes of administration, including intravenous, oral, 

transdermal, pulmonary and ocular [17]. 

 

1.3 Metallodendrimer 

 

Dendritic and metallodendritic polymers are distinctive “ball shaped” polymeric substance, 

whose molecular construction consists of an initial core and repeating units with branching 

and terminal groups. Each repeating units bears a branching point to which two or several 

new repeating units are attached.  
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Because of their exclusive properties such as solubility in water, well defined molecular 

architecture, and spherical shape, dendrimers and metallodendrimers have found several 

applications in chemical, physical and biological processes [18-20]. 

In recent times, metallodendrimers have been extensively investigated in diverse fields, such 

as molecular light harvesting, catalysts, liquid crystals, molecular encapsulation, and drug 

delivery [21]. 

 

In the case of poly amido amine (PAMAM) dendrimers the initiator core is an ammonia or 

ethylene diamine (EDA) molecule. Ammonia has three and EDA has four probable binding 

sites for amido amine repeating units. The primary amino groups are on the surface of 

molecule two new branches perhaps attached to each of them [22]. 

 

Metallodendrimer compounds have been prepared by means of click chemistry, employing 

[23], thiolene  reactions [24] and azide - alkyne reactions [25-27]. 

 

Metallodendrimers [27], i.e. dendrimers that contain metal atoms or cations, comprise a 

special class of dendrimer whose redox [28], catalytic [29], ion recognition [30], sensor [31], 

and light harvesting [32], properties are well recognized. Additional recompense of these 

dendritic catalysts have been confirmed and are described in the review by ven Leeuwen 

[33]. Dendritic encapsulation of functional molecules allows for the separation of the active 

site, a structure that mimics that of active sites in biomaterials [34-36].  

 

Moreover, it is likely to construct dendrimers water soluble, not like most polymers, by 

functionalizing their outer shell with charged species or other hydrophilic groups. Other 

convenient   properties of dendrimers consist of toxicity, crystallinity, tecto - dendrimer 

formation, and chirality. The active catalytic centre in a metallodendrimer can be located in 

three different areas: (a) metal atom as the dendrimer core, (b) metal atoms in the dendrimer 

branches(c) metal atoms in the periphery.  

 

Diazine and Triazine core is more electrons withdrawing and possesses a larger nucleophilic 

vulnerability than the benzene core. These cores may also contain attractive physical 

properties. The symmetry and electronic properties of the diazine core has made them 



19 
 

important molecular skeleton for exploring a wide range of interesting applications such as 

antitumor agent and catalytic supports [37]. 

But the superficial and competent methods for the synthesis of metallodendrimer still remain 

inadequate. 

 

 

Figure 1.4: Metals’ position in metallodendritic molecule 

 

1.4  Synthesis of dendrimer and metallodendrimer compounds 

 

Dendrimers studies cover up a variety of areas, as for example theoretical, synthesis, 

characterization of structures, properties and studies on its possible applications. 

 

At present there is a incessant endeavor to advance the competence and cost reduce in these 

macromolecules synthesis. These materials belong to a new class of polymers with structures 

that really diverge from the conventional linear polymers, and are constructed from 

monomers called AB [38].  

 

The dendrimers can be synthesized with high structural regularity and controlled molecular 

weights, where the macromolecules consisting of a central polyfuctional core are covalently 

bonded to layers of repeating units (generations) and to terminal functional groups.  



20 
 

 

These are inter-reliant units and form a single molecular shape, therefore representing 

fundamental properties to these molecules, for instance high solubility and low viscosity [39]. 

 

 There are two dendrimer synthesis routes, the convergent [40] and divergent route [41]. 

 

Figure 1.5: Divergent (A-top panel) and Convergent (B-bottom panel) synthesis of 

dendrimer. 
 

1.4.1 Divergent growth method 

The divergent synthetic approach was urbanized throughout the period between the late 

seventies and the early eighties with key contributions from Vögtle, Denkewalter, Tomalia 

and Newkome. 
 

The principle of this scheme involves development from a central core, while branching is 

encouraged by means of a sequence of repetitive addition and activation steps which multiply 

the number of branches. This method is characterized by a swift augment in the number of 

reactive groups at the periphery of the increasing molecule. Therefore, expansion of the 

dendrimer is from the central core to the periphery. 
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Figure 1.6: Divergent growth method 

1.4.2 Convergent growth method 

 

The convergent method reported by Fréchet and Hawker involves the superior structure of 

branched subunits (dendrons), which are afterward attached to a multi-functional core [42]. 

The convergent approach overcomes some of the problems linked with the divergent 

approach, mainly those related with purification owing to a dissimilarity of molecular weight 

between the preformed branches and the core molecule. The main drawback of dendrimer 

synthesis by this method is another time the steric crowding. Since the dendrimer generation 

increases, the reactive groups are hidden at the focal point of the dendrons, and the 

attachment of the preformed units to the core�fragment becomes ever more difficult. 

 

 
 

Figure 1.7: Convergent growth method 

 

1.5   Aplication of metallodendrimer 
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1.5.1 Aplication of metallodendrimer with focus on Cancer 

Cancer is a category of disease characterized by unrestrained cell production (i.e. undergoing 

cell division beyond the normal limits) and the capability of these cells to attack neighboring 

tissue, and at times diffusion to other locations of the body by means of blood or lymph. The 

main types of cancers (based on mortality rate) are lung, stomach, colorectal, liver and breast 

cancer. These cancers can be treated by numerous methods for example surgery, radiotherapy 

and most notably chemotherapy, which is the main treatment of this disease. Chemotherapy 

is the treatment of cancer through anticancer drugs that target and destroy cancer cells. In the 

last decade, a revolution in cancer treatment has been offered by organometallic chemists [43, 

44]. 

1.5.1a The Use of Metals as Therapeutic Agents  

 

For the last 25 years medicinal inorganic chemistry was a fresh and unexplored field. 

Though, research has flourished following the achievement of platinum-based anticancer 

agents [45].  In addition to metal-based therapies, the efficiency of organic drugs can be 

better by combining them with metals [45]. 

 

1.5.1b Platinum Anticancer Agents 

 

The therapeutic properties of cis-diamminedichloridoplatinum(II)(cis-[Pt(NH3)2Cl2, cisplatin) 

was accidently revealed by Barnett Rosenberg [46, 47],  in the late 1960s, at the same time he 

was investigating the control of an electric field on the growth of Escherichia coli bacteria. 

Cisplatin was actually first synthesized by Michele Peyrone [48] in 1844 and was known as 

Peyrone’s chloride. More than a century later it became the first metal-containing anticancer 

drug. 

 

Today, cisplatin is FDA approved, and is used in the treatment of a wide range of tumors 

[49], in particular ovarian [50, 51] and testicular cancers [52, 53]. 

Cisplatin is also used in combination therapy of many other solid tumors, such as head, neck, 

bladder and small cell lung cancers [54]. 

Analogs of cisplatin (i.e. carboplatin and oxaliplatin), have exposed immense efficacy as 

second-generation drugs [55]. 
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Oxaliplatin is presently a ‘billion-dollar’ drug, primarily used to treat colorectal cancer [56]. 

 

 

                                            

                                               Figure 1.8: Platinum Anticancer Agents 

1.5.1c Titanium Anticancer Agents 

 

There have been two TiIV complexes explored as anticancer agents, both entered clinical 

trials in the 1990s. The first is a tris-acetylacetonate derivative called Budotitane [57] and the 

second, titanocene dichloride [(η5-C5H5)2TiCl2] [58]. 

 

Both complexes are alike in structure to cisplatin, with both containing two labile chloride 

ligands. Although the hydrolysis rate of these Ti-complexes is much faster than cisplatin, it 

did however lead to complications. Bound water is more acidic, which guide to the formation 

of hydroxo-bridged species, which consecutively lead to toxic TiO2 and therefore did not 

complete Phase I clinical trials [59, 60]. 

 

Titanocene dichloride had more accomplishment than Budotitane, with the completion of 

Phase I and II clinical trials; nevertheless it was abandoned [61]. 
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                                                 Figure 1.9: Titanium Anticancer Agents 

  

Titanocene dichloride was not permitted for clinical use as it did not demonstrate noteworthy 

advantages above current drugs on the market. The poor water solubility and low hydrolytic 

stability held back its progress [59, 60]. 

 

To assist in stability of the Ti-based complexes, ansa derivatives of titanocene dichloride 

were developed [59] and some complexes were vigorous against 36 human tumor cell lines 

[62]. 

However, the hydrolytic stability of the complexes remained a setback, for this reason an 

substitute approach was taken. The dichloride ligands of the ansa derivatives were replaced 

with an oxalate ligand, generating bis[(p-methoxybenzyl)cyclopentadienyl]-titanium(IV) 

oxalate (oxalititanocene Y) which was found to be twice as strong as cisplatin towards pig 

kidney epithelial (LLC-PK) cells [63] and established constructive pharmacokinetic 

properties. 

 

1.5.1d Gallium Anticancer Agents  

 

There are just a handful of gallium-based complexes used as anticancer agents [64], namely 

Ganite® (galliumnitrate complex) [64], KP46 [tris(8-quinlinolato)gallium (III)] [65] and 

GaM (galliummaltolate), tris(3-hydroxy-2-methyl-4H-pyran-4onato)gallium) [66]. 
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Ganite® is FDA permitted, and used to treat cancer-correlated hypercalcemia, but the drug 

has poor bioavailability [64]. 

 

 KP46 is an orally bioavailable drug, which has been through Phase I clinical trials for the 

treatment of solid tumors via S-phase cell cycle and apoptosis [65]. 

 

Although not redox active under biological environment, Ga(III) has similar chemistry to 

Fe(III) and can be transported to cells via the Fe(III) transport system (bound to serum 

protein transferrin) [67]. 

 

 

 

Figure 1.10: Structures of KP46 (left) and GaM (right) 

1.5.1e Tin Anticancer Agents  

 

Sn IV complexes have become very striking as therapeutic agents because of their attractive 

properties for example augmented water solubility, lower general toxicity than Pt-based 

drugs, better body clearance, fewer side-effects and most importantly does not develop drug 

resistance [68,69]. 

 

In recent times, a tributyl complex tri-n-butyltin(IV)lupinylsulfide hydrogen flumarate (IST-

FE 35), displayed inhibition of the implanted tumors (p388 myelomonocytic leukemia and 

B16-F10 melanoma) in BDF1 mice [70, 71]. 

 

 Following a single dose of the drug, IST-FE 168 abridged the tumor volume by 96 % at day 

11 [70,71]. 



26 
 

 

 
 

Figure 1.11: Structure of Sn IV anticancer complex, IST-FS 35. 

 

Additional examples of a Sn-based antitumor agents, are the trigonal-bipyrimidal anionic 

tin(IV) complexes lately synthesized by Kaluderovic [72], namely, triphenyltin(IV) chlorides 

containing N-phthaloyl-L-glycine(P-Gly), N-phthaloyl-L-alanine(P-AlaH), and 1, 2, 4-

benzenetricarboxylic 1, 2-anhydride(BTCH), were tested against a series of cancer cell lines.  

The Sn-based complexes displayed high activity in the cancer cell lines, with some of the 

complexes displaying IC50 values lower than cisplatin. The most active complex of the series 

(50 times more powerful than cisplatin) was the organotin complex, triethylammonium(N-

phthaloylglycinato)triphenyltin(IV) chloride [SnPh3(P-Gly)Cl] and was found to induce 

apoptosis via extrinsic pathways on DLD-1 cancer cells [72]. 

Other metals have been used in the search of possible therapeutic agents, such as gold [73], 

arsenic [74], copper [75], zinc [76], bismuth [77], molybdenum [78].  

 

However, ruthenium-based complexes have revealed the most pledge as anticancer agents 

[79]. 

 

1.5.1f   Ruthenium (III) Anticancer Agents  

 

Soon after the innovation of the cytotoxic effects of platinum-based drugs, ruthenium 

compounds were investigated as potential therapeutic agents. As an substitute to platinum, 

ruthenium has shown constructive properties and circumstances to form the basis for 

anticancer drug design.13 Furthermore ruthenium is less toxic than platinum, with its 
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biological activity ascribed to its aptitude to imitate the behavior of iron, and bind to 

biomolecules, for example human serum albumin and transferrin [80]. 

 

Two inorganic Ru(III) complexes, [ImH][transRu(DMSO)(Im)Cl4] (NAMI-A, where 

Im=imidazole ) [81-83]  and [IndH][trans-Ru(Ind)2Cl4](KP1019, where Ind=indazole) [84-

86] are now undergoing Phase II clinical trials. 

 
 

 

 

Figure 1.12: Ru(III)-anticancer compounds, NAMI-A (left) and KP1019 (right), 

currently undergoing clinical trials.  

NAMI-A, synthesized by Gianni Sava, is a tetrachlorido imidazole/DMSO-Ru(III) 

compound, and was the first of the two Ru III complexes to enter clinical trials. NAMI-A, 

was found to be stationary during initial in vitro testing. Yet, in vivo testing showed that the 

drug inhibits matrix metallo - proteinases and prevents metastases (tumor growth) [83] with 

little impact on primary tumors in animal models [82]. 

 

KP1019, developed by Bernhard Keppler, is administered intravenously and hence binds 

initially to proteins in the blood stream. Actually, following cellular uptake of KP1019, it was 

primarily found bound to proteins (i.e. albumin and transferrin) and on DNA in peripheral 

leukocytes [85].The side-effects seen with platinum-based anticancer agents were connected 

to their binding to serum proteins, while KP1019 binds to transferrin, an important step in its 

mode of action, as it aids in the transport into the cell via the transition pathway [84, 87, 88]. 
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In recent years the focus on Ru (III) complexes has shifted towards the development of Ru 

(II) complexes, as in both cases (i.e. NAMI-A and KP1019) the active drug is considered a 

Ru (II) species. Likewise, the Ru (III) agents are activated upon entering the cancerous cell, 

by reduction to the Ru (II) species which synchronize more rapidly to biomolecules [89, 90]. 

 

1.5.1g  Ruthenium(II) Compounds as Anticancer Agents 

 

Ru (III)-based anticancer drugs such as NAMI-A, KP1019 and their derivatives, pioneered as 

alternatives to Pt-based therapeutic agents. Nonetheless, with the +2 oxidation state proposed 

as the active ruthenium species, numerous investigations into the expansion of Ru (II) 

compounds as anticancer agents have been pursued. [91-93] 

 
 

                 Figure 1.13: Organometallic Ruthenium-Based Antitumor Compounds 
 

In organometallic complexes, it is the metal-carbon bond which endows these coordination 

complexes with their exceptional properties. The lability of the metal-ligand bond can really 

be predisposed by the attendance of metal-carbon bonds, as these complexes have high trans-

effects and trans-influences. Besides, the π-bonded arene and cyclopentadienyl (Cp) ligands 

can perform as both electron donors and π-acceptors. Similarly to Ru (III) complexes, Ru (II) 

complexes have been comprehensively considered as anticancer agents [91-93]. 

 

The most extensively studied organoruthenium compounds are the ruthenium-arene and 

ruthenium-cyclopentadienyl half-sandwich compounds, also referred to as ‘piano-stool’ 

complexes. [94] 
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The term ‘piano-stool’ is resulting from the orientation of the coordinating ligands around the 

metal centre. All these pseudo-octahedral complexes have either a Cp (η5) or arene (η6) ring 

(i.e. the ‘seat’ of the ‘piano-stool’), and coordinating ligands (i.e. the ‘legs’ of the ‘piano-

stool’). There are three forms of binding in which the coordinating ligands can organize 

around the d6 metal [Ru(II), Os(II), Ir(III) or Rh(III)]. Depending on the nature of the ligand, 

binding can arise in a monodentate (Z), bidentate(X-Y) or tridentate (X-Y-Z) manner, in-turn 

generating neutral or charged (secluded as salts) complexes. The different types of 

coordinating ligands (X, Y, Z and arene/Cp) order the reactivity (labile or inert) of the 

complexes. The π-donor ability of the arene/Cp ligand defend the metal centre from 

oxidation.1 The first half-sandwich organoruthenium antitumor agent was 1-β hydroxyethyl-

2-methyl-5-nitro imidazole (metronidazole) synchronized to a ruthenium(II)-benzene 

dichlorido moiety. The Ru-complex is more active in vitro than its base-ligand, 

metronidazole. [95] 

 

1.5.1i Multinuclear Ruthenium-Arene Compounds as Anticancer Agents 
 

The trinuclear Pt-based anticancer agent, BBR3464, is 2-6 orders of magnitude more active 

than cisplatin in cisplatin-resistant cell lines. [96] 

 

 For this reason, the use of multinuclear complexes as potential therapeutic agents has since 

been measured. In order to advance the activity of the ruthenium-arene complexes, Keppler 

and co-workers, synthesized water-soluble dinuclear ruthenium-arene complexes, based on 3-

hydroxy-2- methyl pyridinone with varied alkyl spacers. [97] 

The dinuclear ruthenium-arene complexes were compared against Pt-based antitumor agents 

(i.e. cisplatin, carboplatin and oxaliplatin), in a series of human tumor cell lines. [97] 

 

Especially, one of the dinuclear complexes has similar activity to oxaliplatin, with the 

mononuclear derivative inactive in the same cell line. 
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Figure 1.14: Dinuclear (with varying spacer lengths, right) ruthenium-arene antitumor 

complexes  

 

Stringer et al. prepared a series of mononuclear and dinuclear ruthenium-arene complexes 

based on benzaldehyde thiosemicarbazone [98]. 

 

The thiosemicarbazone moiety is known for its effective enzyme inhibition (in particular 

ribonucleotide reductase) and is competent of interrupting DNA replication [99]. 

 

 The dinuclear complex showed improved biological activity (IC50=8.96 µM) in the 

oesophageal cancer cell line (WHCO1), over its mononuclear derivative (IC50 >200 µM, 

WHCO1) [98]. 

 

A tetranuclear ruthenium-arene complex with general formula [(p-cymene)4Ru4 (R1)Cl6]Cl2 

(where R1=1,2-bis(di-N-methylimidazol-2-ylphosphine)ethane) was prepared by Noffke and 

co-workers [100]. 

 However, the cytotoxicity of the complexes are poor in several cancer cell lines (Hct116, 

Huh7, H411E and A2780 cells). 
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1.5.1j Ferrocene in Cancer Research 

 

Ferrocene was first discovered in 1951, [101,102] conversely the structure was elucidated 

afterwards separately by Wilkinson, Fischer and Pfab [103,104]. 

 

The benzene encouraged name ‘ferrocene’ was coined by Woodword and co-workers in 1952 

[105]. 

 

Scientists shattered no time in developing new strategies in synthesizing ferrocene and its 

derivatives [106]. 

 

Due to its simplicity of functionalization and favorable electronic properties, a wide range 

applications for these sandwich complexes were explored [107]. 

 

 Stability of ferrocene in aqueous and aerobic media, the large diversity of derivatives and the 

favorable electronic properties made ferrocene and its derivatives striking as potential 

biological agents [108,109]. 

 

1.5.1k Ferrocene in Medicine: With Focus on Ferrocenyl-Based Derivatives as 

Therapeutic Agents  

 

Many ferrocenyl compounds exhibit good in vivo or in vitro activity as antitumor [110], 

antimalarial [111], antifungal [112] and antiretroviral (ARV)[113]  agents and demonstrate 

DNA-cleavage activity [114]. 

 

Bryneset al. reported the first ferrocene-based anticancer complex in the late 1970s, with the 

compounds bearing amine or amide groups experienced against leukemia P-388 cells [114]. 

 

 The ferrocenyl-derived compounds were administered to mice and the activity of these 

complexes were low but showed an improvement compared to the starting ligand [115]. 

 

 This report clearly suggests, the integration of ferrocene into an appropriate biomolecule or 

carrier molecule, could offer the compound with enhanced anticancer activity. 
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1.5.1l Heterometallic and Multinuclear Ferrocenyl-Derived Anticancer Agents  

 

Ferrocene has been connected to both platinum [116-119] gold [120] and ruthenium [121, 

122] in an attempt to attain a synergistic effect between the two biologically active centres. 

Nieto and co-workers synthesized a series of heterometallic Pt(II) compounds with β-

aminoethylferrocenes. 

 

 The compounds were experienced against four cancer cell lines (HBL-100 (breast), HeLa 

(cervix), SW1573 (lung), WiDr (colon)). One of the β-aminoethylferrocenes-Pt(II) 

compounds displayed good cytotoxicity in all four cell lines (IC50=1.7 - 2.3 µM), with 

activity in the colon cancer cell line better than the benchmark drug (cisplatin). 

 

 

1.5.2 Metallodendrimers: Metal Decorated Dendrimers for Oncology 

  

The term metallodendrimers is resulting from the name given to metal functionalized highly 

branched macromolecules known as dendrimers. The term dendrimer is built from the Greek 

words “dendrons” meaning tree, and “meros” meaning part. These complex macromolecules 

have distinct shape, are extremely branched and are built from a central core [82]. 

 

Compared to linear polymers, dendrimers can be synthesized reproducibly with low 

polydispersity, which is a highly noticeable feature for drug delivery agents.  

 

A wide range of functionalities can be incorporated throughout the dendritic framework (on 

the periphery, at the core or interspersed which give them a wide range of applications in 

medicinal chemistry [83, 84], host-guest chemistry [85,86]. 
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2.0 Present work : Synthesis and characterization of metallodendrimers 
containing nickel using 2,4,6-tri amino pyrimidine. 
 
2.1 Rationale 
  
Dendrimers, which are symmetrically highly branched,  monodispersed, three dimensional 

fractal like macromolecules that originate from a central core with a well-defined structure, 

have involved significant concentration from a basic point of view and their progress is 

hastily increasing in many applications (e.g. OLEDs, sensors, and lasers).  

The inclusion of transition metals or lanthanides into dendritic macromolecules leads to a 

new class of materials called “metallodendrimers”.  

The active catalytic centre in a metallodendrimer can be located in three different areas: (i) 

metal atom as the dendrimer core; (ii) metal atoms in the dendrimer branches; (iii) metal 

atoms in the periphery. The synthesis of the third type of metallodendrimer perhaps 

envisaged by two strategies.  

 

Firstly, it is possible to build the dendrimer and then include the metal atoms in the final stage 

or, secondly, the metal atoms can be included within the molecular fragments used to build 

the dendrimer.  

 

Apart from of the choice of route, it is obligatory to attain proper dendrons that have the skill 

to coordinate the catalytically active metal atom. Additionally, dendrons have to put up with 

different functional groups as focal points. 

 

In terms of complex development or the coordination of metal atoms, the azoles are excellent 

candidates because of the presence of lone pairs on the nitrogen atoms and the chance of 

alteration into nucleophilic carbenes. 

 

Metal complexes demonstrate a variety of functionalities caused by the tunable reduction and 

oxidation levels of the metal ions.  

 

Metallodendrimers are novel molecules that combine metallic speciesinto a dendrimer 

scaffold. The dendritic structure of metallodendrimers produces that are discrete from those 

of small molecule inorganic complexes. 
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Moreover, dendrimers afford exceptional advantages for tuning metal centers by given that 

well�controlled positioning of metallic species amid the dendrimer complexes.  

 

The position of metallic species inside the interior of a dendrimer provides a structure with 

several metallic species dispersed throughout a restricted space and avert metallic species 

from further assembly. 

 

Research on metallodendrimers has acknowledged noteworthy concentration in recent years 

due, in part, to their probable applications in homogenous catalysis, sensing and light 

harvesting.  

 

Metallodendrimer compounds have been prepared through click chemistry, employing Diels-

Alder reactions, thiol-ene reactions and azide-alkyne reactions.  

 

Compounds containing S-diazine and dendrimers based on diazine have established 

incredible interest owing to their potential applications and have exposed molecular detection 

and self-assembly properties. 

  

Since outstanding importance of dendrimer and metallodendrimer compounds in the field of 

biological and medicinal chemistry and metal mediated approaches still remain inadequate 

for their synthesis.  

 

The aspire of the present study was to synthesize dendrimer and metallodendrimer based on 

diazine. It is premeditated to develop a simple and efficient method for the synthesis of 

metallodendrimer compounds from the reaction ofdiazine with different aroylchlorides at 

changeable temperatures in existence of bis-triphenylphosphinenickel(II) chloride.  

 

 

It is anticipated that the synthesized compounds would be biologically active and they might 

be used as a transitional products and catalyst for the synthesis of heterocyclic compounds 

and drugs. It might also be pertinent in chemical, physical and biological processes. 
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2.2 Results and Discussion: 
 
 
 
2.2.1 Synthesis of 2,4,6-Tris (di-amido)-1, 3-diazine Nickel(II) Bromide 7-11 
 
 
The compounds, 7-11 were obtained by treating 2, 4, 6-triamino pyrimidine (0.1g) with 

different aroyl chlorides in presence of (Ph3P)2NiBr2 as catalyst at room temperature for 6-7 

hours of stirring followed by heating for 30-60 min by using solvent DMSO as shown in the 

scheme 1 and table1 in good yield % . 

 
 
 
Scheme: 1 
 
 
 

 

 
 
 

 
2, 7     R = C6H4CH3(p) 
 
3, 8     R = C6H4NO2 (p) 
 
4, 9     R = C6H5 

 
5, 10   R = C6H4Cl (p) 
  
6, 11   R = C6H4OCH3 (p) 
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Table: 1 
 
 
 
Sl. 
No 

Substrate Reagents and 
Conditions 

Products 
(7-11) 

m.p 
(oC) 

 

Yield 
(%) 

 
1. 

 

 
p-CH3C6H4COCl 
DMSO, 
rt, 6-7 hrs, 
 
 (Ph3P)2NiBr2 
 

2 

 
 

180-
182 

85 

 
2. 

 

 
p-NO2C6H4COCl 
DMSO, 
rt, 6-7 hrs, 
 
 (Ph3P)2NiBr2 
 

3 

 

 

239-
245 

   89 

 
3. 

 

 
p-C6H5COCl 
DMSO, 
rt, 6-7 hrs, 
 
(Ph3P)2NiBr2 
 

4 

 120-
125 
 
 
 
 
 
 
 
 
 
 
 

  90 
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Sl. 
No 

Substrate Reagents and 
Conditions 

Products  
(7-11) 

m.p 
(oC) 

 

Yield 
(%) 

 
4. 

 

 
p-ClC6H4COCl 
DMSO, 
rt, 6-7 hrs, 
 
 (Ph3P)2NiBr2 
 

5 

 

 

240-
242 
 
 
 
 
 
 
 
 
 
 
 

     88 

 
5. 

 

 
p-CH3OC6H4COCl 
DMSO, 
rt, 6-7 hrs, 
 
 (Ph3P)2NiBr2 
 

6 

 

 

180-
185 
 
 
 
 
 
 
 
 
 
 

    92 

 
 
Yield % was calculated on the basis of pyrimidine (diazine). 
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2.2.2 Synthesis of 2, 4, 6‐‐‐‐Tris (di ‐‐‐‐4‐‐‐‐methylbenzamido) ‐‐‐‐1, 3 ‐‐‐‐diazine nickel (II) 
chloride 12 
 
 
The compound, 12 is derived from the synthesis of pyrimidine (0.1 g) with p‐CH3C6H4COCl 

in the presence of NiCl2 as catalyst at room temperature for 6‐7 hours of stirring by using 

solvent DMSO. 

 

 

 

 
 

 

 

Table:2 

 
Sl. 
No 

Substrate Reagents and 
Conditions 

Products 
 (12) 

m.p 
(oC) 

 

Yield 
(%) 

 
1. 

 

 
p-CH3C6H4COCl 
DMSO,  
rt, 6-7 hrs,  
NiCl2 

 

 
 
 

180-
185 

   95 
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2.3.1 Characterization of 2,4,6-Tris (di-4-methylbenzamido)-1,5-diazine Nickel  
(II) Bromide 7 
 
 
The compound 7 was synthesized from 2,4,6-triamino-1,5-diazine (pyrimidine) with reaction 

of p-methyl benzoyl chloride and DMSO by stirring at room temperature for about 6-7 hours 

in presence of (Ph3P)2NiBr2.  

The structure of the compound was established by various spectral data. 

In IR spectrum of compound 7, the absorption band was found at 3380.36 cm-1 and 2927.08 

cm-1 due to the C-H (aro) and C-H (ali) stretching absorption respectively, whereas a broad 

band at 1705.13 cm-1 represents the keto (C=O) group. Strong absorption band at 1608.69 

cm-1 displays strong C=N stretching absorption. νmax 1416.76 cm-1 stretching bands indicated 

the presence of C=C in phenyl ring, and νmax  1348.29 cm-1 indicated the presence of aromatic 

C-N stretching. 

In 1H NMR spectrum of compound 7, the chemical shift at δH 2.357 (s, 6×3H, Ar-CH3) is 

found as a singlet for the hydrogen atoms in six CH3 groups. Chemical shift at δH 7.29 (dt, 

6×2H, Ar-H, J=8.0 Hz) showed a doublet for aromatic protons of C-3′, C-5′ carbon of six 

phenyl rings and δH 7.84 (dt, 6×2H, Ar-H, J=8.0 Hz) showed another doublet for similar 

protons of C-2′, C-6′, carbon of six phenyl rings. 
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2.3.2  Characterization of 2,4,6-Tris (di-4-nitrobenzamido)-1,5-diazine Nickel (II)  

 
Bromide 8 
 
 

The compound 8 was synthesized from 2,4,6-triamino-1,5-diazine (pyrimidine) with the 

reaction of 4-nitrobenzoylchloride and DMSO by stirring at room temperature for 6-7 hours 

in presence of (Ph3P)2NiBr2. 

 

The structure of the compound was established by various spectral data. 

 

 In IR spectrum of the compound 8 , the absorption band was found at 3115.14 cm-1 due to 

the C-H (aro) stretching absorption, whereas a broad band at 1704.17 cm-1 represents the keto 

(C=O) group. Strong absorption band at 1543.10 cm-1 displays strong C=N stretching 

absorption. νmax 1350.22 cm-1 stretching bands indicated the presence of C=C in phenyl ring 

and νmax 1102.35 cm-1  indicated the presence of aromatic C-N stretching. 

 

In 1H NMR spectrum of compound 8, chemical shift at δH 8.106 (dt, 6×2H, Ar-H) showed a 

doublet for aromatic protons of C -3′, C-5′ of six phenyl rings and δH 8.277 ppm (dt, 6×2H, 

Ph-H) showed another doublet for similar protons of C-2′, C-6′ carbon of six phenyl rings 

and δH 7.25 ppm for H of pyrimidine ring. 
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2.3.3 Characterization of 2,4,6-Tris(di-benzamido)-1,5-diazine Nickel(II) 
Bromide 9 
 

Compound 9 was synthesized from 2,4,6-triamino-1,5-diazine (pyrimidine) with the reaction 

of benzoyl chloride and DMSO as solvent under reaction condition stirring at room 

temperature for 6-7 hours in presence of  (Ph3P)2NiBr2. 

The structure of the compound was established by various spectral data. 

 

In IR spectrum of compound 9, the absorption band was found at 3072.71 cm-1  due to the 

CH (aro) stretching absorption, a broad band at 1683.7 cm-1  represents the keto (C=O) group. 

Strong absorption band at 1675.5 cm-1 displays strong C=N stretching absorption. νmax 

1584.57 cm-1  stretching bands indicated the presence of C=C in phenyl ring and νmax 1292.35 

cm-1  indicated the presence of aromatic C-N stretching. 

In 1H NMR spectrum of derived compound 9, Chemical shift at δH 7.521 (t, 6×2H, 

Ar-H, J=7.5 Hz) was found for the two carbons (C-1′, C-4′) of phenyl rings, δH 7.622 

(t, 6×1H, Ar-H, J=7.6 Hz)showed triplet for aromatic protons of C-3′, C-5′carbon of 

phenyl rings and δH 7.946 (dt, 6×2H,Ar-H, J=8.0 Hz) showed doublet for similar 

protons of C-2′, C-6′carbon of six phenyl rings. 
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In 13C NMR spectral data of synthesized compound 9, the peak at δC 134.67 was 

found for two carbons (C-1′, C-4′) of phenyl ring, chemical shift at δC 130.39 and δC 

130.91 represent the aromatic carbons of C-2′, C-6′and C-3′, C-5′of six phenyl rings 

in respective order. The chemical shift at δC 132.66 ppm was indicating the carbons 

C-2, C-4 and C-6 of pyrimidine ring and at δC 169.21 was for carbonyl carbon (C=O). 

 

 

 

 

 

 

 

 

 

 

 

 

2.3.4 Characterization of 2, 4, 6‐‐‐‐Tris (di ‐‐‐‐4‐‐‐‐chlorobenzamido)‐‐‐‐1, 5‐‐‐‐diazine Nickel 

(II) Bromide 10 

 
 
The compound 10 was derived from 2, 4, 6‐triamino‐1, 5‐diazine (pyrimidine) with the 

reaction of p‐chlorobenzoyl chloride under reaction condition stirring at room temperature for 

6‐7 hours with (Ph3P)2NiBr2 in presence of DMSO as solvent. 
 

The structure of the compound 10 was established by various spectral data. 
 

In IR spectrum of the compound 10, the absorption band is found at 3072.71 cm-1  due to the 

C‐H (aro) stretching absorption and a broad band at 1686.81 cm-1  represents the keto (C=O) 

group. Strong absorption band at 1602.90 cm-1 displays strong C=N stretching absorption. 

νmax 1326.10 cm-1  stretching bands indicated the presence of C=C in phenyl ring and νmax 

1027.13 cm-1 indicated the presence of aromatic C‐N stretching and strong absorption band in 

νmax 811.09 cm-1  shows C‐Cl stretching absorption. 
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In 1H NMR spectrum of compound 10, chemical shift at δH 7.85 (dt, 6×2H, Ar‐H, J=8.0 Hz) 

showed a doublet for aromatic protons of C‐3′, C‐5′of six phenyl rings and δH 7.96 (dt, 6×2H, 

Ar‐H, J=8.4 Hz) showed another doublet for similar protons of C‐2′, C‐6′carbon of six phenyl 

rings. 

 
2.3.5 Characterization of 2, 4, 6‐‐‐‐Tris (di ‐‐‐‐4‐‐‐‐methoxybenzamido)‐‐‐‐1, 5‐‐‐‐diazine nickel 

(II) Bromide 11 
 
 
The compound 11 was derived from 2,4,6‐triamino‐1,5‐diazine (pyrimidine) with the reaction 

of p‐methoxybenzoyl chloride under reaction condition of stirring at room temperature for 

6‐7 hours in the presence of (Ph3P)2NiBr2 and solvent (DMSO). 
 

The structure of the compound 11, was established by various spectral data 
 

In IR spectrum of the compound 11, the absorption band was found at 3114.18 cm-1   due to 

the C‐H (aro) stretching absorption and a broad band at 2854.74 cm-1is for stretching 

absorption represents the (C=H) aliphatic group. Absorption band at 1607.72 cm-1 displays 

keto (C=O) group. Stretching absorption νmax 1350.22, 1255.70 and 1107.18 cm-1   stretching 

bands indicated the presence of C=N, aromatic C=C and C‐N in the order. 
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In 1H NMR spectrum of compound 11, the chemical shift at δH 2.54 ppm (s, 6×3H, Ar‐OCH3) 

is found as a singlet for the hydrogen atoms in six ‐OCH3 groups. Chemical shift at δH 8.17 

ppm (dt, 6×2H, Ph‐H) showed a doublet for aromatic protons of C‐3′, C‐5′carbon of six 

phenyl rings and δH 8.31 ppm (dt, 6×2H, Ph‐H) showed another doublet for similar protons of 

C‐2′, C‐6′ carbon of six phenyl rings. The chemical shift at δH 3.39 ppm (s, 1H, -C-H) was 

obtained for the proton (-CH) of carbon (C-3) of pyrimidine ring. 

    
 

   
2.3.6 Characterization of 2, 4, 6‐‐‐‐Tris (di ‐‐‐‐4‐‐‐‐methylbenzamido)‐‐‐‐1, 5‐‐‐‐diazine nickel 
(II) Chloride 12 
 
 
The compound 12 is the product from the synthesis of 2, 4, 6‐triamino‐1, 5‐diazine 

(pyrimidine) with the reaction of p‐methyl benzoyl chloride. Reaction condition was stirring 

at room temperature for 6‐7 hours in presence of NiCl2 and solvent (DMSO). 
 

The structure of the compound 12 was established by various spectral data. 
 

In IR spectrum of the synthesized compound 12 the absorption band at 3444.02 cm-1  is found 

due to the C‐H (aro) stretching absorption and another broad band at 2977.23 cm-1 stretching 

absorption represents the (C=H) aliphatic group. Absorption band at 1817.00 cm-1 is for keto 

(C=O) group. Stretching absorption νmax 1612.54, 1516.10 and 1286.56 cm-1 stretching bands 

indicated the presence of C=N, aromatic C=C and C‐N are in the order. 

11

2

3

45

6

1

1

2
3

4

5
6

.
OCH3

OCH3

H3CO

H3CO OCH3

OCH3

Br

Br

C

ONi

O

C N

Br

Br

C
O

NiO
C

N

Br Br

C

O

Ni

O

C

H

N

C

N

N



46 
 

 

In 1H NMR spectrum of compound 12, the chemical shift at δH 2.368 (s, 6×3H, Ar‐CH3) is 

found as a singlet for the hydrogen atoms in six CH3 groups. Chemical shift at δH 7.309 (dt, 

6×2H, Ar‐H, J=8.0 Hz) showed a doublet for aromatic protons of C‐3′, C‐5′ carbon of six 

phenyl rings and δH 7.849 (dt, 6×2H, Ar‐H, J=8.0 Hz) showed another doublet for similar 

protons of C‐2′, C‐6′ carbon of six phenyl rings.  

 

 

 

Scanning Electron Microscope (SEM) Spectroscopic Analysis of the 
compound 8 
 

 2.4 General Discussion:  
 
Scanning electron microscope (SEM ) is a type of electron microscope that produces images 

of a sample by scanning it with a focused beam of electrons. The electrons interact with 

atoms in the sample, producing various signals that can be detected and that contain 

information about the sample's surface topography and composition. SEM is known to the 

best choice because of its potential in precise analysis of a solid surface. To get more clear 

insight about the surface morphology Scanning Electron Microscopic (SEM) analysis was 

employed. Chemical composition and morphological structure of a material depends on the 

synthesis conditions such as temperature, concentration of reactants and products etc. The 
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SEM images of the compounds were taken in a Scanning Electron Microscope at an 

accelerating voltage of 10 KV with magnifications ranging from 50.00-1.00 µm. The 

sphericity of the micrographs was found good. 

The details of the SEM images of one of the synthesized compounds is shown below- 
 
2.4.1 SEM image of compound 2,4,6-Tris(di-4-nitrobenzamido)-1,5-diazine 
nickel(II) chloride 8 
The SEM images of the compound 8 were taken in a Scanning Electron Microscope and 

described as the following way. Figure shows the SEM image of different magnification 

range of compound 8 synthesized as described in chapter-3. This image represented as 

“rectangular fiber” like structure. 
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Figure 2.1: SEM image of compound 2,4,6-Tris(di-4-nitrobenzamido)-1,5-diazine 
nickel(II) chloride 8 
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By applying from 10 kv 10.3 mm x 800 SEM to 10 kv 10.3 mm x 40 k SEM, the 
range of particle size of the compound were found 50.0 µm to 1.00 µm.  
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2.5 : Reaction Mechanism: 

 
Explanation: 
 
 
This is an SN1 type reaction, where the carbonyl carbon of aroyl chloride is the electrophile 

and the nitrogen of amino group of diazine is the neucleophile. At the beginning, the 

neucleophile attacks the electrophile and attached with it. In this ligand making process,from 

amino group, H+ is extracted and Cl- is extracted from carbonyl carbon group of aroyl 

chloride and HCl is produced. Similarly, another hydrogen of amino group is substituted by 

another aroyl group and final product metallodendrimer is produced after NiBr2 is attached 

with the ligand. 
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Chapter - 3 
 
 

Experimental Data 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



53 
 

 
 
 
Experimental Data 
 
3.1  Materials and Methods: 
 
If otherwise noted, all reactions were carried out in room temperature; all reagents were 

reagent grade and were directly used without further purification. Dehydrated DMSO was 

used as reaction solvent.All the solvents and chemicals were purchased from Sigma Aldrich 

and used as received. De-ionized water was used in the experiment where required.  

 

After synthesizing the compounds, melting points were determined by open capillary tubes 

by a melting point apparatus (Model BUCHI, B-540). The IR specrtra were recorded by a 

Shimadzu FTIR 8400S Fourier Transform. Infrared Spectrophotometer (400 - 4000 cm-1) 

with KBr pellets. 
 

1H-NMR and 13C-NMR spectra were taken at 300 MHz and 75 MHz, respectively, on 

BRUKER DPX-400 spectrophotometer using tetramethylsilane (TMS) as an internal 

standard. Chemical shifts were given relative to TMS. 

 

 Analytical thin layer chromatography (TLC) were Merck aluminium oxide 60 F254 neutral 

or silica gel 60 F254 coated on 25 TCC aluminium sheets (20×20 cm). SEM was recorded in 

JEOL JSM -7600F Field Emission Scanning Electron Microscope. 

 

3.2 General procedure for the synthesis of Metallodendrimers 

 

3.2.1 Synthesis of 2,4,6-Tris (di-4-methylbenzamido)-1,5-diazine Nickel  (II) Bromide 7 

 

For this synthesis, required compounds are 0.1 g (0.0007928 mol) 2, 4, 6-triaminopyrimidine 

(Diazine), p-methyl benzoyl chloride (6.2 eqv), 8 mol% of bis-triphenyl phosphine Nickel 

(II) bromide and 7 mL of DMSO as solvent. 
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 All these measured compounds were added in a 250 mL round bottom flask.The reaction 

mixture was stirred at room temperature for around  6 - 7 hours. The progress of the reaction 

was monitored. 

At the beginning of the reaction, the mixture was turned into a clear “Green” solution 

(presence of Ni) and after 6-7 hours later reaction mixture was kept additional ½ /1 hour with 

constant stirring at 80°C for best results. 
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Figure 3.1 : Different stages of synthesis. 
 

 

 

Reaction process was stopped by adding distilled water and then gradually it turned into 

white “curd’’ like mixture, after a while it was filtered under suction on a Buchner funnel and 

washed with sufficient distilled water, washed with sodium bicarbonate to remove completely 

any remaining acid.  

 

Finally, the product was crystallized by hot EtOH and the required compound was formed as 

white shinny crystalline solid.  
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MF: C52N5H43O6Ni3Br6 

 
 
MW: 1169.81 
 
 
Physical analysis: White crystalline solid, m. p. 180-182°C, odorless and 85 % yield. 
 
 
Analytical analysis: 
 
  
IR (KBr): ν max (cm-1) 3380.36 (C-H aro) , 2927.08 (C-H ali), 1705.13 (C=O), 1608.69 

(C=N), 1416.76 (C=C), 1348.29 (C-N aro) . 

 

 
1H NMR (300 MHz, DMSO): δH 2.357 (s, 6×3H, Ar-CH3), δH 7.29  (d, 6×2H, Ar-H,), δH 

7.84  (d, 6×2H, Ar-H ). 
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3.2.2 Synthesis of 2, 4, 6-Tris(di-4-nitrobenzamido)-1, 5-diazine nickel (II) 
bromide 8 
 

The mixture of 0.1 g (0.0007928 mol) 2, 4, 6-triamino pyrimidine (Diazine) , 0.9203 g p-

nitrobenzoyl chloride and 8 mol% of bis-triphenyl phosphine Nickel (II) bromide was added 

in 7 mL of DMSO in a 250 ml round bottle flask and the reaction was carried out by a similar 

procedure described by compound 7 

 

 
 
MF: C46N11H25O18Ni3Br6 

 

 

MW: 1675.25 
 
 
 Physical analysis: White crystalline solid, m. p: 239-245 �C, odorless and 85 % of yield. 
 
 
Analytical analysis:  
 
 
IR (KBr): νmax (cm-1) 3115.14 (C-H aro.), 1704.17 (C=O), 1543.10 (C=N aro.), 1350.22 
(C=C aro.), 1102.35 (C-N aro.) cm-1. 
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1H NMR (300 MHz, DMSO): δH 8.106 (6×2H, Ph-H), δH 8.27  (6×2H, Ph-H). δH 7.25 H of 
pyrimidine ring. 
 
 
 
3.2.3 Synthesis of 2,4,6-Tris(di-benzamido)-1,5-diazine nickel(II) bromide 9  
 
The mixture of 0.1 g (0.007928 mol) 2, 4, 6-triaminopyrimidine (Diazine), 0.6972g benzoyl 

chloride and 8 mol% of bis-triphenyl phosphine nickel (II) bromide was added in 7 mL of 

DMSO in a 250 ml round bottle flask and the reaction was carried out by a similar procedure 

described by compound 7. 

 

 
MF: C45N5H31O6Ni3Br6 

 

 

MW: 1405.27 
 
 
 Physical analysis: White crystalline solid, m. p: 120-125 °C, odorless and 90 % of yield.  
 
Analytical analysis:  
 
 
IR (KBr): ν max (cm-1) 3072.71 (C-H aro), 1683.7 (C=O), 1675.5 (C=N aro), 1584.57 (C=C 
aro) and 1293.35 (C-N aro) cm-1. 
 
 
1H NMR (300 MHz, DMSO): δH 7.521 (t, 6×2H, Ar-H, J=7.5 Hz), δH7.622 (t, 6×1H, Ar-H, 
J=7.6 Hz), δH 7.946 (d, 6×2H, Ar-H, J=8.0 Hz). 
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13C NMR (75 MHz, DMSO): δc 130.39 (C-4′of benzene ring),δc 134.40  (C-2′, C-6′, C-3′,C-
5′of benzene ring), δc 132.66  ( C-1′ of benzene ring),  δc 132.66 (C-2,C-3, C-4 and C-6 of 
pyrimidine ring) and δc  169.21 ppm (C=O). 
 
 
3.2.4 Synthesis of 2, 4, 6‐‐‐‐Tris (di ‐‐‐‐4‐‐‐‐chlorobenzamido)‐‐‐‐1, 5‐‐‐‐diazine nickel (II) 
bromide 10 
 
 
The mixture of 0.1 g (0.007928 mol) 2, 4, 6-triaminopyrimidine (Diazine), 0.8680g 

p‐chlorobenzoyl chloride and 8 mol% of bis-triphenyl phosphine nickel (II) bromide was 

added in 7 mL of DMSO in a 250 ml round bottle flask and the reaction was carried out by a 

similar procedure described by compound 7. 

 

 
 
MF: C46N5H25O6Ni3Br6 

 

 
MW: 1399.22 
 
 
Physical analysis: White crystalline solid, m. p: 240-245°C, odorless and 88 % of yield. 
 
  
Analytical analysis:  
 
 
IR (KBr): νmax (cm-1) 3072.71 (C=H aro.), 1686.81 (C=O), 1602.90 (C=N), 1326.10 (C=C 
aro.), 1027.13 (C-N), 811.09 (C-Cl). 
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1H NMR (300 MHz, DMSO): δH4.96  (s, 1H, -C-H), δH7.85  (d, 6×2H, Ar-H,) And δH 7.96  
(d, 6×2H,  Ar-H). 
 
 
3.2.5 Synthesis of 2, 4, 6‐‐‐‐Tris (di ‐‐‐‐4‐‐‐‐methoxybenzamido)‐‐‐‐1, 5‐‐‐‐diazine nickel (II) 
bromide 11 
 
 

The mixture of 0.1 g (0.007928 mol) 2, 4, 6-triaminopyrimidine (Diazine), 0.8461 g 

p‐methoxybenzoyl chloride and 8 mol% of bis-triphenyl phosphine nickel (II) bromide was 

added in 7 mL of  DMSO in a 250 ml round bottle flask and the reaction was carried out by a 

similar procedure described by compound 7. 

 

 
 
MF: C52N5H43O12Ni3Br6 

 

 
MW: 1585.42 
 
 
 Physical analysis: White crystalline solid, m. p: 180-185°C, odorless and 92% of yield. 
 
 
Analytical analysis:  
 
 
IR (KBr):  νmax(cm-1) 3114.18, 2854.74, 1607.72, 1350.22, 1255.70 and 1107.18  cm-1 
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1H NMR (300 MHz, DMSO): δH2.54 (s, 6×3H, Ar-OCH3), δH8.17 (6×2H, Ph-H), δH8.31 
(6×2H, Ph-H) and δH 3.39 (1H of pyrimidine ring). 
 
 
 

3.2.6 Synthesis of 2, 4, 6‐‐‐‐Tris (di ‐‐‐‐4‐‐‐‐methylbenzamido)‐‐‐‐1, 5‐‐‐‐diazine nickel (II) 
Chloride 12 
 
The mixture of 0.1 g (0.007928 mol) 2, 4, 6-triaminopyrimidine (Diazine), 0.7667g p‐methyl 

benzoyl chloride and 8 mol% of bis-triphenyl phosphine nickel (II) chloride was added in 7 

mL of  DMSO in a 250 ml round bottle flask and the reaction was carried out by a similar 

procedure described by compound 7. 

 

 
 
 
 
 
 
MF: C52N5H43O6Ni3Cl6 
 
MW: 1222.72 
 
Physical analysis: White crystalline solid, m. p: 180-185°C, Odorless and 95% of yield. 
 
 
Analytical analysis: 
 
IR (KBr) : νmax (cm-1) 3444.12 (C‐H, aro), 2977.23 (C=H), 1817.00 (C=O), 1612.54 (C=N), 
1516.10 (C=C), 1286.56 (C‐N) 
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1H NMR (400 MHz, DMSO): δH2.349 (s, 6×3H, Ar‐CH3), δH7.230 (d, 6×2H, Ar‐H), δH 
7.90  (d, 6×2H, Ar‐H). 
 
 
 
                                                        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion  
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                                                           Conclusion 
 
The following points can be concluded from the research work- 
 
 
� In this thesis, a convenient method has been developed for the synthesis of a series of 

highly funtionalized metallodendrimers from the neat reaction of commercially available 
pyrimidine (2,4,6- triamino -1,3-diazine) with different aroylchlorides. 

 

� A facile method for the synthesis of metallodendrimers from the reaction of pyrimidine 
with different aroylchlorides using bis-triphenylphosphine Nickel(II) Bromide has been 
established under different conditions. 

 

� The synthesis of metallodendrimer compounds was also carried out by using synthesized 
dendrimer in the presence of (Ph3P)2NiBr2 as legand  in DMSO under room temperature.  

 

� The surface morphology and particle size of the compound were studied by taking 
Scanning Electron Microscope (SEM) and the synthesized compound was found to be 
supramolecule. SEM was taken 5-10 Kv at magnification (× 100-30000) of different 
range of particle size of the compound was found 1 µm to 100 µm and the shapes of the 
compounds were found as rock shaped. The structure were found like (compound 8), 
rectangular fiber. 

 

� To ensure the presence of required metal such as nitrogen and halogen, elementary test 
(Lassaigne test) was done. 

 

� The required structures of the synthesized compounds was proved by IR, 1H, 13C. 
 

� At the time of synthesizing the compounds, the reactions were carried out in different 
solvents like DMF, DMSO and MeOH. And good result was found in case of polar 
aprotic solvent  DMSO. 

 

� The most important feature of the synthesis were that the readily available inexpensive 
materials were used under relatively mild conditions and with higher yield.  

 

� A variety of functional groups can be introduced through this procedure. Moreover, no 
toxic and hazardous compounds were produced during the synthesis of compounds, so it 
is environment friendly. 

 

� These synthesized compounds would be important ligands and the metallodendrimers 
would be potent catalyst which is under study.  
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� The synthesized compounds would be used as anti cancer agent, anti tumor agent and 
drug carrier during chemotherapy. 

So reviewing those entire highlights, in conclusion it is established that this methodology 
could be utilized to synthesize the biologically important derivatives and will be attractive to 
both organic and medicinal chemists 
 
 
 
 
 
 
 

 
 
 
 
 
 

References   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



65 
 

 
 
 
 
 
 
 
 
 

References 

[1] a) Newkome, G. R.;Yao,  Z. Q.; Baker, G. R.; Gupta, V. K.; J. Org. Chem., pp. 20, 

2003, 1985. b) Tomalia, D. A.; Baker, H.; Dewald, J. R.; Hall, M.; Kallos, G.; 

Martin, S.; Roeck, J.; J.; Ryder, P. Smith, J. Polym., pp. 17, 117, 1985. c) Tomalia, 

D. A.; Naylor, A;. Goddard, W. A.; Angew. Chem. Int. Ed., pp.  29, 138, 1990. d) 

Nagasaki, T.; Kimura, O.; Ukon, M.; Arimori, S.; Hamachi, I.; Shinkai, S.; J. 

Chem. Perkin Trans., pp. 75, 1002, 1994. e) Majoral, J.P.; Caminade,  A. M.; 

Chem. Rev., 99, 845, 1999. f) Fischer, M.; Vogtle,  F.; Angew. Chem. Int. Ed., 38, 

884, 1999. g) de Germes,  P. G.; H. J. Hervet, Phys. Lett., 44, 351, 1983. h) 

Naylor, A. M.; Goddard III, W. A.; Kiefer, G. E.; Tomalia, D. A.; J. Am. Chem. 

Soc. 111, 2339, 1989. i) Pricl, S.; Fermeglia, M.; Ferronne, M.; Asquini, A.; 

Carbon, 41, 2269, 2003. j) Frechet, J. M. J.; Tomalia, D. A.; Dendrimers and 

Other Dendritic Polymers. John Wiley & Sons, Inc., New York, 2001. 

[2]    Bali, C.; Thomas, A.; Rawat. Recent progress in dendrimer-based nanocarries. 

Crit. Rev. Ther. Drug Carrier Syst.; 23: 437-495, 2006. 

[3] Frechet,J. M. J.; Science, 263, 1710, 1994. 

[4]    Hawker, C. J.; In Advances in Polymer Science, Hilbom, J. G.; Ed.; Springer-

Verlag: Berlin, Heidelberg,  147, 113, 1999. 

[5] Frechet, J. M. J. Science  263, 1710, 1994,. 

[6] Kim, Y. H.; Webster, O. W.; J. Am. Chem. Soc., 112, 4592, 1990.  

[7] Miller, T. M.; Neenan, T. X.; Zayas, R.; Blair, H. E.; J. Am. Chem. Soc., 114, 

1018, 1992. 

[8] Hawker, C. J.; Chu, F.; Macromolecules, , 29, 4370, 1993.  

[9] Hult, A.; Johansson, M.; Malmstrom, E.; In Advances in Polymer Science; J. 

Roovers, Ed.; Springer-Verlag; Berlin, Heidelberg, , 1431, 1999. 

[10] a) de Brabander-van den Berg, E. M. M.;  Meijer, E. W.; Angew. Chem. Int. Ed., 

32, 1308, 1993. b) Jansen, J. F. G. A.; de Brabander-van den Berg, E. M. M.; 



66 
 

Meijer, E. W.; Science, 266, 1226, 1994. c) Jansen, J. F. G. A.; Meijer, E. W.;  J. 

Am. Chem. Soc., 117, 4417, 1995. 

[11] Kostas, I. D., Andreadaki, F, J., Medlycot, E. A.; Hannan, G. S. and Monflier, E., 

“Synthesis of a halo-methylphenylene periphery-functionalized triazine – based 

dendritic molecule with a 3, 3΄-dimethyl biphenyl linker using tris (halo-

methylphenylene) triazines as building block”, Tetrahedron Lett., vol. 50, pp. 

1851-1854, 2009. 

[12] Tomalia, D.A., Baker, H., Dewald, J., Hall, M., Kallos, G and Martin, S., A 

newclass of polymers: starburst-dendritic, j. macromolecules. Polym., 17, 117-32, 

1985. 

[13] Gaudana, R.; Jwala, j.; Boddu, S. H. S.; Mitra, A. K. “Recent perspectives in 

ocular drugdelivery, Pharmaceutical Research’’,; 26(5): 1197– 1216, 2009. 

[14] Ranta, V. P.; Mannermaa, E.; Lummepuro, K. “Barrier analysis of periocular drug 

delivery to the posterior segment. Journal of Controlled Release’’,; 148(1): 42–48, 

2010. 

[15] Tomalia, D. A.; Baker, H.; Dewald, J.; Hall, M.; Kallos, G.; Martin, S.; Roeck, J.; 

Ryder,J.; Smith, P. “A New Class of Polymers: Starburst-Dendritic 

Macromolecules. PolymerJournal’’,; 17(1): 117-132, 1985. 

[16] Hawker, C. J.; Fréchet, J. M. J. “Preparation of polymers with controlled 

moleculararchitecture. A new convergent approach to dendritic macromolecules. 

‘J. Am. Chem. Soc.,; 112(21): 7638‐7645, 1990. 

[17] Newcome, G.R., Moorefield, C. N and Vogtle, F.,. Dendritic Molecule Concept, 

synthesis perspective, VCH publisher 1996. 

[18] Jansen, J. F. G. A and Meijer, E. W., “The dendritic box: Shape selective liberation 

of encapsulated Guests”. J. Am. Chem. Soc., vol. 117, pp. 4417-4418, 1995. 

[19] Wooly, K. L., Hawker, C. J. and Frechet, M. J., “Unsymmetrical three-dimensional 

macromolecules: Preparation and characterization of strongly dipolar dendritic 

macromolecules”, J. Am. Chem. Soc., vol. 115, pp.11496-11505, 1993. 

[20] Percec, V., Johansen, G., Unger, G. and Zhou, J., “Fluorophobic effect induces the 

selfassembly of semifluorinated tapered monodendrons containing crown ethers 

into 98 supramolecular columnar dendrimers which exhibit a homeotrobic 

hexagonal columnar liquid crystalline phase”, J. Am. Chem. Soc., vol. 118, pp. 

9855-9866, 1996. 



67 
 

[21] Gu, H. E., Li, G. U. O. and Li Fang, M. A., “Synthesis of Novel Dendrimers 

Containing amino Acids and Peptides”, Chin. Chem. Lett. vol. 17, 3, pp. 289-292, 

2006. 

[22] Peterson, J., Ebber, A., Allikmaa, V. and Lopp, M., “Synthesis of CZE analysis of 

PAMAM dendrimers with an ethylenediamine core”, Proc. Estonian Acad. Sci. 

Chem., vol. 50, 3, pp. 156-166, 2001. 

 

[23] Franc, G. and Kakkar, A. K., “Diels–Alder “Click” Chemistry in Designing 

Dendritic Macromolecules”, Eur. J. Chem. doi: 10.1002/chem.200900252, 2009. 

[24] Killops, K. L., Campos, L. M. and Hawker, C. J., “Robust, Efficient, and 

Orthogonal Synthesis of Dendrimers via Thiol-ene “Click” Chemistry”, J. Am. 

Chem. Soc., vol. 130, 15, pp. 5062–5064, 2008.  

[25] Antoni, P., Nystrom, D., Hawker, C. J. and Malkoch, M., “A chemoselective 

approach for the accelerated synthesis of well-defined dendritic architectures”, 

Chem. Comm., vol. 22, pp. 2249-2251, 2007. 

[26] Carlmark, A., Hawker, C. J., Hult, A. and Malcoch, M., “New methodologies in 

the construction of dendritic materials”, Chem. Soc. Rev., vol. 38, pp. 352 – 362, 

2009. 

[27] Newkome, G. R.; He, E.; Moorefield, C. N. “Supramolecules with novel 

properities: metallodendrimers”, Chem. Rev.;, 99, 1689. 99, 1999. 

[28] Vögtle, F.; Plevoets, M.; Nieger, M.; Azzellini, G. C.; Credi, A.; de Cola,L.; de 

Marchis, V.; Venturi, M.; Balzani, V.; “Dendrimers IV: Metal Coordination, 

Selfassembly, Catalysis”, J. Am. Chem. Soc.;, 121, 6290, 1999. 

[29] Astruc, D.; Chardac, F.; “Dendritic Nanomaterials for Environmental 

Remediation”, Chem. Rev.;, 101, 2991, 2001.  

[30]      Valerio, C.; Alonso, E.; Ruiz, J.; Blais, J. C.; Astruc, D.; “Frontiers in Transition 

Metal-Containing Polymers”, Angew. Chem. Int. Ed.;, 38, 1747, 1999. 

[31]       Albert, M.; van Koten, G. “Intelligent Macromolecules for Smart Devices: From 

Materials Synthesis to device applications”, Adv. Mater.;, 11, 171, 1999.  

[32]       Balzani, V.; Campagna, S.; Denti, G.; Juris, A.; Serroni, S.; Venturi, M.; “Design, 

Synthesis and Characterization of new Supramoleculer Achitectures”, Acc. Chem. 

Res.;, 31, 26, 1999. 

[33]       Oosterom, G. E.; Reek, J. N. H.; Kamer, J. N. H.; van Leeuwen, P. W. N. M.; 



68 
 

“Transition Metal Catalysis Using Functionalized Dendrimers”, Angew. Chem. Int. 

Ed.;, 40, 1828, 2001.  

[34] Hecht, S.; Fréchet, J. M. J.; "Dendritic Encapsulation of Function: Applying 

Nature's Site Isolation Principle from Biomimetics to Materials Science", Angew. 

Chem. Int. Ed.;, 40 (1), 74–91, 2001. 

[35]        Frechet, Jean M.; Donald A. Tomalia, “Dendrimers and Other Dendritic 

Polymers”. New York, NY: John Wiley & Sons, ISBN 978-0-471-63850-6, 

(March 2002).  

[36]         Fischer, M.; Vogtle, F.; "Dendrimers: From Design to Application-A Progress 

Report", Angew. Chem. Int. Ed.;, 38 (7), 884, 1999. 

[37]         (a) Bansal, K. K.; Kakde, D.; Gupta, U.; Jain, N. K. “Development and 

Characterization of Triazine Based Dendrimers for Delivery of Antitumor Agent", 

J. Nanosci. Nanotechnol.;, 10, 8395-8404, 2010. b) Chan-Thaw, C. E.;Villa, A.; 

Katekomol, P.; Su, D.; Thomas, A.; Prati, L. "Covalent Ttriazine Framework as 

Catalytic Support for Liquid Phase Reaction", Nano Lett.;, 10, 537-541, 2010. 

[38]          Newkome, G. R.; Moorefield, C. N.; Vogtle, F.” Dendritic molecules: concepts, 

syntheses, perspectives’’. Weinheim: VCH; 1996. 

[39] Inoue, K.; “Functional dendrimers, hyperbranched and star polymers’’. Prog 

Polym Sci.; 25(4):453–571, 2000. 

[40]          Hawker, C. J.; Frechet, J. M. J.”Preparation of polymers with controlled molecular 

architecture. A new convergent approach to dendritic macromolecules’’. J. Am. 

Chem. Soc.;112(21):7638–7647, 1990. 

[41]          Tomalia, D. A.; Naylor, A. M.; Goddard III, W. A. “Starburst dendrimers: 

molecular-levelcontrol of size, shape, surface chemistry, topology, and flexibility 

from atoms tomacroscopic matter’’. Angew Chem Int Ed Engl.; 29(2):138–175. 5,  

1990. 

[42 ]          Hawker, C. J.; Frechet, J. M. J.; J. Am. Chem. Soc; 112. 7638, 1990. 

[43] Dyson, P. J.; and Sava,G.; Dalton Trans., ,16, 1929-1933, 2006. 

[44] Jaouen, G.; ed., Bioorganometallics, Wiley-VCH, Weinheim, 2006. 

[45] Fatter, N. J.; and Sadler, P. J.; in Bioinorganic Medicinal Chemistry, ed. E. 

Alessio, Wiley-VCH, Weinheim, , pp. 1-47, 2011. 

[46] Rosenberg, B.; Vancamp, L.; and Krigas, T.; Nature, ,205, 698-699, 1965.  

[47] Rosenberg, B.; Van Camp, L.; Trosko, J. E.; and Mansour, V. H.; Nature, , 385-



69 
 

386, 1969. 

[48] Peyrone, M.; Ann. Chemie. Pharm., ,51, 1-29, 1844. 

[49] Zhang, C. X;. and Lippard, S. J.; Curr. Opin. Chem. Biol., ,7, 481-489, 2003. 

[50] Wiltshaw, E.; and Carr, B.; Rec. Res. Cancer Res., , 48, 178-182, 1974. 

[51] Neijt, J. P.; ten Bokkel Huinink, W. W.; van der Burg, M. E.; van Oosterom, A. T.; 

Willemse, P. H.; Vermorken, J. B.; van Linden, A. C.; Heintz, A. P.; Aartsen,  E.; 

and van Lent, M.; Eur J. Cancer, ,27, 1367-1372, 1991. 

[52] Higby, D. J.; Wallace, H. J. J.; Albert, D.; and Holland, J. F.; J. Urol., , 112, 100--

104, 1974. 

[53] Horwich, A.; Br, J. Cancer., ,59,156-159, 1989. 

[54] Galanski, M.; Jakupec, M. A.; and Keppler, B. K.; Curr Med. Chem., ,12, 2075-

2094, 2005. 

[55] Gordon, M.; and Hollander, S.; J. Med. Chem., ,24, 209-265, 1993.  

[56] Simpson, D.; Dune, C.; Oman, M.; and Goa, K. L.; Drugs, ,63, 2127-2156, 2003 . 

[57] Pieper, T.; Borsky, K.; and Keppler, B. K.; in Topics in Biological Inorganic 

Chemistry, eds. M. J. Clarke and P. J. Sadler, Springer, Verlag, Berlin, ,vol. 1, pp. 

171-199, 1999. 

[58] Kopf, H.; and Kopf-Maier, P.; Angew. Chem., , 91, 509-512, 1979. 

[59] Erxleben, A.; Claffey, J.; and Tacke, M.; J. Inorg. Biochem., ,104,390-396, 2010. 

[60] Toney, J. H.; and Marks, T. J.; J. Am. Chem. Soc., ,107, 947-953, 1985. 

[61] Kroger, N.; Kleeberg, U. R.; Mross, K.; Edler, L.; and Hossfeld, D. K.; Onkologie, 

,23,60-62, 2000.  

[62] Kelter, G.; Sweeney, N. J.; Strohfeldt, K.; Fiebig, H. H.; and Tacke, M.; Anti-

Cancer Drugs, ,16, 1091-1098, 2005. 

[63] Claffey, J.; Hogan, M.; Muller-Bunz, H.; Pampillon, C.; and Tacke, M.; Chem. 

Med. Chem., ,3, 729-731, 2008. 

[64] Bandoli, G.; Dolmella, A.; Tisato, F.; Porchia, M.; and Refosco, F.; Coord. Chem. 

Rev., , 253, 56-77, 2009. 



70 
 

[65] Valiahdi, S. M.; Heffeter, P.; Jakupec, M. A.; Marculescu, R.; Berger, W.; 

Rappersberger, K.; and Keppler, B. K.; Melanoma Res., ,19, 283-293, 2009. 

[66] Chen, D.; Frezza, M.; Cui, S. R., Q. C.; Milacic, V.; Verani, C. N.; and Dou, Q. P.; 

Cancer Res., , 67, 9258-9265, 2007. 

[67] De Leon, K.; Balldin, F.; Watters,  C.; Hqmood, A.; Griswold, J.; Streedharan, S.; 

and vK. P.; Antimicmbl. Agents Chemother., , 53, 1331-1337, 2009. 

[68]
  

Gerasimchuk, N.; maker, T.; Durham, P.; Domasevitch, K. V.; Wilking, J.; and 

Mokhir, A.; Inorg. Chem., , 46, 7268-7284, 2007. 

[69] Kaluderovic, G. N.; and Paschke, R.; Curr Med. Chem., , 18, 4738-4752, 2011. 

[70] Alama, A.; Viale, M.; Cilli, M.; Bruzzo, C.; Novelli, F.; Tasso, B.; and Sparatore, 

F.; Invest. New Drugs, ,27, 124-130, 2009. 

[71] Alama, A.; Tasso, B.; Novelli,  F.; and Sparatore, F.; Drug Discov. Today, 

,14,500-508, 2009. 

[72] Kaluderovic, G. N.; Kommera, H.; Hey-Hawkins, E.; Paschke, R.; and Gomez-

Ruiz, S.; Metallomics, , 2, 419-428, 2010. 

[73] Liu, J. J.; Galettis, P.; Fan, A.; Maharaj, L.; Samarasinha, H.; McGechan, A. C.; 

Baguley, B. C.; Bowen, R J.; Berners, Price S. J.; and McKeage, M. J.; J. Inorg. 

Biochem., , 102, 303-310, 2008. 

[74] Mautlis, S. M.; Morales, A. A.; Yehiayan, L.; Croutch, C.; Gutman, D.; Cai, Y.; 

Lee, K. P.; and Biose, L. H.; Mol. Cancer Ther, , 8, 1197-1206, 2009. 

[75] Tisato, F.; Marzano, C.; Porchia,M.; Pellei, M.; and Santini, C.; Med. Res. Rev., , 

30, 708-749, 2010. 

[76] Magda, D.; Lecane, P.; Wang, Z.; Hu, W.; Thiemann, P.; Ma, X.; Dranchak, P. K.; 

Wang, X.; Lynch, V.; Wei, W.; Csokai, V.; Hacia, J. G.; and Sessler, J. L.; Cancer 

Res., , 68, 5318-5325, 2008. 

[77] Li, H.; Lai, C. S.; Wu, J.; Ho, P. C.; de Vos, D.; and Tiekink, E. R. T.; J. Inorg. 

Biochem., , 101, 809-816, 2007. 

[78] Yamse, T.; J. Mater Chem. , 15, 4773-4782, 2005. 

[79] Komeda, S.; and Casini, A.; Curr. Top. Med. Chem., , 12, 219-315, 2012. 

[80] Pongratz, M.; Schluga, P.; Jakupec, M. A.; Arion,V B.; Hartinger, C. G., Allmaier, 



71 
 

G.; and Keppler, B. K.; J. Anal. At. Spectrom, ,19,46-51, 2004. 

[81] Sava, G.; Gagliardi, R.; Bergamo, A.; Alessio, E.; and Mestroni, G.; Anticancer 

Res., 19, 969-972, 1999,. 

[82] Sava, G.; Zorzet, S.; Turrin, C.; Vita, F.; Soranzo, M. R.; Zabucchi, G.; 

Cocchietto, M. ; Bergamo, A.; DiGiovine, S.; Pezzoni, G.; Sartor, L.; and Garbisa, 

S.; Clin. Cancer Res., , 9,1898-1905, 2003. 

[83] Bergamo, A.; Gagliardi, R.; Scarcia, V.; Furlani, A.; Alessio, E.; Mestroni, G.; and 

Sava, G.; J. Pharmcol. Exp. Ther., 289, 559-564, 1999. 

[84] Hartinger, C. G.; Zorbas-Seifried, S.; Jakupec, M. A.; Kynast, B.; Zorbas, H.; and 

Keppler, B. K.; J.Inorg. Biochem., , 100, 891-904, 2006. 

[85] Lentz, F.; Drescher, A.; Lindauer, A.; Henke, H.; Hilger, R. A.; Hartinger, C. G.; 

Scheulen, M. E.; Dittrich, C.; Keppler, B. K.; and Jaehde, U.; Anti-Cancer Drugs, , 

20, 97-103, 2009. 

[86] Heffeter, P.; Back, K.; Atil, B.; Hoda, M. A. R.; Korner, W.; Bartel, C.; Jungwirth, 

U.; Keppler, B. K.; Micksche,  M.; Berger, W.; and Kollensperger, G.; J. Biol. 

Inorg. Chem., ,15,737-748, 2010. 

[87] Timberbaev, A. R.; Hartinger, C. G.; Aleksenko, S. S.; and Keppler, B. K.; Chem. 

Rev., , 106, 2224-2248, 2006. 

[88] Frasca, D.; Ciampa, J.; Emerson, J.; Umans, R. S.; and Clarke, M. J.; Met. Based 

Drugs, ,3,197-209, 1996. 

[89] Clarke, M. J.; Coord. Chem., ,236,209-233, 2003. 

[90] Hartinger, C. G.; and Dyson, P. J.; Chem. Soc. Rev., , 38, 391-401, 2009. 

[91] Noilke, A. L.; Habtemariam, A.; Pizarro, A. M.; and Sadler, P. J.; Chem. 

Commun., , 48, 5219-5246, 2012. 

[92] Suss-Fink, G.; Dalton Trans.,  39, 1673-1688, 2010. 

[93] Ang, W. H.; Casini, A.; Sava, G.; and Dyson, P J.; J. Organomet. Chem., , 696, 

989-998, 2011. 

[94] Nazarov, A. A.; Hartinger, C. G.; and Dyson, P. J.; J. Organomet. Chem., , 

doi:ttp://dx.doi.org/10.1016/j.jorganchem.2013.09.016, 2013.  

[95] Dale, L. D.; Tocher, J. H.; Dyson, T. M.; Edwards, D. I.; and Tocher, D. A.; Anti-



72 
 

Cancer Drugs, ,7,3-14, 1992. 

[96] Manzotti, C.; Pratesi, G.; Menta, E.; Di Domenico, R.; Cavalletti, E.; Fiebig, H. 

H.; Kelland, L. R.; Farrell, N.; Polizzi, D.; Supino, R.; Pezzoni, G.; and Zunino,  

F.; Clin. Cancer Res., , 6, 2626-2634, 2000. 

[97] Mendoza-Fern, M. G.; Hartinger, C. G.; Nazarov, A. A.; Eichinger, R. E.; Jakupec, 

M. A.; Severin, K.; and Keppler, B. K.; Organometallics, , 28, 6260-6265, 2009. 

[98] Stringer, T.; Therrien, B.; Hendricks, D. T.; Guzgay, H.; and Smith, G. S.; Inorg. 

Chem. Commun., ,14,956-960, 2011. 

 

[99] Kovala-Demertzi, D.; Demertzi, M. A.; Miller, J. R.; Frampton, C. S.; Jasinski J. 

P.; and West, D. X.; J. Inorg. Biochem., , 92, 137-140, 2002. 

[100] Noffke, A. L.; Bongartz, M.; Watjen, W.; Bohler, P.; Spingler, B.; and Kunz, P. 

C.; J. Organomet. Chem., , 696, 1096-1101, 2011. 

[101] Kelly, T. J.; and Pauson, P. L.; Nature, , 168, 1039-1040, 1951. 

[102] Miller, S. A.; Tebboth, J. A.; and Termaine, J. F.; J. Chem. Soc., , 632-635, 1952. 

[103] Wilkinson, G.; Rosenblum, M.; Whiting, M. C.; and Woodword, R. B.; J. Am. 

Chem. Soc., , 74, 2125-2126, 1952. 

[104] Fischer, E. O.; and Pfab, W. Z.; Naturforsch, B.;: inorg. Chem. Org. Chem. 

Biochem. Biophys. Biol., ,7b, 377-379, 1952. 

[105] Woodword, R. B.; Rosenblum, M.; and Whiting, M. C.; J. Am. Chem. Soc., , 74, 

3458-3459, 1952. 

[106] Adams, R. D.; J. Organomet. Chem., , 637-639, 1, 2001. 

[107] Allardyce, C. S.; Dorcier, A.; Scolaro, C.; and Dyson, P. J.; Appl. Organomet. 

Chem., ,19, 1-10, 2005. 

[108] Fouda, M. F. R.; Abd-Elzaher, M. M.; Abd-Elzaher, R.A.;  and Labib, A. A.; Appl. 

Organomet. Chem., , 21, 613-625, 2006. 

[109] Amer, W. A.; Amin, W. L. A. M.; Ma, L.; and Yu, H.; J. Inorg. Organomet. 

Polym., , 20, 605-615, 2010. 

[110] a) Ornelas, C.; New J. Chem., 2011, 35, 1973-1985. b) Braga, S. S.; and Silva, A. 

M. S.; Organometallics, , 32, 5626-56, 2013. 

[111] Biot, C.; Francois, N.; Maciejewski, L.; Brocard, J.; and Paulain, D.; Bioorg. Med. 



73 
 

Chem. Lett., ,10, 839-841, 2000. 

[112] Itoh, T.; Shirakami, S.; Ishida, N.; Yamashita, Y.; Yoshida, T.; Kim, H.S.; and 

Wataya, Y.; Med. Chem. Lett., , 10, 1657-1659, 2000. 

[113] Kondapi, A. K.; Satyanarayana, N.; and Saikrishna, D.; Arch. Biochem. Biophys., 

,450, 123-132, 2006. 

[114] Baldoli, C.; Maiorana, S.; Licandro, E.; Zinzalla, G.; and Perdicchia, D.; Org. 

Lett., , 4, 4341-4344,2002. 

[115] Fiorina, V.J.; Dubois, R. J.; and Brynes, S.; J. Med. Chem., ,21, 393-395, 1978. 

[116]   Constable E. C., Cargill Thompson, A. M. W.,J. Chem. Soc., Chem. Commun.,617, 

1992. 

[117] Constable, E. C., Thompson, A. M. W., J. Chem. Soc., Dalton Trans.,3467, 1992. 

[118] Maestri, N., Armaroli, N., BahAni, V., Constable, E. C.,Cargill Thompson, A. M. 

W. ,Inorg. Chem, ,34, 2759, 1995. 

[119] Ashton, P. R.,Balardini, R.,Balzani, V., Constable, E. C., Credi, A., Kocian, 

Langford,S. J., Preece, J. A.,Froth, L., Schofield, E. R., Spencer, N., Stoddart, J. 

F., Wenger, S.,Chem. Eur J.,4, 241,3 1998. 

[120] Armaroli, N., Barigelletti, F.,Constable, E. C.,Encinas, S.,Figgmeier, E.,Flamigni, 

L., Housecroft, C. E.,Schofield E.R, Vos, J. G., Chem. Commun.,869, 1999. 

[121] Encinas, S., Flamigni, L., Barigelletti, F., Constable, E. C., Housecroft, C. E., 

Schofield, E. R., Figgemeier, E., Fenske, D., Neuburger, J. G., Vos, M., Zehnder, 

M.,Chem. Eur. J.,8,137, 2002. 

[122] Constable, E. C., Housecroft, C. E., Neuburger, M., Poleschak, I., Zehnder, M., 

Polyhedron, , 22, 93-108, 2003. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


