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     ABSTRACT 

In the present study, 63 different neutral and cationic heteroleptic platinum(II) 

dithiocarbamates have been synthesized by the simultaneous addition of piperazine/ 

piperidine based dithiocarbamate and substituted organophosphine to the methanolic 

solution of Platinum(II) chloride. Various dithiocarbamates and organophosphine used 

were sodium 4-(2-pyrimidyl)piperazine-1-carbodithioate (L-1), sodium 4-(2-

pyridyl)piperazine-1-carbodithioate (L-2), sodium 4-(3-methoxyphenyl)piperazine-1-

carbodithioate (L-3), sodium 4-benzylpiperidine-1-carbodithioate (L-4), sodium 4-

mehtylpiperidine-1-carbodithioate (L-5), sodium N-mehtylpiperazine-1-carbodithioate 

(L-6), sodium 4-(2-fluorophenyl)piperazine-1-carbodithioate (L-7), triphenylphosphine, 

tris(p-methoxyphenyl)phosphine, tri(p-tolyl)phosphine, tris(p-chlorophenyl)phosphine, 

tri(o-tolyl)phosphine, diphenyl-p-tolylphosphine, tris(2-cyanoethyl)phosphine, 

tri(cyclohexyl)phosphine and 1,4-bis-(diphenylphosphino)butane. The purity of 

complexes, binding mode of the ligand, structural confirmation, geometry assignment 

around metal centre and degree of axial protection were made by using various analytical 

techniques like elemental analysis, FT-IR, multinuclear (1H, 13C and 31P) NMR and X-ray 

single crystal analysis. Additionally, DFT studies were used to confirm labile nature of 

chloride ligand, estimation of axial protection in the absence of crystal structure and 

stability of complexes by calculating energy gap between HOMO and LUMO orbitals of 

the complexes. However, before carrying in vitro anticancer activity, stability in different 

solutions and lipophilicity (linked with cellular uptake) of complexes was also calculated 

to check their suitability as antitumor agent. Later on complexes were screened for in 

vitro cytotoxic efficacy against three cancer cell lines namely, MCF-7 (human breast 

adenocarcinoma), LU (human lung carcinoma), Hepa-1c1c7 (mouse liver hepatoma) by 

using MTT assay using cisplatin as a standard drug. Moreover, selected complexes were 

also tested against NF-κB (Nuclear factor kappa-light chain enhancer of activated B cells) 

which plays a seminal role for suppression of apoptosis in cancer cells. Hence, activity 

against NF-κB signifies that death of the cancer cells may be due to hindering the activity 

of NF-κB and subsequent initiation of the apoptosis. DNA binding and denaturing studies 

were performed by electronic absorption spectroscopy and various binding and 
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thermodynamic parameters were calculated to understand the nature of interaction of 

synthesized complexes with target DNA. Furthermore, the mode of interaction of 

complexes with DNA was confirmed by viscometry.  
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Chapter 1 

INTRODUCTION 

Since the fortunate discovery of cisplatin for the treatment of cancer by 

Rosenberg [1], metal complexes are now being used widely as potent therapeutic agents 

in clinical medicine. Among these chemotherapeutics, platinum-based drugs are still the 

most effective. The platinum anticancer drugs of note are cisplatin, carboplatin and 

oxaliplatin, which have been approved by the FDA and are used transnationally for the 

treatment of various cancers [2-10]. Additionally, nedaplatin has been recommended by 

Japan for the treatment of both non-small and small lung cancers and for head, neck and 

esophagus tumors [11, 12]. Furthermore, heptaplatin is being used in Korea for curing 

gastric tumors and, recently, China has approved lobaplatin for the treatment of human 

chronic granulocytic leukemia, inoperable breast tumor metastasis and small cell lung 

cancers [13, 14]. 

Lamentably, the problems associated with Pt(II) antitumor drugs, such as the 

necessary intravenous administration, intrinsic cell resistance, low bioavailability, severe 

chronic kidney disease, neurological disorder and ototoxicity, are still major barriers to 

their clinical use. The labile nature of Pt(II) complexes is the key reason for most of these 

difficulties. Consequently, octahedral Pt(IV) complexes have been extensively 

investigated as they are low-spin d6 complexes and are thus inert to substitution. 

Moreover, their redox and oral administration properties provide additional advantages to 

these drugs [15]. For their proper anticancer functioning, however, the Pt(IV) prodrugs 

need to be reduced to Pt(II) by different bio-reducing reagents, such as ascorbic acid, 

glutathione, cysteine and metallothionein in or outside the cytosol. Furthermore, 

photoactivated Pt(IV) complexes have an advantage over non-photoactivated Pt(IV) 

complexes owning to their selective activation in cancer cells. Since, some Pt(IV) 

prodrugs have proved to be pharmacokinetically inert towards reduction but this really 

depends on the nature of the molecules and the nature of the axial ligands present [16-

18].  
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To mitigate the forgoing problems, an attractive strategy was recently designed in 

which one of the chloride of cisplatin had been replaced by sterically bulky heterocyclic 

N-donor ligand called monofunctional Pt(II) complexes (MPCs). These complexes form 

only one bond to DNA after chloride removal and do not distort DNA helix significantly, 

yet have sufficient potential to hamper cellular transcription and downstream causes cell 

death by disrupting cell cycle [19]. 

In this chapter, we discuss systematically, the present scope of clinically approved 

Pt(II) complexes and the development of non-photoactivated and non-labile Pt(IV) 

complexes as prodrugs.  The latter part of the introduction describes the recent research 

on the evolution of non-classical monofunctional platinum-based anticancer drugs 

including heteroleptic monofunctional Pt(II) dithiocarbamates. However, the last but not 

the least important part of the chapter, includes potential leads of MPCs over cisplatin 

and congeners along with factors affecting cytotoxicity of MPCs.  

1.1 Present scope of clinically approved Pt(II) complexes 

Platinum-based drugs have had a profound impact in clinical medicine and are the 

mainstay of antineoplastic chemotherapy. Numerous platinum-based drugs have been 

synthesized over the years, but only a few of them have been clinically approved. Among 

these, cisplatin has enjoyed the most success and is used either alone or in combinatorial 

therapy. Cisplatin was first used for the treatment of cancer in humans in 1971 and 

obtained commercial approval in Canada in 1978 [20]. 

The clinical drug development of cisplatin was initiated by the National Cancer 

Institute (NCI) and the precious metal refining companies, Johnson Matthey (UK) and 

Engelhard Industries (USA) [21]. Nowadays, this drug is used primarily against 

testicular, bladder and ovarian cancers, and the curing ratio of cisplatin against testicular 

tumors is more than 90% [22]. Moreover, the drug has also been employed successfully 

against tumors of the brain, neck, lungs, esophagus, cervix neuroblastoma and malignant 

pleural mesothelioma [23]. Additionally, cisplatin has been used in 50% combinatorial 

antineoplastic chemotherapies, such as paclitaxel, which is used in the treatment of 

advanced stages of non-small cell lung cancers (NSCLC) while, together with 5-

fluorouracil (5-FU), it has been used against advanced gastric cancers [7, 24-30]. 

Nevertheless, cisplatin is a heavy metal-based antineoplastic drug that is hydrophilic in 
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nature, it lacks carbon atoms to impart lipophilicity, deficient of a targeting agent and any 

specificity towards biologically targeted cancerous cells. Therefore, efforts have been 

made to synthesize Pt(II)-based drugs, which are more lipophilic and have better cellular 

accumulation to enhance anticancer efficacy. To this end, the ammine and chloro ligands 

in cisplatin have been replaced by chelating organic diamines or oxygen donor 

carboxylates, respectively [8]. 

Carboplatin (initially known as JM8) was introduced to the public following a 

collaborative research effort by Johnson Matthey, Bristol-Myers at the Institute for 

Cancer Research and the Royal Marsden Hospital [31]. Carboplatin has reduced 

neurotoxicity in comparison to cisplatin and thus has a higher dose limit, but it has the 

major drawback of adverse myelosuppression [32]. The observed reduction in toxicity is 

due to the change in chemical reactivity of the platinum center because of the chelating 

nature and specific conformation of the leaving carboxylate ligand [33, 34]. Carboplatin 

has an overriding usage for curing numerous cancers, including ovary, testes, cervix, 

bladder, lungs, breast, head, neck, nephroblastomas, neuroblastomas, retinoblastomas and 

brain tumors [35]. Even though carboplatin has clinically replaced cisplatin in treating 

ovary cancer and NSCLC, however, cisplatin still has a higher efficacy than does 

carboplatin for the treatment of germ cells and bladder, head and neck cancers [5, 36-38]. 

Nedaplatin (research name 254-S) is a second-generation, platinum-based drug 

that was formulated by the Shionogi Pharmaceutical Company in Japan and successfully 

obtained clinical approval in 1995, but only for Japan. Nedaplatin has two cis non-

leaving ammine ligands like carboplatin and cisplatin and a chelating glycolate ligand, 

which leads to it having greater aqueous solubility (10 mg mL−1) than does cisplatin (2.5 

mg mL−1). Nedaplatin is administered intravenously and has lower gastrointestinal and 

nephron toxicities than does cisplatin. It has a carboplatin-like pharmacokinetic profile 

and a dose dependent toxicity. The clinically approved chemotherapeutic dose of 

nedaplatin is 80-100 mg/m2 and it is principally used against esophageal, head, neck, 

NSCLC, small cell lung, breast and urothelium cancers [7, 39, 40]. In combinatorial 

chemotherapy, however, nedaplatin has been mixed with capecitabine for the treatment 

of chronic and metastatic nasopharyngeal tumors [41]. 
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Oxaliplatin (research name 1-OHP) is a third-generation, platinum-based 

antitumor drug that was initially formulated in Japan, while later developments and 

approvals were undertaken in France and USA [42]. It has an oxalato group as a chelated 

leaving ligand and R,R-diaminocyclohexane (DACH) as a non-leaving group. Its S,S 

congener or meso derivative, however, is not as effective as the R,R stereoisomer because 

its pseudo-equatorial hydrogen of the ammine group forms a hydrogen bond with O6 of 

the 3′-dG of platinated d(GpG) group. Such hydrogen bonding is not present in the S,S-

isomer [43,  44]. Oxaliplatin has been primarily used against colorectal carcinoma and its 

profound impact is due to its ability to act as a substrate for overexpressed Organic 

Cationic Transporters (OCTs), which are heavily present in colorectal tumor patients. In 

combination therapy, however, the phase II trials of oxaliplatin with bevacizumab and 

docetaxel have shown significant results against ovarian, early peritoneal and fallopian 

tube cancers [45]. On the other hand, the drug has severe side effects, such as 

neurotoxicity, gastrointestinal and hematological toxicities [46-48]. 

Heptaplatin (research name SKI 2053R) was synthesized by the Sunkyong 

Industry Research Center in Korea and was granted clinical approval by the Korean FDA 

in 1999. In this drug, malonate acts as a leaving ligand, while 2-(1-methylethyl)-1,3-

dioxolane-4,5-dimethanamine is a non-leaving ligand, which leads to the formation of a 

seven-membered ring structure around the central metal - hence the name heptaplatin. 

This drug has now replaced cisplatin clinically for the treatment of gastric carcinoma and 

has also shown promising in vitro results against cisplatin-resistant cell lines [49-51]. 

Lobaplatin (research name D-19466) was principally formulated by ASTA 

Medica in Germany and later it was taken over by the German company Zentaris AG.  

Eventually, Zentaris transferred the formulating and marketing rights to the Hainan 

Tianwang (Chang’an) International Pharmaceutical company in China, where it was 

granted clinical approval in 2003. Surprisingly, however, the Food and Drug 

Administration database of China lists 2010 as the approval year. Like heptaplatin, a 

non-leaving chelating ligand (racemic mixture of R,R and S,S configurations) also forms 

a seven-membered ring with platinum in lobaplatin, but there is a fused cyclobutane ring 

instead of dioxolane as in heptaplatin. The leaving S-lactate ligand also forms a chelate 

with platinum. This drug is used principally for curing chronic myelogenous leukemia, 
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small cell lung and breast cancer. In combinatorial chemotherapy, it has been used with 

pemetrexed for the treatment of metastatic breast carcinoma [7, 52-54]. 

All the clinically approved Pt(II) complexes (Table 1.1) described above are 

structural analogues of cisplatin and have similar mechanisms of anticancer action. This 

is the reason why they have closely similar toxicity profiles to that of cisplatin [19, 55]. 

Once inside the cell, the diminished chloride ion concentration in the cytoplasm (2-10 

mM) compared to that in blood (0.1 M) promotes cisplatin aquation by the sequential 

substitution of the two chlorides resulting in the monoaqua cis-[Pt(NH3)2Cl(H2O)]
+  and 

diaqua cis-[Pt(NH3)2(H2O)2]
2+  species [56]. The reactive electrophilic cationic aquated 

species exhibit anticancer action by forming adducts at the nucleophilic sites present in 

macromolecules like protein, RNA and DNA. Nucleophilic attack on t h e  Pt(II) square 

plane occurs along t h e  free z-axis to form five- coordinated intermediates. 

Furthermore, the substitution pattern and nucleophilic preference is governed by both 

the trans effect and Pearson’s Soft and Hard Acids and Bases (SHAB) concept, 

respectively. On the other hand, owing to its soft nature, the Pt(II) center exhibits high 

reactivity towards sulfur (soft in nature) containing off-target biomolecules and this is 

one of the reasons for the clinical side effects of cisplatin [57]. It has been well-

established that partial blocking of the z-axis inhibits nucleophilic attack by the 

intervening biomolecules, which not only reduces the side effects but also has a marked 

influence on the anticancer action [58-60]. At this point, the use of octahedral Pt(IV) 

complexes seems chemically more appropriate as not only the axial positions are 

occupied but also the labile nature of the Pt center becomes inert, i.e., ongoing from d8 

Pt(II) to d6 Pt(IV) complexes. 

1.2 Present scope of anticancer Pt(IV) complexes 

The evolution of Pt(IV) complexes as anticancer agents is attributable to their 

different physiological properties from that of cisplatin in biological environments. 

Platinum(IV) complexes are mostly octahedral, coordinatively saturated, low-spin d6 

systems that are kinetically inert towards ligand substitution as compared to the square-

planar Pt(II) complexes. This situation means that these complexes are, ideally, protected
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Table 1.1: Clinically approved Pt(II) complexes [19, 55]. 

Drug 
Structure 

    
  

Generic Name Cisplatin Carboplatin Oxaliplatin Heptaplatin Nedplatin Lobaplatin 
Research 

Name 
CDDP JM8 1-OHP SKI 2053R 254-S D-19466 

Trade 
Name 

Platinol Paraplatin Eloxatin 
SunPla 

 
Aqupla  

Approval 
Year 

1978 1989 2002 1999 1995 2010 

LD50 
(mg/kg) 

12 120 19.8 196.2 44.1 25.7 

Cancer type 
Testicular 
Ovarian 

Lymphomas 
Ovarian , Lung Colorectal Advanced gastric 

Head,  neck, 
Lung, Breast, 

NSCLC SCLC, 
Esophageal 

Testicular, Ovarian 
and Lung , CML, 

SCLC 

Side Effects 

Nephrotoxicity 
Neurotoxicity 
Ototoxicity 

Nausea 

Myelosuppressive Neurotoxicity 
Neutropenia 

Hepatotoxicity 
Myelosuppression 

Bone marrow 
suppression 

Thrombocytopenia 
Anemia 

Leukopenia 

Scope of 
Approval Global Global Global Korea Japan China 



7 
 

from being involved in any side reactions with off-target biomolecules prior to 

encountering the DNA of cancerous cells. Moreover, the presence of two more axial 

ligands, usually (Cl-, Br-, I-) or oxygen donor ligands (hydroxides, carboxylates or their 

derivatives), in the Pt(IV) complexes provides a greater degree of choice in tailoring 

desired properties, such as attachment of a biological delivery system (nanoparticles or 

polymers), lipophilicity, enhanced water solubility, redox potential, stability, cancer cell 

targeting, target receptors overexpression on tumor cells, increased cellular accumulation, 

cell cycle inhibition and co-delivery of other anticancer agents [8, 19, 61-67]. The 

nitrogen donor equatorial ligands, which may be chelating or non-chelating,  are the non-

leaving groups owing to formation of kinetically and thermodynamically stable bonds 

with the platinum center that can contribute to the final state of the drug-DNA adduct. 

Thus, the selection of these ligands has a significant effect on the nature of drug-DNA 

adducts. The axial ligands, halide or oxygen donor ligands, leave the platinum center 

before the drug-DNA adduct formation and the nature of these ligands can markedly 

affect the reaction kinetics, solubility, cellular toxicity and lipophilicity of the Pt(IV) 

complex [68]. The chemical reactivity of Pt(IV) complexes towards biological molecules, 

and hence their anticancer action, is determined by kinetics of the reduction and then 

substitution reactions of the generated platinum(II) complex (Fig. 1.1). The rate of 

reduction depends on the composition of the Pt(IV) complex, location of the reduction 

process and  nature of the reducing agent(s). The ease of reduction of these complexes is 

determined by their reduction potentials, which are typically determined by cyclic 

voltammetry. The conversion of Pt(IV) to Pt(II) is an irreversible process and the 

reduction potential is strongly determined by the nature of the axial ligands. The greater 

the electronegativity of the axial ligand (Cl¯ < OAc¯ < ¯OH), the more negative (low) is 

the reduction potential and lower is the tendency of the Pt(IV) complexes to be reduced 

by the biological reducing agents, such as ascorbic acid and glutathione (GSH). In the 

case of the series, cis-[Pt(en)Cl2X2] (Fig. 1.2), where X = Cl¯ (7), OAc¯ (8) and ¯OH (9), 

the order of their ease of reduction can be given by their cathodic peak potentials:  7 (Ep 

= - 4 mV) > 8 (Ep = - 250 to -350 mV) > 9 (Ep = -664 mV) [69-71]. This trend can be 

attributed to the high electronegativity and smaller size of the donor atom, which in turn 

causes more splitting of the d-orbitals into the t2g and eg sets. Therefore, it is relatively 
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difficult to place electron(s) into the high energy eg orbitals, resulting in a more negative 

or low reduction potential in generating the active Pt(II) species. The higher reduction 

potentials of carboxylates than for ¯OH, although both have same donor atom, can be 

ascribed to the electron-donating ability of the alkyl substituent that partially reduces the 

electronegativity of the donor oxygen atom. 

 

 

 

Figure 1.1: Factors affecting chemical reactivity of Pt(IV) complexes. 

Furthermore, the increased (more positive) reduction potential with an increase in 

the alkyl chain length agrees with the forgoing explanation. It is worth mentioning here 

that not only the nature but the stereochemical arrangement of the ligands has a marked 

influence on the reduction kinetics of Pt(IV) complexes. Hydroxides, halides and 

bridging ligands must be trans to a good leaving group to facilitate fast electron transfer 

through an inner-sphere mechanism. Satraplatin (12), which contains two chlorides trans
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to non-labile ammines, undergoes slow reduction through an outer-sphere mechanism 

[72]. Gradual changes in the non-leaving ligands (e.g., ammines) in the equatorial plane 

in cis-[PtCl4(NHR2)2], where R is an alkyl or aryl group, do not have any significant 

effect on the reduction rate. Contrary to the axial ligands, the four equatorial ligands, 

being located on dx
2

-y
2 orbital and not directly interacting with the dz

2 orbital, result in 

minimal repulsion where the incoming electrons can be accommodated, and this may be 

the reason for their insignificant impact on the reduction potential. Even though reduction 

is an important step, the anticancer action depends more importantly on the chemical 

nature of reduction product, i.e, a Pt(II) complex, as the binding strength and binding 

pattern may play key roles in the transcription and replication inhibition of the DNA.  

The first Pt(IV) complex that has been clinically tested (Fig. 1.2 & Table 1.2) is 

ormaplatin (10). It is also known as tetraplatin or tetrachloro(trans-1,2-

diaminocyclohexane)platinum(IV). Tetraplatin is kinetically unstable (reduction potential 

= -90mV) in tissue culture media (t1/2  = 5−15 min) or rat plasma (without dilution and 

t1/2  = 3 s) and is readily reduced to its Pt(II) analogue. Tetraplatin has successfully 

undergone six different phase-I trials. However, the subsequent phase-II trials have been 

discontinued owing to unsatisfactory results because of the adverse neurotoxic effect of 

the drug on MTD and lower effectiveness compared to cisplatin. The adverse neurotoxic 

effect has been attributed to the rapid reduction from Pt(IV) to Pt(II) because of the 

chloro groups at the axial positions. 

Another Pt(IV) complex that has been subjected to clinical trials is iproplatin  

(also called JM9) or cis-dichlorodihydroxobis(isopropylamine)platinum(IV) (11), which 

has high aqueous solubility (44.1 mM) and is kinetically more stable (reduction potential 

= -730mV)  than is tetraplatin owing to the presence of hydroxyl ligands at the apical 

positions. Iproplatin has undergone phase-I to phase-II trials 38 times, but it still has not 

succeeded in obtaining approval because of its lower cytotoxic effect than that of either 

cisplatin or carboplatin.  

An example of a Pt(IV) complex that has good lipophilicity and can be 

administered orally, because of its inertness under physiological conditions, is satraplatin 

{also called JM216 or tcc-bis(acetato)amminecyclohexylaminedichloroplatinum(IV)} 

(12). The reduction half-life of satraplatin with 5 mM ascorbate is 50 min, which 
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indicates that it has sufficient kinetic stability to attack cancerous cells. Upon reduction in 

the blood, however, satraplatin is converted into 

ammine(cyclohexylamine)dichloroplatinum(II) as the major product by removal of the 

two axial ligands, a reason for its greater antineoplastic potential [73-75]. Satraplatin has 
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Figure 1.2: Potent anticancer Pt(IV) complexes. 

a higher cytotoxic effect compared to cisplatin and it has shown promising results in 

many cisplatin-resistant cancerous cell lines. In its phase-I clinical trials, 60-170 mg.m-2 

doses were orally administered [76, 77]. However, when lower doses ranging from 30 to 

140 mgm-2 five times a day were used, there was significantly enhanced internalization 

into the blood through gastric and intestinal absorption. Thrombocytopenia and 

neutropenia were observed to be among the major adverse side effects, while diarrhea, 

nausea and vomiting were somewhat minor issues. Although phase-II trials were 

conducted on SCLC, NSCLC, squamous cell of neck and head carcinoma, ovary and 

cervical tumors, the results obtained were either comparable to those with cisplatin or 

failed to achieve the required goals. In phase-III clinical trials, satraplatin has also been 

used as a front-line (with prednisone) and a second-line antineoplastic drug, but no 

satisfactory results have been obtained, and so it could not be approved by
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Table 1.2: Potent Pt(IV) complexes. 

Name and Structure 

 

Pt

Cl

H2
N Cl

Cl

ClN
H2  

Ormaplatin 

 

Pt

OH

H2
N ClOH

ClN
H2  

Iproplatin 

 

Pt

O

H3N Cl
O

ClN
H2

O

O  
Satraplatin 

 

Pt

O

H3N Cl
O

ClN
H2

O

O  
LA-12 

Half life 
(t1/2) 3s 0.3-0.5h 50 min by 5mM 

ascorbate - 

Phase Status Phase I Up to phase III Up to phase III Phase I continued 

Used against Cancers - 

Ovary,  breast, 
gastric,  pancreatic 

and metastatic 
epidermoid cancer of 

head and neck 

Metastatic NSCLC, 
SCLC, breast, 

prostate, head and 
neck cancers 

Ovary cancer cell lines 

Shortcomings Neurotoxicity 
Rapid reduction 

Myelosuppression, 
Less efficient than 

cisplatin or 
carboplatin 

Myelosuppression, 
hepatotoxicity, 

thrombocytopenia, 
neutropenia 

Low rate of apoptosis 

Mode of Administration Intravenous and 
intraperitoneal - Oral Oral 

Remarks Active against some 
cisplatin resistance cells 

High water solubility 
44.1 mM - Active against some 

cisplatin resistance cells 
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the FDA [78, 79]. Yet another Pt(IV) complex that has undergone clinical trials and has 

shown significant results against many cancer cell lines is LA-12 (13).  This complex is 

more effective than both satraplatin and cisplatin because of its increased lipophilicity 

owing to replacement of cyclohexylamine group in satraplatin by the 1-adamantylamine 

group. Its trans structural congener (adamplatin) (14), however, results in more cellular 

accumulation and causes inhibition of DNA by drug-DNA adduct or DNA-protein cross-

linking to overcome cisplatin resistan Both isomers have action mechanisms that are 

different from that for cisplatin and are not totally dependent upon p53. The most 

interesting point about their mechanism is that there is minor role in the deactivation of 

adamplatin by sulphur-containing off-target biomolecules, such as GSH and 

metallothioneins, suggesting a different mechanism from that for cisplatin that can 

overcome the resistance of small molecules [80, 81]. 

1.3 Monofunctional Pt(II) complexes 

Since from the discovery of cisplatin, lots of platinum based antitumor complexes 

have been synthesized and interrogated for their anticancer potential. However, only six 

of them have been approved so far by FDA either locally or at the globe. The approval of 

these complexes established SARs including square planar geometry, with two nitrogen 

donor spectator ligands at one of the cis position while the other cis position may be 

occupied by either two monodentate labile ligands like chloride or a bidentate ligand. 

However, all of these clinically approved Pt(II) drugs are structurally similar, so the 

problems associated with these drugs like toxicity and resistance are also more or less the 

same. These limitations of Pt-complexes have sparked the idea that Pt(II) complexes 

deviating from the traditional SARs of cisplatin and congeners must be investigated with 

the hypothesis that structural changes may cause an altered mechanism of action against 

tumor cells and hence a modified spectrum of anticancer activity. This proposal has 

paved the path to move from traditional bifunctional to monofunctional Pt(II) complexes 

(MPCs) [19, 82]. 

A typical monofunctional Pt(II) complex like [Pt(NH3)2(Am)Cl]+ comprised of 

two neutral am(m)ine ligands, one labile ligand (Cl-) and Am is the aromatic heterocyclic 

nitrogen donor ligand like pyridine and its derivatives (Fig. 1.3), and has the ability to 
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form only one covalent bond with the target DNA. Initially MPCs of type 

[Pt(NH3)3Cl]+ (15) and [Pt(dien)Cl]+ (16) were found inactive against tumor cells and 

were inconsonance with the established trivial rules of cisplatin and congeners [83-88].  

 

Figure 1.3: Non-classical monofunctional Pt(II) complex. 

Later on this idea was changed by Stern and coworkers, who have synthesized MPCs of 

type [Pt(NH3)2(Am)Cl]+ where Am = pyridine, pyrimidine, purine and aniline revealing 

impressive in-vitro tumor cell inhibition against L1210 and P388 mouse leukemia models 

[89]. 

Further developments proved that MPCs of cis-[Pt(NH3)2(Am)Cl]+ can only form 

one covalent bond with DNA along with intercalation and no evidence was found for the 

loss of Am group upon DNA binding to act as bifunctional Pt(II) complexes [90, 91]. 

Later on, another monofunctional Pt(II) complex, pyriplatin (17) was selected due to its 

greater cellular uptake through OCTs 1 and 2 than oxaliplatin and underwent number of 

biological studies against DNA and cancer cells. These studies revealed that pyriplatin 

specifically bind with guanine at N7-position of DNA duplex. However, monofunctional 

DNA adducts of pyriplatin were less capable of bending and unwinding of the DNA 

compared to bifunctional Pt(II) complexes due to the fact that hydrogen bonding between 

guanine, platinated by pyriplatin and its complementary base cytosine on unplatinated 

DNA strand remain intact [92]. In vitro studies have revealed that pyriplatin has different 

antineoplastic spectrum of activity compared to bifunctional Pt(II) complexes and inhibits 

cell cycle at G2/M phase that downstream causes apoptotic cell death [59]. However, 

after keen analysis of X-ray crystal structure of RNA polymerase II enzyme stalled on 

pyriplatin-DNA adducts revealed that increased steric bulkiness of heterocyclic N-donor 
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ligand could enhance the efficacy of MPCs toward transcription inhibition and 

cytotoxicity. These propositions paved the path for the development of new MPCs with 

larger heterocyclic N-donor ligands and soon resulted in the discovery of other potent 

MPCs called quinoplatin cis-[Pt(NH3)2(quinoline)Cl]+ (18) and phenanthriplatin cis-

[Pt(NH3)2(phenanthridine)Cl]+ (19) [93]. 

Park et al. investigated the enhanced potency of Phenanthriplatin in terms of 

higher cellular uptake and transcription inhibition efficiency as compared to other 

monofunctional platinum(II) complexes of several substituted pyridine N-heterocyclic 

ligands(Am). The outcomes point out that the steric hindrance of the Am ligands serve as 

critical role in regulating the cytotoxicities of these monofunctional Pt(II) complexes. In 

vitro cytotoxicity of phenanthriplatin was compared with conventionally used Pt based 

anticancer drugs e.g. pyriplatin, oxaliplatin and cisplatin against a series of seven human 

cancer cell lines by using MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide] assay. Comparative investigations of IC50 values of different cell lines are 

given in Table 1.3. It was found that phenanthriplatin is 4-40 folds more cytotoxic than 

either of these drugs (pyriplatin, oxaliplatin and cisplatin). Higher cellular uptake of 

phenanthriplatin compared to other monofunctional platinum(II) complexes is also 

observed owing to  the hydrophobic nature of bulky phenenthridine ligand, which 

facilitates its large uptake across the cytoplasmic membrane. Moreover, the 

phenanthriplatin efficiently reacts with the guanosine nucleosides, as essential 

requirement for the inhibition of polymerase II enzyme but shows less reactivity towards 

other sulphur comprising nucleophiles and provides drug resistance to the compound. 

The cytotoxicity profile of phenanthriplatin in NCI-60 screening revealed that 

phenanthriplatin has distinct spectrum of anti-neoplastic activity compared to other Pt(II) 

complexes [93]. Unlike pyriplatin, phenanthriplatin has greater cytotoxic potency than 

cisplatin and upon Cl- removal it forms monofunctional DNA adducts with guanine. It 

has been observed that the platination of phenanthriplatin upon DNA template exerts 

greater steric interruption within the major grooves of DNA helix and blocks the progress 

of RNA polymerase II [94]. Further studies revealed that despite the stoppage of RNA 

polymerase II, phenanthriplatin also has the potential to stall the progress of DNA 

polymerases. X-ray crystallographic data of phenanthriplatin-DNA adducts demonstrated 
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Table 1.3: Comparison of IC50 (μM) values of monofunctional and bifunctional Pt(II) complexes against different 

cancer cell lines [58, 93, 100, 102, 105]. 

Cell line Cancer type 1 3 17 19 20 21 22 23 24 25 

A549 Lung 6.75±0.38 6.79±0.26 52.1±2.3 0.22±0.01 - - - - - - 

HeLa Cervix 1.77±0.72 11.8±1.4 31.3±2.8 0.30±0.02 - - - - - - 

MCF-7 Breast 11.6±0.6 17.9±2.7 109±10 0.94±0.09 14.9±0.8 14.2±2.0 45.2±1.3 4.9±0.7 5.80±0.62 2.40±1.6 

U2OS Bone 7.15±0.25 8.67±0.59 78.9±6.7 0.59±0.04 - - - - - - 

HT29 Colorectal 15.9±1.5 1.81±1.15 144±10 2.02±0.04 - - - - - - 

NTera2 Testis 0.14±0.03 1.12±0.08 5.16±0.96 0.035±0.002 - - - - - - 

PC-3 Prostate 4.56±0.52 13.2±4.0 47.9±9.2 0.74±0.04 - 6.2±1.0 30.1±1.6 21.2±4.3 - - 

LU Lung - - - - - 3.7±1.5 49.27±0.9 20.12±7.4 7.2±1.2 3.2±0.6 

Hepa-IcIc7 Liver - - - - - 4.8±0.8 48.4±5.3 18.8±3.6 8.86±0.4 0.86±0.2 

MDA-MB-231 breast 39±5.0 - - - - 8.8±2.9 45.6±3.8 22.3±2.0 - - 

A2780 Ovary 1.7±1.0 0.21±0.09 - 0.19±0.03 1.9±0.2 - - - - - 

A2780CP70 CR-Ovary 9.9±2.1 5.1±2.2 - 0.29±0.06 6.5±1.4 - - - - - 

HCT116 Colorectal 16.8±5.1 7.4±1.7 - 1.2±0.5 8.9±2.3 - - - - - 

Caco2 Colorectal 0.87±1.77 - 20.88±0.69 1.6±1.22 - - - - - - 

HTB16 Glioma 3.11±0.06 - 66.29±0.74 2.41±0.11 - - - - - - 

IMR90 *Fibroblast 0.53±0.94 - 16.13±1.13 1.24±0.48 - - - - - - 

C.R= cisplatin resistant, *= non-cancer cell line. Note. This data indicate general trends regarding cytotoxic potential and details are in ref. [58, 93, 100, 102, 105]
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that despite the free rotation of its Pt-N bond, sterically bulky phenanthridine ligand play 

a critical role in the stoppage of polymerase progress on DNA template by exerting 

thermodynamic diastereoselctivity effect upon phenanthriplatin-DNA adducts formation 

[95-97]. Since potential efficacy and side effects of the platinum complexes is greatly 

determined by plasma membrane transporters that’s why interaction of phenanthriplatin 

with organic cationic transporters (OCTs) and multidrug and toxin extrusion proteins 

(MATEs) which are involved in uptake and excretion of Pt(II) complexes into the urine 

via renal secretion process, respectively, has also been studied. It has been observed that 

the enhanced cytotoxicity of phenanthriplatin than cisplatin is due to the greater affinity 

of phenanthriplatin for OCT2 and less affinity towards multidrug and toxin extrusion 

proteins (MATEs). This outcome suggests that phenanthriplatin may have greater 

cytotoxic efficacy toward cancers which are largely overexpressed by OCTs like colon 

cancer cells. However, unlike cisplatin, phenanthriplatin has also interacted specifically 

with hMATE1 (human multidrug and toxin extrusion proteins-1) and hMATE2K(human 

multidrug and toxin extrusion proteins-2K) along with hOCT2 (human organic cation 

transpoeter-2), which may cause its reduced efficacy and/or toxicity due to its greater 

cellular efflux [98]. 

Veclani et.al, studied the reaction kinetics involved during interaction of 

phenanthriplatin with DNA using DFT simulations (Fig. 1.4). Data obtained from DFT 

calculations demonstrated that phenanthriplatin interacts with DNA faster than the 

conventional cisplatin. However, it is concluded that after π⋯π stacking of the 

phenanthridine ligand with DNA base slow down the reaction of several orders and 

makes phenanthriplatin inaccessible in DNA double helical structure for further 

platination (covalent bonding of Pt at N7 position of guanine). However, in contrast to 

this, stacking of phenenthridine ligand with DNA bases in solution form leave 

phenanthriplatin accessible for further platination. So it is suggested that the kinetic 

parameters of phenanthriplatin obtained from the nucleobases in solution form must be 

reinterpreted [99]. It is also investigated by Zhou and et al. that in addition to selection of 

coordinating ligand around Pt centre, the geometries of these mono and bifunctional Pt 

complexes play a significant role in deciding their potency to kill cancerous cells. In this 

respect, trans-[Pt(NH3)2(phenanthridine)Cl]+ (20) was synthesized and its anti-cancerous 
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activity was assessed against different cancer cell lines. The outcomes revealed its 

entirely different behaviour than its cis isomer i.e. phenanthriplatin in terms of cellular 

 

Figure 1.4: Kinetics of monofunctional platinum(II) anticancer drugs by using DFT 

simulation [99]. Major reactions are shown by blue arrows. 

uptake, cytotoxicity, DNA binding and DNA untwisting studies which designates that the 

stereochemistry around Pt(II) center might perform an important role in influencing the 

characteristics  of these Pt based anticancer drugs [100]. 

To further peep through the mechanism of non-classical MCPs with DNA, single 

molecule optical tweezers studies have been performed using cisplatin, pyriplatin, 

phenanthriplatin, and trans-phenanthriplatin complexes. The outcome of this study 

revealed that the selection of N-donor heterocyclic ligand, degree of axial protection and 

stereochemical arrangement of ligands in Pt-coordination plane of non-classical MPCs 

are the main players for the interaction of these complexes with the DNA helix (Fig.1.5 

& 1.6). It is noteworthy that in case of phenanthriplatin, initial intercalation of 

phenanthridine ligand with DNA bases encourages the adjacent N7 position of guanine  
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Figure 1.5: Pt-DNA adducts of cisplatin, phenanthriplatin and trans-phenanthriplatin 

against HCT116WT cancer cell line [101]. 

 

 

Figure 1.6: IC50 values for phenanthriplatin, trans-phenanthriplatin and cisplatin 

against various cancer cell lines [101]. 
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base to replace optimally arranged Cl- ligand to form irreversible covalent bond. 

Contrarily, this optimal stereochemical arrangement of Cl- ligand is lacking in trans-

phenanthriplatin where initial intercalation of phenanthridine ligand discourages the 

formation of covalent bond for Pt-DNA adducts. Furthermore, despite from 

phenanthriplatin, and trans-phenanthriplatin complexes, no DNA elongation has been 

observed for pyriplatin indicating that the size of the heterocyclic N-donor ligand plays a 

critical role for unwinding and subsequent elongation of DNA. So it is suggested that the 

development of non-classical MPCs as potent anticancer drugs that can target DNA via 

multiple binding modes (like intercalation and covalent bonding) may be of great 

significance [101]. 

Another study of ototoxicity of MPCs has revealed that unlike cisplatin, 

phenanthriplatin has greater cytotoxic effect without producing ototoxicity in hair cells 

of zebrafish saccule [102]. 

1.3.1 Heteroleptic monofunctional Pt(II) dithiocarbamates 

Since dithiocarbamates and their platinum complexes have already been well 

explored in literature [103, 104] that’s why, the contribution of Zia et al. specifically 

toward heteroleptic monofunctional Pt(II) dithiocarbamates, where a small library of such 

complexes with systematicaly varying electron donating and electron withdrawing 

substituents on different positions of dithiocarbamates and organophosphines has been 

generated. The study of these complexes are underway to discover potentially better non-

classical MPCs as anticancer agent and to understand their biological reaction mechanism 

involved in cellular uptake, role of axial protection from off-target biomolecules and also 

the binding mode with their pharmacological target DNA inside the cell. 

Kashif et al. reported non-classical monofunctional Pt(II) dithiocarbamates 

having general formal [Pt(DTC)LCl] where DTC= 4-(4-methoxyphenyl)piperazine-1-

carbodithioate (21 and 22) and 4-(furan-2-carbonyl)piperazine-1-carbodithioate (23) and 

L= tris(4-fluorophenyl)phosphine (21 and 23) and  tris(4-chlorophenyl)phosphine (22). 

X-ray crystallographic data has revealed that these complexes resembled with quinoplatin 

or phenanthriplatin MPCs due to the presence of axial shelter provided by aromatic C-H 
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moeity of ornganophosphine (Fig. 1.7). However, complex 21, unlike 

phenanthriplatin,demonstrated axial protection on both side of the Pt-plane, while 22 and 

23 by only one side. DNA binding studies (by UV-Visible spectroscopy, CV and vicosity  
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Figure 1.7: Structures of monofunctional platinum(II) complexes. Note. Charges 

have been omitted for clarity. 

 measurements) have revealed fairly strong binding constant (Kb in the order of 104 M-1) 

via electrostatic binding mode. However, in vitro anticancer activity against five cancer 

cell lines (LU, MCF-7, Hepta-IcIc7, PC-3 and MDA-MB-231) demonstrated that these 

complexes have better anticancer activity than cisplatin and have following 21 > 23 > 22 

and results are inconsonance with DNA binding strength. The greater activity of 21 and 

23 was attributed to greater axial protection or to the presence of fluoro groups that can 

render lipophilicity to complexe and stabilize drug-DNA adduct [58]. 
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Since chemical reactivity of non-classical MPCs is markedly dependent upon 

steric bulkiness of the coordinated ligands. So, to observe the effect of substituents 

positions on steric bulkiness of organophosphines (quantified by its cone angle) and the 

degree of their axial protection, two monofunctional Pt(II) dithiocarbamates with the 

general formula [Pt(DTC)LCl] where DTC= 4-(2-pyridyl)piperazine-1-carbodithioate (24 

and 25) and L= tri(p-tolyl)phosphine (24) and tri(o-tolyl)phosphine (25) that have 

structurally mimicking phenanthriplatin type axial protection have been reported. From 

X-ray single crystal and DFT analysis, it has been revealed that variation in the position 

of CH3 group from para [tri(p-tolyl)phosphine, cone angle 174.6°(24)] to ortho [tri(o-

tolyl)phosphine, cone angle 179.9°(25)] position of organophosphine ligand not only 

modifies organophosphine's steric bulkiness but also has a marked impact on the 

magnitude of axial protection of MPCs. In vitro anticancer activity of 24 and 25 has 

shown that their activity is either greater or comparable with cisplatin against the tested 

cell lines. The high activity of 25 than 24 was attributed to more shielded Pt center and 

high lipophilicity increase the chances of cellular uptake. Subsequent DNA binding and 

DNA denaturing studies have revealed spontaneity of drug-DNA adduct formation, their 

electrostatic/covalent mode of interaction via cooperative binding with CT-DNA [105]. 

 

1.3.2 Potential Leads of MPCs over cisplatin and variants 

Overall, MPCs have potential leads over conventional Pt(II) complexes because 

of the following reasons. 

i. Monoclonal antibodies that have the ability to detect DNA lesions produced by 

bifunctional Pt(II) complexes could not identify cis-[Pt(NH3)2(Am)Cl]+ induced 

drug-DNA adducts [106]. 

ii. High mobility group B (HMGB) proteins can distinguish conventional cisplatin 

induced DNA but could not recognise MPCs i.e. cis-[Pt(NH3)2(N3-cytosine)Cl]+ 

(26) modified DNA [107]. 

iii. Bending and unwinding of the DNA by MPCs is lesser than the conventional 

cisplatin and congeners still have the potential to successfully inhibit transcription 

[108, 109]. 
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iv. Cellular uptake by cationic MPCs like pyriplatin through organic cationic 

transporters 1 and 2 (OCTs 1 and 2) is higher than the bifunctional Pt(II) 

complexes i.e. oxaliplatin [92]. 

v. Due to the presence of sterically bulky ligand, MPCs also provide axial protection 

to Pt-coordination plane which is lacking in conventional cisplatin and congeners 

[105]. 

vi. Less drug inactivation by off-target biomolecules in MPCs (due to axial shelter) 

compared to bifunctional Pt(II) complexes [110]. 

vii. Unlike cisplatin, MPC (phenanthriplatin) has greater cytotoxic effect without 

producing ototoxicity in hair cells of zebrafish saccule [102]. 

 

1.3.3 Factors affecting Cytotoxicity of MPCs 

i. Geometry of coordinating ligands 

Cytotoxic potential of MPCs having sterically bulky ligand cis to the labile Cl- 

ligand (cis-Phenanthriplatin) is far more superior to its tans isomer (trans-

Phenanthriplatin). 

ii. Steric bulkiness of coordinating ligands 

Greater steric bulkiness of heterocyclic N-donor ligand, greater will be the 

cytotoxic potential of MPCs. 

iii. Degree of axial protection 

Degree of axial protection enhances the safe carriage of the drug toward target 

DNA without interacting with off-target biomolecules. 

iv. Multimode of interaction 

DNA binding affinity of MPCs is strengthened if drug has the ability to 

additionally form intercalation or H-bonding along with covalent bonding. 
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1.4 Salient features of monofunctional Pt(II) dithiocarbamates 

i. Spectator ligand may reduce affinity of Pt-centre toward S-containing off-target 

biomolecules. 

ii. Bulky hydrophobic ligand enhances cellular uptake. 

iii. Labile ligand causes drug activation inside the cell. 

iv. Axial protection secures intact carriage of drug toward target DNA. 

v. Semi-flexible structure facilitates greater degree of freedom for 

diastereoselectivity of drug-DNA adduct. 

vi. Presence of R-group (aliphatic or substituted aromatic), additionally strengthen 

platination of drug upon DNA bases via groove binding or H-bonding or 

intercalation. 

1.5 Aims and Objectives 

In the light of above factors, our aim is to synthesize new neutral and 

cationic monofunctional Pt(II) complexes with the following modifications. 

i. To reduce affinity of Pt-centre towards S-containing off target biomolecules, we 

have introduced chelating dithiocarbamate moiety as spectator ligand. 

ii. To enhance hydrophobicity of MPCs for greater cellular uptake, phenanthridine  

ligand (present in potent phenanthriplatin) is replaced by bulkier organophosphine 

ligand. 

iii. To increase axial protection and its subsequent effects upon cytotoxic efficacy, we  

have introduced organophosphine with variety of substituents. 

iv. Since rapid intercalation of sterically rigid phenanthridine ligand (phenanthriplatin)  

occur before covalent platination (due to rate limiting aquation) results in 

weakening of Pt-DNA bond, to mitigate this we have introduced semi-flexible 

piperazine/piperidine ring that may facilitate diastereoselectivity toward drug-

DNA adduct formation. 

v. To further strengthen drug-DNA adduct of MPCs (platination along with 

intercalation, groove binding or H-bonding), additional substitutions (aliphatic, 

substituted aromatic or heterocyclic aromatic) have been introduced upon second 

terminal of piperazine/piperidine moiety (Fig. 1.8). 
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Figure 1.8: Structural comparison between phenanthriplatin and newly synthesized 

MPCs. 
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Chapter 2 

        EXPERIMENTAL 

2.1 Chemicals 

Various substituted piperazines and piperidines purchased from Sigma-Aldrich 

(USA) were used for the preparation of dithiocarbamate ligands like 1-(2-

pyrimidyl)piperazine, 1-(2-pyridyl)piperazine, 1-(3-methoxyphenyl)piperazine, 4-

benzylpiperidine, 4-methylpiperidine, N-methylpiperazine, and 1-(2-

flourophenyl)piperazine. Platinum(II) chloride and organophosphines, i.e. 

triphenylphosphine, tris(p-methoxyphenyl)phosphine, tri(p-tolyl)phosphine, tris(p-

chlorophenyl)phosphine, tri(o-tolyl)phosphine, diphenyl-p-tolylphosphine, tris(2-

cyanoethyl)phosphine, tri(cyclohexyl)phosphine and 1,4-bis-(diphenylphosphino)butane 

were purchased from Wako Japan. All the solvents used were procured from Sigma-

Aldrich, Scharlau and Daejung, and dried by the standard methods before use [1, 2]. 

While rest of the reagents were of analytical grade and used without further purification. 

Acetic acid, thiazolyl blue tetrazolium bromide (MTT), pyruvic acid, 

ethylenediaminetetraacetic acid disodium salt dihydrate, sodium dodecyl sulfate (SDS), 

L-glutamine, sodium sarcosinate, penicillin-G, trizma-base, sodium chloride, Triton X-

100 and streptomycin sulfate were also purchased from Sigma-Aldrich, whereas fetal 

bovine serum (FBS)  and Dulbecco's Modified Eagle Medium (DMEM)  were purchased 

from GibcoBRL, Gaithersburg, MD. Other reagents, i.e. carbon disulfide and calf thymus 

deoxyribonucleic acid (CT-DNA) were obtained from Riedel-de Haën and Across 

Company, respectively. 

2.2 Instrumentation  

The melting points were determined using Gallenkamp (UK) electrothermal 

melting point apparatus by taking sample in a capillary tube. IR spectra in the range of 

4000-200 cm-1 were obtained on a Thermo Scientific-6700 FT-IR Spectrophotometer. 

Elemental analysis was performed using CE-440 Elemental Analyzer (Exeter Analytical, 

Inc.). While 1H, 13C and 31P NMR were recorded on Bruker instrument, using TMS (1H 

and 13C) and phosphoric acid (31P) internal references. Chemical shifts are given in ppm 
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and coupling constants (J) in Hz. The multiplicities of 1H NMR signals are given as; s = 

singlet, d = doublet, t = triplet, dd = doublet of a doublet. 

2.3 General procedure for the synthesis of ligands 

The dithiocarbamate ligands (L1—L7) comprising of substituted 

piperazines/piperidines were prepared as sodium salts by stirring equal molar methanolic 

solutions of the corresponding organic precursors and sodium hydroxide for 1 h at room 

temperature, followed by slow drop wise addition of methanolic solution of carbon 

disulfide at 0 °C. The resulting mixture was continuously stirred for 4 h. A yellowish 

solution thus obtained was filtered off and the solvent was evaporated under reduced 

pressure. The resultant white/off-white solid product was dried and then recrystallized 

using methanol (Scheme 2.1). 
 

 
Scheme 2.1: Synthesis of ligands L-1 to L-7 

 

Sodium 4-(2-pyrimidyl)piperazine-1-carbodithioate (L-1) 

 

 



39 
 

 

Reagents used in mmol (g): sodium hydroxide = 12.18 (0.48), 1-(2-

pyrimidyl)piperazine = 12.18 (2) and carbon disulfide = 12.18 (0.927). Yield = 82% (3.1 

g). Mw (g/mol) = 262.2. M.p (°C) = 220-223. FT-IR (cm-1): 3052 (C-H, aromatic)υ, 1004, 

981 (C-S)υ, 1416 (N-CS2)υ. Elemental analysis of C9H11N4S2Na, found (% calculated): 

H, 4.20 (4.23); C, 41.26 (41.21); S, 24.44 (24.45); N, 21.37 (21.36).  

 

Sodium 4-(2-pyridyl)piperazine-1-carbodithioate (L-2) 

 

 
 

Reagents used in mmol (g): sodium hydroxide = 11.03 (0.44), 1-(2-

pyridyl)piperazine = 11.03 (1.8) and carbon disulfide = 11.03 (0.84). Yield = 85% (2.45 

g). Mw (g/mol) = 261.2. M.p (°C) = 215-218. FT-IR (cm-1): 3050 (C-H, aromatic)υ, 993, 

979 (C-S)υ, 1416 (N-CS2)υ.Elemental analysis of C10H12N3S2Na, found (% calculated): 

H, 4.65 (4.63); C, 45.94 (45.96); S, 24.53 (24.54); N, 16.04 (16.08).  

 

Sodium 4-(3-methoxyphenyl)piperazine-1-carbodithioate (L-3) 

 

 
 

Reagents used in mmol (g): sodium hydroxide = 10.40 (0.41), 1-(3-

methoxyphenyl)piperazine = 10.40 (2) and carbon disulfide = 10.40 (0.79). Yield = 79% 

(2.38 g). Mw (g/mol) = 290.2. M.p (°C) = 209-210. FT-IR (cm-1): 3061 (C-H, aromatic)υ, 

1002, 989 (C-S)υ, 1417 (N-CS2)υ. Elemental analysis of C12H15N2OS2Na, found (% 

calculated): H, 5.24 (5.21); C, 49.60 (49.63); S, 22.11 (22.08); N, 9.66 (9.65).  
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Sodium 4-benzylpiperidine-1-carbodithioate (L-4) 

 
 

Reagents used in mmol (g): sodium hydroxide = 8.56 (0.34), 4-benzylpiperidine = 

8.56 (1.5) and carbon disulfide = 8.56 l (0.65). Yield = 83% (1.93 g). Mw (g/mol) = 

273.06. M.p (°C) = 219-221. FT-IR (cm-1): 3023 (C-H, aromatic)υ, 995, 962 (C-S)υ, 

1434 (N-CS2)υ. Elemental analysis of C13H16NS2Na, found (% calculated): H, 5.94 

(5.90); C, 57.12 (57.11); S, 23.41 (23.46); N, 5.10 (5.12).  

 

Sodium 4-mehtylpiperidine-1-carbodithioate (L-5) 

 
Reagents used in mmol (g): sodium hydroxide = 17.14 (0.68), 4-methylpiperidine 

= 17.14 (1.7) and carbon disulfide = 17.14 (1.30). Yield = 72% (2.43 g). Mw (g/mol) = 

197.3. M.p (°C) = 177-179. FT-IR (cm-1): 2863 (C-H, aliphatic)υ, 997, 945 υ(C-S), 1422 

υ(N-CS2). Elemental analysis of C7H12NS2Na, found (% calculated): H, 6.17 (6.13); C, 

42.62 (42.61); S, 32.49 (32.50); N, 7.11 (7.10).  

 

Sodium N-mehtylpiperazine-1-carbodithioate (L-6) 

 
Reagents used in mmol (g): sodium hydroxide = 19.96 (0.80), N-methylpiperazine 

= 19.96 (2) and carbon disulfide = 19.96 (1.52). Yield = 76% (3.01 g). Mw (g/mol) = 

198.3. M.p (°C) = 186-187. FT-IR (cm-1): 2969 (C-H, aliphatic)υ, 992, 906 υ(C-S), 1404 

υ(N-CS2). Elemental analysis of C6H11N2S2Na, found (% calculated): H, 5.61 (5.59); C, 

36.33 (36.34); S, 32.34 (32.34); N, 14.14 (14.13). 
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Sodium 4-(2-fluorophenyl)piperazine-1-carbodithioate (L-7) 

 

 
 

Reagents used in mmol (g): sodium hydroxide = 10.54 (0.42), 1-(2-

fluorophenyl)piperazine = 10.54 (1.9) and carbon disulfide = 10.54 (0.80). Yield = 83% 

(2.43 g). Mw (g/mol) = 278.03. M.p (°C) = 228-231. FT-IR (cm-1): 3022 (C-H, 

aromatic)υ, 1005, 915 υ(C-S), 1420 υ(N-CS2). Elemental analysis of C11H12FN2S2Na, 

found (% calculated): H, 4.33 (4.35); C, 47.44 (47.47); S, 23.04 (23.04); N, 10.05 

(10.06).  

 

2.4 General procedure for the synthesis of heteroleptic Pt(II) complexes 

Heteroleptic platinum(II) complexes have been prepared by simultaneous drop 

wise addition of organophosphine dissolved in chloroform and dithiocarbamate ligand 

dissolved in methanol to the methanolic solution of platinum(II) chloride. The reaction 

mixture was refluxed for 5 h with constant stirring to get yellowish solution, which was 

filtered off on cooling. After solvent evaporation under reduced pressure, a yellow 

product was obtained (Schemes 2.2 & 2.3). This crude product was washed with water 

and ethanol to remove sodium chloride, unreacted reactants, and by-products of the 

reaction, and then dried at room temperature. After that, the solid product was dissolved 

in a mixture of chloroform and acetone (1:1 ratio) for recrystallization to get the pure 

product.  
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5 h Reflux + stirring
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R

R-NaCl

R, Z = 2-Pyrimidyl, N (1-8) R, Z = 2-Pyridyl, N (10-17) R, Z = 3-Methoxyphenyl, N (19-26)

R, Z = 4-Benzylyl, C (28-35)R, Z = 4-Methtyl, C (37-44) R, Z = N-Methyl, N (46-53)

R, Z = 2-Fluorophenyl, N (55-62)

 
Where PR3= triphenylphosphine(1, 10, 19, 28, 37, 46, 55), tris-(p-methoxyphenyl)phosphine(2, 11, 20, 29, 38, 47, 56),

tris-(p-tolyl)phosphine(3, 12, 21, 30, 39, 48, 57), tris-(p-chlorophenyl)phosphine(4, 13, 22, 31, 40, 49, 58),

tris-(o-tolyl)phosphine(5, 14, 23, 32, 41, 50, 59), diphenyl-p-tolylphosphine(6, 15, 24, 33, 42, 51, 60),

tris-(2-cyanoethyl)phosphine(7, 16, 25, 34, 43, 52, 61), tricyclohexylphosphine(8, 17, 26, 35, 44, 53, 62)

 

 

Scheme 2.2: Synthesis of heteroleptic platinum(II) complexes. 

 

 

Z NR
S

SCH3OH + CHCl3

5 h Reflux 
 stirring

Z NR
S-Na+

S

++PtCl2 Ph2P(CH2)4PPh2 Pt
P

P

-NaCl

Ph

Ph
Ph

Ph

Cl

 
R, Z = 2-Pyrimidyl, N (9) R, Z = 2-Pyridyl, N (18) R, Z = 3-Methoxyphenyl, N (27)

R, Z = 4-Benzylyl, C (36) R, Z = 4-Methtyl, C (45) R, Z = N-Methyl, N (54)

R, Z = 2-Fluorophenyl, N (63)  
 

Scheme 2.3: Synthesis of complexes with 1,4-Bis(diphenylphosphino)butane. 
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[Chlorido(4-(2-pyrimidyl)piperazine-1-carbodithioato-κ2S,Sʹ)(triphenylphosphine) 

platinum(II)] (1) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

triphenylphosphine = 1.05 (0.27) and sodium 4-(2-pyrimidyl)piperazine-1-carbodithioate 

= 1.05 (0.27). Yield = 79% (0.59 g). Mw (g/mol) = 731.07. M.p (°C) = 231-232. FT-IR 

(cm-1): 3044 (C-H, aromatic)υ, 1015 (C-S)υ, 1550 (N-CS2)υ, 281 (Pt-Cl)υ, 382 (Pt-S)υ, 

239 (Pt-P)υ. Elemental analysis of C27H26ClN4PPtS2, found (% calculated): H, 3.54 

(3.58); C, 44.31 (44.29); S, 8.77 (8.76); N, 7.67 (7.65).  

 

Chlorido[(4-(2-pyrimidy)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-methoxyphenyl 

phosphine)]platinum(II) (2) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

methoxyphenylphosphine = 1.05 (0.37) and sodium 4-(2-pyrimidyl)piperazine-1-

carbodithioate = 1.05 (0.27). Yield = 73% (0.61 g). Mw (g/mol) = 821.1. M.p (°C) = 238-

241. FT-IR (cm-1): 3047 (C-H, aromatic)υ, 1016 (C-S)υ, 1548 (N-CS2)υ, 291 (Pt-Cl)υ, 

391 (Pt-S)υ, 232 (Pt-P)υ. Elemental analysis of C30H32ClN4O3PPtS2, found (% 

calculated): H, 3.90 (3.92); C, 43.80 (43.82); S, 7.83 (7.80); N, 6.78 (6.81). 
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Chlorido[(4-(2-pyrimidy)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-tolylphosphine)] 

platinum(II) (3) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

totylphosphine = 1.05 (0.32) and sodium 4-(2-pyrimidyl)piperazine-1-carbodithioate = 

1.05 (0.27). Yield = 80% (0.64 g). Mw (g/mol) = 773.11. M.p (°C) = 234-237. FT-IR 

(cm-1): 3049 (C-H, aromatic)υ, 1012 (C-S)υ, 1528 (N-CS2)υ, 288  (Pt-Cl)υ, 386 (Pt-S)υ, 

227 (Pt-P)υ. Elemental analysis of C30H32ClN4PPtS2, found (% calculated): H, 4.19 

(4.17); C, 46.48 (46.54); S, 8.29 (8.28); N, 7.22 (7.24).  

 

Chlorido[(4-(2-pyrimidyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-chlorophenyl 

phosphine)]platinum(II) (4) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

chlorophenylphosphine = 1.05 (0.38) and sodium 4-(2-pyrimidyl)piperazine-1-

carbodithioate = 1.05 (0.27). Yield = 82% (0.70 g). Mw (g/mol) = 832.95. M.p (°C) = 

248-250. FT-IR (cm-1): 3045 (C-H, aromatic)υ, 1010 (C-S)υ, 1532  (N-CS2)υ, 279  (Pt-

Cl)υ, 373 (Pt-S)υ, 223 (Pt-P)υ. Elemental analysis of C27H23Cl4N4PPtS2, found (% 

calculated): H, 2.79 (2.77); C, 38.84 (38.81); S, 7.72 (7.68); N, 6.69 (6.71). 
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Chlorido[(4-(2-pyrimidyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-o-tolylphosphine) 

]platinum(II) (5) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-o-

totylphosphine = 1.05 (0.32) and sodium 4-(2-pyrimidyl)piperazine-1-carbodithioate = 

1.05 (0.27). Yield = 56% (0.71 g). Mw (g/mol) = 773.11. M.p (°C) = 227-229. FT-IR 

(cm-1): 3054 (C-H, aromatic)υ, 1013 (C-S)υ, 1550  (N-CS2)υ, 285  (Pt-Cl)υ, 383 (Pt-S)υ, 

237 (Pt-P)υ. Elemental analysis of C30H32ClN4PPtS2, found (% calculated): H, 4.15 

(4.17); C, 46.56 (46.54); S, 8.25 (8.28); N, 7.21 (7.24). 

 

Chlorido[(4-(2-pyrimidyl)piperazine-1-carbodithioato-κ2S,Sʹ)(diphenyl-p-tolyl- 

phosphine)]platinum(II) (6) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), diphenyl-p-

tolylphosphine = 1.05 (0.29) and sodium 4-(2-pyrimidyl)piperazine-1-carbodithioate = 

1.05 (0.27). Yield = 69% (0.53 g). Mw (g/mol) = 745.08. M.p (°C) = 228-230. FT-IR 

(cm-1): 3037 (C-H, aromatic)υ, 1011 (C-S)υ, 1548  (N-CS2)υ, 284  (Pt-Cl)υ, 387 (Pt-S)υ, 

239 (Pt-P)υ. Elemental analysis of C28H28ClN4PPtS2, found (% calculated): H, 3.76 

(3.78); C, 45.09 (45.07); S, 8.62 (8.59); N, 7.52 (7.51). 
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Chlorido[(4-(2-pyrimidyl)piperazine-1-carbodithioato-κ2S,Sʹ)(2-cyanoethyl- 

phosphine)]platinum(II) (7) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 2-

cyanoethylphosphine = 1.05 (0.20) and sodium 4-(2-pyrimidyl)piperazine-1-

carbodithioate = 1.05 (0.27). Yield = 73% (0.50 g). Mw (g/mol) = 662.05. M.p (°C) = 

233-235. FT-IR (cm-1): 3023 (C-H, aromatic)υ, 1012 (C-S)υ, 1528  (N-CS2)υ, 278  (Pt-

Cl)υ, 372 (Pt-S)υ, 218 (Pt-P)υ. Elemental analysis of C18H23ClN7PPtS2, found (% 

calculated): H, 3.53 (3.50); C, 32.60 (32.61); S, 9.65 (9.67); N, 14.83 (14.79). 

 

Chlorido[(4-(2-pyrimidyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tricyclohexylphos- 

phine)]platinum(II) (8) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

tricyclohexylphosphine = 1.05 (0.29) and sodium 4-(2-pyrimidyl)piperazine-1-

carbodithioate = 1.05 (0.27). Yield = 77% (0.59 g). Mw (g/mol) = 749.21. M.p (°C) = 

225-228. FT-IR (cm-1): 3041 (C-H, aromatic)υ, 1005 (C-S)υ, 1551  (N-CS2)υ, 295 (Pt-

Cl)υ, 379 (Pt-S)υ, 219 (Pt-P)υ. Elemental analysis of C27H44ClN4PPtS2, found (% 

calculated): H, 5.94 (5.91); C, 43.24 (43.22); S, 8.59 (8.55); N, 7.45 (7.47). 
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[(4-(2-pyrimidyl)piperazine-1-carbodithioato-κ2S,Sʹ)(1,4-bis(diphenylphosphino)- 

butane)platinum(II)] chloride (9) 

 
 

Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 1,4-

bis(diphenylphosphino)butane = 1.05 (0.45) and sodium 4-(2-pyrimidyl)piperazine-1- 

carbodithioate = 1.05 (0.27). Yield = 82% (0.75 g). Mw (g/mol) = 895.14. M.p (°C) = 

254-257. FT-IR (cm-1): 3054 (C-H, aromatic)υ, 1015 (C-S)υ, 1543  (N-CS2)υ, 375 (Pt-

S)υ, 224 (Pt-P)υ. Elemental analysis of C37H39ClN4P2PtS2, found (% calculated): H, 

4.39 (4.40); C, 49.58 (49.60); S, 7.15 (7.13); N, 6.25 (6.27). 

 

Chlorido[(4-(2-pyridyl)piperazine-1-carbodithioato-κ2S,Sʹ)(triphenylphosphine)] 

platinum(II) (10) 

 
 

Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

triphenylphosphine = 1.05 (0.27) and sodium 4-(2-pyridyl)piperazine-1- carbodithioate = 

1.05 (0.27). Yield = 68% (0.51 g). Mw (g/mol) = 730.07. M.p (°C) = 223-224. FT-IR 

(cm-1): 3032 (C-H, aromatic)υ, 1012 (C-S)υ, 1521  (N-CS2)υ, 283 (Pt-Cl)υ, 380 (Pt-S)υ, 

233 (Pt-P)υ. Elemental analysis of C28H27ClN3PPtS2, found (% calculated): H, 3.70 

(3.72); C, 46.03 (45.99); S, 8.79 (8.77); N, 5.76 (5.75). 
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Chlorido[(4-(2-pyridy)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-methoxyphenyl 

phosphine)]platinum(II) (11) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

methoxyphenylphosphine = 1.05 (0.37) and sodium 4-(2-pyridyl)piperazine-1- 

carbodithioate = 1.05 (0.27). Yield = 65% (0.55 g). Mw (g/mol) = 820.1. M.p (°C) = 230-

231. FT-IR (cm-1): 3051 (C-H, aromatic)υ, 1015 (C-S)υ, 1524  (N-CS2)υ, 290 (Pt-Cl)υ, 

388 (Pt-S)υ, 237 (Pt-P)υ. Elemental analysis of C31H33ClN3O3PPtS2, found (% 

calculated): H, 4.06 (4.05); C, 45.32 (45.34); S, 7.80 (7.81); N, 5.13 (5.12). 

 

Chlorido[(4-(2-pyridy)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-tolylphosphine)] 

platinum(II) (12) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

tolylphosphine = 1.05 (0.32) and sodium 4-(2-pyridyl)piperazine-1- carbodithioate = 1.05 

(0.27). Yield = 70% (0.56 g). Mw (g/mol) = 772.12. M.p (°C) = 226-228. FT-IR (cm-1): 

3052 (C-H, aromatic)υ, 1015 (C-S)υ, 1531  (N-CS2)υ, 312 (Pt-Cl)υ, 388 (Pt-S)υ, 229 (Pt-

P)υ. Elemental analysis of C31H33ClN3PPtS2, found (% calculated): H, 4.32 (4.30); C, 

48.13 (48.15); S, 8.31 (8.29); N, 5.41 (5.43). 
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Chlorido[(4-(2-pyridyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-chlorophenyl- 

phosphine)]platinum(II) (13) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

chlorophenylphosphine = 1.05 (0.38) and sodium 4-(2-pyridyl)piperazine-1- 

carbodithioate = 1.05 (0.27). Yield = 73% (0.63 g). Mw (g/mol) = 831.96. M.p (°C) = 

238-240. FT-IR (cm-1): 3032 (C-H, aromatic)υ, 1010 (C-S)υ, 1525  (N-CS2)υ, 275  (Pt-

Cl)υ, 377 (Pt-S)υ, 231 (Pt-P)υ. Elemental analysis of C28H24Cl4N3PPtS2, found (% 

calculated): H, 2.93 (2.90); C, 40.34 (40.30); S, 7.64 (7.68); N, 5.06 (5.04). 

 

Chlorido[(4-(2-pyridyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-o-tolylphosphine)] 

platinum(II) (14) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-o-

tolylphosphine = 1.05 (0.32) and sodium 4-(2-pyridyl)piperazine-1- carbodithioate = 1.05 

(0.27). Yield = 81% (0.65 g). Mw (g/mol) = 772.12. M.p (°C) = 224-226. FT-IR (cm-1): 

3048 (C-H, aromatic)υ, 1012 (C-S)υ, 1528  (N-CS2)υ, 295 (Pt-Cl)υ, 385 (Pt-S)υ, 241 (Pt-

P)υ. Elemental analysis of C31H33ClN3PPtS2, found (% calculated): H, 4.29 (4.30); C, 

48.17 (48.15); S, 8.25 (8.25); N, 5.46 (5.43). 

 

 

 

 



50 
 

Chlorido[(4-(2-pyridyl)piperazine-1-carbodithioato-κ2S,Sʹ)(diphenyl-p-tolylphos- 

phine)] platinum(II) (15) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), diphenyl-p-

tolylphosphine = 1.05 (0.28) and sodium 4-(2-pyridyl)piperazine-1- carbodithioate = 1.05 

(0.27). Yield = 84% (0.65 g). Mw (g/mol) = 744.09. M.p (°C) = 232-234. FT-IR (cm-1): 

3047 (C-H, aromatic)υ, 1017 (C-S)υ, 1512  (N-CS2)υ, 288 (Pt-Cl)υ, 384 (Pt-S)υ, 233 (Pt-

P)υ. Elemental analysis of C29H29ClN3PPtS2, found (% calculated): H, 3.91 (3.92); C, 

46.75 (46.74); S, 8.63 (8.61); N, 5.63 (5.64). 

 

Chlorido[(4-(2-pyridyl)piperazine-1-carbodithioato-κ2S,Sʹ)(2-cyanoethylphosphine)] 

platinum(II) (16) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 2-

cyanoethylphosphine = 1.05 (0.20) and sodium 4-(2-pyridyl)piperazine-1- carbodithioate 

= 1.05 (0.27). Yield = 65% (0.44 g). Mw (g/mol) = 661.06. M.p (°C) = 238-240. FT-IR 

(cm-1): 3023 (C-H, aromatic)υ, 1015 (C-S)υ, 1536  (N-CS2)υ, 274 (Pt-Cl)υ, 370 (Pt-S)υ, 

223 (Pt-P)υ. Elemental analysis of C19H24ClN6PPtS2, found (% calculated): H, 3.67 

(3.65); C, 34.49 (34.47); S, 9.65 (9.69); N, 12.72 (12.69). 
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Chlorido[(4-(2-pyridyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tricyclohexylphosphine)] 

platinum(II) (17) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

tricyclohexylphosphine = 1.05 (0.29) and sodium 4-(2-pyridyl)piperazine-1- 

carbodithioate = 1.05 (0.27). Yield = 80% (0.62 g). Mw (g/mol) = 748.21. M.p (°C) = 

229-231. FT-IR (cm-1): 3029 (C-H, aromatic)υ, 1015 (C-S)υ, 1513  (N-CS2)υ, 292 (Pt-

Cl)υ, 381 (Pt-S)υ, 224 (Pt-P)υ. Elemental analysis of C28H45ClN3PPtS2, found (% 

calculated): H, 6.04 (6.05); C, 44.86 (44.88); S, 8.53 (8.56); N, 5.60 (5.61). 

 

[(4-(2-pyridyl)piperazine-1-carbodithioato-κ2S,Sʹ)(1,4-bis(diphenylphosphino)- 

butane)platinum(II)] chloride (18) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 1,4-

bis(diphenylphosphino)butane = 1.05 (0.45) and sodium 4-(2-pyridyl)piperazine-1- 

carbodithioate = 1.05 (0.27). Yield = 67% (0.62 g). Mw (g/mol) = 894.15. M.p (°C) = 

242-244. FT-IR (cm-1): 3052 (C-H, aromatic)υ, 1011 (C-S)υ, 1541  (N-CS2)υ, 369 (Pt-

S)υ, 229 (Pt-P)υ. Elemental analysis of C38H40ClN3P2PtS2, found (% calculated): H, 

4.49 (4.50); C, 50.96 (50.98); S, 7.15 (7.16); N, 4.68 (4.69). 
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Chlorido[(4-(3-methoxyphenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(triphenyl- 

phosphine)] platinum(II) (19) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

triphenylphosphine = 1.05 (0.27) and sodium 4-(3-methoxyphenyl)piperazine-1- 

carbodithioate = 1.05 (0.30). Yield = 63% (0.59 g). Mw (g/mol) = 759.09. M.p (°C) = 

221-224. FT-IR (cm-1): 3048 (C-H, aromatic)υ, 1012 (C-S)υ, 1523  (N-CS2)υ, 279 (Pt-

Cl)υ, 374 (Pt-S)υ, 233 (Pt-P)υ. Elemental analysis of C30H30ClN2OPPtS2, found (% 

calculated): H, 4.03 (3.98); C, 47.44 (47.40); S, 8.40 (8.44); N, 3.65 (3.68). 

 

Chlorido[(4-(3-methoxyphenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-methoxy- 

phenylphosphine)]platinum(II) (20) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

methoxyphenylphosphine = 1.05 (0.37) and sodium 4-(3-methoxyphenyl)piperazine-1- 

carbodithioate = 1.05 (0.30). Yield = 79% (0.69 g). Mw (g/mol) = 849.12. M.p (°C) = 

227-230. FT-IR (cm-1): 3051 (C-H, aromatic)υ, 1011 (C-S)υ, 1532  (N-CS2)υ, 295 (Pt-

Cl)υ, 386 (Pt-S)υ, 235 (Pt-P)υ. Elemental analysis of C33H36ClN2O4PPtS2, found (% 

calculated): H, 4.25 (4.27); C, 46.60 (46.61); S, 7.55 (7.54); N, 3.33 (3.29). 
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Chlorido[(4-(3-methoxyphenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-totylphos- 

phine)]platinum(II) (21) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

totylphosphine = 1.05 (0.32) and sodium 4-(3-methoxyphenyl)piperazine-1- 

carbodithioate = 1.05 (0.30). Yield = 82% (0.62 g). Mw (g/mol) = 801.13. M.p (°C) = 

236-238. FT-IR (cm-1): 3044 (C-H, aromatic)υ, 1015 (C-S)υ, 1552  (N-CS2)υ, 281 (Pt-

Cl)υ, 383 (Pt-S)υ, 228 (Pt-P)υ. Elemental analysis of C33H36ClN2OPPtS2, found (% 

calculated): H, 4.50 (4.51); C, 49.45 (49.40); S, 8.02 (7.99); N, 3.51 (3.49). 

 

Chlorido[(4-(3-methoxyphenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-chloro- 

phenylphosphine)]platinum(II) (22) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

chlorophenylphosphine = 1.05 (0.38) and sodium 4-(3-methoxyphenyl)piperazine-1- 

carbodithioate = 1.05 (0.30). Yield = 73% (0.65 g). Mw (g/mol) = 860.97. M.p (°C) = 

244-245. FT-IR (cm-1): 3058 (C-H, aromatic)υ, 1011 (C-S)υ, 1531  (N-CS2)υ, 283 (Pt-

Cl)υ, 372 (Pt-S)υ, 239 (Pt-P)υ. Elemental analysis of C30H27Cl4N2OPPtS2, found (% 

calculated): H, 3.14 (3.15); C, 41.74 (41.73); S, 7.46 (7.43); N, 3.22 (3.24). 
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Chlorido[(4-(3-methoxyphenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-o-totylphos- 

phine)]platinum(II) (23) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-o-

totylphosphine = 1.05 (0.32) and sodium 4-(3-methoxyphenyl)piperazine-1- 

carbodithioate = 1.05 (0.30). Yield = 77% (0.64 g). Mw (g/mol) = 801.13. M.p (°C) = 

226-228. FT-IR (cm-1): 3027 (C-H, aromatic)υ, 1009 (C-S)υ, 1539  (N-CS2)υ, 272 (Pt-

Cl)υ, 369 (Pt-S)υ, 227 (Pt-P)υ. Elemental analysis of C33H36ClN2OPPtS2, found (% 

calculated): H, 4.56 (4.52); C, 49.46 (49.40); S, 7.94 (7.99); N, 3.45 (3.49). 

 

Chlorido[(4-(3-methoxyphenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(diphenyl-p-

totylphosphine)]platinum(II) (24) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), diphenyl-p-

totylphosphine = 1.05 (0.29) and sodium 4-(3-methoxyphenyl)piperazine-1- 

carbodithioate = 1.05 (0.30). Yield = 64% (0.511 g). Mw (g/mol) = 773.1. M.p (°C) = 

217-219. FT-IR (cm-1): 3052 (C-H, aromatic)υ, 1018 (C-S)υ, 1530  (N-CS2)υ, 289 (Pt-

Cl)υ, 379 (Pt-S)υ, 241 (Pt-P)υ. Elemental analysis of C31H32ClN2OPPtS2, found (% 

calculated): H, 4.14 (4.17); C, 48.11 (48.09); S, 8.26 (8.28); N, 3.60 (3.62). 
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Chlorido[(4-(3-methoxyphenyl)piperazin-1-carbodithioato-κ2S,Sʹ)(2-cyanoethyl- 

phosphine)]platinum(II) (25) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 2-

cyanoethylphosphine = 1.05 (0.20) and sodium 4-(3-methoxyphenyl)piperazine-1- 

carbodithioate = 1.05 (0.30). Yield = 63% (0.45 g). Mw (g/mol) = 690.07. M.p (°C) = 

228-231. FT-IR (cm-1): 3023 (C-H, aromatic)υ, 1012 (C-S)υ, 1548  (N-CS2)υ, 268 (Pt-

Cl)υ, 353 (Pt-S)υ, 231 (Pt-P)υ. Elemental analysis of C27H44ClN4PPtS2, found (% 

calculated): H, 3.90 (3.94); C, 36.53 (36.50); S, 9.24 (9.28); N, 10.14 (10.13). 

 

Chlorido[(4-(3-methoxyphenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tricyclohexyl- 

phosphine)]platinum(II) (26) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

tricyclohexylphosphine = 1.05 (0.29) and sodium 4-(3-methoxyphenyl)piperazine-1- 

carbodithioate = 1.05 (0.30). Yield = 70% (0.56 g). Mw (g/mol) = 777.23. M.p (°C) = 

238-240. FT-IR (cm-1): 3032 (C-H, aromatic)υ, 1015 (C-S)υ, 1528  (N-CS2)υ, 270 (Pt-

Cl)υ, 365 (Pt-S)υ, 241 (Pt-P)υ. Elemental analysis of C30H48ClN2OPPtS2, found (% 

calculated): H, 6.26 (6.22); C, 46.32 (46.29); S, 8.22 (8.24); N, 3.62 (3.60). 
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[(4-(3-methoxyphenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(1,4-bis(diphenylphos- 

phino)butane)platinum(II)] chloride (27) 

 
 

Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 1,4-

bis(diphenylphosphino)butane = 1.05 (0.45) and sodium 4-(3-methoxyphenyl)piperazine-

1- carbodithioate = 1.05 (0.30). Yield = 72% (0.69 g). Mw (g/mol) = 923.16. M.p (°C) = 

244-246. FT-IR (cm-1): 3065 (C-H, aromatic)υ, 1017 (C-S)υ, 1526 (N-CS2)υ, 397 (Pt-

S)υ, 244 (Pt-P)υ. Elemental analysis of C40H43ClN2OP2PtS2, found (% calculated): H, 

4.70 (4.69); C, 51.96 (51.97); S, 6.92 (6.94); N, 2.99 (3.03). 

 

Chlorido[(4-benzylpiperidine-1-carbodithioato-κ2S,Sʹ)(triphenylphosphine)] 

platinum(II) (28) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

triphenylphosphine = 1.05 (0.27) and sodium 4-benzylpiperidine-1- carbodithioate = 1.05 

(0.29). Yield = 76% (0.60 g). Mw (g/mol) = 742.1. M.p. (°C) = 229. FT-IR (cm-1): 3028 

(C-H, aromatic)υ, 1011 (C-S)υ, 1521  (N-CS2)υ, 280 (Pt-Cl)υ, 389 (Pt-S)υ, 241 (Pt-P)υ. 

Elemental analysis of C31H31ClNPPtS2, found (% calculated): H, 4.21 (4.20); C, 50.13 

(50.10); S, 8.65 (8.63); N, 1.85 (1.88). 
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Chlorido[(4-benzylpiperidine-1-carbodithioato-κ2S,Sʹ)(tris-p-methoxyphenyl- 

phosphine)]platinum(II) (29) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

methoxyphenylphosphine = 1.05 (0.37) and sodium 4-benzylpiperidine-1- carbodithioate 

= 1.05 (0.29). Yield = 81% (0.71 g). Mw (g/mol) = 832.13. M.p (°C) = 237-238. FT-IR 

(cm-1): 3023 (C-H, aromatic)υ, 1012 (C-S)υ, 1524  (N-CS2)υ, 292 (Pt-Cl)υ, 380 (Pt-S)υ, 

235 (Pt-P)υ. Elemental analysis of C34H37ClNO3PPtS2 found (% calculated): H, 4.53 

(4.48); C, 49.04 (49.01); S, 7.68 (7.70); N, 1.71 (1.68). 

 

Chlorido[(4-benzylpiperidine-1-carbodithioato-κ2S,Sʹ)(tris-p-totylphosphine)] 

platinum(II) (30) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

totylphosphine = 1.05 (0.32) and sodium 4-benzylpiperidine-1- carbodithioate = 1.05 

(0.29). Yield = 79% (0.66 g). Mw (g/mol) = 784.14. M.p (°C) = 223-224. FT-IR (cm-1): 

3020 (C-H, aromatic)υ, 1015 (C-S)υ, 1530  (N-CS2)υ, 316 (Pt-Cl)υ, 382 (Pt-S)υ, 227 (Pt-

P)υ. Elemental analysis of C34H37ClNPPtS2, found (% calculated): H, 4.74 (4.75); C, 

52.03 (52.00); S, 8.21 (8.17); N, 1.74 (1.78). 
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Chlorido[(4-benzylpiperidine-1-carbodithioato-κ2S,Sʹ)(tris-p-chlorophenylphos- 

phine)] platinum(II) (31) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

chlorophenylphosphine = 1.05 (0.38) and sodium 4-benzylpiperidine-1- carbodithioate = 

1.05 (0.29). Yield = 73% (0.65 g). Mw (g/mol) = 843.98. M.p (°C) = 247. FT-IR (cm-1): 

3023 (C-H, aromatic)υ, 1012 (C-S)υ, 1543  (N-CS2)υ, 279 (Pt-Cl)υ, 376 (Pt-S)υ, 226 (Pt-

P)υ. Elemental analysis of C31H28Cl4NPPtS2, found (% calculated): H, 3.30 (3.33); C, 

44.03 (43.98); S7.62 (7.58); N, 1.64 (1.65). 

 

Chlorido[(4-benzylpiperidine-1-carbodithioato-κ2S,Sʹ)(tris-o-totylphosphine)] 

platinum(II) (32) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-o-

totylphosphine = 1.05 (0.32) and sodium 4-benzylpiperidine-1- carbodithioate = 1.05 

(0.29). Yield = 80% (0.66 g). Mw (g/mol) = 784.14. M.p (°C) = 231-233. FT-IR (cm-1): 

3026 (C-H, aromatic)υ, 1009 (C-S)υ, 1547  (N-CS2)υ, 290 (Pt-Cl)υ, 377 (Pt-S)υ, 221 (Pt-

P)υ. Elemental analysis of C34H37ClNPPtS2, found (% calculated): H, 4.79 (4.75); C, 

52.05 (52.00); S, 8.14 (8.17); N, 1.75 (1.78). 

 

 

 

 

 



59 
 

Chlorido[(4-benzylpiperidine-1-carbodithioato-κ2S,Sʹ)(diphenyl-p-totylphosphine)] 

platinum(II) (33) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), diphenyl-p-

totylphosphine = 1.05 (0.29) and sodium 4-benzylpiperidine-1- carbodithioate = 1.05 

(0.29). Yield = 83% (0.66 g). Mw (g/mol) = 756.11. M.p (°C) = 235. FT-IR (cm-1): 3027 

(C-H, aromatic)υ, 1017 (C-S)υ, 1529  (N-CS2)υ, 287 (Pt-Cl)υ, 381 (Pt-S)υ, 231 (Pt-P)υ. 

Elemental analysis of C32H33ClNPPtS2, found (% calculated): H, 4.44 (4.39); C, 50.73 

(50.76); S, 8.51 (8.47); N, 1.82 (1.85). 

 

Chlorido[(4-benzylpiperidine-1-carbodithioato-κ2S,Sʹ)(2-cyanoethylphosphine)] 

platinum(II) (34) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 2-

cyanoethylphosphine = 1.05 (0.20) and sodium 4-benzylpiperidine-1- carbodithioate = 

1.05 (0.29). Yield = 82% (0.58 g). Mw (g/mol) = 673.08. M.p (°C) = 234-237. FT-IR 

(cm-1): 3023 (C-H, aromatic)υ, 1008 (C-S)υ, 1537  (N-CS2)υ, 276 (Pt-Cl)υ, 384 (Pt-S)υ, 

239 (Pt-P)υ. Elemental analysis of C22H28ClN4PPtS2, found (% calculated): H, 4.16 

(4.19); C, 39.22 (39.20); S, 9.48 (9.51); N, 8.33 (8.31). 
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Chlorido[(4-benzylpiperidine-1-carbodithioato-κ2S,Sʹ)(tricyclohexylphosphine)] 

platinum(II) (35) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

tricyclohexylphosphine = 1.05 (0.29) and sodium 4-benzylpiperidine-1- carbodithioate = 

1.05 (0.29). Yield = 80% (0.64 g). Mw (g/mol) = 760.24. M.p (°C) = 226-227. FT-IR 

(cm-1): 3022 (C-H, aromatic)υ, 1004 (C-S)υ, 1514  (N-CS2)υ, 292 (Pt-Cl)υ, 370 (Pt-S)υ, 

219 (Pt-P)υ. Elemental analysis of C31H49ClNPPtS2, found (% calculated): H, 6.52 

(6.49); C, 48.93 (48.90); S, 8.44 (8.42); N, 1.85 (1.84). 

 

[(4-benzylpiperidine-1-carbodithioato-κ2S,Sʹ)(1,4-bis(diphenylphosphino)butane) 

platinum(II)] chloride (36) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 1,4-

bis(diphenylphosphino)butane = 1.05 (0.45) and sodium 4-benzylpiperidine-1- 

carbodithioate = 1.05 (0.29). Yield = 87% (0.84 g). Mw (g/mol) = 906.17. M.p (°C) = 

246-247. FT-IR (cm-1): 3025 (C-H, aromatic)υ, 1014(C-S)υ, 1536  (N-CS2)υ, 398 (Pt-

S)υ, 246 (Pt-P)υ. Elemental analysis of C41H44ClNP2PtS2, found (% calculated): H, 4.90 

(4.89); C, 54.30 (54.27); S, 7.06 (7.07); N, 1.52 (1.54). 
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Chlorido[(4-methylpiperidine-1-carbodithioato-κ2S,Sʹ)(triphenylphosphine)] 

platinum(II) (37) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

triphenylphosphine = 1.05 (0.27) and sodium 4-methylpiperidine-1- carbodithioate = 1.05 

(0.21). Yield = 66% (0.47 g). Mw (g/mol) = 666.07. M.p (°C) = 185-186. FT-IR (cm-1): 

3051 (C-H, aromatic)υ, 1025 (C-S)υ, 1538  (N-CS2)υ, 281 (Pt-Cl)υ, 381 (Pt-S)υ, 236 (Pt-

P)υ. Elemental analysis of C25H27ClNPPtS2, found (% calculated): H, 4.12 (4.12); C, 

45.04 (45.01); S, 9.62 (9.61); N, 2.09 (2.10). 

 

Chlorido[(4-methylpiperidine-1-carbodithioato-κ2S,Sʹ)(tris-p-methoxyphenylphos- 

phine)]platinum(II) (38) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

methoxyphenylphosphine = 1.05 (0.37) and sodium 4-methylpiperidine-1- carbodithioate 

= 1.05 (0.21). Yield = 84% (0.67 g). Mw (g/mol) = 756.1. M.p (°C) = 196-197. FT-IR 

(cm-1): 3056 (C-H, aromatic)υ, 1008 (C-S)υ, 1530  (N-CS2)υ, 282 (Pt-Cl)υ, 395 (Pt-S)υ, 

231 (Pt-P)υ. Elemental analysis of C28H33ClNO3PPtS2, found (% calculated): H, 4.34 

(4.39); C, 44.42 (44.41); S, 8.44 (8.47); N, 1.81 (1.85). 
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Chlorido[(4-methylpiperidine-1-carbodithioato-κ2S,Sʹ)(tris-p-totylphosphine)] 

platinum(II) (39) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

totylphosphine = 1.05 (0.32) and sodium 4-methylpiperidine-1- carbodithioate = 1.05 

(0.21). Yield = 72% (0.54 g). Mw (g/mol) = 708.11. M.p (°C) = 189-191. FT-IR (cm-1): 

3049 (C-H, aromatic)υ, 1018 (C-S)υ, 1530  (N-CS2)υ, 287 (Pt-Cl)υ, 392 (Pt-S)υ, 228 (Pt-

P)υ. Elemental analysis of C28H33ClNPPtS2, found (% calculated): H, 4.72 (4.69); C, 

47.41 (47.42); S, 9.05 (9.04); N, 1.99 (1.97). 

 

Chlorido[(4-methylpiperidine-1-carbodithioato-κ2S,Sʹ)(tris-p-chlorophenylphos- 

phine)] platinum(II) (40) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

chlorophenylphosphine = 1.05 (0.38) and sodium 4-methylpiperidine-1- carbodithioate = 

1.05 (0.21). Yield = 77% (0.63 g). Mw (g/mol) = 767.95. M.p (°C) = 205. FT-IR (cm-1): 

3049 (C-H, aromatic)υ, 1016 (C-S)υ, 1529  (N-CS2)υ, 294 (Pt-Cl)υ, 380(Pt-S)υ, 232 (Pt-

P)υ. Elemental analysis of C25H24Cl4NPPtS2, found (% calculated): H, 3.16 (3.14); C, 

38.98 (38.97); S, 8.30 (8.32); N, 1.85 (1.82). 
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Chlorido[(4-methylpiperidine-1-carbodithioato-κ2S,Sʹ)(tris-o-totylphosphine)] 

platinum(II) (41) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-o-

totylphosphine = 1.05 (0.32) and sodium 4-methylpiperidine-1- carbodithioate = 1.05 

(0.21). Yield = 68% (0.51 g). Mw (g/mol) = 708.11. M.p (°C) = 183-184. FT-IR (cm-1): 

3051 (C-H, aromatic)υ, 1030 (C-S)υ, 1518  (N-CS2)υ, 289 (Pt-Cl)υ, 387 (Pt-S)υ, 235 (Pt-

P)υ. Elemental analysis of C28H33ClNPPtS2, found (% calculated): H, 4.68 (4.69); C, 

47.47 (47.42); S, 9.06 (9.04); N, 1.99 (1.97). 

 

Chlorido[(4-methylpiperidine-1-carbodithioato-κ2S,Sʹ)(diphenyl-p-totylphosphine)] 

platinum(II) (42) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), diphenyl-p-

totylphosphine = 1.05 (0.29) and sodium 4-methylpiperidine-1- carbodithioate = 1.05 

(0.21). Yield = 70% (0.51 g). Mw (g/mol) = 680.08. M.p (°C) = 192-193. FT-IR (cm-1): 

3052 (C-H, aromatic)υ, 1018 (C-S)υ, 1524  (N-CS2)υ, 290 (Pt-Cl)υ, 385 (Pt-S)υ, 228 (Pt-

P)υ. Elemental analysis of C26H29ClNPPtS2, found (% calculated): H, 4.31 (4.29); C, 

45.89 (45.85); S, 9.43 (9.41); N, 2.02 (2.06). 
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Chlorido[(4-methylpiperidine-1-carbodithioato-κ2S,Sʹ)(2-cyanoethylphosphine)] 

platinum(II) (43) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 2-

cyanoethylphosphine = 1.05 (0.20) and sodium 4-methylpiperidine-1- carbodithioate = 

1.05 (0.21). Yield = 64% (0.41 g). Mw (g/mol) = 597.05. M.p (°C) = 209-210. FT-IR 

(cm-1): 2919 (C-H, aliphatic)υ, 1014 (C-S)υ, 1530  (N-CS2)υ, 271 (Pt-Cl)υ, 374 (Pt-S)υ, 

220 (Pt-P)υ. Elemental analysis of C16H24ClN4PPtS2, found (% calculated): H, 4.03 

(4.05); C, 32.15 (32.13); S, 10.71 (10.72); N, 9.33 (9.37). 

 

Chlorido[(4-methylpiperidine-1-carbodithioato-κ2S,Sʹ)(tricyclohexylphosphine)] 

platinum(II) (44) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

tricyclohexylphosphine = 1.05 (0.29) and sodium 4-methylpiperidine-1- carbodithioate = 

1.05 (0.21). Yield = 77% (0.59 g). Mw (g/mol) = 684.21. M.p (°C) = 217-220. FT-IR 

(cm-1): 2922 (C-H, aliphatic)υ, 1003 (C-S)υ, 1520  (N-CS2)υ, 275 (Pt-Cl)υ, 383 (Pt-S)υ, 

221 (Pt-P)υ. Elemental analysis of C25H45ClNPPtS2, found (% calculated): H, 6.65 

(6.62); C, 43.80 (43.82); S, 9.36 (9.34); N, 2.00 (2.04). 
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[(4-methylpiperidine-1-carbodithioato-κ2S,Sʹ)(1,4-bis(diphenylphosphino)butane) 

platinum(II)] chloride (45) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 1,4-

bis(diphenylphosphino)butane = 1.05 (0.45) and sodium 4-methylpiperidine-1- 

carbodithioate = 1.05 (0.21). Yield = 72% (0.64 g). Mw (g/mol) = 830.14. M.p (°C) = 

238. FT-IR (cm-1): 3032 (C-H, aromatic)υ, 1017 (C-S)υ, 1539  (N-CS2)υ, 391 (Pt-S)υ, 

244 (Pt-P)υ. Elemental analysis of C35H40ClNP2PtS2, found (% calculated): H, 4.83 

(4.85); C, 50.55 (50.57); S, 7.69 (7.71); N, 1.67 (1.68). 

 

Chlorido[(N-methylpiperazine-1-carbodithioato-κ2S,Sʹ)(triphenylphosphine)] 

platinum(II) (46) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

triphenylphosphine = 1.05 (0.27) and sodium N-methylpiperazine-1- carbodithioate = 

1.05 (0.21). Yield = 74% (0.52 g). Mw (g/mol) = 667.06. M.p (°C) = 193-194. FT-IR 

(cm-1): 3019 (C-H, aromatic)υ, 1024 (C-S)υ, 1526  (N-CS2)υ, 265 (Pt-Cl)υ, 380 (Pt-S)υ, 

238 (Pt-P)υ. Elemental analysis of C24H26ClN2PPtS2, found (% calculated): H, 3.93 

(3.92); C, 43.12 (43.15); S, 9.59 (9.60); N, 4.23 (4.19). 
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Chlorido[(N-methylpiperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-methoxyphenylphos- 

phine)]platinum(II) (47) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

methoxyphenylphosphine = 1.05 (0.37) and sodium N-methylpiperazine-1- 

carbodithioate = 1.05 (0.21). Yield = 68% (0.54 g). Mw (g/mol) = 757.09. M.p (°C) = 

221-220. FT-IR (cm-1): 3055 (C-H, aromatic)υ, 1018 (C-S)υ, 1526  (N-CS2)υ, 295 (Pt-

Cl)υ, 396 (Pt-S)υ, 230 (Pt-P)υ. Elemental analysis of C27H32ClN2O3PPtS2, found (% 

calculated): H, 4.24 (4.25); C, 42.72 (42.77); S, 8.45 (8.46); N, 3.72 (3.69). 

 

Chlorido[(N-methylpiperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-totylphosphine)] 

platinum(II) (48) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

totylphosphine = 1.05 (0.32) and sodium N-methylpiperazine-1- carbodithioate = 1.05 

(0.21). Yield = 74% (0.55 g). Mw (g/mol) = 709.11. M.p (°C) = 198. FT-IR (cm-1): 3021 

(C-H, aromatic)υ, 1018 (C-S)υ, 1529  (N-CS2)υ, 281 (Pt-Cl)υ, 384 (Pt-S)υ, 227 (Pt-P)υ. 

Elemental analysis of C27H32ClN2PPtS2, found (% calculated): H, 4.57 (4.54); C, 45.68 

(45.66); S, 9.01 (9.03); N, 3.89 (3.94). 
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Chlorido[(N-methylpiperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-chlorophenylphos- 

phine)]platinum(II) (49) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

chlorophenylphosphine = 1.05 (0.38) and sodium N-methylpiperazine-1- carbodithioate = 

1.05 (0.21). Yield = 79% (0.64 g). Mw (g/mol) = 768.94. M.p (°C) = 215-217. FT-IR 

(cm-1): 3049 (C-H, aromatic)υ, 1030 (C-S)υ, 1527  (N-CS2)υ, 276 (Pt-Cl)υ, 385 (Pt-S)υ, 

225 (Pt-P)υ. Elemental analysis of C24H23Cl4N2PPtS2, found (% calculated): H, 3.05 

(3.01); C, 37.39 (37.37); S, 8.31 (8.34); N, 3.60 (3.63). 

 

Chlorido[(N-methylpiperazine-1-carbodithioato-κ2S,Sʹ)(tris-o-totylphosphine)] 

platinum(II) (50) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-o-

totylphosphine = 1.05 (0.32) and sodium N-methylpiperazine-1- carbodithioate = 1.05 

(0.21). Yield = 73% (0.55 g). Mw (g/mol) = 709.11. M.p (°C) = 108-110. FT-IR (cm-1): 

3047 (C-H, aromatic)υ, 1026 (C-S)υ, 1516  (N-CS2)υ, 288 (Pt-Cl)υ, 388 (Pt-S)υ, 222 (Pt-

P)υ. Elemental analysis of C27H32ClN2PPtS2, found (% calculated): H, 4.55 (4.54); C, 

45.68 (45.66); S, 9.03 (9.05); N, 3.91 (3.94). 
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Chlorido[(N-methylpiperazine-1-carbodithioato-κ2S,Sʹ)(diphenyl-p-totylphosphine)] 

platinum(II) (51) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), diphenyl-p-

totylphosphine = 1.05 (0.29) and sodium N-methylpiperazine-1- carbodithioate = 1.05 

(0.21). Yield = 77% (0.55 g). Mw (g/mol) = 681.08. M.p (°C) = 218. FT-IR (cm-1): 3051 

(C-H, aromatic)υ, 1025 (C-S)υ, 1524  (N-CS2)υ, 280 (Pt-Cl)υ, 385 (Pt-S)υ, 227 (Pt-P)υ. 

Elemental analysis of C25H28ClN2PPtS2, found (% calculated): H, 4.12 (4.14); C, 44.00 

(44.02); S, 9.39 (9.40); N, 4.14 (4.11). 

 

Chlorido[(N-methylpiperazine-1-carbodithioato-κ2S,Sʹ)(2-cyanoethylphosphine)] 

platinum(II) (52) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 2-

cyanoethylphosphine = 1.05 (0.20) and sodium N-methylpiperazine-1- carbodithioate = 

1.05 (0.21). Yield = 80% (0.51 g). Mw (g/mol) = 598.05. M.p (°C) = 211-212. FT-IR 

(cm-1): 2916 (C-H, aliphatic)υ, 1024 (C-S)υ, 1509  (N-CS2)υ, 270 (Pt-Cl)υ, 379 (Pt-S)υ, 

222 (Pt-P)υ. Elemental analysis of C15H23ClN5PPtS2, found (% calculated): H, 3.88 

(3.87); C, 30.06 (30.08); S, 10.72 (10.71); N, 11.73 (11.69). 
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Chlorido[(N-methylpiperazine-1-carbodithioato-κ2S,Sʹ)(tricyclohexylphosphine)] 

platinum(II) (53) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

tricyclohexylphosphine = 1.05 (0.29) and sodium N-methylpiperazine-1- carbodithioate = 

1.05 (0.21). Yield = 82% (0.59 g). Mw (g/mol) = 685.2. M.p (°C) = 221-222. FT-IR (cm-

1): 2921 (C-H, aliphatic)υ, 1021 (C-S)υ, 1519  (N-CS2)υ, 273 (Pt-Cl)υ, 378 (Pt-S)υ, 219 

(Pt-P)υ. Elemental analysis of C24H44ClN2PPtS2, found (% calculated): H, 6.48 (6.46); 

C, 42.03 (42.00); S, 9.31 (9.34); N, 4.03 (4.08). 

 

[(N-methylpiperazine-1-carbodithioato-κ2S,Sʹ)(1,4-bis(diphenylphosphino)butane) 

platinum(II)] chloride (54) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 1,4-

bis(diphenylphosphino)butane = 1.05 (0.45) and sodium N-methylpiperazine-1- 

carbodithioate = 1.05 (0.21). Yield = 63% (0.55 g). Mw (g/mol) = 831.14. M.p (°C) = 

239-240. FT-IR (cm-1): 3028 (C-H, aromatic)υ, 1009 (C-S)υ, 1531  (N-CS2)υ, 390 (Pt-

S)υ, 242 (Pt-P)υ. Elemental analysis of C34H39ClN2P2PtS2, found (% calculated): H, 

4.71 (4.72); C, 49.08 (49.06); S, 7.70 (7.71); N, 3.35 (3.37). 
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Chlorido[(4-(2-fluorophenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(triphenylphos- 

phine)] platinum(II) (55) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

triphenylphosphine = 1.05 (0.27) and sodium 4-(2-fluorophenyl)piperazine-1- 

carbodithioate = 1.05 (0.29). Yield = 81% (0.63 g). Mw (g/mol) = 747.07. M.p (°C) = 

238. FT-IR (cm-1): 3033 (C-H, aromatic)υ, 1018 (C-S)υ, 1522  (N-CS2)υ, 285 (Pt-Cl)υ, 

373 (Pt-S)υ, 231 (Pt-P)υ. Elemental analysis of C29H27ClFN2PPtS2, found (% 

calculated): H, 3.61 (3.64); C, 46.53 (46.55); S, 8.57 (8.58); N, 3.75 (3.74). 

 

Chlorido[(4-(2-fluorophenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-methoxy- 

phenylphosphine)]platinum(II) (56) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

methoxyphenylphosphine = 1.05 (0.37) and sodium 4-(2-fluorophenyl)piperazine-1- 

carbodithioate = 1.05 (0.29). Yield = 77% (0.67 g). Mw (g/mol) = 837.1. M.p (°C) = 247-

248. FT-IR (cm-1): 3054 (C-H, aromatic)υ, 1017 (C-S)υ, 1522  (N-CS2)υ, 292 (Pt-Cl)υ, 

405 (Pt-S)υ, 234 (Pt-P)υ. Elemental analysis of C32H33ClFN2O3PPtS2, found (% 

calculated): H, 3.99 (3.97); C, 45.87 (45.85); S, 7.65 (7.62); N, 3.32 (3.34). 
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Chlorido[(4-(2-fluorophenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-totylphos- 

phine)]platinum(II) (57) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

totylphosphine = 1.05 (0.32) and sodium 4-(2-fluorophenyl)piperazine-1- carbodithioate 

= 1.05 (0.29). Yield = 62% (0.51 g). Mw (g/mol) = 789.11. M.p (°C) = 242-243. FT-IR 

(cm-1): 3013 (C-H, aromatic)υ, 1017 (C-S)υ, 1519  (N-CS2)υ, 298 (Pt-Cl)υ, 381 (Pt-S)υ, 

225 (Pt-P)υ. Elemental analysis of C32H33ClFN2PPtS2, found (% calculated): H, 4.20 

(4.21); C, 48.68 (48.64); S, 8.14 (8.12); N, 3.56 (3.54). 

 

Chlorido[(4-(2-fluorophenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-p-chlorophenyl 

phosphine)]platinum(II) (58) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-p-

chlorophenylphosphine = 1.05 (0.38) and ) sodium 4-(2-fluorophenyl)piperazine-1- 

carbodithioate = 1.05 (0.29). Yield = 74% (0.65 g). Mw (g/mol) = 848.95. M.p (°C) = 

249. FT-IR (cm-1): 3055 (C-H, aromatic)υ, 1021 (C-S)υ, 1523  (N-CS2)υ, 277 (Pt-Cl)υ, 

389 (Pt-S)υ, 240 (Pt-P)υ. Elemental analysis of C29H24Cl4FN2PPtS2, found (% 

calculated): H, 2.83 (2.84); C, 40.93 (40.91); S, 7.53 (7.57); N, 3.31 (3.29). 
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Chlorido[(4-(2-fluorophenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tris-o-totylphos- 

phine)]platinum(II) (59) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), tris-o-

totylphosphine = 1.05 (0.32) and sodium 4-(2-fluorophenyl)piperazine-1- carbodithioate 

= 1.05 (0.29). Yield = 71% (0.58 g). Mw (g/mol) = 789.11. M.p (°C) = 237-238. FT-IR 

(cm-1): 3052 (C-H, aromatic)υ, 1019 (C-S)υ, 1499  (N-CS2)υ, 283 (Pt-Cl)υ, 399 (Pt-S)υ, 

221 (Pt-P)υ. Elemental analysis of C32H33ClFN2PPtS2, found (% calculated): H, 4.17 

(4.21); C, 48.66 (48.64); S, 8.12 (8.15); N, 3.50 (3.54). 

 

Chlorido[(4-(2-fluorophenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(diphenyl-p-totyl-

phosphine)]platinum(II) (60) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), diphenyl-p-

totylphosphine = 1.05 (0.29) and sodium 4-(2-fluorophenyl)piperazine-1- carbodithioate 

= 1.05 (0.29). Yield = 78% (0.62 g). Mw (g/mol) = 761.08. M.p (°C) = 234-236. FT-IR 

(cm-1): 3050 (C-H, aromatic)υ, 1018 (C-S)υ, 1519  (N-CS2)υ, 286 (Pt-Cl)υ, 387 (Pt-S)υ, 

231 (Pt-P)υ. Elemental analysis of C30H29ClFN2PPtS2, found (% calculated): H, 3.79 

(3.83); C, 47.30 (47.27); S, 8.39 (8.41); N, 3.69 (3.68). 
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Chlorido[(4-(2-fluorophenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(2cyanoethylphos- 

phine)]platinum(II) (61) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 2-

cyanoethylphosphine = 1.05 (0.20) and sodium 4-(2-fluorophenyl)piperazine-1- 

carbodithioate = 1.05 (0.29). Yield = 75% (0.53 g). Mw (g/mol) = 678.05. M.p (°C) = 

232. FT-IR (cm-1): 3033 (C-H, aromatic)υ, 1019 (C-S)υ, 1525  (N-CS2)υ, 279 (Pt-Cl)υ, 

381 (Pt-S)υ, 226 (Pt-P)υ. Elemental analysis of C20H24ClFN5PPtS2, found (% 

calculated): H, 3.52 (3.56); C, 35.33 (35.37); S, 9.46 (9.44); N, 10.28 (10.31). 

 

Chlorido[(4-(2-fluorophenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(tricyclohexylphos- 

phine)] platinum(II) (62) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 

tricyclohexylphosphine = 1.05 (0.29) and sodium 4-(2-fluorophenyl)piperazine-1- 

carbodithioate = 1.05 (0.29). Yield = 80% (0.64 g). Mw (g/mol) = 765.21. M.p (°C) = 

238. FT-IR (cm-1): 3045 (C-H, aromatic)υ, 1019 (C-S)υ, 1518  (N-CS2)υ, 275 (Pt-Cl)υ, 

385 (Pt-S)υ, 224 (Pt-P)υ. Elemental analysis of C29H45ClFN2PPtS2, found (% 

calculated): H, 5.90 (5.92); C, 45.44 (45.45); S, 8.37 (8.39); N, 3.64 (3.66). 
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[(4-(2-fluorophenyl)piperazine-1-carbodithioato-κ2S,Sʹ)(1,4-bis(diphenylphosphino) 

butane)platinum(II)] chloride (63) 

 
Reagents used in mmol (g): platinum(II) chloride = 1.05 (0.28), 1,4-

bis(diphenylphosphino)butane = 1.05 (0.45) and sodium 4-(2-fluorophenyl)piperazine-1- 

carbodithioate = 1.05 (0.29). Yield = 81% (0.77 g). Mw (g/mol) = 911.14. M.p (°C) = 

253-254. FT-IR (cm-1): 3065 (C-H, aromatic)υ, 1015 (C-S)υ, 1528  (N-CS2)υ, 394 (Pt-

S)υ, 247 (Pt-P)υ. Elemental analysis of C39H40ClFN2P2PtS2, found (% calculated): H, 

4.40 (4.42); C, 51.32 (51.34); S, 3.06 (3.07); N, 7.03 (7.06). 

 

2.5    DNA-binding studies using UV-Visible spectroscopy 

CT-DNA interaction with synthesized complexes was studied by using UV-

visible spectroscopy. The stock solution of CT-DNA was prepared by dissolving 20 mg 

in doubly distilled water (100 ml) (pH = 7) and stored at 4 ºC. Protein free nature of the 

DNA was estimated by the ratio of A260/A280 = 1.9 [3]. The concentration of stock 

solution was measured at 260 nm by using epsilon value of 6600 M-1 cm-1 and found 

3.2x10-4 M [4]. The solutions of metal complexes were incubated with and without DNA 

at 300 and 310 K separately, and their absorptions have been noticed at absorption 

maxima. By applying trial and error method, the maximum incubation time for complete 

interaction at 300 and 310 K separately was observed after 2 h and no absorbance 

changes have been noticed for further incubation. 

2.5.1 DNA Binding affinity of platinum complexes and evaluation of binding 

parameters 

To evaluate the quantitative binding potential of platinum complexes with DNA, 

two different experiments have been performed. In the first experiment, the concentration 
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of metal complex was kept constant while varying the DNA concentration and in the 

second experiment, the concentration of DNA was kept constant with varying complex 

concentration. Different binding parameters like Kb, g and n (where, Kb is the binding 

constant, g is the number of binding sites per 1000 nucleotides of the DNA and n stands 

for Hill coefficient) have been calculated by using UV-visible technique as reported in 

the literature [5, 6]. Likewise, thermodynamic parameters ΔHºb, ΔGºb and ΔSºb (where 

ΔHºb is the molar enthalpy of binding, ΔGºb is the molar Gibb’s free energy of binding 

and ΔSºb is the molar entropy of the binding of drug-DNA interaction) have also been 

evaluated at both 300 and 310 K according to the reported methods [7]. 

2.5.2 DNA Denaturation study 

DNA denaturation studies were performed to check the deformations in DNA 

helix after the drug interaction and also to evaluate the unfolding ability of these metal 

complexes. In this experiment we have evaluated the concentration of metal complex at 

midpoint of transition, [L]1/2 and also thermodynamic parameters [ΔHº(solvent), ΔGº(solvent), 

ΔSº(solvent)] at both 300 and 310 K (where ΔHº(solvent) is the quantity of heat required for 

DNA denaturation in the absence of metal complex, ΔGº(solvent) is the conformational 

stability of DNA without metal complex and ΔSº(solvent) is the entropy required for DNA 

denaturation). Likewise, the value of another parameter “m” determines the measure of 

metal complex ability to denature DNA by pace method [8, 9]. 

2.6    Viscosity measurements 

Viscosity measurements were achieved using Ubbelohde viscometer at 25 ºC. The 

concentration of DNA (100 μM) was kept fixed by gradually varying complex 

concentrations (10 to 60 μM) in all samples. The flow time was determined at least five 

times for each solution using digital stopwatch and then mean value was used. The 

relative viscosity of  DNA (η) to solvent was estimated first and then the relative specific 

viscosities of DNA (η and ηo) were calculated in the presence and absence of title 

complexes by using (t - to)/to, where t is the observed flow time of title compound and  to 

is the flow time of DNA alone. Finally, the graph of relative specific viscosity (η/ 

ηo)1/3 vs. r (the ratio of [complex]/[DNA]) was plotted.  
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2.7   X-ray single crystal analysis  

The X-ray single crystal analysis of the synthesized crystalline compounds was 

performed by Bruker Kapa APEX-II CCD diffractometer having a CCD detector set 40.0 

mm from crystal. From a sealed ceramic diffraction tube (SIEMENS) having graphite 

monochromatic Mo-Kα radiation, different intensities were determined. Then by using 

Patterson and DIRDIF method, the structure of the compound was solved. While further 

refinement on F2 was carried out by full matrix least square technique using SHELXL-97 

[10]. While some suitable crystals of the synthesized complexes were selected and sealed 

(Nylon Loop) on a SuperNova, Dual, Cu at zero, Atlas diffractometer. The crystal was 

kept at 150(1) K during data collection. Using Olex2 [11], the structure was solved with 

ShelXS [12] and structure solution program using Direct Methods and refined with 

ShelXL [13] refinement package using Least Squares minimization. 

2.8 Lipophilicity and partition coefficient 

To quantify the lipophilicity, partition coefficients of the metal complexes were 

calculated from the ratio of amount of complex in n-octanol/water by shake flask method 

using standard protocol [14]. Two similar experiments were designed for each complex 

and the concentration of both complexes in n-octanol was analyzed by electronic 

absorption measurements. Finally, the value of partition coefficient log P was calculated 

from the logarithmic ratio of amount of complex between organic phase and aqueous 

phase (log Co/Cw). 

2.9 Evaluation of cytotoxic effect of compound 1 and 2 with three cancer cell lines 

(sulforhodamine B assay) 

Sulforhodamine B (SRB), cellular protein staining method as described earlier 

[15] has been applied to test the cytotoxic potential toward three different cancer cell 

lines. Briefly, cancer cells (1 × 104 cells in 190 μl of the complete media) were plated in 

96-well plates comprising tested compounds and incubated at 37 °C, 5% CO2 in 

humidified air for 72 h. The incubation was stopped with trichloroacetic acid and cells 

were washed, air-dried and stained with SRB solution, and then optical densities (ODs) 

were determined at 515 nm using a microplate reader. A zero-day control was also 
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performed in each case, by adding an equivalent number of cells to several wells, 

incubating at 37 °C for 30 min and processing as described above. The percentage cell 

survival was calculated using the following formula: 

 
ODcell + testedcompound − ODday 0

ODcell + 10% DMSO − ODday 0
 × 100 

 

2.10 Computational studies 

DFT (density functional theory) calculations have been performed by using the 

Gaussian 09 suite of programs [16] and results were obtained using Gauss View 5.0.8 

software [17]. B3LYP density functional model with basis set LANL2DZ (Los Alamos 

National Laboratory 2-double-ζ) [18] has been applied. The absence of negative 

frequencies in vibrational analysis of complexes confirmed the optimized geometries as 

lowest energy structures. Gaussian checkpoint files of optimized geometries were used 

for further calculations. Net atomic charges were achieved by the Natural Bond Orbital 

(NBO) analysis of Weinhold and Carpenter [19] implemented in Gaussian 09. Molecular 

orbital data were acquired using additional keywords “pop = full formcheck.” 
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Chapter 3 

RESULTS AND DISCUSSION 

All ligands and complexes have been synthesized in good yield and were found 

moisture and air stable at room temperature. All the ligands were soluble in polar 

solvents like water and methanol while their complexes were soluble in common 

laboratory solvents like chloroform, acetone, ethanol and DMSO. However, cationic 

complexes with bis-(1,4-diphenylphosphino)butane were also found soluble in water. 

3.1 Vibrational Spectra  

Assignment of different vibrational modes of the complexes was accomplished by 

comparing FTIR spectra of the ligands with those of the corresponding complexes. There 

are two important IR spectral regions for the identification of coordination modes of the 

dithiocarbamate ligands, viz., 1450-1580 cm-1 which is primarily associated with ν(N-

CS2) vibrations and 940-1060 cm-1 which is attributed to ν(C-S) vibrations. The ν(N-

CS2) stretching frequency appeared between 1404 cm-1 to 1434 cm-1 for free ligands 

while in complexes this frequency has been shifted towards higher value from ~1509 to 

~1552 cm-1 appearing somewhere between C–N single (1250–1360 cm-1) and double 

(1640–1690 cm-1) bonds [1]. This shift may be due to the involvement of N-lone pair of 

electrons in resonance with CS2 moiety upon complexation with platinum. The extent of 

shifting of ν(N-CS2) band further indicates degree of multiple bond character in the 

moiety, which likely depends upon the presence of electron withdrawing (i.e. pyrimidyl, 

pyridyl) or donating (i.e. alkyl, benzyl) nature of the attached group with 

piperazine/piperidine ring. This results in either lending/donation of electron density 

from/to piperazine/piperidine-dithiocarbamate moiety, thus affecting the resonance of the 

lone pair with CS2 moiety. On the other hand, the second characteristic moiety (C-S) 

gives two peaks in the free ligands from 906 to 1005 cm-1 region indicating asymmetry in 

the CS2 bond order. While in the metal complexes, only a single peak has been observed 

for this functionality in the range 1003–1030 cm-1, showing bidentate nature of the 

dithiocarbamate ligands [2-5]. The appearance of Pt-S (353–405 cm-1) and Pt-P (218–244 

cm-1) stretches in the metal complexes (which were initially absent in the free ligands) 
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indicates the coordination of dithiocarbamate and organophosphine ligands to the 

platinum centre [6]. Moreover, the appearance of Pt-Cl (265–316 cm-1) stretch along with 

Pt-S and Pt-P stretches signifies substitution of a single chloride from PtCl2 by the 

anionic dithiocarbamate ligand. The FT-IR data of all the synthesized ligands (L1–L7) 

and their heteroleptic Pt(II) complexes (1–63) have been given in the experimental 

section. 

3.2 NMR Spectra  

3.2.1 1H-NMR 

The characteristic 1H-NMR resonances were recognized from their intensity, 

integration, multiplicity and coupling results in both ligands and complexes (Tables 3.1-

3.7). The total number of protons obtained from the integration curves was in consonance 

with the expected composition of ligands and their complexes.  

The methylene protons of piperazine ring positioned at 2,2ʹ and 3,3ʹ in ligands L3 

and L7 [Table 3.3 & 3.7] appeared as individual triplets at 3.08 ppm [J = 4, 8 Hz] and 

4.35 ppm [J = 4 Hz] for L3 and at 4.36 ppm [J = 5.2 Hz] and 2.96 ppm [J = 4.8, 5.2 Hz] 

for L7, respectively. Two different coupling constant J-values for triplet are due to 

unequal coupling of methylene protons with the neighboring axial and equatorial protons. 

However, in ligands L1, L2 and L6 [Table 3.1, 3.2 and 3.6] these methylene protons 

appeared as multiplets between 2.28-4.32 ppm. In complexes, these protons (2,2ʹ and 

3,3ʹ) appeared between [3.58-3.74 ppm and 3.80-3.92 ppm (1-9)], [3.55-3.86 ppm and 

3.76-3.91 ppm (10-18)], [3.09-3.25 ppm and 3.70-3.95 ppm (19-27)], [3.52-3.78 ppm and 

2.34-2.49 ppm (47, 49, 52-54)] and [3.69-3.94 ppm and 2.94-3.94 ppm (55-63)] as 

multiplets except 46, 48, 50 and 51, where appeared as triplets at 3,3ʹ position. However, 

in piperidine ligands (L4 and L5), methylene protons (2,2ʹ, 3,3ʹ and 4) [Table 3.4 & 3.5] 

appeared as multiplets at 2.06-2.18, 1.74-1.86 and 1.06-1.10 ppm in L4 and at 3.00 (t, J = 

12 Hz), 1.56-163 and 1.01-1.07 ppm in L5, respectively. Upon complexation, these 

methylene protons at 2,2ʹ and 3,3ʹ and CH protons positioned at 4 appeared in the range 

of [2.35-2.94 and 1.62-1.83 and 1.04-1.28 ppm (28-36)] and [2.83-3.18, 1.65-1.79 and 

1.04-1.20 ppm (37-45)] as multiplets, respectively. The slightly downfield shifting of 2,2ʹ 

protons in complexes (4, 9, 10-36) than their respective free ligands may be ascribed to 
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the decrease in electron density, due to the involvement of nitrogen lone pair with CS2 

moiety upon complexation indicating the attachment of dithiocarbamate ligand with Pt-

centre [7]. While in complexes (1-3, 5-8 and 37-63), the 2,2ʹ signal contrary to the 

previous situation has been shifted up-field that may be due to back donation of electron 

density from Pt to dithiocarbamate ligand or may be due to the stronger trans effect of 

dithiocarbamate than chloride. Proton signals for other substituents present on the 

piperazine/piperadine ring, in ligands and their respective Pt(II) complexes, appeared in 

their expected regions and with similar peak pattern (Tables 3.1-3.7) [7, 8]. 

 

3.2.2 13C NMR  

The 13C NMR spectra of heteroleptic Pt(II) dithiocarbamates have been compared 

with their respective free ligands (Tables 3.8-3.14). A significant shifting of the 

characteristic thiolate carbon signals is evident in the metal complexes demonstrating 

attachment of the ligands with Pt(II) ion. 

The characteristic signal of CS2 carbon appeared in the range 204.9 to 210.6 ppm 

for ligands (L1-L7), while upon complexation (1-63) this signal shifted upfield in the 

range 197.7 to 206.9 ppm. This upfield shift compared to the free ligand is due to the 

mobilization of N-lone pair (NCS2) toward CS2 moiety and consequently increasing 

electron density on 1,1-dithioate carbon, thus confirming the coordination of 

dithiocarbamate ligand to the Pt center [9]. It has been observed that in most of the 

complexes (1-15, 17-46, 49-60, 61-63), carbon at 2,2ʹ appeared in the range of 45.3-50.3 

ppm and has been shifted upfield compared to their free ligands (49.6-53.3 ppm). This 

up-field shifting can be attributed to the back donation of electronic density from Pt-

centre to dithiocarbamate ligand or also can be explained on the basis of stronger trans 

effect of dithiocarbamate ligand than chloride [7, 8]. Contrarily, in complexes (16, 47-48, 

61), these carbon signals become de-shielded (51.2-58.1 ppm), may be due to the 

mobilization of N-lone pair towards CS2 moiety [9, 10]. Rest of the details of 13C NMR 

data has been given in Tables 3.8-3.14. 
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3.2.3 31P NMR  

The 31P NMR spectra of the complexes (1-63) have been recorded in chloroform 

(Tables 3.8-3.14) and the signal for organophosphine ligand has shown strong 

deshielding upon complexation. The signal for 31P in complexes appeared as a singlet 

covered the range 6.36 to 21.35 ppm for different substituted organophosphines. The 

downfield shifting of the signal in coordinated form compared to their free form has 

established the attachment of organophosphine ligand to the Pt(II)  center. Moreover, 1H 

and 13C NMR spectra of representative ligand 1 and 13C and 31P NMR spectra of its 

complex 4 are shown in Fig. 3.1 and 3.2.
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Table 3.1: 1H NMR data of ligand (1) and its Pt(II) complexes (1-9). 

 

Compd. 

No 

 

Chemical shift δ (ppm) 

N

3

2'

N2

3'  

 

4
N5

6

5'
N

 

a
b c

d

b' c'
XP

X
e

e

 

Methylene 

protons 

 

P a b

b'

c

c'
d

 

-CH2(2,2ʹ) -CH2(3,3ʹ) -CH(5,5ʹ) -CH(6) -CH(b-c) -CH3(e) 
-CH2(a,b)/ 

-CH2(e,f) 

-CH(a),  

-CH2(b-d) 

L-1 3.64-3.67, m 4.27-4.30, m 8.20, d (4.8) 6.60, t (4.8) - - - - 

1 3.58-3.63, m 3.82-3.89, m 8.27, d (4) 6.52, t (4) 7.19-7.39, m - - - 

2 3.61-3.65, m 3.80-3.88, m 8.25, d (4) 6.52, t (4) 7.21-7.54, m 3.76, s - - 

3 3.63-3.65, m 3.81-3.89, m 8.26, d (4) 6.51, t (4) 6.88-7.54, m 2.32, s - - 

4 3.65-3.68, m 3.82-3.92, m 8.28, d (4) 6.53, t (4) 7.15-7.55, m - - - 

5 3.60-3.66, m 3.81-3.87, m 8.25, d (4) 6.51, t (5.2,3.6) 6.96-7.35, m 2.31, s - - 

6 3.60-3.64, m 3.81-3.86, m 8.27, d (4) 6.51, t (4) 7.18-7.30, m 2.32, s - - 

7 3.62-3.66, m 3.84-3.90, m 8.26, d (4) 6.55, t (4.2) - - 2.26-2.48, m  

8 3.61-3.65, m 3.82-3.86, m 8.25, d (4) 6.52, t (5.2) - - - 1.41-1.55, m 

9 3.70-3.74, m 3.86-3.89, m 8.29, d (4) 6.55, t (4) 7.20-7.41, m - 1.73-1.85, m - 
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Table 3.2: 1H NMR data of ligand (2) and its Pt(II) complexes (10-18). 

 
Compd. 

No 
 

Chemical shift δ (ppm) 

N

3

2'

N2

3'  

4
56

8 N
7

 

a
b c

d

b' c'
XP

X
e

e

 

Methylene 
protons 

 

P a b

b'

c

c'
d

 

-CH2(2,2ʹ) -CH2(3,3ʹ) -CH(5) -CH(6) -CH(7) -CH(8) -CH(b-c) -CH3(e) 
-CH2(a,b)/ 
-CH2(e,f) 

-CH(a),  
-CH2(b-d) 

L-2 3.37-3.40, m 4.24-4.32, 
m 

6.77, d 
(8) 

7.52-7.56, m 6.68-6.72,  
m 

7.95, dd (4,8) - - - - 

10 3.58-3.66, m 3.82-3.89, m 
6.70, d 
(8.4) 

7.45-7.52, m 
6.62-6.65,  

m 
8.04, dd 
(1.2,5.4) 

7.15-7.36, 
m 

- - - 

11 3.62-3.65, m 3.82-3.85, m 
6.74, d 

(8) 7.44-7.54, m 
6.58-6.62, 

 m 
8.06-8.10, dd 

(1.2,3.6) 
6.84-7.24, 

m 3.76, s - - 

12 3.57-3.69, m 3.77-3.79, m 6.99, d 
(8) 

7.45-7.50, m 6.62-6.63,  
m 

8.07, dd 
(1.2,3.8) 

7.14-7.21, 
m 

2.31, s - - 

13 3.60-3.72, m 3.84-3.90, m 
6.72, d 

(8) 7.48-7.55, m 
6.57-6.67, 

 m 
8.09-8.14, dd 

(1.2, 4.8) 
7.24-7.43, 

m - - - 

14 3.57-3.67, m 3.82-3.87, m 6.58, d 
(8) 

7.43-7.47, m 6.63-6.66, 
 m 

8.11-8.13, dd 
(1.6, 5.2) 

6.98-7.39, 
m 

2.32, s - - 

15 3.55-3.66, m 3.76-3.86, m 
6.76, d 

(12) 
7.42-7.51, m 

6.60-6.63, 
 m 

8.08, dd  
(1.2, 4.8) 

7.18-7.38, 
m 

2.31, s - - 

16 3.66-3.72, m 3.83-3.91, m 
6.64, d 
(8.4) 7.47-7.52, m 

6.67-6.70,  
m 

8.16, dd 
(2,4.8) - - 2.32-2.38, m  

17 3.61-3.66, m 3.81-3.84, m 6.65, d 
(8.2) 

7.41-7.47, m 6.65-6.69,  
m 

8.11, dd  
(1.6, 4.2) 

- - - 1.40-1.55, m 

18 3.64-3.86, m 3.85-3.91, m 6.72, d 
(8) 7.47-3.51, m 6.68-6.71, 

m  
8.15, dd 
(1.2, 4.2) 

7.24-7.31, 
m - 1.67-1.75, m - 
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Table 3.3: 1H NMR data of ligand (3) and its Pt(II) complexes (19-27). 

 
Compd. 

No 
 

Chemical shift δ (ppm) 

N

3

2'

N2

3'  

 

4
56

8

7

H3CO

9

10

 

a
b c

d

b' c'
XP

X
e

e

 

Methylene 
protons 

 

P a b

b'

c

c'
d

 

-CH2(2,2ʹ) -CH2(3,3ʹ) -CH(5) -CH(7) -CH(8) -CH(9) 
-OCH3 

(10) 
-CH(b-c) -CH3(e) 

-CH2(a,b)/ 
-CH2(e,f) 

-CH(a),  
-CH2(b-d) 

L-3 3.08, t (4,8) 4.35, t (4) 
6.54, t 
(2,2.4) 

6.52-7.56,  
d (8.4) 

7.17, t 
(8) 

6.63, dd (2, 
8.4) 3.67, s - - - - 

19 3.11-3.19, m 3.82-3.88, m 6.48, s 6.42, d 
(6.4) 

7.15, t (4) 6.55, d  
(8) 

3.65, s 7.25-7.50, m - - - 

20 3.09-3.15, m 3.79-3.86, m 6.46, s 
6.40, d 
(5.2) 

7.13, t 
(5.1) 6.50, d (7.6) 3.66, s 6.88-7.09, m 3.76, s - - 

21 3.11-3.25, m 3.70-3.82, m 6.48, s 6.43, d 
 (5) 

7.12, t (6, 
5.2) 

6.51, d 
(8) 

3.66, s 7.14-7.21, m 2.31, s - - 

22 3.15-3.23, m 3.74-3.92, m 
6.36, t 
(2,2.4) 

6.43, t 
(2,2.4) 

7.13, t (8) 
6.45, t  
(2, 2.4) 

3.72, s 7.24-7.43, m - - - 

23 3.10-3.23, m 3.84-3.94, m 6.43, s 6.40, d (5.2) 
7.14, t 
(5.2) 6.50, d (7.4) 3.65, s 7.31-7.52, m 2.32, s -  

24 3.10-3.18, m 3.75-3.83, m 6.47, s 6.41, d (4.8) 7.15, t (4) 6.49, d  
(8) 

3.65,s 7.20-7.37, m 2.30, s -  

25 3.13-3.22, m 3.84-3.95, m 6.49, s 6.45, d (4.2) 7.16, t (6) 
6.52, d  

(8) 3.70, s - - 
2.20-2.35, 

m - 

26 3.10-3.25, m 3.77-3.90, m 6.44, s 6.42, d (4.6) 7.13, t (5) 6.46, d (7.4) 3.66, s - - - 1.39-1.49, m 

27 3.18-3.24, m 3.87-3.95, m 6.46, s 6.45, d (4.2) 7.14, t 
(5.2) 6.51, d(8) 3.74, s 7.18-7.26, m - 1.63-1.71, 

m - 
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Table 3.4: 1H NMR data of ligand (4) and its Pt(II) complexes (28-36). 

 
Compd. 

No 
 

Chemical shift δ (ppm) 

 
 

3

2'

N2

3'
4

 

 

6

8

9

8'

5
7

7'

a
b c

d

b' c'
XP

X
e

e

 

Methylene 
Protons 

 

P a b

b'

c

c'
d

 

-CH2(2,2ʹ) -CH2(3,3ʹ) -CH(4) -CH2(5) -CH(7-9,b-c), 
[-CH3(e)] 

-CH2(a,b)/ 
-CH2(e,f) 

-CH(a), 
-CH2(b-d) 

L-4 2.06-2.18, m 1.74-1.86, m 1.06-1.10, m 5.50, d (12) 7.05-7.25, m - - 
28 2.42-2.57, m 1.70-1.83, m 1.11-1.17, m 4.48, d (12) 6.99-7.53, m - - 

29 2.39-2.59, m 1.69-1.80, m 1.09-1.15, m 4.46, d (10.6) 
6.77-7.54, m 

[3.76, s ] - - 

30 2.42-2.65, m 1.66-1.73, m 1.10-1.18, m 4.47, d (12) 6.96-7.48, m 
[2.32, s] 

- - 

31 2.46-2.94, m 1.69-181,m 1.15-1.28, m 4.47, d (13.2) 
7.01-7.53, 

m - - 

32 2.40-2.69, m 1.65-1.74, m 1.10-1.15, m 4.47, d (13) 6.92-7.50, m 
[2.29, s] 

- - 

33 2.38-2.44, m 1.67-1.82, m 1.09-1.16, m 4.45, d (12.4) 
7.04-7.36, m 

[2.31, s] 
- - 

34 2.48-2.66, m 1.69-1.78, m 1.19-1.25, m 4.48, d (10.4) 7.07-7.18, m 2.28-2.41, m - 

35 2.35-2.44, m 1.65-1.76, m 1.04-1.09, m 4.46, d (12) 7.06-7.28, m - 
1.36-1.48, 

m 
36 2.48-2.53, m 1.62-1.69, m 1.21-1.25, m 4.47, d (12.4) 6.94-7.22, m 1.75-1.85, m - 
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Table 3.5: 1H NMR data of ligand (5) and its Pt(II) complexes (37-45). 

 
Compd. 

No 
 

Chemical shift δ (ppm) 

3

2'

N2

3'
45

 

 

a
b c

d

b' c'
XP

X
e

e

 
 

Methylene 
protons 

 

P a b

b'

c

c'
d

 

-CH2(2,2ʹ) -CH2(3,3ʹ) -CH(4) -CH3(5) -CH(b-c) -CH3(e) -CH2(a,b)/ 
-CH2(e,f) 

-CH(a),  
-CH2(b-d) 

L-5 3.00, t (12) 1.56-163, 
m 

1.01-1.07, 
m 0.78, d (6.4) - - - - 

37 2.86-3.09, 
m 

1.66-1.79, 
m 

1.04-1.11, 
m 0.86, d (7.4) 7.18-7.42, m - - - 

38 2.89-3.10, 
m 

1.65-1.75, 
m 

1.06-1.14, 
m 0.87, d (8) 6.71-7.53, m 3.76, s - - 

39 2.87-3.11, 
m 

1.65-1.79, 
m 

1.04-1.13, 
m 0.89, d (8) 6.98-7.49, m 2.30, s - - 

40 2.92-3.18,       
m 

1.69-1.77, 
m 

1.12-1.20, 
m 0.91, d (7.6) 7.25-7.51, 

m - - - 

41 2.84-3.09, 
m 

1.65-1.72, 
m 

1.05-1.12, 
m 0.85, d (8.2) 6.94-7.31, m 2.31, s - - 

42 2.85-3.11, 
m 

1.67-1.78, 
m 1.06-1.11 0.86, d (7.2) 7.17-7.38, m 2.31, s - - 

43 2.91-3.14, 
m 

1.73-1.79, 
m 

1.06-1.15, 
m 0.87, d (8) - - 2.22-2.43 - 

44 2.83-3.06, 
m 

1.65-1.75, 
m 

1.05-1.13, 
m 0.84, d (8.2) - - - 1.39-1.50, m 

45 2.91-3.14, 
m 

1.74-1.79, 
m 

1.06-1.15, 
m 0.87, d (8) 7.27-7.34, m - 1.61-167, m - 
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Table 3.6: 1H NMR data of ligand (6) and its Pt(II) complexes (46-54). 

 

Compd. 

No 

 

Chemical shift δ (ppm) 

N

3

2'

N2

3'
4

 

 

a
b c

d

b' c'
XP

X
e

e

 

Methylene 

protons 

 
P a b

b'

c

c'
d

 

-CH2(2,2ʹ) -CH2(3,3ʹ) -CH3(4) -CH(b-c) -CH3(e) 
-CH2(a,b)/ 

-CH2(e,f) 

-CH(a), 

-CH2(b-d) 

L-6 4.06-4.19, m 2.28-2.44, m 2.12, s - - - - 

46 3.59-3.63, m 2.41, t (4.8) 2.11, s 7.13-7.47, m - - - 

47 3.57-3.69, m 2.34-2.46, m 2.10,s 6.72-7.54, m 3.76, s - - 

48 3.67-3.78, m 2.43, t (5.2) 2.11, s 6.99-7.50, m 2.31, s - - 

49 3.61-3.66, m 2.41-247, m 2.12, s 7.22-7.45, m - - - 

50 3.54-3.73,  m 2.41, t (4,8) 2.10, s 6.97-7.35, m 2.31, s - - 

51 3.63-3.73,  m 2.44, t (4) 2.10, s 7.18-7.41, m 2.32, s - - 

52 3.66-3.71, m 2.42-2.49, m 2.11, s - - 2.26-2.37, m - 

53 3.58-3.63, m 2.38-2.44, m 2.10, s - - - 1.39-1.52, m 

54 3.52-3.58, m 2.39-2.48, m 2.14, s 7.22-7.35, m - 1.71-1.82, m - 
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Table 3.7: 1H NMR data of ligand (7) and its Pt(II) complexes (55-63). 

 

Compd. 

No 

 

Chemical shift δ (ppm) 

N

3

2'

N2

3'  

 

F
4

56

7
8 9    and   

a
b c

d

b' c'
XP

X
e

e

 

Methylene protons 

 

P a b

b'

c

c'
d

 

-CH2(2,2ʹ) -CH2(3,3ʹ) -CH(6-9,b-c) -CH3(e) 
-CH2(a,b)/ 

-CH2(e,f) 
-CH(a), -CH2(b-d) 

L-7 4.36, t (5.2) 2.96, t (4.8,5.2) 6.96-7.07, m - - - 

55 3.88-3.92, m 3.11-3.14, m 6.93-7.45, m - - - 

56 3.81-3.92, m 3.01-3.11, m 6.72-7.54, m 3.76, s - - 

57 3.71-3.89, m 2.99-3.09, m 6.81-7.50, m 2.29, s - - 

58 3.85-3.94, m 3.04-3.13, m 6.82-7.53, m - - - 

59 3.70-3.86, m 3.02-3.09, m 6.97-7.39, m 2.31, s - - 

60 3.82-3.90, m 2.98-3.10, m 6.89-7.49, m 2.33, s - - 

61 3.88-3.97, m 2.86-2.93, m 6.84-7.06, m - 2.24-2.45, m - 

62 3.69-3.85, m 2.83-3.94, m 6.99-7.11, m - - 1.42-1.53, m 

63 3.72-3.81, m 2.94-3.05, m 6.79-7.22, m - 1.91-2.04, m - 
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Table 3.8: 13C & 31P NMR of ligand (1) and its Pt(II) complexes (1-9). 

 
Compd. 

No 
 

Chemical shift δ (ppm) 

Dithiocarbamate moiety Organophosphine moiety 

S-Na+

S1

 
N

3

2'

N2

3'  

4
N5

6

5'
N

 
 

a
b c

d

b' c'
XP

X
e

e

 

P
CNa

b

c

 

Methylene 
carbon 

 

P a b

b'

c

c'
d

 

Phosphorous 

C(1) C(2,2ʹ) C(3,3ʹ) C(4) C(5,5ʹ) C(6) C(a-d) C(e) C(a-c) C(e-f) C(a-d) 31P 
L-1 208.6 50.3 43.2 160.5 158.1 110.5 - - - - -  

1 206.4 46.6 42.6 161.1 157.8 111.2 127.8,134.4, 
128.4, 157.8 - - - - 15.06 

2 201.4 45.8 41.6 160.9 156.9 113.2 118.3,134.6, 
113.2, 160.9 54.6 - - - 11.62 

3 201.0 46.5 42.7 161.1 157.9 111.1 126.4,134.3,1
29.1, 141.0 21.5 - - - 9.89 

4 205.9 46.7 42.8 161.0 157.9 111.2 127.2,135.5, 
129.0, 137.9 - - - - 10.71 

5 202.4 46.4 44.4 158.2 156.7 111.4 
131.2,142.5, 
132.4,128.3,1
26.0, 133.1 

21.2 - - - 19.96 

6 203.5 46.4 42.6 160.7 157.1 111.3 129.8,134.6, 
130.5, 142.4 21.5 - - - 13.88 

7 201.8 47.0 43.9 160.3 156.9 112.5 - - 20.2, 14.4, 117.5 - - 6.81 

8 201.6 46.1 42.7 161.1 156.7 111.3 - - - - 22, 28.4, 
28.7,28.2 15.30 

9 200.4 46.8 42.8 161.4 157.5 111.3 127.9,134.6, 
128.5, 157.7 - - 26.5, 24.3 - 21.34 
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Table 3.9: 13C & 31P NMR of ligand (2) and its Pt(II) complexes (10-18). 

 
Compd

. 
No 

 

Chemical shift δ (ppm) 

Dithiocarbamate moiety Organophosphine moiety 

S-Na

S1

 
N

3

2'

N2

3'  

4
56

8 N
7

 
 

a
b c

d

b' c'
XP

X
e

e

 

P
CNa

b

c

 

Methylene 
carbon 

 

P a b

b'

c

c'
d

 

Phosphorous 

C(1) C(2,2ʹ) C(3,3ʹ) C(4) C(5) C(6) C(7) C(8) C(a-d) C(e) C(a-c) C(e-f) C(a-d) 31P 
L-2 208.5 50.2 45.2 159.1 109.3 139.0 114.8 146.9 - - - - -  

10 206.3 45.9 44.3 158.2 107.3 137.9 114.5 148.0 129.4, 134.4, 
130.8, 128.9 - - - - 11.27 

11 200.9 45.7 43.4 157.3 106.9 137.1 113.1 146.9 118.3, 134.6, 
113.2, 160.9 54.5 - - - 11.38 

12 201.7 46.8 44.3 158.2 107.4 137.9 114.6 148.0 124.4,134.0, 
129.5, 142.3 21.5 - - - 13.15 

13 206.9 47.2 44.4 158.1 107.0 137.9 114.7 148.2 126.6, 135.4, 
129.6, 139.4 - - - - 13.91 

14 205.4 46.4 44.4 158.2 107.3 137.9 114.5 148.1 
130.0, 142.6, 
131.9, 128.6, 
126.2, 133.0 

21.3 - - - 20.56 

15 202.3 46.8 44.4 158.2 107.1 136.9 114.6 148.3 130.8,134.6, 
129.5, 141.4 21.4 - - - 13.76 

16 202.9 53.5 45.6 152.2 106.3 133.2 118.3 147.9 - - 19.3,14.0,
116.4 - - 6.75 

17 203.4 45.8 44.1 158.2 107.7 137.4 113.6 148.4 - - - - 21.3, 28.6, 
28.4, 28.1 15.27 

18 204.7 46.3 44.2 153.6 107.8 134.6 115.1 147.6 127.3, 134.6, 
130.2, 149.5 - - 25.6, 24.1 - 20.91 
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Table 3.10: 13C & 31P NMR of ligand (3) and its Pt(II) complexes (19-27). 

 
Compd. 

No 
 

Chemical shift δ (ppm) 
Dithiocarbamate moiety Organophosphine moiety 

S-Na

S1

 
N

3

2'

N2

3'  
4

56

8

7

H3CO

9

10

 
 

a
b c

d

b' c'
XP

X
e

e

 

P
CNa

b

c

 

Methyl
ene 

carbon 

 

P a b

b'

c

c'
d

 

Phosp
horou

s 

C(1) C(2,2ʹ) C(3,3ʹ) C(4) C(5) C(6) C(7) C(8) C(9) C(10) C(a-d) C(e) C(a-c) C(e-f) C(a-d) 31P 
L-3 208.7 50.2 49.4 151.7 103.7 159.7 107.1 130.3 110.6 55.2 - - - - - - 

19 202.3 48.7 45.8 151.4 102.6 160.1 105.6 130.1 109.7 55.3 128.6,134.3,  
130.6, 128.7 - - - - 14.26 

20 203.0 48.6 46.5 151.4 102.9 161.2 105.2 130.2 110.4 55.6 118.3,134.5,  
113.2, 160.8 54.6 - - - 11.42 

21 202.5 48.3 46.4 151.2 102.3 160.5 106.0 130.0 109.8 55.3 126.2,134.1, 
129.5, 141.8 21.5 - - - 13.35 

22 205.5 48.8 46.6 151.3 103.6 160.6 105.9 130.2 109.6 55.2 127.2,135.5, 
129.1,137.9 - - - - 10.75 

23 201.4 47.8 45.7 150.6 102.5 159.8 105.8 130.1 109.3 55.4 
130.2,142.4, 
131.5,128.4, 
125.9, 133.4 

21.1 - - - 20.85 

24 202.1 48.2 46.4 151.3 102.6 160.1 105.5 130.0 109.5 55.3 130.6,134.6,  
129.5, 141.0 21.5 - - - 12.84 

25 203.7 48.8 47.1 151.4 103.5 161.3 106.1 129.4 108.9 55.2 - - 19.2,14.0,
118.6 

- - 6.36 

26 202.1 48.0 46.7 151.8 103.4 159.8 105.1 130.2 109.2 55.3 - - - - 23, 29.3, 
28.5,28.2 15.33 

27 203.6 47.8 45.2 151.3 103.4 161.5 105.7 130.4 108.9 55.4 128.3,133.5,
130.2, 152.7 - - 24.3, 

22.5 - 20.13 

 

 

 



94 
 

Table 3.11: 13C & 31P NMR of ligand (4) and its Pt(II) complexes (28-36). 

Compd. 
No 

 

Chemical shift δ (ppm) 
Dithiocarbamate moiety Organophosphine moiety 

S-Na

S1

 

3

2'

N2

3'
4

 

6

8

9

8'

5
7

7'  
 

a
b c

d

b' c'
XP

X
e

e

 

P
CNa

b

c

 

Methylene 
carbon 

 

P a b

b'

c

c'
d

 

Phosph
orous 

C(1) C(2,2ʹ) C(3,3ʹ) C(4) C(5) C(6) C(7,7ʹ) C(8,8ʹ) C(9) C(a-d) C(e) C(a-c) C(e-f) C(a-d) 31P 

L-4 210.
6 49.6 31.9 29.3 44. 138.0 128.4 127.7 125.6 - - - - - - 

28 200.
8 47.5 30.8 28.4 44.1 137.4 128.3 128.1 125.7 127.3,134.3, 

130.7, 128.5 - - - - 10.23 

29 201.
5 48.1 30.8 28.2 44.1 137.5 128.3 127.9 126.4 118.3,134.5, 

113.3, 161.2 54.5 - - - 11.36 

30 201.
3 47.4 30.4 28.3 44.2 137.4 128.3 128.0 126.5 126.2,134.0, 

129.4, 142.6 21.5 - - - 13.41 

31 203.
5 47.4 31.4 29.7 44.1 137.8 128.8 128.4 126.4 127.4,135.5, 

128.9, 137.8 - - - - 10.75 

32 202.
4 47.6 30.1 28.0 44.2 137.7 128.2 127.8 126.4 

129.8,142.7, 
131.8,128.6,
126.2, 133.4 

21.3 - - - 18.26 

33 201.
4 47.7 30.0 28.5 44.1 137.5 128.1 128.1 126.2 130.6,134.3, 

128.4, 141.0 21.3 - - - 13.48 

34 203.
0 46.7 30.7 28.8 43.2 137.1 128.1 128.0 126.3 - - 19.6,13.5, 

117.5 - - 6.66 

35 200.
9 47.1 30.2 28.5 44.1 137.3 128.1 127.9 126.1 - - - - 22, 27.7, 

28.6, 28.2 14.85 

36 205.
2 46.6 30.5 28.1 44.1 137.3 128.2 127.4 126.3 126.7, 133.9, 

129.5, 149.3 - - 24.1, 23.3 - 19.31 
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Table 3.12: 13C & 31P NMR of ligand (5) and its Pt(II) complexes (37-45). 

 
Compd. 

No 
 

Chemical shift δ (ppm) 
Dithiocarbamate moiety Organophosphine moiety 

S-Na+

S1

 

3

2'

N2

3'
45

 

 

a
b c

d

b' c'
XP

X
e

e

 
 

P
CNa

b

c

 

Methylene 
carbon 

 

P a b

b'

c

c'
d

 

Phosphorous 

C(1) C(2,2ʹ) C(3,3ʹ) C(4) C(5) C(b-c) C(e) C(a-c) C(e-f) C(a-d) 31P 
L-5 204.9 52.1 33.3 30.0 20.4 - - - - - - 

37 198.8 47.4 32.4 29.5 20.2 128.8, 134.4, 
130.2, 129.4 - - - - 13.29 

38 198.5 46.7 32.4 29.6 20.2 118.4, 134.6, 
113.0, 160.8 54.5 - - - 11.57 

39 198.3 46.7 32.4 29.6 20.1 125.5, 133.0, 
128.2, 141.1 20.4 - - - 13.46 

40 198.3 46.5 32.5 29.3 20.2 127.3, 134.9, 
129.3,140.0 - - - - 13.75 

41 198.2 46.7 31.9 29.2 20.2 
129.8, 141.9, 
131.6, 128.5, 
126.2, 133.3 

21.2 - - - 21.46 

42 199.0 47.6 32.2 29.1 20.2 126.8,134.5, 
129.4, 141.3  - - - 13.70 

43 197.7 47.0 32.3 29.4 20.1 - - 19.3,13.0, 
116.7 - - 7.69 

44 198.2 46.8 32.1 29.2 20.2 - - - - 21.2, 28.4, 
28.6, 28.1 16.34 

45 199.2 46.3 31.9 29.2 20.2 128.4, 134.1, 
129.2, 151.5 - - 26.6, 24.3 - 19.38 
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Table 3.13: 13C & 31P NMR of ligand (6) and its Pt(II) complexes (46-54). 

 
Compd. 

No 
 

Chemical shift δ (ppm) 
Dithiocarbamate moiety Organophosphine moiety 

S-Na+

S1

 
N

3

2'

N2

3'
4

 

 

a
b c

d

b' c'
XP

X
e

e

 
 

P
CNa

b

c

 

Methylene 
carbon 

 

P a b

b'

c

c'
d

 

Phosphorous 

C(1) C(2,2ʹ) C(3,3ʹ) C(4) C(b-c) C(e) C(a-c) C(e-f) C(a-d) 31P 
L-6 208.4 53.3 43.4 50.3 - - - - - - 

46 202.8 50.3 44.1 52.4 129.6, 134.4, 130.3, 
128.7 - - - - 12.20 

47 200.6 54.2 44.5 52.6 118.2, 134.6, 113.1, 
160.9 54.6 - - - 11.35 

48 201.8 58.1 46.3 53.7 124.8, 134.0,129.2, 
142.2 21.5 - - - 13.34 

49 202.9 49.4 45.6 53.7 128.2, 135.2,129.4,139.1 - - - - 13.56 

50 205.5 45.3 44.7 52.6 
130.8, 141.5, 

131.8,128.9, 127.6, 
133.3 

20.9 - - - 19.86 

51 201.2 48.6 44.8 52.4 130.3,134.4, 129.5, 
141.7  - - - 13.70 

52 203.7 48.9 45.6 52.8 - - 19.2,13.3, 
116.5 - - 7.75 

53 200.3 47.3 44.1 52.1 - - - - 21.4, 28.7, 
28.4, 28.1 16.79 

54 201.9 48.8 44.2 53.2 125.2, 133.4, 129.7, 
154.3 - - 26.6, 24.1 - 21.35 
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Table 3.14: 13C & 31P NMR of ligand (7) and its Pt(II) complexes (55-63). 

 
Compd. 

No 
 

Chemical shift δ (ppm) 
Dithiocarbamate moiety Organophosphine moiety 

S-Na+

S1

 
N

3

2'

N2

3'  

F
4

56

7
8 9  

 

a
b c

d

b' c'
XP

X
e

e

 

P
CNa

b

c

 

Methylene 
carbon 

 

P a b

b'

c

c'
d

 

Phosp
horou

s 

C(1) C(2,2ʹ) C(3,3ʹ) C(4) C(5) C(6) C(7) C(8) C(9) C(a-d) C(e) C(a-c) C(e-f) C(a-d) 31P 
L-7 209.0 50.3 48.0 137.9 154.3 116.2 119.9 124.8 116.0 - - - - - - 

55 200.3 48.5 46.1 137.5 155.6 115.3 118.5 124.8 115.1 130.4, 135.6, 
130.4, 129.3 - - - - 11.22 

56 201.2 48.6 46.1 137.5 155.8 115.4 119.4 123.8 115.2 118.2, 134.6, 
113.1, 160.9 54.5 - - - 11.31 

57 201.1 48.6 46.1 137.5 155.8 115.4 118.4 124.7 115.2 125.4,133.1,1
28.1, 141.3 20.4 - - - 13.20 

58 202.6 48.7 46.8 137.7 156.0 115.4 119.0 125.1 116.1 128.2, 135.5, 
129.4, 137.6 - - - - 12.63 

59 201.1 47.8 45.9 136.6 155.4 115.3 118.3 124.6 115.2 
131.0, 142.5, 
132.3, 128.6, 
126.2, 133.1 

21.3 - - - 20.32 

60 203.1 48.3 46.0 137.4 154.4 114.9 118.4 124.5 114.7 130.7,135.5, 
129.5, 140.8 21.6 - - - 13.28 

61 205.2 51.2 47.5 138.0 156.2 116.3 119.1 124.9 116.2 - - 
22.8,14.2

, 118.4 
 

- - 6.92 

62 200.0 46.0 43.8 136.9 155.6 114.8 118.3 123.8 114.4 - - - - 24,30.5, 
29.4,28.6 15.35 

63 203.7 46.3 46.2 136.6 156.2 115.6 118.2 125.4 114.3 128.4, 136.4, 
131.7, 154.8 - - 25.7, 23.4 - 20.82 
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                   Figure 3.1: 1H and 13C NMR spectra of L1. 
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              Figure 3.2: 13C and 31P NMR spectra of complex 4. 
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3.3 Structural Discussion 

Crystal data and refinement parameters for complexes 4, 12 and 22 are given in 

Table 3.15, while the selected bond lengths and bond angles are given in Tables 3.16. 

Complex 4, 12 and 22 have monoclinic crystal system with space group P21/n (4, 12) and 

P21/c (22) having distorted square-planar molecular geometry mediated by PtS2ClP core. 

One of the cis positions is being occupied by dithiocarbamate (DTC) ligand in 4, 12 and 

22 in disparate manner having Pt1-Sshort  [{2.2934(6) Å} (4), {2.2893(6) Å} (12) and  

{2.2897(8) Å} (22)] and Pt1-Slong  [{2.3672(6) Å} (4), {2.3701(6) Å} (12) and 

{2.3602(9) Å} (22)] bonds. The cis Sshort-Pt1-Slong angle 75.04(2)° (4), 75.07(2)° 12 and 

75.35(3)° (22) is deviating from the ideal value of 90°. This distortion [14.96° (4), 14.93° 

(12) and 14.65° (22)] from perfectly square planar structure may be due to small bite 

angle of DTC. However, the anisobidentate mode of interaction of DTC i.e. Δ(Pt ̶ S) = 

(Pt-Slong – Pt-Sshort) being 0.0775 Å (4), 0.012 Å (12) and 0.070 Å (22), is also revealed 

in C ̶ S bond i.e. larger C ̶ S bond length [1.733(2) Å (4), 1.732(2) Å (12) and 1.734(4) Å 

(22)] corresponds to smaller Pt ̶ S [{2.2934(6) Å} (4), {2.2893(6) Å} (12) and {2.2897(8) 

Å} (22)] bond and vice versa [C ̶ S = {1.721(2) Å } (4), {1.720(2) Å} (12) and {1.730(4) 

Å} (22), and  Pt ̶ S = {2.3672(6) Å} (4), {2.3701(6) Å} (12) and {2.3602(9) Å} for (22)]. 

Moreover, in all three complexes (4, 12 and 22), DTC enjoys well recognized co-planar 

status with Pt(II) moiety [11] due to multiple bond character at N1-C1 bond  [{1.315(3) 

Å (4)}, {1.314(3) Å (12)} and {1.311(5) Å (22)}] that falls in between C ̶ N single (1.47 

Å) and double bond (C=N 1.29 Å) [1, 12], confirming the involvement of lone pair of N-

atom in NCS2 moiety and responsible for its resonance phenomenon [13]. However, the 

other cis-position around platinum centre is occupied by chloride and organophosphine 

moiety with cis P1 ̶ Pt1 ̶ Cl1 angle of [{93.32(2)°} (4), { 92.77(2)°} (12) and {91.90(3)°} 

(22)]. The slightly larger cis angle may be due to steric bulk of the organophosphine 

ligand.  

As from the literature, it is well recognized that cytotoxic potential of mono 

functional platinum complexes (MPC) like pyriplatin, quinoplatin and phenanthriplatin 

depends upon steric bulk of the ligand and degree of axial protection at platinum centre. 

Bulkiness of the ligand enhances hydrophobicity, to insure greater cellular uptake, and 

degree of axial protection, which secures intact carriage of the drug toward target DNA 
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inside the cell. That’s why; phenanthriplatin is more potent than pyriplatin and 

quinoplatin due to the presence of sterically more bulky phenathridine ligand which 

protects Pt-centre axially by aromatic C-H leaning [14-16]. Motivated from these 

foregoing, we have replaced phenanthridine by more bulky organophosphine ligand and 

a chelating dithiocarbamate ligand that may further reduce affinity of platinum 

complexes toward S-containing biomolecules under biophysical conditions. A 

comparison of the degree of axial protection of complexes 4, 12 and 22 (data obtained 

from single crystal analysis) with potent MPCs from literature by measuring distance and 

angle of the axially leaning Pt⋯H and Pt⋯C at platinum centre is given in Table 3.17 

and Fig. 3.3, 3.4, 3.5. The axial angle (∠C⋯Pt ̶ P) for 4, 12 and 22 are 51.2°, 51.1° and 

50.1° respectively, which are higher than the potent MPCs like quinoplatin (48.6°) and 

phenanthriplatin (48.7°) demonstrating higher degree of axial protection and 

subsequently their greater potential to restrain from reaction(s) with off-target 

biomolecules. 

In the absence of crystal data for other synthesized complexes, DFT calculations 

as an alternative method have been performed for the estimation of axial protection. In 

this connection, complex 12 (from single crystal and DFT) and 14 (from DFT) have been 

selected (keeping same DTC and varying methyl substituent from para (12) to ortho 

position (14) on organophosphine ligand) and compared for their axial protection. The 

effect of position of substituent on steric bulk of organophosphine and their subsequent 

effects on the degree of axial protection have been given in Fig. 3.5 and Table 3.17. 

The chemical reactivity of Pt-complexes is markedly affected by the size of 

organophosphine ligand (quantified by its cone angle), electronic and steric effects. It has 

also been well recognized that by changing the substituents on organophosphine moiety, 

alter the cone angle (a measure of steric bulk) that in turn tune the reaction kinetics [14]. 

To quantify the effect of position of substituent on the steric bulk of organophosphine, 

DFT data were used, for both complexes. In Table 3.18 the bond lengths and bond angles 

for 12 and 14 calculated from DFT have been compared. The comparison reveals that the 

bond lengths and bond angles for 12 calculated from DFT are slightly higher than that 

obtained from crystal data due to gas phase optimization in the former. Although in 14, 
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electron releasing methyl group is present near to donor site, yet Pt-P bond [tri(o-

tolyl)phosphine, cone angle 179.9°] is longer (2.38 Å) than 12 (2.36 Å) [tri(p-

tolyl)phosphine, cone angle 174.6°] indicating dominant role of steric factor over 

electronic effect [14].   

  It is worth mentioning that the variation in position of methyl group from para 

(12) to ortho (14) not only modify triphenylphosphine’s steric bulk but has marked 

impact on the magnitude of axial protection of MPCs. The bulkiness and the degree of 

axial protection are seemed responsible for modulating the cytotoxic potential of MPCs. 

This is because, bulkiness imposes hydrophobicity and the axial protection hinders the 

diversion to off-target biomolecules ensuring high cellular uptake; more complex 

availability for DNA interaction and may increase also the chances of cancer cell death. 

The degree of axial protection of 12 and 14 is compared with the potent MPCs in Table 

3.17 and Fig. 3.5. 

Particularly, in complex 14 the axially leaning Pt⋯H and Pt⋯C distances are 2.75 

Å and 3.49 Å whereas angles are 78.3° (∠H⋯Pt-P) and 64.1°(∠C⋯Pt-P). According to 

the best of our knowledge, 14 exhibits the highest ∠H⋯Pt ̶ P and ∠C⋯Pt ̶ P angles than 

the reported MCPs. This signifies that the Pt centre of 14 is more protected from the 

attack of biological nucleophiles. Notably, unlike phenanthriplatin the second axial side 

in all four complexes is also partially protected as shown in Table 3.17. 

It is also worth mentioning that the DTC ligand with flexible aliphatic cyclic 

piperazine backbone reveals “equatorial-axial” conformational isomerism. Piperazine in 

DTC ligand adopts different stereochemical conformations like “C-e,a-Syn”, “C-e,a-

Anti” and “C-e,e-Anti” in 4, 12 and 22  respectively. where “C” stands for chair 

configuration of piperazine ring, “e” and “a” stands for equatorial and axial positions of 

the substituents on piperazine ring, while “Anti” (opposite side) and “Syn” (same side) 

represent the relative orientations of the terminal substituents in space at piperazine ring. 

It has been noticed that these different conformations (C-e,e-Anti, C-e,a-Anti and C-e,a-

Syn) can be tuned by various dihedral angles like between terminal -CS2 and aromatic 

substituent (AS), central C4-plane and terminal CNC-planes of piperazine, terminal 

substituents (AS or CS2) and CNC-plane, two terminal CNC-planes of piperazine ring 
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and central C4 plane of the piperazine and coordination plane of the Pt-centre as shown 

in Table 3.19. In addition, these dihedral angles may be influenced by the electronic and 

steric effects of the substituents present on piperazine ring. 

In complex 4, DTC ligand adopts C-e,a-Syn conformation (Fig. 3.6), in which AS 

and Pt-bearing CS2 present at equatorial and axial positions having non-zero dihedral 

angle (27.5°). However, their relative position in space around piperazine ring is syn, as 

larger angles [∠C1-N1-C2 (124.0°) with CS2 and ∠C3-N2-C6 (120.6°) with AS] are on 

same side of the piperazine ring and vice versa as shown in Fig. 3.6. This difference in 

conformation of DTC in 4 may be due to the presence of electronegative N-atoms in 

pyrimidyl ring that lends electron density from piperazine ring and reduces the 

involvement of lone pair of N1 atom that is in resonance with CS2 moiety, a fact 

represented by shorter N2-C6 [1.369(3) Å (4), 1.394(3) Å (12), 1.425(5) Å (22)] and 

longer N1-C1bond length [1.315(3) Å (4), 1.314(3) Å (12), 1.311(5) Å (22)] in 4 than 12 

and 22. While in complex 12, DTC ligand adopts “C-e,a-Anti” conformation (Fig. 3.7) in 

which Pt-bearing CS2 group occupy axial position and pyridyl substituent located at 

equatorial position of the piperazine ring with the dihedral angle of 34.2°. Moreover, their 

relative orientation in space about piperazine ring is “Anti” as the larger angles of 

substituents [∠C1-N1-C4 (123.6°) with CS2 and ∠C3-N2-C6 (119.1°) with AS] are on 

opposite side of the piperazine ring and vice versa. In complex 22, piperazine backbone 

of DTC ligand adopts C-e,e-Anti conformation (Fig. 3.8), in which bulky AS and Pt-

bearing CS2 moieties of  piperazine ring are arranged at equatorial positions, so as to 

have minimum steric hindrance with dihedral angle of 53.9°. However, their relative 

orientation in space about piperazine ring is in anti-form, as their larger angles [∠C1-N1-

C2 (123.5°) with CS2 and ∠C4-N2-C6 (116.6°) with AS] are trans to each other and vice 

versa. 

In addition, it has also been observed that the distance between Pt-centre and 

central C4 plane of piperazine ring may be affected by C4 and CNC (CS2) dihedral angle, 

where larger dihedral angle manages relatively larger distance as shown in Table 3.19. 

However, the placement of CS2 moiety at axial position (4, 12) also creates larger 

distance (4.36 Å, 4.31 Å) between C4-plane and Pt-centre as compared to its equatorial 
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placement as in complex 22 (3.63 Å). Moreover, the involvement of lone pair of 

electrons from piperazinic nitrogen atoms with its substituents (may be with CS2 or 

substituted phenyl ring possibly due to resonance or electron withdrawing effects) not 

only reduces the dihedral angle between that substituent and CNC-plane but also 

decreases dihedral angles between C4 and CNC planes. It is also worth mentioning that 

the intermolecular distance in superamolecular packing is also greatly influenced by 

stereochemical conformation of DTC ligand and following order of C-e,a-Syn (3.99 Å) < 

C-e,e-Anti (3.58 Å) < C-e,a-Anti (3.25 Å) has been observed as shown in Fig. 3.9, 3.10 

and 3.11. So, the closest superamolecular packing has been found with “C-e,a-Anti” 

conformation. Hence, the nature of the substituents on piperazine ring, although creates 

small adaptations in the conformation of the ligands by tailoring their dihedral angles but 

the cumulative effect of all these signals causes the whole superamolecular packing of the 

crystal into an entirely different pattern. 

Another important aspect of 4, 12 and 22 is their interesting solid state 

superamolecular packing stabilized by various intermolecular weak interactions. In 

complex 4, three different types of intermolecular interactions (H-bonding, π⋯H and Pt-

Cl⋯H) are involved in stabilizing superamolecular motif (Fig. 3.12). Each 1D chain 

grows in head to tail manner, such that the pyrimidyl ring of one molecule is connected 

perpendicularly to one of the phenyl moiety of organophosphine that is leaning axially to 

platinum centre by π⋯H (C20⋯H9 = 2.82 Å) contacts. These interactions can be 

attributed by greater Lewis acidity of aromatic proton (H9) due to the presence of 

electronegative N-atom (N4) at consecutive positions. While two successive chains grow 

in an antiparallel manner, mediated by H-bonds N4⋯H3A (2.73 Å) such that the 

pyrimidyl piperazine moiety of one molecule is centrosymmetric to its counterpart. 

Moreover, the axially leaning phenyl moieties of organophosphine ligands are also 

antiparallel in successive chains. These two consecutive chains are stabilized further by 

Pt-Cl⋯H (2.94 Å) interactions. 

The superamolecular architect in complex 12 comprised of four different types of 

intermolecular interaction including H-bonding (π⋯H, Pt-Cl⋯H) and π⋯π interactions 

(Fig. 3.13). In each 1D chain, molecules are arranged in zigzag manner and are connected 
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by π⋯H (C22⋯H7 = 2.83 Å, C16⋯H24C = 2.88 Å, C11⋯H24C = 2.89 Å) secondary 

bond forces. However, two successive chains grow in antiparallel manner and are 

stabilized by Cl⋯H (Cl1⋯H20 = 2.67 Å) and hydrogen bonding (N3⋯H27 = 2.47 Å) 

interactions. 

Superamolecular architecture in 22 is quite complicated, as a single molecule is 

directly interacting with ten molecules by eight different types (O⋯H, Cl⋯H, Cl⋯C, 

Cl⋯π, S⋯H, H⋯C, π⋯H, H⋯H) of  secondary bond interactions (Fig. 3.14) ranging 

from smallest H⋯H (2.29 Å) to the largest π⋯Cl (3.34 Å). Each 1D chain is mediated by 

parallel packing of molecules (along b-axis), such that the successive molecules are 

connected by Cl⋯π (Cl4⋯C21 = 3.37 Å and Cl2⋯C23=3.44 Å), Cl⋯H (Cl1⋯H2B = 

2.93 Å), Cl⋯C (Cl1⋯C3 = 3.38 Å), O⋯H(O1⋯H5A = 2.53 Å) and H⋯π (H17⋯C29 = 

2.87 Å and H5A⋯C8 = 2.89 Å) interactions. The involvement of all these carbons (C3, 

C8, C21, C23, C29) and H-atoms (H2B, H5A, H17) may be due to enhanced Lewis 

acidity imparted by electronegative (Cl, N, O) atoms at consecutive positions. However, 

the two successive chains grow in an antiparallel manner such that the molecules of 

opposite chains are arranged in centrosymmetric fashion strengthen by H⋯π (H27⋯C7 = 

2.86 Å, H27⋯C8 = 2.80 Å) C⋯H (C1⋯H2B = 2.89 Å) and S⋯H (S2⋯H2A = 2.92 Å) 

secondary bond forces. Secondary contacts formation of CS2 moiety may be due to 

increase in π-electronic density as a result of mobilization of lone pair of N1-atom. 
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Table 3.15: Crystal data and structure refinement for 4, 12 and 22. 

Crystal data 4 12 22 
Identification code xstr0592 xstr0593 REHMA93 
Empirical formula C27H23Cl4N4PPtS2 C31H33ClN3PPtS2 C30H27Cl4N2OPPtS2 
Formula weight(g.mol-1) 835.47 773.23 863.51 
Temperature/K 150(1) 150(1) 100(1) 
Crystal system Monoclinic Monoclinic Monoclinic 
Space group P21/n P21/n P21/c 
a/Å 11.74447(17) 12.05297(17) 19.8684(8) 
b/Å 18.5199(2) 18.35765(20) 9.9816(4) 
c/Å 14.4446(2) 14.8492(2) 17.7360(7) 
β/° 109.7957(16) 110.7469(17) 113.1837(15) 
Volume/Å3 2956.14(8) 3072.54(8) 3233.3(2) 
Z 4 4 4 
ρcalcg/cm3 1.877 1.672 1.774 
μ/mm-1 5.330 4.867 8.996 
F(000) 1624.0 1528.0 1688.0 
Crystal size/mm3 0.3 × 0.26 × 0.24 0.2 × 0.18 × 0.12 0.2 × 0.16 × 0.06 
Radiation MoKα (λ = 0.71073) MoKα (λ = 0.71073) GaKα (λ = 1.34139) 
2𝜃 range for data collection/° 5.74 to 51.99 5.40 to 51.99 8.42 to 109.98 
Index ranges -14 ≤ h ≤ 14, -22 ≤ k ≤ 22, -17 ≤ l ≤ 17 -14 ≤ h ≤ 14, -22 ≤ k ≤ 22, -18 ≤ l ≤ 17 -23 ≤ h ≤ 24, -12 ≤ k ≤ 12, -21 ≤ l ≤ 16 
Reflections collected 44915 46511 36327 
Independent reflections 5781 [Rint = 0.045, Rsigma = 0.023] 6012 [Rint = 0.036, Rsigma = 0.019] 6151 [Rint = 0.055, Rsigma = 0.037] 
Data/restraints/parameters 5781/0/352 6012/0/355 6151/0/371 
Goodness-of-fit on F2 1.09 1.05 1.09 
Final R indexes [I>=2σ (I)] R1 = 0.017, wR2 = 0.040 R1 = 0.017, wR2 = 0.038 R1 = 0.032, wR2 = 0.084 
Final R indexes [all data] R1 = 0.019, wR2 = 0.041 R1 = 0.019, wR2 = 0.039 R1 = 0.034, wR2 = 0.086 
Largest diff. peak/hole / e Å-3 0.54/-0.48 0.52/-0.50 1.50/-1.69 
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Table 3.16: Comparison of selected bond lengths and bond angles of 4, 12 and 22. 

Type of 
bond 

Bond lengths (Å) Type of angle Bond angles (°) 
4 12 22 4 12 22 

Pt1-Cl1 2.3272(6) 2.3288(6) 2.3322(9) Cl1-Pt1-Slong 93.99(2) 94.69(2) 95.41(3) 
Pt1-Sshort 2.2934(6) 2.2893(6) 2.2897(8) Sshort-Pt1-Cl1 169.02(2) 169.69(2) 170.52(3) 
Pt1-Slong 2.3672(6) 2.3701(6) 2.3602(9) Sshort-Pt1-Slong 75.04(2) 75.07(2) 75.35(3) 
Pt1-P1 2.2512(6) 2.2527(6) 2.2356(9) P1-Pt1-Cl1 93.32(2) 92.77(2) 91.90(3) 

C1-Sshort 1.721(2) 1.720(2) 1.730(4) P1-Pt1-Sshort 97.65(2) 97.52(2) 97.40(3) 
C1-Slong 1.733(2) 1.732(2) 1.734(4) P1-Pt1-Slong 172.28(2) 172.00(2) 172.48(3) 
N1-C1 1.315(3) 1.314(3) 1.311(5)     

 

Table 3.17: Comparison of axial protection of 4, 12, 22 (crystal data) and 14 (DFT data) with potent MPCs. 

Complex Pt⋯H Pt⋯C Ref. 
 Distance(Å) Angle(o) Distance(Å) Angle(o)  

Quinoplatin 2.71 64.3 3.21 48.6 [13] 
Phenanthriplatin 2.75 63.5 3.22 48.7 [23] 

C30H27ClF3N2OPPtS2 3.11 61.0 3.63 49.1 [24] 
 2.85 65.2 3.43 52.9  

C30H27Cl4N2OPPtS2 3.07 62.6 3.61 50.3 [24] 
 3.38 55.9 3.72 47.1  

C28H23ClF3N2O2PPtS2 3.16 61.2 3.67 49.3 [24] 
 3.28 58.2 3.72 47.7  
4 3.06 63.4 3.60 51.2 This work 
 3.09 63.2 3.61 50.6  

12 3.02 63.8 3.57 51.1 This work 
 3.10 63.1 3.60 51.2  

14 2.75 78.3 3.49 64.1 This work 
 2.90 64.9 3.61 50.9  

22 3.07 62.2 3.41 50.1 This work 
 3.09 62.6 3.59 50.8  
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Table 3.18: Comparison of the selected bond lengths and bond angles of 12 and 14 from DFT. 

Type of bond Bond lengths (Å) Type of angle Bond angles (°) 
12 14 12 14 

Pt1-Cl1 2.43 2.43 Cl1-Pt1-S2 94.7 94.5 
Pt1-S1 2.45 2.46 S1-Pt1-Cl1 168.9 168.2 
Pt1-S2 2.48 2.48 S1-Pt1-S2 74.2 74.1 
Pt1-P1 2.36 2.38 P1-Pt1-Cl1 91.0 90.1 
S1-C1 1.79 1.79 P1-Pt1-S1 99.8 101.0 
S2-C1 1.77 1.78 P1-Pt1-S2 174.1 175.0 
N1-C1 1.34 1.34    

 

Table 3.19: Ligand conformations and related geometric parameters 

Dihedral angle 
C. No conformation AS/CS2 C4/CNC AS/CNC CS2/CNC CNC/CNC C4-Pt angle C4-Pt distance *M⋯M 

4 C-e,a-Syn 27.5 48.2(AS) / 54.2(CS2) 13.6 8.6 6.1 65.3 4.36 3.99 
12 C-e,a-Anti 34.2 49.1(AS) / 53.3(CS2) 22.5 8.1 4.1 64.1 4.31 3.25 
22 C-e,e-Anti 53.9 55.5(AS) / 48.8(CS2) 58.2 1.4 6.7 45.2 3.63 3.58 

*M⋯M = Intermolecular distance, AS = aromatic substituent and C4 = four piperazinic carbons (C2, C3, C4 and C5)
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Fig. 3.3: Crystal structure of 4 showing axial protection at platinum center. 

 

 

 

Fig. 3.4: Crystal structure of 22 showing axial protection at platinum center. 
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Fig. 3.5: Crystal structure (upper left) and DFT optimized (upper right) of 12 and 

14 (below) showing axial protection at the platinum center. 

 

Fig. 3.6: Syn conformation of complex 4. 
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Fig. 3.7: Anti-conformation of complex 12. 

 

 

 

Fig. 3.8: Anti-conformation of complex 22. 
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Fig. 3.9: Intermolecular distance between two consecutive chains of complex 4. 

 

Fig. 3.10: Intermolecular distance between two consecutive chains of complex 12. 

 



113 
 

 

Fig. 3.11: Intermolecular distance between two consecutive chains of complex 22. 

 

Fig. 3.12: Intermolecular (π⋯H, Cl⋯H) interactions responsible for mediation of 

superamolecular structure of 4.  
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Fig. 3.13: Intermolecular (π⋯H, Cl⋯H, π⋯π) interactions responsible for mediation 

of superamolecular structure of 12. 

 

 

Fig. 3.14: Intermolecular (Cl⋯H, Cl⋯C, Cl⋯π, S⋯H, H⋯C, π⋯H, H⋯H) 

interactions responsible for mediation of superamolecular structure of 22.  
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3.4 Computational studies 

DFT (density functional theory) calculations were implemented using the 

Gaussian 09 suite of programs [17] and outcomes of data were attained via Gauss View 

5.0.8 software [18]. B3LYP density functional model along with basis set LANL2DZ 

(Los Alamos National Laboratory 2-double-ζ) [19] has been applied to optimize 

synthesized complexes and the absence of negative frequencies in vibrational analysis of 

complexes established the optimized geometries as lowest energy structures. Gaussian 

checkpoint files of these complexes were then used for further calculations. Net atomic 

charges were achieved by the Natural Bond Orbital (NBO) analysis of Weinhold and 

Carpenter [20] employed in Gaussian 09. However, molecular orbital data of the selected 

complexes were attained using recommended additional key “pop = full formcheck.” 

3.4.1 Bond lengths and bond angles 

Since crystal data is not possible for all complexes, so to estimate axial protection 

(as discussed in crystal data), labile nature of Cl- ligand and chemical reactivity (on the 

basis of HOMO and LUMO gap), computational studies based on DFT calculations were 

carried out for some selected complexes. First optimization studies were performed and 

then by using check point files of lowest energy optimized structures, NBO analysis and 

HOMO-LUMO gap was calculated with recommended additional keys. Details of the 

bond lengths and bond angles of the compounds have been given in Table 3.20-3.22 and 

3.22. From the optimized structures, it has been observed that all complexes have adopted 

square planar geometry around Pt-centre mediated by the PtS2ClP core. The 

computational data have revealed that DTC act as bidentate ligand in all complexes 

having asymmetric mode of attachment to Pt(II) i.e.  Pt-Sshort (Pt1-S2= 2.44-2.46 Å) and 

Pt-Slong (Pt1-S4= 2.46-2.49 Å) bonds as confirmed by the crystal data. The highest value 

of Pt-Sshort [2.46 Å (14)] and Pt-Slong bond [2.49 Å (53)] may be due to the steric bulk of 

organophosphine (methyl substitution on ortho position in 14 and the presence of 

cyclohexyl aliphatic ring in 53) that hinder back donation to organophosphine moiety as 

indicated by longest Pt-P bond length (2.39 Å in 53). Additionally, the slightly higher 

values of Pt-Sshort and Pt-Slong bonds than the reported crystal data may be due to gas 

phase optimization of compounds. It has also been observed that the DTC ligand adopts 
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well recognized coplanar structure with Pt-plane due to involvement of the lone pair of 

electron on N-atom in resonance with CS2 moiety. This resonance phenomenon is also 

evident from which the N1-C1 bond lengths (1.33-1.37 Å), lie in between C-N single 

(1.47 Å) and double bond (1.29 Å) [1, 12]. In a series of complexes (having same 

organophosphine with varying DTC), this multiple bond character decreases as 

substituents on piperazine/piperidine change from electron donating to electron 

withdrawing groups (31 (benzyl) > 49 (methyl) > 13 (pyridyl) > 4 (pyrimidyl) > 58 (2-

fluorophenyl) > 22 (3-methoxyphenyl) except in 22 (electron donating group) where the 

longest N1-C1 bond may be due to greater back bonding to organophosphine moiety as 

evidenced by shortest Pt-P bond in the same series. It has also been observed that the 

other cis-position is occupied by chloride (Pt-Cl = 2.43-2.44 Å) and organophosphine 

ligand (Pt-P = 2.36-2.39 Å) with ∠P5-Pt1-Cl3 angle slightly larger than the ideal value of 

90°. This deviation can be attributed to the steric bulkiness of organophosphine ligand. 

From the selected optimized structures, the degree of axial protection has been estimated 

by measuring the Pt⋯H and Pt⋯C distances and angles (∠H⋯Pt-P and ∠C⋯Pt-P) of the 

axially leaning C-H moiety of organophosphine (Table 3.23). The degree of axial 

protection estimated from DFT data is slightly higher than that calculated from crystal 

data due to gas phase optimization of the former. The highest degree of axial protection 

has been found in complex 14 in which axially leaning C-H of organophosphine is 

replaced by C-CH3. However, the least degree of axial protection has been observed in 

complexes in which organophosphine moiety is substituted by alicyclic hydrocarbons 

which may have hindered back bonding from metal to ligand resulting an increase in 

Pt⋯H and Pt⋯C distances and decrease in ∠H⋯Pt-P and ∠C⋯Pt-P angles of the axially 

leaning C-H moiety of organophosphine. DFT data also revealed that unlike 

phenanthriplatin, the second axial side is partially protected, fact inconsonance with the 

crystal data.  
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Table 3.20: Comparison of the selected bond lengths and bond angles from DFT optimized structures. 

Type of 
bond 

Bond lengths (Å) Type of 
angle 

Bond angles (°) 
1 3 4 10 11 12 1 3 4 10 11 12 

Pt1-Cl3 2.43 2.43 2.43 2.44 2.43 2.43 Cl3-Pt1-S4 94.8 94.7 94.8 92.7 94.8 94.7 
Pt1-S2 2.45 2.45 2.45 2.44 2.45 2.45 S2-Pt1-Cl3 169.0 168.9 169.2 166.8 168.9 168.9 
Pt1-S4 2.48 2.48 2.47 2.46 2.48 2.48 S2-Pt1-S4 74.2 74.2 74.3 74.5 74.2 74.2 
Pt1-P5 2.36 2.36 2.36 2.38 2.36 2.36 P5-Pt1-Cl3 91.2 91.2 90.9 87.6 90.8 91.0 
S2-C1 1.79 1.79 1.79 1.79 1.79 1.79 P5-Pt1-S2 99.6 99.7 99.8 105.4 100.1 99.8 
S4-C1 1.78 1.78 1.78 1.76 1.77 1.77 P5-Pt1-S4 173.9 174.0 174.2 169.9 174.3 174.1 
N1-C1 1.34 1.34 1.34 1.37 1.34 1.34 S2-C1-S4 112.9 112.9 112.7 113.6 113.0 112.9 

 

Table 3.21: Comparison of the selected bond lengths and bond angles from DFT optimized structures. 

Type of 
bond 

Bond lengths (Å) Type of 
angle 

Bond angles (°) 
13 14 22 31 37 44 13 14 22 31 37 44 

Pt1-Cl3 2.43 2.43 2.43 2.43 2.43 2.43 Cl3-Pt1-S4 94.8 94.5 94.8 94.8 94.7 93.1 
Pt1-S2 2.45 2.46 2.45 2.45 2.45 2.45 S2-Pt1-Cl3 169.2 168.2 169.2 169.2 169.0 166.8 
Pt1-S4 2.47 2.48 2.47 2.47 2.47 2.49 S2-Pt1-S4 74.4 74.1 74.3 74.4 74.3 73.8 
Pt1-P5 2.36 2.38 2.36 2.36 2.36 2.39 P5-Pt1-Cl3 90.8 90.1 90.7 90.7 91.0 91.8 
S2-C1 1.80 1.79 1.79 1.80 1.80 1.80 P5-Pt1-S2 99.9 101.0 100.0 99.8 99.8 101.2 
S4-C1 1.78 1.78 1.78 1.78 1.78 1.78 P5-Pt1-S4 174.3 175.0 174.4 174.2 174.1 175.0 
N1-C1 1.34 1.34 1.34 1.33 1.34 1.34 S2-C1-S4 112.7 112.9 112.7 112.3 112.1 112.2 
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Table 3.22: Comparison of the selected bond lengths and bond angles from DFT optimized structures. 

Type of 
bond 

Bond lengths (Å) Type of 
angle 

Bond angles (°) 
46 48 49 53 55 58 46 48 49 53 55 58 

Pt1-Cl3 2.43 2.43 2.43 2.43 2.43 2.43 Cl3-Pt1-S4 94.7 94.8 94.8 92.9 94.7 94.6 
Pt1-S2 2.45 2.45 2.45 2.46 2.45 2.45 S2-Pt1-Cl3 168.9 169.0 169.2 166.7 169.0 169.0 
Pt1-S4 2.47 2.48 2.47 2.49 2.48 2.47 S2-Pt1-S4 74.2 74.2 74.4 73.8 74.2 74.3 
Pt1-P5 2.36 2.36 2.36 2.39 2.36 2.36 P5-Pt1-Cl3 91.0 91.1 90.7 91.8 91.0 90.9 
S2-C1 1.80 1.80 1.80 1.80 1.79 1.79 P5-Pt1-S2 99.9 99.7 99.9 101.2 99.8 100.0 
S4-C1 1.78 1.78 1.78 1.78 1.78 1.78 P5-Pt1-S4 174.1 174.0 174.3 175.0 174.1 174.3 
N1-C1 1.34 1.34 1.34 1.34 1.34 1.34 S2-C1-S4 112.3 112.3 112.1 112.4 113.0 112.7 
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Table 3.23: Degree of axial protection calculated from DFT. 

Complex Pt⋯H Pt⋯C 
 Distance(Å) Angle(o) Distance(Å) Angle(o) 
1 3.00 64.9 3.66 50.7 
 3.23 61.2 3.79 48.5 
3 3.00 65.1 3.65 50.9 
 3.24 61.2 3.79 48.4 
4 2.99 65.1 3.65 50.8 
 3.24 61.1 3.79 48.4 

10 2.83 68.1 3.51 53.9 
 3.77 51.7 4.08 47.9 

11 3.04 64.5 3.66 50.7 
 3.25 61.1 3.80 48.4 

12 3.02 64.6 3.66 50.7 
 3.26 60.8 3.80 48.2 

13 2.99 65.2 3.65 50.9 
 3.24 61.1 3.79 48.4 

14 2.75 78.3 3.49 64.1 
 2.90 64.9 3.61 50.9 

22 3.00 65.0 3.65 50.8 
 3.25 61.0 3.79 48.3 

31 2.99 65.1 3.65 50.8 
 3.24 61.1 3.79 48.4 

37 3.01 64.8 3.66 50.7 
 3.25 60.7 3.80 48.2 

44 3.08 62.8 3.77 48.9 
 3.29 60.5 3.93 46.7 

46 2.99 65.0 3.64 50.9 
 3.25 60.8 3.81 48.2 

48 3.02 64.7 3.66 50.6 
 3.24 61.2 3.79 48.4 

49 2.98 65.2 3.64 50.9 
 3.25 60.9 3.80 48.2 

53 3.07 62.9 3.76 49.1 
 3.29 60.3 3.93 46.5 

55 3.01 64.7 3.66 50.6 
 3.23 61.3 3.78 48.6 

58 3.00 65.2 3.65 50.8 
 3.26 60.8 3.80 48.2 
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3.4.2 NBO analysis 

Unlike cisplatin, drug activation in MPCs takes place by removal of single labile 

ligand generating mono cationic species inside the cell that finally binds with the target 

DNA. To check the labile nature of chloride, NBO analysis was performed by using DFT 

studies and, magnitude of charges on each atom was calculated (Table 3.24 and 3.25). 

The presence of negative charge on platinum (-195 to -177) indicated shifting of the 

electronic density from ligands to the metal center. From the magnitude of charges 

present on Pt (-0.177 to -0.195) and P atoms (1.100-1.072), it can be suggested that the 

Pt-P bond is the strongest bond in the coordination plane of platinum, if other factors 

(chelation etc.) are ignored. However, the presence of negative charges on one of the S-

atoms of DTCs in complexes (12, 13, 14, 44, 53) may be due to shifting of electron 

density from metal (filled d-orbitals) to empty π* orbitals of that side of the ligand, as 

indicated by unequal Pt-S bonds. It is worth mentioning that the presence of negative 

charge on chloride and Pt-centre, in all selected complexes, shows the labile nature of Pt-

Cl bond, as same charges repel each other. However, the calculated net NBO charges on 

different groups of DTCs and organophosphine ligands provide better picture about 

nature and position of substituents and their subsequent contribution towards bonding. It 

has been observed that the net positive NBO charge on DTC ligand (0.112-0.118) in 

complexes (4, 13, 22) having electron withdrawing group on organophosphine moiety is 

higher than those (12, 14, 44, 53) having electron donating groups (0.04-0.076), and may 

be credited to stronger trans effect of the formers. However, the highest positive charge 

(0.101) on piperazine ring in complex 4 can be attributed to the involvement of lone pair 

of electrons on both terminal N-atoms in resonance with their respective substituents 

(Fig. 3.15).  
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Table 3.24: Atomic and group optimized NBO charges at B3LY P/LANL2DZ level. 

Atom NBO charges Group Net NBO charges 
4 12 13 14 4 12 13 14 

Pt1 -0.193 -0.185 -0.193 -0.195 DTC 0.114 0.08 0.118 0.076 
Cl3 -0.396 -0.399 -0.395 -0.387 organophosphine 0.475 0.533 0.472 0.504 
P5 1.097 1.100 1.096 1.074 CS2 0.01 -0.012 0.01 -0.015 
S4 0.036 0.027 0.042 0.034 Piperazine 0.101 0.049 0.057 0.047 
S2 0.004 -0.002 -0.002 -0.011 Pyrimidyl 0.003 - - - 

C24 -0.030 -0.037 -0.030 -0.038 Pyridyl - 0.043 0.051 0.044 
N25 -0.455 -0.460 -0.455 -0.460 Methoxyphenyl - - - - 
N28 -0.491 -0.502 -0.503 -0.502 Chlorophenyl -0.224(C6) - -0.225(C6) - 
C6 -0.336 -0.319 -0.336 -0.330 - -0.195(C7) - -0.197(C7) - 
C7 -0.339 -0.340 -0.339 -0.344 - -0.203(C8) - -0.202(C8) - 
C8 -0.336 -0.340 -0.336 -0.325 Tolyl - -0.217(C6) - -0.209(C6) 

N35 -0.586 - - - - - -0.19(C7) - -0.183(C7) 
N36 - - - -0.574 - - -0.186(C8) - -0.178(C8) 
N39 -0.586 -0.574 -0.574 - - - - -  
O37 - - - - - - - -  

 

   
             

Fig. 3.15: DFT optimized structures for NBO analysis. 

4 
22 
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Table 3.25: Atomic and group optimized NBO charges at B3LY P/LANL2DZ level. 

Atom NBO charges Group Net NBO charges 
22 44 53 22 44 53 

Pt1 -0.193 -0.178 -0.177 DTC 0.112 0.041 0.04 
Cl3 -0.394 -0.416 -0.415 organophosphine 0.476 0.55 0.553 
P5 1.097 1.072 1.072 CS2 0.008 -0.068 -0.068 
S4 0.034 0.005 0.006 Piperazine 0.019 - -0.09 
S2 0.005 -0.044 -0.043 Methylpiperidine - 0.109 - 

C24 -0.031 -0.029 -0.031 Methyl - - 0.198 
N25 -0.455 -0.459 -0.459 Methoxyphenyl 0.085 - - 
N28 -0.515 - -0.552 Chlorophenyl -0.224(C6) - - 
C6 -0.336 -0.487 -0.487  -0.201(C7) - - 
C7 -0.337 -0.481 -0.486  -0.196(C8) - - 
C8 -0.339 -0.486 -0.481 Cyclohexyl - -0.184(C4) -0.164(C3) 

O37 -0.568 - -  - -0.174(C21) -0.182(C20) 
     - -0.164(C38) -0.173(C37) 
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3.4.3 Chemical Reactivity 

To estimate the stability and chemical reactivity of the selected complexes, DFT 

calculations have been performed to find out the energy of HOMO (EHOMO) and LUMO 

(ELUMO) orbitals using additional key “pop = full formcheck”. Later on, different 

properties related to the chemical reactivity of complexes like energy difference ΔE (ΔE 

= ELUMO-EHOMO), ionization energy (I.E), electron affinity (E.A), global hardness (ɳ), 

chemical potential (μ) and electrophilicity (ω) have been calculated using EHOMO and/or 

ELUMO values [21]. From the data summarized in Table 3.26, it has been revealed that ΔE 

varies from 3.9102 eV (44) to 2.7023 eV (3). Since larger ΔE corresponds to high 

stability and low reactivity, so the complex 40 has highest and complex 3 has lowest 

stability. However, ionization energy (I.E = -EHOMO) and electron affinity (E.A = -

ELUMO) values have indicated that complex 13 (I.E = 5.9965 eV, E.A = 2.2307 eV) has 

low reactivity and complex 3 (5.2869 eV) with lowest I.E and highest E.A (2.5845 eV) 

has greater reactivity. Chemical hardness is the “difference of LUMO – HOMO energies 

divided by 2” i.e. η = (ELUMO − EHOMO)/2. Complexes with higher η values (e.g. 1.9551 

eV in 44) are reflected as hard species (less reactive and more stable), while smaller 

values (e.g. 1.3511 eV in 3) are related to soft moieties (more reactive and less stable). 

Electronic chemical potential (μ) is defined as “negative of the electronegativity value” 

[22] or “half of the HOMO–LUMO combined energies” i.e. μ = (EHOMO + ELUMO)/2. The 

values of electronic chemical potential (μ) show the tendency of electrons to escape from 

the equilibrium state. Species with greater μ values (e.g. -4.1136 eV in 13) are more 

reactive than the species with smaller values (e.g. -3.4588 eV in 44). Electrophilicity 

index (ω) indicates the valuable change in energy when a chemical system becomes 

saturated by the addition of electrons. Mathematically ω = μ2/2η. High ω values represent 

greater electrophilic character while lower correspond to nucleophilic species. So, Table 

3.26 shows that complex 3 (ω = 5.7319 eV) may act as the strongest electrophile and 

complex 44 (ω = 3.0595ev) as the strongest nucleophile. 
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Table 3.26: Chemical reactivity on the basis of HOMO and LUMO energies. 

Compound 
No. 

ELUMO 
(ev) 

EHOMO 
(ev) 

ΔE = ELUMO - EHOMO 
(ev) 

I.E  
(ev) 

E.A  
(ev) 

ɳ  
(ev) 

μ  
(ev) 

ω 
(ev) 

3 -2.5845 -5.286 2.7023 5.2869 2.5845 1.3511 -3.9357 5.7319 
4 -2.2158 -5.9954 3.7796 5.9954 2.2158 1.8898 -4.1056 4.4597 
10 -1.8509 -5.6213 3.7704 5.6213 1.8509 1.8852 -3.7361 3.7021 
11 -1.7208 -5.5337 3.8128 5.5337 1.7208 1.9064 -3.6272 3.4507 
12 -1.8452 -5.6221 3.7767 5.6221 1.8452 1.8880 -3.7331 3.6901 
13 -2.2307 -5.9965 3.7657 5.9965 2.2307 1.8828 -4.1136 4.4937 
14 -1.7505 -5.5519 3.8014 5.5519 1.7505 1.9002 -3.6512 3.5078 
22 -2.272 -5.5805 3.3078 5.5805 2.2726 1.6539 -3.9266 4.6611 
31 -2.1140 -5.8942 3.7802 5.8942 2.1140 1.8901 -4.0041 4.2413 
37 -1.7333 -5.5353 3.8019 5.5353 1.7333 1.9009 -3.6343 3.4741 
44 -1.503 -5.4139 3.9102 5.4139 1.5037 1.9551 -3.4588 3.0595 
46 -1.7717 -5.5712 3.7995 5.5712 1.7717 1.8997 -3.6714 3.5477 
48 -1.6691 -5.4811 3.8120 5.4811 1.6691 1.9060 -3.5751 3.3530 
49 -2.1556 -5.9339 3.7783 5.9339 2.1556 1.8891 -4.0448 4.3301 
53 -1.5412 -5.4460 3.9048 5.4460 1.5412 1.9524 -3.4936 3.1258 
55 -1.8675 -5.6705 3.8030 5.6705 1.8675 1.9015 -3.7690 3.7353 
58 -2.2501 -5.9307 3.6806 5.9307 2.2501 1.8403 -4.0904 4.5458 
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3.5      Lipophilicity 

Since cellular accretion and subsequent efficacy of an anticancer drug is directly 

linked to its lipophilic nature, hence octanol-water partition coefficients (P), a 

quantitative measure of lipophilicity of the selected complexes (1, 2, 3, 4, 5, 6, 7, 8, 9, 12, 

14 and 22) has been calculated using shake-flask method. As larger (more positive) value 

of log P corresponds to a higher lipophilicity, that’s why complex 8 (2.2±0.02) has 

highest and complex 9 (-1.9±0.03) has lowest lipophilicity. However, in a series of 

complexes (1-9, having same DTC with varying organophosphines), lipophilicity 

decreases in the following order; 8 > 5 > 3 > 1 > 2 > 4 > 6 > 7 > 9 > cisplatin > 

oxaliplatin. 

This trend reveals that cyclohexyl group in organophosphine (8) imparts greater 

lipophilicity compared to phenyl group (1). However, the least value of log P for 9 can be 

attributed to its cationic nature (more hydrophobicity). Moreover, all the selected 

complexes have greater lipophilicity than that reported for cisplatin or oxaliplatin (Table 

3.27) indicating better cellular accumulation of these Pt(II) complexes [23]. 

 

Table 3.27: Lipophilicity of selected Pt(II) complexes. 

Compound No log P value 
1 0.70±0.03 
2 0.68±0.02 
3 1.04±0.04 
4 0.64±0.03 
5 1.08±0.01 
6 0.59±0.05 
7 0.43±0.04 
8 2.2±0.02 
9 -1.9±0.03 
12 1.04±0.02 
14 1.08±0.01 
22 0.77±0.02 

cisplatin -2.28±0.07 
oxaliplatin -2.34±0.05 
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3.6     Stability in Solution 

The stability of an anticancer drug in solution is the fundamental step for 

antitumor potential. Since cytotoxicity and DNA binding studies of the synthesized 

complexes were performed in DMSO and ethanol, respectively, that’s why their stability 

was tested in DMSO (30% V/V), ethanol and also in saline solution (an aqueous solution 

of 0.9% NaCl, almost similar to physiological conditions). However, owning to their non-

aqueous nature (except cationic complexes), they were first solubilized in minimum 

volume of ethanol and then mixed with saline solution to the extent till no precipitations 

were observed. No change in the absorption spectra of these complexes with increasing 

time intervals (0, 24 and 48 h) revealed stable nature of complexes in the given solutions. 

The electronic absorption spectra of the selected complexes have been shown in Fig. 

3.16-3.17. 

3.7     Anticancer activity  

All the synthesized Pt(II) complexes have been screened for in vitro cytotoxic 

potential against three cancer cell lines such as MCF-7 (human breast adenocarcinoma), 

LU (human lung carcinoma), Hepa-1c1c7 (mouse liver hepatoma) using MTT 

(Tetrazolium [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. 

Cisplatin was used as a standard drug against the given cell lines. Activity of all these 

screened complexes is demonstrated in terms of IC50 values (the concentration of the 

drug required to inhibit cancer cells growth by 50%). 

The stable nature of the Pt-P (with multiple bond character due to back bonding) 

and Pt-S (due to π-acceptance and chelation) bond suggests that these ligands remain 

intact and enable safe delivery of the drug towards the target DNA, owing to their 

hydrophobic nature. However, labile nature of the Cl- ligand has been confirmed by DFT 

calculations (Table 3.24 and 3.25). On the basis of results obtained from drug-DNA 

interaction (UV-Visible spectroscopy and viscosity measurements) and from the relevant 

literature [24, 25], it is proposed that these complexes lose their labile chloride ligand 

inside the cells {due to low Cl- concentration (4-10 mM) inside the cell as compared to 

outside (100 mM)} to generate active monocationic species that ultimately bind with 
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Fig. 3.16: Absorption spectra of 4 and 12 (50 μM) showing stability in DMSO (left), ethanol (middle) and saline (right) 

solutions at 0, 24 and 48 h. 
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Fig. 3.17: Absorption spectra of 14 and 22 (50 μM) showing stability in DMSO (left), ethanol (middle) and saline (right) 

solutions at 0, 24 and 48 h. 
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target DNA. From the data summarized in Table 3.28, it has been revealed that 

complexes (1, 2, 6, 9) from L1 series have better activities than the standard cisplatin 

against all three cell lines (MCF-7, LU, 1c1c7). The high potency of these complexes 

may be attributed to pyrimidyl group of DTC ligand (which potentially develops 

hydrogen bonding interactions) and aromatic phenyl groups of organophosphine ligand, 

which can develop π⋯π stacking interactions. However, among these cationic complex 9 

having bidentate 1,4-bis(diphenylphoshino)butane moiety is the most potent candidate, 

presumably due to the presence of positive charge that can interact with negative charges 

of DNA, without kinetic rate limitations for removal of Cl- ligand; a prerequisite for 

remaining neutral complexes. This proposition was further supported by higher activity 

of all other cationic complexes (18, 27, 36, 45, 54, and 63) than their corresponding 

neutral complexes.  

Moreover, among the rest of neutral MPCs, 10, 11, 13, 14 from L2 series, 19-22, 

26 from L3 series and 55-60, 62 from L7 series have shown better activities than 

cisplatin. This may be due to the presence of pyridyl (L2), methoxyphenyl (L3) and 

fluorophenyl (L7) moieties and/or due to organophosphine that can form hydrogen bond 

and π⋯π interactions, respectively. However, complexes from L5 and L6 series have 

been found less active than cisplatin except 38-40 (L5 series) and 47, 49, 52 (L6 series). 

This may be due to the involvement of substituents present on organophosphine with the 

target DNA. Furthermore, complex 30 and 31 from L4 series have also shown better 

cytotoxic potential than the standard drug may be due to π⋯π interactions or weak 

hydrogen bonding, respectively. 

NF-κB (Nuclear factor kappa-light chain enhancer of activated B cells) comprise 

of five types of transcription factors which formulate different types of proteins that bind 

with genes responsible for cell regulating processes. Various types of cancers in human 

beings comprise of NF-κB activity, which play a seminal role in cancer cells 

proliferation, angiogenesis, metastasis and responsible for suppression of apoptosis [26]. 

Thus, suppression of NF-κB activity inside cancer cells subside cellular proliferation. As 

suppression of NF-κB is linked with initiation of apoptosis followed by cells death, hence 

synthesized complexes were also tested against NF-κB. The activity against NF-κB 

(Table 3.28) suggests that the apoptotic pathway is followed.  
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Table 3.28:  IC50(μM) values of heteroleptic Pt(II) complexes against MCF-7, LU, 

1c1c7 and  NFkB. 

Compound MCF-7 LU 1c1c7 NFkB 
1 0.80±0.2 1.5±0.8 2.9±0.5 0.41±0.23 
2 0.31±0.12 2.10±1.2 8.3±2.7 3.7±1.2 
3 5.6±1.1 7.4±2.5 18.9±4.9 4.3±2.0 
4 5.2±1.3 5.3±2.2 23.6±8.1 *Ce 
5 7.80±2.3 6.2±1.6 9.3±0.43 0.86±0.52 
6 1.20±0.1 2.1±0.2 5.1±0.2 0.32±0.21 
7 8.3±1.5 5.6±0.2 10.4±2.1 7.8±1.1 
8 4.5±0.6 6.5±0.7 8.2±1.6 *Ce 
9 0.27±0.2 1.2±0.25 2.7±0.13 0.11±0.07 
10 0.32±0.1 4.2±0.24 5.6±0.71 0.7±0.13 
11 1.40±0.18 3.60±1.52 3.0±0.56 5.40±1.02 
12 0.62±0.11 7.2±2.82 8.86±1.43 11.6±2.0 
13 0.48±2.1 2.5±1.2 6.8±2.2 5.5±1.1 
14 1.40±0.3 3.2±0.57 0.86±0.19 *Ce 
15 1.3±0.46 12.2±1.72 2.9±0.16 10.7±1.27 
16 5.6±1.7 3.1±0.19 0.83±0.29 6.3±0.34 
17 0.30±0.13 10.1±0.78 22.1±5.17 *Ce 
18 0.27±0.01 1.8±0.33 0.3±0.15 1.2±0.23 
19 1.4±.18 3.9±1.1 13.4±3.5 2.8±0.23 
20 1.91±0.21 4.2±0.66 8.9±0.2 5.4±1.35 
21 1.2±0.24 3.1±0.42 11.2±2.3 6.6±1.57 
22 0.97±0.3 1.8±0.10 5.2±1.2 0.48±0.13 
23 1.6±0.8 3.6±0.52 15.5±3.12 3.7±0.72 
24 0.95±0.15 6.2±1.4 8.9±1.3 8.2±1.9 
25 5.10±2.3 9.8±1.3 1.9±0.24 10.2±3.2 
26 0.58±0.4 3.3±0.1 4.4±0.32 12.8±2.7 
27 0.18±0.13 1.8±0.6 3.6±0.16 3.8±1.15 
28 3.10±1.2 21.2±5.1 12.3±2.2 4.7±1.14 
29 1.8±0.8 8.2±1.7 13.2±2.1 0.81±0.13 
30 0.7±0.13 4.7±0.28 9.5±1.4 2.9±0.26 
31 1.3±0.29 4.1±0.15 11.3±1.1 4.9±1.03 
32 2.2±0.64 13.8±1.23 7.8±0.28 14.4±2.4 
33 3.9±1.7 15.4±2.3 26.3±5.3 17.3±3.17 
34 4.5±1.15 13.3±1.1 2.5±0.61 10.7±1.42 
35 2.2±0.7 6.2±0.39 13.1±1.27 1.3±0.23 
36 0.31±0.03 3.8±0.79 4.2±1.01 0.51±0.19 

cisplatin 1.5±0.13 4.8±0.40 18.3±4.5 - 
*Ce = Cytotoxic effect, MCF-7 = human breast adenocarcinoma, LU = human lung 

carcinoma, Hepa-1c1c7 = mouse liver hepatoma and NF-κB = Nuclear factor kappa-light 

chain enhancer of activated B cells. 
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Table 3.29:  IC50 (μM) values of heteroleptic Pt(II) complexes against MCF-7, LU, 

1c1c7 and  NFkB. 

Compound MCF-7 LU 1c1c7 NFkB 
37 0.80±0.25 5.9±1.12 3.9±0.45 6.1±0.64 
38 1.80±2.3 0.89±0.33 15.6±3.5 *Ce 
39 0.81±0.18 2.6±0.15 6.2±1.1 1.9±0.23 
40 0.22±0.15 3.5±0.41 10.3±1.3 3.5±0.84 
41 5.6±1.6 7.1±1.02 - 4.2±0.51 
42 13.3±1.3 2.8±0.18 13.5±2.1 8.8±1.30 
43 5.27±1.24 9.4±2.3 8.2±1.4 2.1±0.61 
44 13.90±0.9 1.9±0.31 7.2±0.57 1.7±0.37 
45 0.13±0.07 0.33±0.19 6.1±0.42 0.67±0.14 
46 0.70±0.4 5.2±0.11 16.8±3.2 *Ce 
47 0.90±0.5 4.0±0.52 10.2±2.1 *Ce 
48 3.8±1.0 8.1±1.7 14±4.5 6.6±1.1 
49 0.81±0.33 3.8±0.65 1.5±0.51 *Ce 
50 8.20±3.1 2.1±0.43 12.8±1.6 3.8±0.67 
51 0.63±0.17 8.4±1.70 22.6±6.0 6.3±1.97 
52 1.4±0.45 2.3±0.59 18.1±3.3 14.3±3.4 
53 2.80±1.16 4.2±0.91 8.9±1.4 2.9±0.36 
54 0.11±0.36 1.2±0.45 8.3±5.2 2.7±0.16 
55 1.3±0.34 4.6±0.24 5.17±1.21 5.5±1.2 
56 0.4±0.12 4.4±1.2 7.6±1.40 7.8±1.31 
57 0.97±0.61 3.3±0.89 18.1±3.1 5.1±0.58 
58 0.45±0.32 2.8±0.73 4.2±0.57 2.8±0.33 
59 0.63±0.14 3.4±0.27 13.5±3.03 6.7±0.79 
60 0.8±0.16 2.8±0.31 16.1±2.85 3.3±0.38 
61 4.7±0.8 7.2±1.5 23.3±4.42 8.4±1.28 
62 1.42±0.65 3.3±0.41 4.6±0.64 *Ce 
63 0.33±0.25 1.15±0.13 4.1±0.72 *Ce 

cisplatin 1.5±0.13 4.8±0.40 18.3±4.5 - 
*Ce = Cytotoxic effect, MCF-7 = human breast adenocarcinoma, LU = human 

lung carcinoma, Hepa-1c1c7 = mouse liver hepatoma and NF-κB = Nuclear factor kappa-

light chain enhancer of activated B cells. 
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Fig. 3.18:  IC50 values of complexes 1-9 against MCF-7, LU, IcIc7 cell lines and 
NFκB 

   

   

Fig. 3.19:  IC50 values of complexes 10-18 against MCF-7, LU, IcIc7 cell lines and 

NFκB 
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Fig. 3.20:  IC50 values of complexes 19-27 against MCF-7, LU, IcIc7 cell lines and 
NFκB 

   

   

Fig. 3.21:  IC50 values of complexes 28-36 against MCF-7, LU, IcIc7 cell lines and 
NFκB 
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Fig. 3.22:  IC50 values of complexes 37-45 against MCF-7, LU, IcIc7 cell lines and 
NFκB 

   

   

Fig. 3.23:  IC50 values of complexes 46-54 against MCF-7, LU, IcIc7 cell lines and 
NFκB 
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Fig. 3.24:  IC50 values of complexes 55-63 against MCF-7, LU, IcIc7 cell lines and 
NFκB 

3.8 Drug-DNA interactions  

UV-Visible spectroscopy is one of the most convenient techniques used to 

calculate binding and thermodynamic parameters of drug-DNA interaction. Long and 

Barton [27] had pointed out that the absorption peak’s shift of small molecules after they 

interacted with DNA can be exploited to assess the binding mode. If the binding involves 

a typical intercalative mode, a hypochromism effect coupled with obvious 

bathochromism for the characteristic peaks of the small molecules is observed due to the 

strong stacking between the chromophore and the base pairs of DNA [28]. In 

intercalation, the π* orbital of the intercalated ligand could couple with π orbital of base 

pairs, thus decreasing the π–π* energy gap resulting in bathochromism. On the other 

hand, the coupling of a π orbital with partially filled electrons decreases the transition 

probabilities in hypochromic shift. In nutshell, hypochromism is due to π–π* stacking 

interactions may appear in the case of intercalative binding mode while bathochromism 

(red shift) may be observed when DNA duplex is stabilized. However, electrostatic mode 
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of interaction is usually accompanied by hyperchromism with no appreciable shift in λmax 

[28]. 

In the first experiment, DNA interaction of the selected complexes (4, 10, 11, 12, 

13, 14, 22, 27, 30, 42, 49 and 56) was studied at room (300 K) and body temperatures 

(310 K), using fixed concentration of complexes and varying concentration of DNA, 

keeping total volume up to 3 mL. Electronic absorption spectra of the selected complexes 

4, 12, 14 and 22 have been shown in Fig. 3.25. The variations in peak intensity were used 

to calculate the binding constant Kb that is a measure of DNA deformation due to 

formation of the complex-DNA adduct. The lowest intensity peak in the electronic 

absorption spectrum corresponds to free complex that is assignable to intra-ligand π-π* 

transitions, and upon stepwise addition of DNA solution of increasing concentrations, an 

incremental increase in the intensity or hyperchromism was observed. This hyperchromic 

effect can be attributed to distortion around metal center accompanied by enhancement in 

the intra-ligand π-π* electronic transitions, a signature of electrostatic mode of 

interactions. It has also been well established that this kind of interaction is feasible only 

if labile ligand like chloride is present in the structure of platinum complex [29, 30]. 

Furthermore, hyperchromism may also signify the modifications (unwinding/opening) in 

the DNA double helical structure [31]. To further elaborate the binding strengths of 

complex-DNA adducts, binding affinity has been evaluated from Benesi-Hildebrand 

equation [32]. 

𝐴𝑜
𝐴 − 𝐴𝑜

=
Ɛ𝐺

Ɛ𝐻−𝐺 − Ɛ𝐺
+

Ɛ𝐺
Ɛ𝐻−𝐺 − Ɛ𝐺

×
1

𝐾𝑏[𝐷𝑁𝐴]
       (𝟏) 

Where Kb is the binding constant, Ao and A are the absorptions of free complex and 

complex-DNA adduct, while ƐG and ƐH-G are the molar extinction coefficients of the 

complex and its DNA adducts. The binding constant Kb was calculated from the intercept 

to slope ratios of the graph of A°/(A-A°) vs. 1/[DNA]. Initially, binding constants of 

ligands and complexes were calculated. However, the binding constants of ligands were 

smaller than the synthesized complexes and therefore, they were not further proceeded. 

The binding constants of the complexes were found between 5.39x105 M-1(27) to 

4.86x103 M-1 (42) at 300 K and 8.87x104 M-1 (27) to 1.75x102 M-1 (42) at 310 K, 
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respectively (Table 3.30). However, graphs of binding constants of selected complexes 

have been shown in Fig.3.26.  Moreover, the molar Gibb’s free energy of binding (ΔGo
b) 

was calculated using equation ΔGo
b = -RT ln Kb, where R is the general gas constant 

(8.314 J K-1mol-1) and T is temperature in Kelvin (300 K and 310 K). The values of 

molar Gibb’s free energy of binding were observed between -34.01 kJmol-1 (27) to -21.87 

kJmol-1 (42) at 300 K and -29.36 kJmol-1 (27) to -13.31 kJmol-1 (42) at 310 K 

respectively, showing spontaneity of the complex-DNA adduct formation. To evaluate 

other binding parameters, ΔA (change in absorbance) has been determined by subtracting 

the absorbance of metal-DNA solution from that of DNA solution itself. The maximum 

change in absorbance (ΔAmax) when all the binding sites on DNA are saturated by 

complex has been determined by plotting graph of reciprocal of ΔA against reciprocal of 

various concentrations of DNA (selected complexes have shown in Fig.3.27) and 

calculated values of ΔAmax [0.901 (11)-0.163 (30) at 300 K and 1.137 (11)-0.177 (4) at 

310 K] are given in (Table 3.30). These values of ΔAmax were then used to calculate the 

concentration of complex bound to DNA in subsequent experiment.  

A fixed DNA concentration was titrated against varying concentrations of the 

complexes (Fig. 3.28) to quantify the complex concentration bind to DNA, [L]b, using 

equation [L]b = ΔA [L] t / ΔAmax [33], Where [L]t is the total concentration of complex 

added. The calculated values of [L]b were then used to determine [L]f (the concentration 

of unbound complex) and ύ (complex concentration bind to DNA / total concentration of 

DNA) using equations [L]f = [L]t - [L]b and ύ = [L]b / [DNA]t. The data thus obtained was 

then used to construct the Scatchard plots at 300 K and 310 K by plotting ύ / [L]f vs. ύ 

[34] (selected complexes have shown in Fig. 3.29), in order to check whether the binding 

is cooperative in nature or otherwise. The type of binding can be recognized from the 

nature of graph, i.e.; linear graph indicates non-cooperative, concave upward curve anti-

cooperative and concave downward curve cooperative binding. Another Kolt’s plot 

(selected complexes have shown in Fig. 3.30) has been constructed by plotting ύ vs. 

ln[L]f at 300 K and 310 K for each complex. In all complexes a sigmoidal curve is 

obtained, showing positive cooperative binding. Another binding parameter ‘n’ (Hill 

coefficient) was calculate from slope of the Hill plot that can be obtained by plotting ln ύ 

/1- ύ vs. ln [L]f [35] (selected complexes have shown in Fig.3.31). The value of n can be 
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used to distinguish cooperative (n > 1), non-cooperative (n= 1) and anti-cooperative (n < 

1) bindings from each other. The value of n > 1 was obtained for all the selected 

complexes [7.8 (12) to 1.7 (11) at 300 K and 6.7 (4) to 1.4 (11) at 310 K], which signifies 

their cooperative binding with CT-DNA, indicating binding at one site enhances the 

chances of binding affinity at other sites of DNA helix. After that, by putting the values 

of K, n, ύ and [L]f in the Hill equation, another binding parameter ‘g’ (the number of 

binding sites per 1000 nucleotides) has been calculated (Table 3.30) using equation ύ = 

g{K[L]f}n/ {1+(K[L]f)n}. After that thermodynamic parameters (ΔGo
b, ΔHo

b, ΔSo
b) of 

complex-DNA adduct formation have been calculated at 300 K and 310 K, using 

following equations ΔGo
b = -RT ln K, Ln KT1/KT2 = - ΔHo

b / R (1/T2 - 1/T1) and ΔGo
b = 

ΔHo
b - TΔSo

b. The positive values of ΔSo
b (molar entropy of binding) show that entropy 

increases upon formation of complex-DNA adduct most probably due to deformations in 

DNA double helix. 

3.8.1 DNA-denaturation and thermodynamic parameters  

To evaluate various thermodynamic parameters of DNA-denaturation caused by 

complexes, another experiment has been performed in which incremental increase in the 

concentration of complex was added to both sample (containing constant DNA 

concentration) and reference cells (without DNA) at 300K and 310K temperatures (Fig. 

3.32).  The concentration of complex at the midpoint of transition [L]1/2 was calculated 

from the graph of absorbance vs. complex concentration (Fig. 3.33). An increase in 

complex concentration decreases DNA absorbance, which means DNA stability 

decreases or denaturation increases at high complex concentration due to complex-DNA 

adduct formation. However, low value of [L]1/2 designates a reasonable binding affinity 

of complexes to DNA even at low concentration, thus they may be required in low dose 

reducing ultimately the dose dependent damaging side effects. 

The values of unfolding equilibrium constant (K) have been calculated by using 

plot of DNA denaturation and Pace method [36]. However, Pace proposed two states 

mechanism (natured and denatured DNA) using equation K = (AN - Aobs) / (Aobs - AD). 

Where AN, is the absorption of natured DNA, AD is the absorption of denatured DNA 

and Aobs is the absorption in the transition portion of the graph (Fig. 3.33). The values of 
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unfolding free energy (ΔGo) of CT-DNA have been calculated by the equation ΔGo = -

RT ln K. Interestingly, unfolding free energy (ΔGo) of CT-DNA decrease with an 

increase in complex concentration due to reduction in the stability  of DNA, as greater 

amount of complex binds to DNA [37]. A graph of ΔGo vs. complex concentration in the 

transition region, [L]t, has been plotted at 300 K and 310 K for each complex separately, 

resulting in a straight line (Fig. 3.34). 

These straight lines can be interpreted using the following equation ΔGo = ΔGo
s – m[L]t 

[38], Where ΔGo
s, obtained from the intercept, is the conformational stability of DNA 

duplex in the absence of complex and ‘m’ (slope) is a measure of ability of complex to 

denature DNA duplex. The values of ‘m’ were observed [0.738 (27) to 0.189 (11) at 300 

K and 0.523 (27) to 0.156 (14) at 310 K] to be higher than the reported platinum 

complexes, indicating their greater interaction ability with DNA [39, 40]. The molar 

enthalpy of DNA denaturation in the presence of metal complex (ΔHo
denaturation) has been 

calculated using Gibbs-Helmholts equation: ΔHo = {ΔGo
T1 / T1 - ΔGo

T2 / T2}/ [1 / T1 – 1 

/ T2] [41]. The values of ΔHo thus obtained were plotted against complex concentrations 

that resulted in a straight line (Fig. 3.35). The intercept of the graph (on ordinate mean in 

the absence of metal complex) gives (ΔHo
s) molar enthalpy of CT-DNA denaturation in 

the absence of complex (Table 3.30). Entropy of DNA denaturation by the metal 

complex (ΔSo) has been calculated using equation ΔGo = ΔHo - T ΔSo. The positive ΔSo 

values [3.82×10-1(12) to 2.52×10-3 (42) at 300 K and 3.80×10-1 (12) to 3.01×10-3 (42) at 

310 K] indicate that complex-DNA adduct is more disordered than the CT-DNA [8].
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Table 3.30: Binding and thermodynamic parameters of complex-DNA adduct. 

Complex 
 

T 
(K) 

∆Amax 
 

Kb (M-1) 
(a=102, b=103 
c=104, d=105) 

n g ∆Gb 
(kJ/ mol) 

∆Hb 

(kJ) 
∆Sb 

(kJ/K) m ∆Ho
s 

(kJ) 
∆Go

s 

(kJ/mol) 

∆So
s 

(kJ/K) 
(a=10-1, b=10-2, c=10-3) 

4 
300 
310 

0.313 
0.177 

7.42b 

7.80b 
6.1 
6.7 

4.52 
4.27 

-27.9 
-29.0 

3.13 
0.042 
0.043 

0.202 
0.192 

8.31 
10.09 
8.45 

6.0b 
5.01b 

10 
300 
310 

0.325 
0.551 

2.45c 
6.34b 

3.1 
2.8 

8.68 
5.92 

-26.05 
-22.56 

0.843 
0.089 
0.075 

0.371 
0.418 

4.18 
3.21 
2.95 

3.23c 
3.96c 

11 
300 
310 

0.901 
1.137 

6.13 c 
2.43 c 

1.7 
1.4 

1.58 
1.75 

-28.41 
-26.03 

0.574 
0.096 
0.085 

0.189 
0.163 

10.15 
5.83 
5.91 

1.44b 
1.36b 

12 
300 
310 

0.18 
0.62 

1.51c 
2.53b 

7.8 
2.8 

2.01 
2.00 

-24.0 
-20.2 

1.11 
1.19 
1.17 

0.222 
0.294 

-0.122 
8.65 
11.9 

3.82a 
3.80a 

13 
300 
310 

5.50 
0.336 

7.32 c 
1.14 c 

2.5 
3.7 

1.53 
3.31 

-28.87 
-24.07 

1.15 
0.10 
0.08 

0.412 
0.328 

8.43 
6.22 
5.81 

7.31c 
8.40c 

14 
300 
310 

0.30 
0.71 

1.54c 

1.02c 
4.9 
2.3 

3.10 
3.04 

-24.1 
-23.8 

2.50 
0.08 
0.07 

0.255 
0.156 

-0.131 
5.48 
5.50 

2.67a 
2.59a 

22 
300 
310 

0.432 
0.651 

1.01c 
1.00c 

2.9 
3.1 

4.08 
5.99 

-24.0 
-20.2 

9.2 
0.086 
0.085 

0.28 
0.18 

60.85 
9.07 
7.34 

1.72a 
1.72a 

27 
300 
310 

0.183 
0.269 

5.39d 
8.87c 

4.8 
1.9 

2.72 
1.75 

-34.01 
-29.36 

1.12 
0.117 
0.098 

0.738 
0.523 

15.87 
14.81 
11.98 

3.50c 
1.25b 

30 
300 
310 

0.163 
0.827 

7.21c 
1.89b 

4.2 
3.9 

2.78 
1.94 

-28.83 
-19.45 

2.26 
0.103 
0.070 

0.627 
0.392 

9.73 
8.92 
6.26 

2.71c 
1.11b 

42 
300 
310 

0.745 
0.426 

4.86b 
1.75a 

2.1 
2.6 

1.69 
2.57 

-21.87 
-13.31 

2.07 
0.079 
0.049 

0.421 
0.368 

4.42 
3.65 
3.49 

2.52c 
3.01c 

49 
300 
310 

0.617 
0.924 

7.55c 
9.42a 

3.4 
3.1 

1.31 
2.49 

-28.95 
-17.64 

2.73 
0.105 
0.065 

0.387 
0.276 

7.45 
4.32 
3.18 

1.04b 
1.37b 

56 
300 
310 

0.372 
0.512 

3.87d 
6.65c 

2.3 
5.1 

2.18 
1.17 

-33.16 
-28.62 

1.09 
0.114 
0.095 

0.616 
0.437 

13.21 
10.52 
9.78 

8.96c 
1.10b 
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Fig. 3.25: Absorption spectra of fixed concentration of complex 4, 12, 14 and 22 with 

varying DNA concentration at 300K (left) and 310K (right). 

   

    

Fig. 3.26: Graph of binding constant Kb for 4, 12, 14 and 22. 
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Fig. 3.27: Graph of ΔAmax for 4, 12, 14 and 22. 
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Fig. 3.28: Absorption spectra of fixed DNA concentration with varying complex 

concentrations of 4, 12, 14 and 22 at 300K (left) and 310K (right).  
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Fig. 3.29: Scatchard plot for complexes 4, 12, 14 and 22. 
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Fig. 3.30: Kolt plot for complexes 4, 12, 14 and 22. 
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Fig. 3.31: Hill’s plot of complexes 4, 12, 14 and 22. 

 



148 
 

 

 

 

Fig. 3.32: Absorption spectra of (DNA denaturation studies) complex 4, 12, 14 and 

22 of at 300K (left) and 310K (right). 

 

 



149 
 

 

 

 

   

    

Fig. 3.33: Graph of DNA denaturation studies of complex 4, 12, 14 and 22 at 300K 

and 310K. 
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Fig. 3.34: Graph of ΔGº vs. complex concentrations [L]t in the transition region for 

4, 12, 14 and 22. 
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Fig. 3.35: Graph of ΔHo vs. complex concentrations [L]t in the transition region for 

complex 4, 12, 14 and 22. 

3.9   Viscosity Measurements 

Viscometry is a highly sensitive technique to detect minute variations in DNA 

lengthening and is one of the more precise methods to evaluate the binding modes in 

complex-DNA adducts [42]. Therefore, we decided to undertake viscosity measurements 

in an effort to establish whether the mechanism of interaction of the two complexes with 

DNA was via an intercalative or a non-intercalative mode. The relative viscosity of DNA 

increases upon interaction with increasing amounts of ligand suggesting an intercalation 

mode of interaction due to lengthening of the DNA duplex [43]. Contrary to this, the 

relative viscosity of DNA decreases upon interaction with increasing amounts of the 

complexes suggesting a non-intercalation mode of interaction owing to a decrease in the 
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effective length of the DNA duplex [44, 45]. Moreover, since the lowering of the relative 

viscosity of the complex-DNA adducts varies differently than does that of the ligands, 

this means that the interaction of the complexes with DNA is not ligand based.  Instead, it 

can be attributed chiefly to strong interactions between the Pt(II) center and CT-DNA. It 

has also been recognized that the decrease in relative viscosity of the DNA is due to a 

non-intercalative (electrostatic/covalent) interaction with the complex-DNA adducts [46], 

thereby showing the electrostatic/covalent binding of both complexes (Fig. 3.36). These 

results are also in agreement with the DNA binding that was established using UV-visible 

spectroscopy and demonstrate that both complexes interact with DNA via a non-

intercalative (electrostatic) mode of interaction through the Pt(II) center and not through 

the coordinated ligands. 

    

Fig. 3.36:  Effect of increasing concentrations of complexes on the relative viscosity 

of CT-DNA at 25 oC, where [DNA] = 100 μM and r = [complex]/[DNA] 

and PCP = tris(p-chlorophenyl)phosphine, TOP = tris(o-tolyl)phosphine, 

TPP = tris(p-tolyl)phosphine. 
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CONCLUSION 

In this work, new heteroleptic (neutral and cationic) platinum(II) complexes 

mediated by substituted piperazine/piperidine based dithiocarbamates, tertiary phosphine 

and a labile Cl- ligand have been synthesized and characterized by various analytical 

techniques. The percentage of C, H, N and S obtained from elemental analysis were in 

good agreement with corresponding theoretical values indicating purity of complexes. In 

FT-IR spectra of complexes, the shifting of ν(N-CS2) stretching frequency toward higher 

value (1509-1552 cm-1) than that of ligands (1404-1434 cm-1), existence of Pt-Cl (265-

316 cm-1) and appearance of Pt-S (353-405 cm-1) and Pt-P (218-244 cm-1) stretches 

indicated the coordination of dithiocarbamate (by substitution of a single chloride from 

PtCl2) and organophosphine to the platinum centre. However, the existence of two ν(C-S) 

bands (due to asymmetry in CS2 bond order) in ligands (906-1005 cm-1) and appearance 

of a single ν(C-S) frequency (1003-1030 cm-1) in complexes indicated bidentate mode of 

attachment of DTCs. In 13C-NMR, an upfield shift of CS2 carbon (197.7-206.9 ppm) in 

complexes than the free ligand (204.9-210.6 ppm) has confirmed the coordination of 

dithiocarbamate moiety with platinum centre. This upfield shift is due to shielding of 1, 

1-dithioate carbon resulting from mobilization of N-lone pair in resonance with CS2 upon 

complexation of DTC. Furthermore, the downfield shift of 31P signal in 31P-NMR, as a 

singlet (6.36-21.35 ppm) in coordinated form compared to their free form has established 

the attachment of the organophosphine ligand to the Pt(II)  centre. X-ray signal crystal 

analyses have confirmed the anisobidentate nature of dithiocarbamate ligands with Pt-S 

long (2.360-2.370Å) and Pt-S short (2.289-2.293 Å) bonds resulting in slightly distorted 

square planar geometry. Crystal structures also revealed that these complexes exhibit 

phenanthriplatin type axial protection albeit from both sides of the Pt-plane. The 

molecules are self-assembled in solid state via non-covalent interactions to form 

fascinating superamolecular architectures. These architectures depend upon various 

dihedral angles adopted by structurally flexible dithiocarbamate ligand and influenced by 

electronic and steric effects of the substituents present on piperazine moiety. From DFT 

analysis, the presence of negative charge on Pt and chloride ligand has confirmed the 

labile nature of ligand that is prerequisite condition for the generation of cationic species 
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which ultimately and irreversibly binds with the target DNA. The promising stability of 

complexes in different solvents and in saline solution has pointed out toward their 

suitability as anticancer agents. Higher values of lipophilicity of these complexes than the 

cisplatin and oxaliplatin indicated their more ease of cellular uptake, which signifies their 

promising nature as anticancer agents. In vitro antitumor screening against three cancer 

cell lines revealed that cationic complexes (9, 18, 27, 36, 45, 54, 63) bearing bidentate 

1,4-bis(diphenylphoshino)butane have highest antitumor activity compared to the rest of 

neutral complexes presumably due to the presence of positive charge that can strongly 

interact with negative charges of DNA without the rate limitations for removal of Cl- 

ligand, a prerequisite condition for rest of the neutral complexes. Moreover, complexes 

containing uncoordinated atoms/groups {fluoro group (55-60, 62), N-in ring (1, 2, 6, 10, 

11, 13, 14), O-in methoxy (19-22, 26)} have also better activities than cisplatin may be 

due to strong hydrogen bond formation capability with nitrogenous bases of the DNA. 

However, complexes lacking aromatic or uncoordinated electronegative atoms on 

piperazine/piperidine substituents (37, 41-44, 46, 48, 50, 51, 53) have low antitumor 

potency than the standard drug. Additionally, activity against NFκB signifies death of 

cancer cells by apoptotic pathway. Subsequent DNA binding and denaturing studies have 

revealed non-intercalating binding mode and cooperative binding with CT-DNA. The 

negative values of ΔGb designated spontaneity of complex-DNA adduct formation. The 

greater entropy of complex-DNA adducts (positive value of ΔSb) than the free DNA 

signified their potential to deform DNA double helical structure. However, viscosity 

measurements have demonstrated non-intercalating (electrostatic/covalent) binding mode 

of complexes with DNA. 
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