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Abstract 

In spite the wide spread of treatment for cancer, patients still suffer from serious side effects. 

Platinum(II) complexes such as Cisplatin, Oxaliplatin and Carboplatin are used to treat several 

types of cancer but due to general toxicity and intrinsic/acquired chemo-resistance their therapeutic 

application is restricted. On the other hand, Platinum(IV) prodrugs with two additional axial 

ligands, are more stable inert form of Pt(II) compound with less side effects and have the ability to 

deliver Pt(II) to cancer cell by introducing targeted or lipophilic ligand to the axial position. Few 

platinum(IV) complexes have advanced to clinical trials, therefore, several mechanisms such as 

fluorescent imaging and others have been used to understand Pt(IV) mechanism of action 

intracellularly by the conjugation of lipophilic fluorophore to the axial ligand of platinum 

compounds. In this project a series of fluorescent labeled platinum(IV) prodrugs were synthesized 

and characterized. Platinum(IV) complexes was conjugated to high lipophilic fluorescent long 

chain carboxylate ligands at the axial hydroxide ligand via a cleavable ester linkage to produce a 

fluorescent labelled platinum(IV) prodrugs. Fluorescent lipophilic amino acid derivatives and 

platinum(IV) prodrugs were characterized by melting point, fourier transform infrared 

spectroscopy, proton and carbon nuclear magnetic resonance spectroscopy, Ultra-performance 

liquid chromatography, electrospray ionization mass spectrometry (ESI-MS) analytical 

techniques. Stability study for fluorescent platinum(IV) prodrugs were investigated using Ultra-

performance liquid chromatography (UPLC) at constant temperature (37°C) using 7.4 pH buffer 

to resemble pH of blood.  
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aminopropyl-1-sulfone, Dansen (40). K2PtCl4 was then reacted with (40) 

to give dichloro((2-(3-dansyl)propylamino)ethylamine)platinuxn(II), 

(Pt(dansen)Cl2) (41). 
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Scheme 1.10 Synthesis of di-2-pyridylmethane (dpm) ligands; N-(Di-2-

pyridylmethyl)tosylamide (Ts-dpm) (43), N-(Di-2-

pyridylmethyl)dansylamide (Ds-dpm) (44) and N-(Di-2-pyridylmethyl)-

7-nitro-2,1,3-benzoxadiazole-4-amine (NBD-dpm) (45) from reacting 

di-2-pyridylmethanamine (42) with sulfonyl or aryl chlorides and 

carbonate salt. Then the ligands were reacted with cis-[Pt(DMSO)2Cl2] 

to get platinum(II) three complexes Pt(Ts-dmp)Cl2 (46), Pt(Ds-dmp)Cl2 

(47), Pt(NBD-dmp)Cl2 (48) . 
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Scheme 1.11 Synthetic route of: a) [Pt(edBz)Cl2] (53), and [Pt(edDs)Cl2] (54) by 

activation of [Pt(edma)Cl2] (52) with CDI and conjugation with both 

benzyl amine and dansylethylenediamine and b) their oxidation with 
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iodobenzene dichloride to give [Pt(edBz)Cl4] (55), and [Pt(edDs)Cl4] 

(56). 

Scheme 1.12 Synthesis of platinum(IV) complexes conjugated to fluorescein NHS 

ester (57) and fluorescein isothiocyanate (FITC) (58) by reacting 

platinum(IV) complex with N-Boc aminopropanoic acid anhydride and 

trifluoroacetic acid (TFA). 
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Scheme 1.13 Synthesis of cisplatin-based Pt(IV) prodrug (60) with a lipophilic 

hydrocarbon tail and anionic dansyl head group by conjugating [5-((2-

aminoethyl)amino)naphthalene-1-sulfonic acid] (EDANS) with 

amphiphilic platinum(IV) prodrug (C16Pt) (59) by using HATU-

catalysed amide bond formation reaction. 
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Scheme 1.14 Synthesis of a) carpoplatin based platinum (IV) prodrugs. b) BODIPY 

and their conjugation with platinum(IV) prodrugs. Reagents: DCM, 

dichloromethane; Pd/C, palladium on carbon; H2, hydrogen; MeOH, 

methanol. POCl3, phosphorus oxychloride; BF3·OEt2, boron 

trifluoride−diethyl etherate; DIPEA, N,N′-diisopropylethylamine; HCl, 

hydrochloric acid; THF, tetrahydrofuran; HBTU, N,N,N′,N′- 

tetramethyl-O-(1H-benzotriazol-1-yl)uroniumhexafluorophosphate 
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Scheme 3.1.   General scheme of different strategies for the synthesis of fluorescent 

platinum(IV) mono- and bis-carboxylate derivatives investigated in this 

study.  
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Scheme 3.2. Synthesis of Cisplatin (7) from potassium tetrachloroplatinate(II) 

(K2PtCl4) (1). Reagents and conditions: (a) potassium iodide (KI), 
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distilled water, r.t, 30min, (b) 25% ammonium hydroxide (NH4OH), 

distilled water, r.t, 24 h, 95.8%, (c) AgNO3, distilled water, r.t, 24 h, (d) 

5M HCl, distilled water, r.t, 24h, 88%. 

Scheme 3.3. Preparation of Oxoplatin (8). Reagents and conditions: (a) 30% H2O2, 

distilled water, 50°C for 1hr, r.t. for 24hr, 79.4%. 
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Scheme 3.4. Synthesis of cis, cis, trans-

dichloride(ethylenediammine)dihydroxyplatinum(IV) PtenCl2(OH2) 

(13) from potassium tetrachloroplatinate(II) (K2PtCl4) (1). Reagents and 

conditions: (a) potassium iodide (KI), distilled water, r.t, 30min, 

(b) ethylenediamine, distilled water, r.t, 24 h, 58.3%, (c) AgNO3, 

distilled water, r.t, 24 h, (d) 5M HCl, distilled water, r.t, 24h, 43.3%, (e) 

3% H2O2, 50°C for 1hr, r.t. for 24hr, 68.6%. 
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Scheme 3.5. Synthesis of Dichloro(1,2-

diaminocyclohexane)dihydroxidoplatinum(IV) (Pt(DACH)Cl2(OH)2) 

(16) from potassium tetrachloroplatinate(II) (K2PtCl4) (1). Reagents and 

conditions: (a) distilled water, r.t, 24hrs, 92.4% (b) 30% H2O2, distilled 

water, r.t, 24hr, 77.8%. 
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Scheme 3.6. Synthesis of (1,2-diaminocyclohexane)dihydroxidoplatinumoxalate(IV) 

(Oxaliplatin(IV) (20) from dichloro(1,2-

diaminocyclohexane)platinum(II) (Pt(DACH)Cl2) (15). Reagents and 

conditions: (a) silver nitrate, r.t, 24hrs, (b) r.t, 24hr, 59%, (c) 35% H2O2, 

distilled water, r.t, 24hr, 80.6%. 
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Scheme 3.7. Synthesis of di-succinato-cisplatin (cis,cis,trans-

[Pt(NH3)2Cl2(OOCCH2CH2CO2H)2) (22) from Oxoplatin (8). Reagents 

and conditions: (a) DMF, 60°C, 8hrs, 40.2%.  
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Scheme 3.8. Synthesis of 11-((5-dimethylaminonaphthalene-

1sulfonyl) amino)undecanoic acid (Dans-C11-OOH) (26) and 6-((5-

dimethylaminonaphthalene-1sulfonyl) amino)hexanoic acid (Dans-C6-

OOH) (27). Reagents and conditions: (a) NaHCO3, distilled water, THF, 

TEA, r.t, 24hr, (b) THF evaporation, (c) 0.5M HCl, r.t, (d) extraction 

3X50ml EtOAc , (e) evaporation of organic fractions, yield 44.9% for 

Dans-C11-OOH (26) and 55.5% for Dans-C6-OOH (27). 
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Scheme 3.9. Synthesis of FITC amino acid derivatives; 11-(Fluorescein-5-

isothiocyanate amino)undecanoic acid (FITC-C11-OOH) (31), 6-

(Fluorescein-5-isothiocyanate amino)hexanoic acid (FITC-C6-OOH) 

(32), 4-(Fluorescein-5-isothiocyanate amino)butyric acid (FITC-C4-

OOH) (33), 4-(Fluorescein-5-isothiocyanate amino)benzoic acid 

(34).Reagents and conditions: (a) NaHCO3, distilled water, THF, TEA, 

r.t, 24hr, (b) THF evaporation, (c) 0.5M HCl, r.t, (d) extraction 3X50ml 

EtOAc , (e) evaporation of organic fractions, yield 65.9% for (31), 47.4% 

for (32), 67.9% for (33), 63.4% for (34). 
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Scheme 3.10. Synthesis of platinum(IV) prodrugs approach-1; a) General scheme for 

the synthesis of Dansyl labeled platinum(IV) mono- and bis-carboxylate 

derivatives investigated in this study. Reagents and conditions: (a) 30% 
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H2O2, distilled water, r.t, 24 h, 73.4%, (b) HCTU, DIPEA, DMF, 50 °C, 

24 h, 12.8% for (33), 77% for (34), b) Mechanism of HCTU activation 

of carboxylic acids and its reaction with Oxoplatin. 

Scheme 3.11. Synthesis of platinum(IV) prodrugs approach-2; a) general scheme for 

the synthesis of platinum(IV) prodrugs (35) and (36). Reagents and 

conditions: (a) DMF, EDC, 50°C, 1hr, (b) DMF, Oxoplatin (8) 50°C, 

24hr. b) Mechanism of EDC activation of carboxylic acids and its 

reaction with Oxoplatin (8). 
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Scheme 3.12. Synthesis of platinum(IV) prodrugs approach-3; a) General scheme for 

the synthesis of Dansyl labeled platinum(IV) (35) and (36). Reagents and 

conditions: (a) oxalyl chloride, DCM, catalytic DMF, r.t, 24 h, (b) 

pyridine, 24 h, r.t, b) Mechanism of oxalyl chloride activation of 

carboxylic acids and its reaction with Oxoplatin (8). 

94 

Scheme 3.13. Synthesis of FITC-platinum(IV) prodrugs; a) general scheme for the 

synthesis of platinum(IV) prodrugs (23). Reagents and conditions: (a) 

NHS/EDC, DMF, 50°C, 1hr, (b) PtenCl2(OH)2 (13), DMF, 50°C, 24hr, 

yield 22.7%, b) Mechanism of NHS/EDC activation of carboxylic acids 

and its reaction with PtenCl2(OH)2. 
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1.1 Introduction 

In 1965, Rosenberg discovered that certain products of platinum were able to inhibit cell 

division in Escherichia coli, this result created much interest in the possible use of these 

products in cancer chemotherapy[1]. It was found that Cisplatin (cis-

diamminedichloroplatinum(II), 1, Figure 1.1), have a potent anti-tumor activity against 

sarcoma and leukemia in mice[2], while its geometric isomer Transplatin (trans- 

dichlorodiammineplatinum(II), 2, Figure 1.1),  exhibited toxicity but has no cytotoxic 

activity. Cisplatin (1), was first synthesized by M. Peyrone in 1845 and was the first FDA 

approved platinum compound for treating testicular and ovarian cancers in 1978. Now it’s 

increasingly used against head and neck, bladder, cervical, esophageal and small cell lung 

cancer[3].  

 

Figure 1.1.   Chemical structure of: Cisplatin (1), Transplatin (2). 

Cisplatin enters tumor cell by passive diffusion or active transport and binds to DNA after 

replacing the chloride ligands with water molecules and forming positively charged 

Cisplatin species (cis-[Pt(NH3)2Cl(H2O)]+), (Figure 1.2)[4], and in a following step it 

irreversibly binds to DNA. It is believed that those Pt-DNA adducts induce local 

conformational alterations in the ds-DNA that consequently initiates the cellular 

responses[5,6].  

Cross-linking can occur on the same strand or on different strands of DNA. Cisplatin 

predominantly forms DNA intra-strand crosslinks between adjacent guanine nucleobases 
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(65%). This link distorts the structure of DNA and cause bending and unwinding of the 

double helix upon platination which promotes the release of cytochrome c and the 

activation of intracellular caspases. These proteases effectively induce a process of 

programmed cell death known as apoptosis[7].  

 

Figure 1.2. Mechanism of action of Cisplatin in tumor cells.  

 

Cisplatin is metabolically unstable and got quickly bounded to plasma proteins, 

approximately 90% of the drug in the blood is bound to albumin and other plasma proteins 

which cause inactivation of large amount of Cisplatin and only small fraction remain active 

and circulate in blood stream[8]. 

Despite the curing effects of Cisplatin, the drug suffers serious side effects include general 

cell damaging effects, such as nausea and vomiting, myelosuppresion, 

immunosuppression, nephrotoxicity, neurotoxicity and hearing loss[9].  Cisplatin also 

suffers from developing acquired or intrinsic resistance explained by various mechanisms 

such as: reduced accumulation of platinum compounds by either enhanced efflux or 
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impaired influx, detoxification by GSH (and other platinophiles) conjugates and increase 

the level of DNA damage repair[10]. 

General toxicity of Cisplatin, low biological availability and acquired or intrinsic drug 

resistance restricted its therapeutically application and are considered serious clinical 

limitation of the drug[11]. In order to overcome the above problems new platinum-based 

compounds synthesized, developed and few of them were introduced to the clinic: 

Carboplatin (3, Figure 1.3), received regulatory approval in 1988, is a second-generation 

analogue which is less potent than Cisplatin but with fewer side effects. Oxaliplatin (4, 

Figure 1.3),  approved in 2002, is a third generation platinum drug with a different 

biological profile from that of Cisplatin and carboplatin[4], Three others Pt(II) drugs have 

advanced to the clinic: Nedaplatin (5, Figure 1.3), and Miriplatin (6, Figure 1.3) were 

approved in Japan in 1995 and 2010 respectively. Nedaplatin (5), is a second analogue of 

Cisplatin with similar activity profile but low renal and gastrointestinal toxicities[12]. 

Miriplatin (6), is a lipophilic platinum complex used as trans-hepatic arterial 

chemotherapeutic drug for the treatment of hepatocellular carcinoma (HCC)[13]. 

Heptaplatin (7, Figure 1.3), received approval at the Korean FDA in 1999. Lobaplatin (8, 

Figure 1.3), received Chinese FDA approval in 2010[6]. These compounds have similar 

mechanism of action to that of cisplatin which involves DNA binding and transcription 

inhibition[14].  
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Figure 1.3. Chemical structures of carboplatin (3), and oxaliplatin (4), which approved for use worldwide, 

nedaplatin (5), Miriplatin (6), heptaplatin (7) and lobaplatin (8), which approved for use in Japan, Korea, and 

China, respectively. 

 

Further platinum(II) drugs have advanced to clinical trials but most of them have been 

discontinued because of severe and unpredictable side effects that was added to lack of 

improved activity in phase II/III clinical trials[9]. Therefore, intense efforts have been 

employed to improve the efficacy of platinum complexes and reduce its side effects.  

General structure for most of platinum based drugs are shown in Figure 1.4 which consists 

of a non-leaving group ligands, which are a central platinum-two stable ammines and 

leaving groups such as chloride or carboxylate to allow platinum ion to form bonds with 

DNA bases[15,16], and axial ligands which are present only in higher valent platinum 

complexes found in platinum(III) and platinum(IV)[14]. Therefore, different strategical 
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methods used to modify structural features for developing new non-classical platinum 

complexes, that are capable of forming different range of DNA adducts with anticancer 

activity different than that of Cisplatin[17,18], such as synthesis of: sterically hindered 

platinum drug[19]; multinuclear platinum drugs which contains two or more linked 

platinum centers that can covalently bind to DNA[20]; platinum-intercalator conjugates 

which act through a dual DNA binding mode[21]; and designing of chemically reductive 

platinum(IV) platinum complexes as prodrugs which are more kinetically inert octahedral 

low-spin 5d6 platinum(IV) complexes compared to square-planar 5d8 platinum(II) 

complexes[22].  

 

Figure 1.4. Structure of platinum complexes components; the non-leaving group, the leaving group and the 

axial ligands. 

 

Platinum(IV) derivatives are likely to have better pharmacokinetics, lipophilicity, 

bioactivity, decreased side effects and stability under highly acidic conditions which made 

them suitable for oral delivery thus offer a better potential in targeting and increased 

efficacy compared to platinum(II) counterparts[22,23]. Nonetheless, so far FDA didn’t 

approve any platinum(IV) complex for clinical application. Therefore, efforts are now 

focused on understanding the ways platinum(IV) derivatives are processed in the cell, their 
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molecular mechanisms of action, ways of delivering them into tumor sites with minimum 

side effects[24]. 

1.2 Platinum(IV) complexes 

Due to resistance, side effects and low bioavailability of Pt(II) compounds, efforts were 

directed to developing new platinum drugs that can overcome these drawbacks. Pt(IV) 

complexes are relatively inert prodrugs with central platinum atom which upon activation 

gives the active Pt(II) derivatives (Scheme 1.1). The advantage of this group of compounds 

lies in their ability to remain in their relatively stable oxidation state [Pt(IV)] while in the 

blood stream. This approach is hoped to result in controlling the reactivity and the loss of 

the active drug which can lead to a reduction in drug toxic side effects. Pt(IV) complexes 

can be reduced by a plethora  of agents including: Glutathione which is the primary defense 

against toxin and oxidants in the cell and can deactivate electrophile drugs like 

chemotherapeutic agents[25-27]. In addition to, ascorbate, L-Methionine, L-Cysteine and 

DL-homocysteine reductants which present in high abundance amount in human 

plasma[27-29]. Other molecules such as; serum albumin (small protein and one of the major 

thiols in the blood), hemoglobin, and cytochrome c may play a role in the activation of 

Pt(IV) under specific circumstances like the presence of NADH[29,30]. 
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Scheme 1.1 Structure of Pt(IV) and mechanism of intracellular activation. 

1.2.1 Oxidation of Platinum(II) complexes  

Three factors determine the final product of platinum(II) oxidation; platinum(II) precursor, 

oxidant and solvent. The oxidant can obtain two electrons from platinum(II) center and 

occupy one axial ligand in the final product and at the same time, an anion from an oxidant 

or solvent can become the other axial ligands[14,31]. The most widely used oxidizing agent 

to oxidize platinum(II) complexes is hydrogen peroxide (H2O2) to obtain dihydroxido 

platinum(IV) complexes (cis,cis,trans-[PtL2X2(OH)2]), in which the two additional OH 

groups that occupy the axial positions came from H2O2, the oxidant and the other one from 

originate from water (H2O), the solvent[31-33]. Different organic protic solvents (ROH) 

such as methanol, ethanol, and acetic acid can be used as a media which can coordinate to 

the platinum(IV) center with an additional ligand during the oxidation process[34,35].  
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Carboxylic acids could be utilized to be conjugated to the axial ligand of platinum(IV) 

complexes but due to its low reactivity a helping coupling reagents such as DCC, TBTU, 

and HBTU are used for conjugation[24,31]. Another approach is by converting the 

carboxylic acid to more reactive derivatives by using acyl chloride, acid anhydrides such 

as acyclic aliphatic or aromatic anhydrides of cyclic ones (glutaric, maleic, succinic and 

phthalic anhydride), or N-hydroxysuccinimide ester and then react it with the axial OH 

ligands (Scheme 1.2)[36-38]. Anhydrides and acyl chloride methods are widely used but 

they suffer from limited choice of ligands (e.g. simple aliphatic and aromatic molecules) 

that can be introduced to the axial position of Pt(IV) complexes[24]. Therefore, preparation 

of non-symmetrical bis-carboxylate complexes with the ability to introduce different bio-

functional groups like nano-carriers can be achieved by two methods introduced by 

Hambley and  Gibson et al.[4] where they reacted Pt(II) complexes with large excess 

amount of carboxylic acid and small excess of oxidizing agents, or by using of coupling 

reagents to activate carboxylic acids like carbodiimide (e.g. dicyclohexylcarbodiimide 

(DCC), N,N'-diisopropylcarbodiimide (DIC), 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide (EDC)), Which will finally react with dihydroxido 

platinum(IV) precursors[6,14,24]. Carbodiimide can also be used to prepare anhydrides by 

reacting free acid with carbodiimide coupling reagents and washing several times with acid 

and base to get the desired anhydride that can be reacted with platinum(IV) compounds[39]. 

https://en.wikipedia.org/wiki/N,N%27-Diisopropylcarbodiimide
https://en.wikipedia.org/wiki/1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
https://en.wikipedia.org/wiki/1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide


10 

 

 

Scheme 1.2. General synthetic route for platinum(IV) prodrugs. a) Oxidation of Pt(II) by hydrogen peroxide 

(H2O2), b) Acylation of dihydroxyplatinum(IV) by using either acid anhydrides, acyl chlorides, or N-

hydroxysuccininide esters. 

 

Furthermore, the compounds that contain amine groups their conjugation can be achieved 

by either converting the primary amine to isocyanate (R-NH2 to RN=C=O) or by activating 

the axial OH ligands by using N,N’-disuccinimidylcarbonate (DSC) then react it with 

primary or secondary amines[23,40-42]. 

 

Scheme 1.3. Conjugation of amine containing compound to platinum(IV) axial OH ligand by converting the 

primary amine to isocyanate or by activating the OH axial ligand by using N,N’-disuccinimidylcarbonate 

(DSC). 
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In addition to H2O2, halogens like Cl2, Br2, and I2 have been also used as oxidizing agents 

for platinum(II) complexes where two halogens can occupy the two axial 

positions[31,33,43]. Despite that, the use of chlorine gas is not convenient and should follow 

a special request during operation in laboratory for safety reasons. Therefore, an alternative 

safe chlorinating agents such as iodobenzene dichloride (PhICl2) or N,N-

dichlorobenzenesulfonamide (PhSO2NCl2) are used to form dichlorinated platinum(IV) 

complexes with gradual generation of chlorine gas[31,33].  

 

Scheme1. 4. Oxidation of platinum(II) complexes by halogens R2 (R= Cl, Br, or I). 

Other oxidative agents can be used like dichloride salt of the dithiobis(formamidinium), 

KMnO4 or ozone in water, and others agents all lead to the oxidation of Pt(II) 

complexes[14,43]. 

1.2.2 Advantages of platinum(IV) axial group ligands 

Reduction of Pt(IV) complexes to Pt(II) is essential to elicit the anticancer active form. 

Thus, reduction process has a major role to play in the biological activity of Pt(IV). Table 

1.1 depicts the reduction potential (Ep) of different axial ligands such as; chloro and 

trifluoroacetate (OCOCF3) where the reduction occurs most readily, carboxylate and 

hydroxo with intermediate and least reduction respectively (OCOCF3 > Cl > OAc > OH), 

therefore, the more electronegative the ligands are; the more destabilize the Pt(IV), that 

results in faster reduction of the higher oxidation state[27,44-46]. Another factor also affect 

the reduction rate is the bulkiness of the axial and equatorial ligands; for example JM-221 
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Pt(NH3)(C6H11NH2)(OCOC3H7)2Cl2 is reduced twice as fast as JM-216 (Satraplatin) 

Pt(NH3)(C6H11NH2)(OCOCH3)2Cl2 due to OCOC3H7 bulkier ligand[46]. Moreover, Pt(IV) 

complexes with ethylenediamine carrier have slower reduction rate than those with 

isopropylamine and cyclohexylamine carrier ligands which may refer to the fact that 

ethylenediamine may cause less steric hindrance and stabilize the six-coordinated state 

while the bulky ligands destabilize it which results in a faster reduction rate[46]. 

Table 1.1 Reduction potential (Ep) with various axial ligands of different platinum compounds 

Compounds Reduction potential (Ep (mV)) 

cis,trans,cis-[PtCl2(NH3)2(OH)2] -880 

cis,trans-[PtCl2(en)(OH)2]* -664 

cis,trans,cis-[PtCl2(NH3)2(OAc)2]   -635 

cis,trans-[PtCl2(en)(OCOCH3)2] -326 

cis,trans-[PtCl2(en)(OCOCH2CH3)2]  -301 

cis,trans-[PtCl2(en)(OCOCH2CH2CH3)2]  -273 

cis-[PtCl4(NH3)2] -260 

cis,trans-[PtCl4(en)] -4 

cis,trans-[PtCl2(en)(OCOCF3)2] 0 

*(en): Ethylenediamine 

Versatile groups can be introduced to the axial position of Pt(IV) complexes such as; 

lipophilic groups or bioactive ligands which can lead to an enhancement in the cellular 

uptake (e.g. polymers and nanoparticles)[14,47,48], enzyme inhibitors like histone 

deacetylase (HDAC) inhibitors can increase bioactivity when used[39].  Fatty acid 

conjugate can be used to overcome resistance [3], or  improved targeting (e.g. folates)[47]. 

Additionally, axial ligands can be fluorescent probes (fluorescein-based probe or 

rhodamine-based probe)[49].  
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1.2.3 Pt(IV) complexes in clinical and preclinical phases 

Several platinum(IV) complexes such as Tetraplatin (9), Iproplatin (10), Satraplatin (11) 

and LA-12 (12) (Figure 1.5) have been developed and assessed at clinical trials[14], 

nonetheless up to now none was approved by the FDA. Tetraplatin (or Ormaplatin) (9), did 

not proceed to phase II due to sever neurotoxicity[5]. Iproplatin (10) proceeded through 

phase I, II to phase III, however the clinical studies were terminated due to its low 

effectiveness compared to cisplatin or carboplatin and it is lower susceptible to reduction 

and activation by biological reducing agents most probably because of the hydroxide 

ligands on axial position[5,50]. Satraplatin (11), an orally active platinum(IV) agent, 

exhibited improved toxicity profile with lower side effect (ototoxicity, neurotoxicity or 

nephrotoxicity) than Cisplatin and Carboplatin. Satraplatin entered phase I, II and III trials 

and due to its oral administration and low side effect in 2016 phase 1 clinical trial in 

pediatric patients was started. However, Satraplatin showed no overall improvement on 

patient survival rates and still under investigation[51]. As a result, LA-12 (12), a Satraplatin 

analogue that contains 1-adamantylamine non-leaving ligand was developed. LA-12 

showed higher cytotoxic activity, better pharmacokinetics and low side effects compared 

to most of platinum-based drugs including Satraplatin. Still, its exact mechanism of action 

is not understood and is under investigation[52-54].  
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Figure 1.5. Examples of platinum(IV) anticancer agents in: 1) Clinical trials including; Tetraplatin (9), 

Iproplatin (10), Satraplatin (11) and LA-12 (12). 2) Preclinical trials with biologically active axial ligands 

such as Ethacraplatin (13), VAAP (14), Mitaplatin (15) and Platin-A (16). 

Other platinum(IV) complexes were developed as dual acting agents that was attained by 

introducing two biologically active ligands at the axial positions.  Many of them are still in 

preclinical stages[5]. Ethacraplatin (13, Figure 1.5), is a conjugated cisplatin with two 

ethacrynic acid (EA) ligands at the axial position. EA is a diuretic drug which has been 

found to be a potent inhibitor of glutathione-S-transferase (GST), (the enzyme responsible 

for the detoxification of platinum agents). Upon intracellular reduction of ethacraplatin, 

cisplatin is released with two equivalents of GST inhibitor, EA. This approach could 



15 

 

increase the uptake of EA and reduce the side effect and resistance to cisplatin[55,56]. 

Another example is the conjugation of valproic acid or phenylbutyrate (PhB), an inhibitor 

of histone deacetylase (HDAC) that stimulates differentiation and apoptosis in cancer cells 

with platinum complexes. VAAP (14, Figure 1.5), is a bifunctional Pt(IV) divalproate 

complex which upon reduction give two valproic acid and cisplatin. VAAP exhibit a strong 

synergistic cytotoxicity profile with prolonged blood circulation times and low side 

effects[48,57]. Mitaplatin (15, Figure 1.5), a platinum(IV) complex with two dichloro-

acetate ligands (DCA) at the axial position. DCA is used to treat lactic acidosis and inhibits 

pyruvate dehydrogenase kinase (PDK) thereby restores normal mitochondrial function. 

Reduction of mitaplatin inside the cell releases DCA which promotes mitochondria 

apoptosis by releasing cytochrome c, while free cisplatin induces DNA damage and 

apoptotic cell death[5,58].  

Another class of Pt(IV) dual action prodrugs are the conjugation with cyclooxygenase 

inhibitors (COXis) such as ibuprofen and indomethacin which results in increasing the 

potency of cisplatin and reduce side effects. Platin-A (16, Figure 1.5) is a Pt(IV) complex 

containing acetylsalicylic acid as axial ligand. The complex showed high antitumor activity 

than cisplatin with lower toxicity profile. Other COXis such as ketoprofen and naproxen 

were also studied for conjugation with platinum(IV) core by esterification reaction[59]. 

So far, none of the platinum(IV) complex was approved by FDA despite synthesizing and 

evaluating thousands of compounds. Therefore, effort must be done to know much better 

about platinum(IV) class of drugs and how they are processed at the cellular level and their 

molecular mechanisms of action to generate potent Pt(IV) complexes with improved 

clinical outcomes.  
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1.3 Fluorescence and fluorescent labeled platinum complexes   

Different techniques have been used to visualize and quantify Pt-based agents and their 

distribution in biological tissues to understand their mechanism of action. Zoriy et al.[60] 

used laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) as an 

imaging tool for the detection of Pt distribution in animal tissue. Despite the high sensitivity 

of LA-ICP-MS it is limited to heteroatom molecules and can’t distinguish between parent 

drugs and their metabolites[60]. Other methods used for Pt imaging are quantitative analysis 

using imaging mass spectrometry (IMS) and nano-secondary ion mass spectrometry 

(nanoSIMS), but they are impractical because they lack certified reference materials 

(CRM) and depend on matrix effects which make reliable quantification impossible[61,62]. 

Matrix-assisted laser desorption-ionization mass spectrometry (MALDI-MS) also suffer 

from poor ionization and signal suppression leading to false negatives[63]. X-ray based 

techniques also have been used to image the distribution of platinum complexes, however, 

they are not applicable to live cells[63]. Therefore, we need a technique that is sensitive to 

concentrations from nano- to micromolar with temporal resolution and sufficient spatial to 

analyze dynamic processes in cells, moreover, the techniques should not be invasive. 

Fluorescence imaging now is used frequently and is an effective technique which provide 

a quantitative information about the dynamic processes that occur in live cells, and has 

been used to study the cellular localization and uptake of platinum-fluorophore 

conjugates[63-66].  

Fluorescence, is a term describes the process of absorption and emission of light by 

fluorophores[67]. The process begins when a molecule in ground state absorbing a photon 
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of appropriate energy that causes electron excitation to higher energy level which then 

relaxes and causes photon emission (fluorescence) (Figure 1.6.)[68]. 

 

Figure 1.6. General scheme of fluorescence process. An electron is excited after absorbing a high energy 

photon then relaxed to a lowest energy levels releasing a photon of longer wavelength. 

1.3.1 Fluorophores 

Fluorophore molecules have been used for a long time as a tool for in vitro imaging of 

biomolecules, enzyme substrates, environmental indicators, and cellular stains. In 1942 

fluorescein isothiocyanate (FITC) was firstly used to label anti-pneumococcal antibodies, 

and over years, this method was developed to be used in living objects[69]. The usefulness 

of a particular fluorophore is governed by its chemical properties such as lipophilicity, 

reactivity, stability, and pKa, or its photo-physical properties like absorption maximum (λ-

max), emission maximum (λ-em), extinction coefficient (ε) (measure of the probability of 

light absorption by the dye), and quantum yield (Φ) (the ratio between the number of 

photons emitted and the number of photons absorbed)[70]. 
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Controlling fluorescence intensities can be achieved by several methods including: 

installing a blocking group onto the dye to suppress fluorescence which is restored by 

removing this group (e.g. Fluorescein diacetate)[71], the use of Förster resonance energy 

transfer (FRET) which require a transfer of energy from excited donor dye or chromophore 

to another acceptor dye in its ground state (e.g. Green fluorescent protein (GFP), boron 

dipyrromethene (BODIPY) dyes)[72,73], modifying the core structure of the dye by using 

chemistry (e.g. Photoconversion of (E)-o-hydroxycinnamate to coumarin)[74], or changing 

in the polarity of the media (e.g. nile red, 9-diethylamino-5H-benzo[alpha]phenoxazine-5-

one dye)[75], or by changing the electronic structure of the dye which cause changes in 

fluorescent (e.g. Fluorescent Ca2+ indicators (Fluoresceine-4))[73,76]. Fluorophores used 

in vivo application should possess several characteristic (Figure 1.7) including; 1) high 

brightness, 2) soluble in water, 3) does not aggregate in aqueous media and doesn’t interact 

with biomolecules like serum proteins, 4) stay fluorescent in the biological environment, 

and 5) have the ability to be attached to targeting or recognition units[68]. 
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Figure 1.7. Characteristics and advantages of fluorophores used in in vivo applications. 

1.3.1.1 Dansyl Chloride 

5-(Dimethylamino)naphthalene-1-Sulfonyl chloride (dansyl chloride, DNS-Cl) (17, 

Scheme 1.5) is a non-fluorescent reagent that can react with amines to give a fluorescent 

derivatives (18, Scheme 1.5) to be used in analytical chemistry for amino-acids 

derivatization and other detection techniques[77,78]. Dansylation can also be used for 

hydroxyl group (–OH) or carboxylic acid (–COOH) group. Fluorescent dansylated 

derivatives can be detected with ultraviolet light with great sensitivity[79]. 
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Scheme 1.5. Reaction for labeling N-terminal amino acids with Dansyl chloride (17). 

1.3.1.2 Fluorescein isothiocyanate (FITC) 

Fluorescein isothiocyanate (FITC) (19, Scheme 1.6) is a pH sensitive dye in which its 

intensity diminishes when increasing solution pH[80]. FITC is used widely as fluorescence 

labelling reagent due to its conjugation stability and high quantum efficiency. FITC form 

covalent amide bond when reacting with a primary amine (20, Scheme 1.6) on different 

protein substrate which can be used as specific probes in enzyme kinetics, 

immunocytochemistry, flow cytometry and identification of receptors on target cells[81]. 

 

Scheme 1.6. Reaction for labeling N-terminal amino acids with FITC (19). 

1.3.2 Fluorescent labelled platinum(II) complexes and their synthesis  

To understand the mechanism of action in a cellular level of platinum complexes it is 

crucial to investigate their uptake, cellular distribution, and processing. This can  feed in 
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developing new tumor specific anticancer agents[82]. Unfortunately, most of platinum 

anticancer compounds are not intrinsically fluorescent; so, they need to be tagged to a 

fluorescent in order to be visualized within the cell. It has been observed that the binding 

of a number of transition metals to a fluorophore can increase or decrease its fluorescence 

properties[83,84].  

Fluorophores conjugated to platinum complexes was first investigated by Molenaar et al. 

[84]whom worked on covalently linked carboxy fluorescein diacetate (CFDA) to platinum 

complex and showed that the complex was readily taken by cancer cells and accumulated 

in the nucleus by fluorescence microscopy. The fluorescent platinum compound was 

prepared by using N3-(tert-butoxycarbonyl)-1,2,3-propanetriamine (21, Scheme 1.7) as 

starting material and reacted it with K2PtCl4 to produce 1-(tert-

Butoxycarbonylaminomethyl)-1,2-ethylenediamine)dichloroplatinum(II) (22). 

Debocylation of (22) at 50°C in HCl result in conversion to (1-Aminomethyl-1,2-

ethylenediamine)dichloroplatinum(II) (23) (AMEN-Pt). Then Coupling with fluourophore 

was done by neutralizing the solution with NaOH to pH 7.5 and cooled to 0°C then 5-(and 

6-)carboxyfluresein diacetate (24) in DMF or 2,4-Dinitrophenylaminohexanamidomethyl 

(25) was added to the solution to produce (1-(5-(and 6-

)carboxyflureseindiacetate)aminomethyl)-1,2-ethylenediamine)dichloroplatinum(II)) 

(CFDA-Pt) (26) or  (1-(2,4-Dinitrophenylaminohexanamidomethyl)-1,2-

ethylenediamine)dichloroplatinum(II)) (DNP-Pt) (27)[84].  
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Scheme 1.7. Synthetic route of (1-(5-(6-)carboxyfluresein diacetate)aminomethyl)-1,2-

ethylenediamine)dichloroplatinum(II)) (CFDA-Pt) (26) or  (1-(2,4-Dinitrophenylaminohexanamidomethyl)-

1,2-ethylenediamine)dichloroplatinum(II)) (DNP-Pt) (27)[84]. 

 

Kalayda et al. [82,85]also worked on the synthesis of di-nuclear platinum complexes 

conjugated to fluorogenic reporter such as fluorescent anthraquinone intercalators which 

combined the effect of intercalating agents with those of platinum complexes to give a 

synergistic effect and rapid accumulation in cancer cells with higher cytotoxicity. The 

dinuclear platinum complexes [bis((1-(5-(and 6-)-carboxyfluoresceindiacetate-

aminomethyl)-1,2-ethylenediamine)chloroplatinum(II))(µ-1,6-hexanediamine)] chloride 

(1,1/c,c/CFDA) (28) and [bis((1-(2,4-dinitrophenylhexanoicaminomethylene)-1,2-

ethylenediamine)chloroplatinum(II))(µ-1,6-hexanediamine)] chloride (1,1/c,c/DNP) (29) 

(Scheme 1.8), were synthesized similarly to the previously described mononuclear 

complexes CFDA-Pt and DNP-Pt[82,85].  

 

 



23 

 

 

Scheme 1.8. Synthetic route of [bis((1-(5-(and 6-)-carboxyfluoresceindiacetate-aminomethyl)-1,2-

ethylenediamine)chloroplatinum(II))(µ-1,6-hexanediamine)] chloride (1,1/c,c/CFDA) (28) and [bis((1-(2,4-

dinitrophenylhexanoicaminomethylene)-1,2-ethylenediamine)chloroplatinum(II))(µ-1,6-hexanediamine)] 

chloride (1,1/c,c/DNP) (29)[82,85]. 

 

Safaei and katano et al.[86,87] used fluorescent microscopy to identify the subcellular 

compartments in which Cisplatin (DDP) accumulates in human ovarian carcinoma cells by 

using fluorescein labeled DDP (F-DDP) (30, Figure 1.8), and showed that F-DDP 

accumulated in the Golgi, vesicles and in lysosomes. The advantage of F-DDP over CFDA 

is having a similar cytotoxicity and accumulation terms of Cisplatin[86,87]. F-DDP was 

synthesized in similar manner to the method described by Molenaar et al. with some 

modifications. Briefly N3-tBoc-1,2,3-propanetriamine was reacted with K2PtCl4 to obtain 

[1-(tBoc-aminomethyl)-1,2-ehtylenediamine] dichloroplatinum(II). Debocylation was 

done at 70°C in HCl to give the platinated salt which was neutralized with NaOH to be 

reacted with activated 5(6)-carboxyfluorescein (activation was done by treatment with 

ethyldimethylaminopropyl carbodiimide and N-hydroxysuccinimide in dimethyl 

formamide). 
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Liang et al.[88] studied the trafficking and localization of Cisplatin in two type of tumor 

cell lines by using fluorescence Alexa Fluor (31, Figure 1.8) labeled Cisplatin. Co-

localization experiments with a Golgi-selective stain indicate that Golgi-like vesicles 

involve in initial intracellular processing of Alexa Fluor-cisplatin complexes[88].  

The use of fluorescein and its derivatives was found to be not ideal for intra-vital imaging 

due to its photo-bleaching and poor fluorescence in intracellular environments[89]. In 

addition, FITC and Alexa fluorophores derivatives tend to mimic the biological activity of 

the fluorescent rather than the platinum part itself[90]. Therefore, other green fluorescence 

dyes have been used in studies such as; Rhodamine Green (RhodG), and 4,4-difluoro-4-

bora-3a,4a-diaza-s-indacene (BODIPY; BODIPY-FL)[89].  

Benedetti et al.[91] examined Cisplatin conjugated to N-(7-nitro-2,1,3-benzoxadiazol-4-

yl)ethane-1,2-diamine (NBD) by confocal microscopy to study the mechanism of uptake 

and biomolecule interactions in cells for platinum drugs[91]. The advantage of using NBD 

is that its addition can be performed on primary amine and produce analogues very similar 

to the parent drugs[90]. Benedetti et al. conjugated NBD directly to the primary amine on 

both ends of TriplatinNC complex (32, Figure 1.8) and for Cisplatin the amine group was 

replaced with NBD-ethane-1,2-diamine (33, Figure 1.8). 

Other scientists have designed fluorescent probe to detect platinum(II) complexes in 

intracellular environment. Shen et al.[92] conjugated fluorescein with dithiocarbamic acid 

and used it as a probe for studying cellular metabolism, localization and transformation of 

Pt(II) compounds, and called it FDCPt1 (34, Figure 1.8 )[92].  
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Montagner et al.[93] designed a fluorescent turn-on probe to detect Pt(II) drugs 

intracellularly by binding Pt(II) complex such as cisplatin with probe Rho-DDTC (35, 

Figure 1.8) (spirolactam form of rhodamine B (RhoB)) through dithiocarbonyl bond. The 

probe was used also to monitor the reduction of Pt(IV) prodrugs inside cells[93]. Wee Han 

Ong et al.[49,94] developed two rhodamine-based fluorescent probe depend on 

Förster resonance energy transfer (FRET) and Through Bond Energy Transfer (TBET) to 

detect and quantify platinum(II) complexes like cisplatin. Both probes, NPR1 (36, Figure 

1.8) and RDC1 (37, Figure 1.8) are coumarin-rhodamine and naphthalimide-rhodamine, 

respectively, conjugated to a dithiocarbamate as a recognition motif.  All these probes can 

serve as a great tool to understand how platinum complexes are processed at cellular 

level[49,94].  
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Figure 1.8. Chemical structure of F-DDP (30), Alexa Fluor 546 (31), TriplatinNC-NBD (32), Cisplatin-NBD 

(33), FDCPt1 (34), Rho-DDTC (35), NPR1 (36), RDC1 (37). 

 

Hartwig et al.[95] synthesized fluorescent analogue of cisplatin by using tethered Dansyl 

group. The dansyl fluorescent moiety in Pt(dansen)Cl2 (41, Scheme 1.9) complex provide 

a viable, nondestructive technique alternative to radiolabeling. In addition, the fluorescent 

tag made it able to observe the covalent binding to plasmid DNA in bacterial cells in this 

study which opened the door for the investigation of intracellular distribution, and 

processing by DNA repair enzymes of cisplatin analogue in vivo. The dansylated 
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ethylenediamine platinum complex (Pt(dansen)Cl2) or dichloro((2-((3-

dansylpropyl)amino)ethyl)amine)platinum(II) was synthesized  by multiple steps; first 

Dansyl chloride (17, Scheme 1.9) was reacted with sodium sulfite and sodium bicarbonate 

to obtain sodium 5-dimethylaminonapthalene-1-sulfinate (38, Scheme 1.9) which was then 

added to a solution of 3-iodopropanol in ethanol and extracted with CH2Cl2 to give 5-

dimethylaminonapthalene-3’-hydroxypropyl-1-sulfone (39, Scheme 1.9). After that the 

compound (39) was reacted with methanesulfonyl chloride in basic media and dissolved in 

ethylenediamine and extracted with methylene chloride to give 5-

Dimethylaminonaphthalene-2’’-aminoethyl-3’-aminopropyl-1-sulfone, Dansen (40, 

Scheme 1.9) which was reacted with K2PtCl4 in acidic media, then the final product 

dichloro((2-(3-dansyl)propylamino)ethylamine)platinuxn(II), (Pt(dansen)Cl2) (41, 

Scheme 1.9)  was obtained by the addition of dilute solution of sodium hydroxide to 

precipitate the platinum complex[95].  

 

Scheme 1.9. Synthetic route of Pt(dansen)Cl2 (41), which is started from reacting dansyl chloride (17) with 

sodium sulfite and sodium bicarbonate to obtain sodium 5-dimethylaminonapthalene-1-sulfinate (38) then 

added to a solution of 3-iodopropanol to give 5-dimethylaminonapthalene-3’-hydroxypropyl-1-sulfone (39) 

that was reacted with methanesulfonyl chloride to give 5-Dimethylaminonaphthalene-2’’-aminoethyl-3’-

aminopropyl-1-sulfone, Dansen (40). K2PtCl4 was then reacted with (40) to give dichloro((2-(3-

dansyl)propylamino)ethylamine)platinuxn(II), (Pt(dansen)Cl2) (41)[95]. 
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Wilson et al.[96] also reported the preparation of di-2-pyridylmethane based three new 

ligands in which Two of them contain the fluorescent dansyl and 7-nitro-1,2,3-

benzoxadiazole (NBD) units. These ligands were used to synthesis new anticancer 

platinum complexes with intrinsic fluorescent properties (Scheme 1.10). However, the 

resulting platinum(II) dichloride complexes was found to be not soluble in water, thermally 

and photolytically unstable with poor emission. The three ligands; N-(Di-2-

pyridylmethyl)tosylamide (Ts-dpm) (43, Scheme 1.10), N-(Di-2-

pyridylmethyl)dansylamide (Ds-dpm) (44, Scheme 1.10), and N-(Di-2-pyridylmethyl)-7-

nitro-2,1,3-benzoxadiazole-4-amine (NBD-dpm) (45, Scheme 1.10), were prepared from 

di-2-pyridylmethanamine (42, Scheme 1.10) and the corresponding sulfonyl or aryl 

chlorides in  the presence of a carbonate salt as a base. Then the ligands were treated with 

a suspension of cis-[Pt(DMSO)2Cl2] in MeOH to get the platinum complexes, Pt(Ts-

dmp)Cl2, Pt(Ds-dmp)Cl2, Pt(NBD-dmp)Cl2, (46, 47, 48, Scheme 1.10)[96].  
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Scheme 1.10. Synthesis of di-2-pyridylmethane (dpm) ligands; N-(Di-2-pyridylmethyl)tosylamide (Ts-dpm) 

(43), N-(Di-2-pyridylmethyl)dansylamide (Ds-dpm) (44) and N-(Di-2-pyridylmethyl)-7-nitro-2,1,3-

benzoxadiazole-4-amine (NBD-dpm) (45) from reacting di-2-pyridylmethanamine (42) with sulfonyl or aryl 

chlorides and carbonate salt. Then the ligands were reacted with cis-[Pt(DMSO)2Cl2] to get platinum(II) three 

complexes Pt(Ts-dmp)Cl2 (46), Pt(Ds-dmp)Cl2 (47), Pt(NBD-dmp)Cl2 (48)[96]. 

1.3.3 Fluorescent labelled platinum(IV) complexes and their synthesis 

Fluorescent probes are widely used in studying Pt(IV)/Pt(II) conversion  and investigating 

the intracellular biotransformation of platinum(IV) prodrugs[65]. New et al. [83]conjugated 

aniline containing fluorophores, coumarin 120, and coumarin 151 to the non-leaving group 

positions of Cisplatin analogues (cis-[PtCl2(C120)(NH3)] 49, and cis-[PtCl2(C151)(NH3)] 

50, (Figure 1.9) and used them to monitor the loss of the aniline ligand. Pt(II)-aniline was 



30 

 

prepared by reacting aniline with a solution of (NH4)
+[PtCl3(NH3)]

- (prepared by adding 

ammonium chloride and tetraethylammonium chloride to cisplatin) which then treated with 

30% aqueous solution of H2O2 to get Pt(IV)-aniline. Results showed that all the coumarin 

complexes have moderate cytotoxicity and concentrated in the late endosomes or 

lysosomes. Result showed that oxidation of the coumarin 120 complex to the Pt(IV) form 

(cis,trans,cis [PtCl2(OH)2(C120)(NH3)]) (51, Figure 1.9) quenched the fluorescence 

signals and therefore, an increase in fluorescence indicates intracellular reduction of the 

Pt(IV)-coumarin complex. Despite the detection of fluorescence in A2780 cell that treated 

with Pt(IV)-coumarin complex the distribution pattern compared to cells treated with free 

coumarin ligand was similar which indicate that this method might not be ideal to monitor 

PT(IV) /Pt(II) redox reaction in cells[83]. 

 

Figure 1.9. Cisplatin based platinum(II) and platinum(IV) complexes conjugated to fluorescent coumarin 

moiety.  

 

Wilson and Lippard[64] developed a platinum fluorophore conjugate to monitor 

platinum(IV) reduction in living systems by an emissive turn on response, platinum(II) 
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complex, [Pt(edma)Cl2] (52, Scheme 1.11) (edma =ethylenediaminemono acetic acid), was 

activated by carbonyldiimidazole (CDI) and then conjugated with both benzyl amine and 

dansylethylenediamine to give [Pt(edBz)Cl2] (53, Scheme 1.11) and [Pt(edDs)Cl2] (54, 

Scheme 1.11) respectively. Oxidation of these platinum(II) complexes with iodobenzene 

dichloride yielded platinum(IV) complexes, [Pt(edBz)Cl4] (55, Scheme 1.11) and 

[Pt(edDs)Cl4] (56, Scheme 1.11). Photophysical studies of the compounds having the 

fluorescent Dansyl moiety showed high difference in emission efficiency which indicates 

that platinum(IV) [Pt(edDs)Cl4] is more selective in fluorescence quenching, compared to 

the platinum(II) [Pt(edDs)Cl2], therefore, it has the potential to be used as a probe to 

monitor the reduction of platinum(IV) complex in biology. Application of this complex is 

limited in living cell due to low yield in water and rapid rate of reduction but it provides a 

starting point for the design of more effective sensors[64].  

 

Scheme 1.11. Synthetic route of: a) [Pt(edBz)Cl2] (53), and [Pt(edDs)Cl2] (54) by activation of [Pt(edma)Cl2] 

(52) with CDI and conjugation with both benzyl amine and dansylethylenediamine and b) their oxidation 

with iodobenzene dichloride to give [Pt(edBz)Cl4] (55), and [Pt(edDs)Cl4] (56)[64]. 
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Song et al.[65] prepared new fluorescent Pt(IV) complexes conjugated to fluorescein NHS 

ester [Pt(IV)FL2] (57, Scheme 1.12), and fluorescein isothiocyanate [Pt(IV)(FITC)2] (58, 

Scheme 1.12) to be used in live cell imaging studies and evaluate the Pt(IV) reduction 

process in simulated and real biological environments. c,c,t-

[Pt(NH3)2Cl2(OCO(CH2)2NH(FITC))2], [Pt(IV)(FITC)2] was prepared by reacting c,c,t-

[PtCl2(NH3)2(OH)2] with N-Boc aminopropanoic acid anhydride and trifluoroacetic acid 

(TFA) and then FITC and N,N-Diisopropylethylamine (DIPEA) was added to get the final 

compound while c,c,t-[Pt(NH3)2Cl2(OCO(CH2)2NH(FL))2] [Pt(IV)FL2] was synthesized 

by  using fluorescein NHS ester with DIPEA. Both Pt(IV) conjugates offered moderate 

cytotoxicity against human cancer cell lines[65].  

 

 

Scheme 1.12.  Synthesis of platinum(IV) complexes conjugated to fluorescein NHS ester (57) and fluorescein 

isothiocyanate (FITC) (58) by reacting platinum(IV) complex with N-Boc aminopropanoic acid anhydride 

and trifluoroacetic acid (TFA)[65]. 

 



33 

 

Jayawardhana et al.[97] synthesized a cisplatin-based Pt(IV) prodrug with a lipophilic 

hydrocarbon tail and anionic dansyl head group (60, Scheme 1.13) to study the interactions 

of mitochondria-damaging platinum(IV) prodrugs with cytochrome c. The prodrug was 

synthesized by conjugating [5-((2-aminoethyl)amino)naphthalene-1-sulfonic acid] 

(EDANS) with amphiphilic platinum(IV) prodrug (C16Pt) (59, Scheme 1.13) which was 

synthesized according to the reported literature[40] by using HATU-catalysed amide bond 

formation reaction in DMF. Fluorescence imaging and graphite furnace atomic absorption 

spectroscopy (GFAAS) results showed that the lipophilic part of the prodrug facilitate its 

accumulation in the mitochondria of cancer cells and that the prodrug can trigger 

mitochondrial damage and apoptosis[97].  

 

Scheme 1.13. Synthesis of cisplatin-based Pt(IV) prodrug (60) with a lipophilic hydrocarbon tail and anionic 

dansyl head group by conjugating [5-((2-aminoethyl)amino)naphthalene-1-sulfonic acid] (EDANS) with 

amphiphilic platinum(IV) prodrug (C16Pt) (59) by using HATU-catalysed amide bond formation 

reaction[40,97]. 

Yao et al. [98] developed a strategy to quantify the reduction of platinum(IV) prodrugs by 

using a fluorescence “turn on” sensor. In this study, boron dipyrromethene (BODIPY) 
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derivatives was attached to the axial position of carboplatin-based platinum(IV) 

prodrug[99]. The complex was synthesized by reacting methyl 

(triphenylphosphoranylidene)acetate with pyrrole-2-carbaldehyde to obtain compound 

(61, Scheme 1.14) which then reduced by H2 and Pd/C, to get compound (62, Scheme 

1.14). (62) was coupled with 3,5- dimethylpyrrole-2-carboxaldehyde under promotion of 

phosphorus oxychloride (POCl3) and treated with BF3· OEt2 to yield compound (63, 

Scheme 1.14).  hydrolysis with ester under acidic conditions yielded the bodipy FL ligand 

(64, Scheme 1.14) which was then activated by NHS ester (65, Scheme 1.14) and coupled 

with carboplatin based platinum(IV) prodrug (66, Scheme 1.14) which was synthesized by 

oxidation of carboplatin with H2O2. Or by coupling  it directly with compound (67, Scheme 

1.14) which was synthesized by oxidation of carboplatin with H2O2 in acetic acid to yield 

the final complex BODI-Pt (68, 69 Scheme 1.14), respectively[98-100]. For comparison 

BODIPY-FL was also coupled with cisplatin-based Pt(IV) compound (70, Scheme 1.14). 

BODI-Pt complex was found to be able to kill cancer cells by binding to DNA, inducing 

oncosis, and generating ROS upon irradiation[99]. 
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Scheme 1.14. Synthesis of a) carpoplatin based platinum (IV) prodrugs. b) BODIPY and their conjugation 

with platinum(IV) prodrugs. Reagents: DCM, dichloromethane; Pd/C, palladium on carbon; H2, hydrogen; 

MeOH, methanol. POCl3, phosphorus oxychloride; BF3·OEt2, boron trifluoride−diethyl etherate; DIPEA, 

N,N′-diisopropylethylamine; HCl, hydrochloric acid; THF, tetrahydrofuran; HBTU, N,N,N′,N′- tetramethyl-

O-(1H-benzotriazol-1-yl)uroniumhexafluorophosphate [98-101] 

1.3.3.1 Nanocomposites of Pt(IV) Fluorescent-Labeled Compounds 

Despite the progress in the development and tracking platinum drugs by fluorescent 

molecules, few compounds were assessed in clinical trials, and none have been approved 

by the FDA. Platinum drugs suffer from several side effect and the main challenge in cancer 

therapy is to deliver anticancer drugs to tumors selectively to minimize their side effects 
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and improve their therapeutic efficacy. Using delivery systems such as nanoplatform has 

great effect on improving the efficiency of cancer therapy  

Feazell et al.[103] prepared soluble single-walled carbon nanotube (SWNT) as a delivery 

system for platinum(IV) prodrug (c,c,t-[Pt(NH3)2Cl2(OEt)(O2CCH2CH2CO2H)]) (71, 

Figure 1.10). SWNTs was co-tethered with FITC fluorophore to investigate its mechanism 

in transporting Pt(IV) complex into cells and their release once inside and track their 

location intracellularly. Result showed that SWNTs are taken up by cells through 

endocytosis and a good intracellular accumulation and distribution of platinum complex 

which indicate that functionalized SWNTs are a good tool for transporting and delivering 

small molecule platinum prodrugs[103]. 

Zhou et al.[104] prepared a theranostic nanoparticles system of gold fluorescence 

nanoclusters (GNC) which has a highly fluorescence emission in the near infrared (NIR) 

region compared to organic dyes. Conjugation of GNC with Cisplatin prodrug 

(cis,cis,trans-[Pt(NH3)2Cl2(OH)(O2CCH2CH2CO2H)]) (MDDP) (72, Figure 1.10), and a 

targeting ligand folic acid (FA). FA-GNC-Pt nanoparticles was prepared by activating 

carboxyl group of FA-PEG5k-COOH with 1-ethyl-3-(3-dimethylaminopropyl) 

carbodiimide hydrochloride (EDCI) and 1-hydroxybenzotriazole (HOBT) and reacting it 

with GNC-Pt in a buffer solution. FA can target breast tumors by recognizing the folate 

receptor α (FR-α) overexpressed on the surface of the cancer cells and selectively 

accumulate inside tumor and inhibit its growth. Using FA-GNC-Pt increased the 

fluorescence intensity and displayed much higher cytotoxicity[104].  
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Figure 1.10. Chemical structure of c,c,t-[Pt(NH3)2Cl2(OEt)(O2CCH2CH2CO2H)] (71), cis,cis,trans-

[Pt(NH3)2Cl2(OH)(O2CCH2CH2CO2H)] (MDDP) (72), cis,cis,trans-diamminedichlorodisuccinato-platinum 

(IV) [Pt(IV)- (COOH)2] (73), platinum(IV) of Cisplatin (PtBz) (74),  photo-activatable Pt(IV) amphiphiles 

(75), (76), and trans, trans, trans-[Pt(N3)2(OH)(O2CCH2CH2CO2H)(py)2] (77). 

Cheng et al.[105] prepared FITC-modified gelatin for the encapsulation of oleylamine-

coated Fe3O4 nanoparticles conjugated to anticancer platinum (IV) prodrug to be used for 

theranostic purpose. At first, Pt(IV) complex (cis,cis,trans-diamminedichlorodihydroxy-

platinum (IV), [Pt(IV)- (OH)2]) was synthesized by oxidizing Cisplatin with hydrogen 

peroxide and then it was reacted with succinic anhydride to produce cis,cis,trans-

diamminedichlorodisuccinato-platinum (IV) [Pt(IV)- (COOH)2] (73, Figure 1.10). 
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Thermal decomposition method was used to prepare oleyl amine-stabilized Fe3O4 

nanoparticles. FITC modified-gelatin was prepared by reacting gelatin with FITC. second, 

the om-coated Fe3O4 in chloroform was covered with FITC-gelatin aqueous solution and 

transferred into water after evaporation of chloroform by ultrasonic cleaner. Finally, gelatin 

Fe3O4 solution was added to Pt(IV) prodrug that have been activated by NHS/EDC to 

produce the final product gelatin/Pt(IV) prodrug decorated IONPs. The nanoparticles 

carrying Pt(IV) prodrug showed good anticancer activities in the intracellular environment 

when it reduced to Pt(II), and the fluorescence of FITC on the surface of nanoparticles 

showed a fluorescence recovery and a complete quench after gelatin release and 

detachment from IONPs. Therefore, the gelatin encapsulated Fe3O4 nanoparticles have the 

potential to be used in multi-functional drug delivery system and as a fluorescence sensor 

for identification, tracking and monitoring the drug release[105]. 

Li et al.[102] prepared theranostic nanoplatform based on a Pt(IV) prodrug (Oxoplatin or 

DHP) and a near-infrared (NIR) photosensitizer (Cyanine dye or Cy). Oxoplatin and 

cyanine were copolymerized and incorporated into polyprodrug (PCPP) main chain which 

was self-assembled into nanoparticles (NPs). Result showed that PCPP NPs enabled the 

release of bioactive Pt(II) by reduction-triggered backbone cleavage of polyprodrugs. 

Moreover, PCPP NPs showed excellent tumor accumulation and antitumor efficiency in 

mice models after intravenous injection. Therefore, this type of nanoparticle complex can 

serve as a great tool for bioimaging and combined chemo–phototherapy[102]. 

Yoong et al.[106] prepared a functionalized multi-walled carbon nanotubes (MWCNTs) 

with fluorescent rhodamine-110 (MWCNT-Rho) that target mitochondria and a non-

targeting fluorescein (MWCNT-Fluo). MWCNTs was attached to carboxylic acid groups 
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by oxidation to prepare MWCNT-COOH, then an amine-terminated TEG groups were 

added to the oxidized MWCNT-COOH in the presence of HATU as coupling agent and 

DIPEA to get MWCNT-TEG-NH2. MWCNT-Fluo was prepared by adding FITC to 

MWCNT-TEG-NH2 in the presence of DIPEA while MWCNT-Rho was prepared by 

adding Rho-110 chloride to MWCNT-TEG-NH2 with EDC/NHS in the presence of 

catalytic amount of DMAP and DIPEA. Results showed that MWCNT-Rho was associated 

well with mitochondria with 80% co-localization and enhanced potency (IC50 ¼ 0.34 0.07 

mM) as a drug carrier for platinum(IV) of Cisplatin (PtBz) (74, Figure 1.10) compared to 

MWCNT-Fluo with poor localization of 21% and potency (IC50 2.64 mM), despite 

structural similarities of both complexes. These results showed that only MWCNTs- Rho-

110 could act as effective drug carrier due to the importance of surface functionalization 

for effective drug carrier[106].  

He et al.[107] designed a nanoparticle delivery system for two photo-activatable Pt(IV) 

amphiphiles (75, 76, Figure 1.10), photo-active Pt(IV)–azide prodrug was prepared by 

introducing one or two hydrophilic cancer targeting lactose ligands to the axial positions 

where it can be self-assembled into micelles with one lactose ligand or vesicles with two 

lactose ligands. This all-in-one theranostic system combine three key features; drug 

targeting, ligand targeting in which lactose itself is a targeting ligand and imaging agent 

where platinum complexes can be monitored via introducing NIR dye Cyanine to the 

platinum(IV) core or by CT imaging[107]. 

Min et al.[108] designed a near-infrared (NIR) light-activated nanoplatform of a photoactive 

platinum(IV) prodrug and an apoptosis sensing peptide that are incorporated onto the silica 

coated upconversion-luminescent nanoparticles (UCNPs) surface. Result showed that the 
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platinum(IV) prodrug complex (trans, trans, trans-

[Pt(N3)2(OH)(O2CCH2CH2CO2H)(py)2]) (77, Figure 1.10) is activated at the surface of the 

nanoparticle upon NIR light illumination and active components are selectively released 

which results in an efficient induced potent antitumor cytotoxcity in both cisplatin-sensitive 

and resistant tumor cells. Moreover, the caspases enzymes allowed the direct imaging of 

apoptosis in living cells by effectively cleave the NIR imaging peptide probe. Therefore, 

the developed platinum(IV) probe UCNPs@SiO2 conjugates can control the localized 

activation of the platinum prodrug at the target tumor sites, but more importantly, may also 

serve as personalized tumor markers to image in real time and evaluate the antitumor 

therapy at the cellular level[108]. 

1.4 Liposomes and liposomal formulation of platinum complexes 

Nanoparticle drug delivery technology is an important strategy used to overcome the side 

effect problems via the enhanced permeability and retention effect (EPR) (Figure 1.11), 

which is a distinct feature of tumor tissue compared to normal tissue that allow large size 

nano-carriers to penetrate through the leaky vasculature around tumor region and 

accumulate due to ineffective lymphatic drainage of tumor tissues[109,110]. 
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Figure 1.11. Nano particle drug delivery technology via the enhanced permeability and retention effect 

(EPR). 

 

Platinum complexes can be attached to nanoparticles like liposomes which are a lipid 

bilayer vesicles consisting of an aqueous core encapsulated by natural or synthetic 

phospholipids that have the ability to work with both hydrophilic and hydrophobic 

drugs[111]. Liposomes can protect drugs from degradation before it reaches its target site, 

prolong their half-life in the body, increase their solubility and distribution into tumor sites, 

enable sustained release of drugs in the tumors, reduce their side effects, as well as, 

suppress development of drug resistance[5,112]. 

1.4.1 General introduction on liposomes 

Liposomes, are lipid bilayer vesicles in which the lipid molecules have head groups 

attracted to water molecules that arrange themselves toward the aqueous cavity while the 

hydrocarbon tails point to the opposite direction[111,113]. Liposomes have many 

advantages (Table 1.2) including ability to carry large drug payloads, biocompatibility, 

capacity for self-assembly, biodegradability, low toxicity and others[114,115]. On the other 
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hand, liposomes suffer from rapid clearance by reticuloendothelial system (RES) because 

they are considered a foreign object to the body and are quickly up-taken by mononuclear 

phagocyte system (MPS) after systemic administration and cleared from blood[114]. 

Liposomal formulations facilitate cancer drugs accumulation in tumor but also in some 

formulations they limit drug release which lead to low concentrations at the target site[116]. 

Table 1.2 Liposomes advantages and disadvantages 

Advantages of liposomes Disadvantages of liposomes 

Non-toxic, non-immunogenic, 

biocompatible, completely biodegradable 

Phospholipid may undergo oxidation and 

hydrolysis-like reaction. 

Increase efficacy and therapeutic index of 

drugs 

Low solubility  

Increase stability of drug by encapsulation  Have a short half life 

Reduce toxicity of encapsulated drug  Suffer from leakage and fusion of drug 

Reduce exposure of sensitive tissue to 

toxic drugs 

Production cost is high 

 

1.4.1.1 Classification and characterization of liposomes 

Specific factors control the behavior of liposomes in storage conditions and biological 

mediums like size (ranging from 25nm to several micrometers), number of bilayers (Uni-

lamellar to multi-lamellar), surface charge, chemical composition and membrane 

permeability. Bilayer composition responsible for shelf life, interaction with specific 

tissues or proteins and the kinetics of the release of the entrapped drug in liposomes. The 

size of the liposomes affects the in vivo distribution which can determine the time the 

liposomes will stay in the blood stream before being removed. Whereas the surface charge 

of vesicles affects the physical stability because of the possible occurrence of fusion or 

aggregation phenomena[117,118].  
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Liposomes can be classified according to: 1) composition and application, 2) structural 

parameters, 3) preparation methods (Figure 1.12). Based on composition, liposomes are 

classified as conventional liposomes, fusogenic liposomes, pH-sensitive liposomes, 

cationic liposomes, long circulating liposomes, and immuno-liposomes[114,119]. Based on 

the structure, they are classified as multilamellar vesicles (MLV), Oligolamellar vesicles 

(OLV), multilamellar vesicular vesicles (MVV) and unilamellar vesicles (ULV)[120]. 

Based on the method of preparation, they are classified as thin-film hydration technique 

(Bangham method), solvent injection method (Ethanol and ether), reverse phase 

evaporation method[115,121,122]. 

 

 

 



44 

 

 

Figure 1.12. Classification of liposomes according to composition and applications, structural parameters 

and preparation methods.  

 

Different methods are used to characterize liposomes physically and chemically (Table 

1.3) including; quantification of phospholipids and lyso-phospholipids which is important 

in evaluating the efficiency of the preparation method, evaluation of lipid oxidation that 

reflect any changes in the bilayer integrity and presence of drug leakage. There are two 

pathways for liposomal degradation; the first one is the hydrolytic pathway in which the 

ester groups of the phospholipids can be hydrolyzed in the presence of water to produce 

lyso-phospholipids which leads to an increase of permeability of the lipid bilayer and 
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therefor destabilization of the system. The second pathway is oxidation of lipids which 

result in changes in the bilayer integrity and drug leakage which in turn induce aggregation 

and fusion phenomena. 

Finally, determination of encapsulation percentage where the in vivo efficacy of liposomes 

and their physical and physicochemical properties depends on the total amount of drug 

encapsulated within the liposome[109,111,116] 

Table 1.3. Most used methods for liposomes characterization. 

                  Characteristics                                               Methodology 

- Phospholipids quantification 

 

- Lyso-phospholipids quantification 

- Lipid phosphorus content (Bartlett 

method). 

- Liquid chromatography combined 

with Bartlett method. 

- Lipid oxidation  - Spectroscopy, thin layer 

chromatography (TLC), high-

performance liquid 

chromatography (HPLC), gas-

liquid chromatography (GC). 

- Encapsulation percentage  - Spectrophotometry, fluorescence 

spectroscopy, enzyme-based 

methods, electrochemical 

techniques and HPLC. 

- Size  - Static and dynamic light scattering, 

microscopy techniques (light, 

electronic and atomic force), size-

exclusion chromatography, field-

flow fractionation and analytical 

centrifugation. 

- Lamellarity  - Nuclear magnetic resonance (31P-

NMR), electron microscopy, small 

angle X-ray scattering. 
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1.4.1.2 Conventional vs. Fusogenic liposomes  

Conventional liposomes are the first creation of liposomes which consist mainly of natural 

phospholipids or lipids such as 1, 2-distearoryl-sn-glycero- 3-phosphatidyl choline 

(DSPC), phosphatidylcholine, sphingomyelin, egg and monosialoganglioside[113]. The 

major drawbacks of conventional liposomes are their rapid clearance from the blood in 

addition to their low solubility, possibility of phospholipid oxidation and hydrolysis like 

reactions, leakage of drug content and high production cost[123]. To overcome these 

drawbacks another type of liposomes was developed with special fusogenic character 

called fusogenic liposomes (FLs) (Figure 1.13).   

FLs was established to overcome anticancer drugs low permeability across the plasma 

membrane and degradation by the endocytosis pathways. FLs composed of conventional 

liposomes and Sendai virus which deliver encapsulated contents into the cytosol 

efficiently, rapidly and directly. FLs can be prepared by fusing conventional liposomes 

with ultraviolet inactivated Sendai virus under neutral pH and 37°C, then FL can be 

purified from the unreacted Sendai virus and liposomes by sucrose gradient centrifugation. 

These liposomes are unique because they can fuse with mammalian cell membranes and 

deliver their contents into the cytoplasm[124-126]. 



47 

 

 

Figure 1.13. Fusogenic and conventional liposomes as nano-carriers. a) Synthesis of fusogenic liposomes 

from fusion of conventional liposome with inactivated sendai virus. b) Comparison between conventional 

and fusogenic liposomes delivery of drug content through cell membrane.  
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1.4.2 Platinum (II) liposomal formulations  

Several platinum liposomal formulations were designed to deliver platinum complexes and 

entered clinical trials (Table 1.4) but unfortunately, none of them was approved by the 

FDA.  

Table 1.4. Clinically tested liposomal formulations of platinum complexes. 

Formulation L-NDDP SPI-77 Lipoplatin Lipoxal LiPlaCis 

Encapsulated 

Drug 

NDDP Cisplatin Cisplatin Oxaliplatin Cisplatin 

Lipid 

composition 

DMPC/ 

DMPG 

HSPC/ 

Cholesterol/

DSPE-

PEG2000 

HSPC/DPPG/

DSPE-

PEG2000 

Not 

Available 

DSPC/ 

DSPG/ 

DSPE-

PEG2000 

Clinical status Phase II Phase II Phase III Phase I Phase I 

NDDP, cis-bis-neodecanoato-trans-R,R-1,2-diaminocyclohexane platinum(II); DMPC, 1,2-dimyristoyl-sn-

glycero-3-phosphocholine; DMPG, 1,2-dimyristoyl-sn-glycero-3-phospho-(1′-rac-glycerol) (sodium salt); 

HSPC, hydrogenated soy phosphatidylcholine; DSPE-PEG2000, 1,2-distearoyl-sn-glycero-3-

phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000] (ammonium salt); DPPG, 1,2-dipalmitoyl-

sn-glycero-3-phospho-(1′-rac-glycerol) (sodium salt); DSPC, 1,2-distearoyl-sn-glycero-3-phosphocholine; 

DSPG, 1,2-distearoyl-sn-glycero-3-phospho-(1′-rac-glycerol) (sodium salt). 

The first liposomal formulation of platinum drugs that entered clinical trials is Aroplatin 

(L-NDDP) (78, Figure 1.14). The liposomal formulation is a multi-lamellar mixture of 1,2-

dimyristoylphosphatidylcholine (DMPC) and 1,2-dimyristoylphosphatidylglycerol 

(DMPG) lipids with acidified saline solution that encapsulate NDDP a cisplatin analog 

(cis-bis-neodecanoato-trans-R,R-1,2-diaminocyclohexane platinum(II), NDDP). L-NDDP 

showed different bio-distribution from NDDP with higher accumulation in specific tissues 

and lower toxicity profile. Unfortunately, in 2005 a dose escalation phase was conducted 

and after reaching the maximum tolerated dose and observing an instability and 

degradation of the drug in liposomes the trial was terminated[109,127].  
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Figure 1.14. Structure of liposomal formulation of platinum(II) Aroplatin. 

SPI-77 is a Stealth liposomal formulation of cisplatin, which is coated with methoxy-

polyethylene glycol (MPEG) that mask their recognition by MPS and removal from the 

blood stream[128]. SPI-77 showed a better effectiveness and toleration than free Cisplatin, 

but it suffered from poor release of the drug from liposomes which result in a decrease in 

the cytotoxic activity compared to free Cisplatin. Jaafari et al. tried to optimize drug release 

kinetics by encapsulating Cisplatin in liposomes containing different phosphatidylcholines 

(HSPC, DPPC, DMPC and soy phosphatidylcholine (SPC)) at various transition 

temperatures. Result showed that solid PEGylated liposomes with transition temperature 

above 37°C including DPPC and HSPC gave the highest cisplatin concentration and the 

best therapeutic activity compared to other formulations[109,129]. Moreover, SPI 077 

formulation that contained 44% of cholesterol showed a low release of platinum drug 

aggregates therefore, Tesauro et al. [130] encapsulated cisplatin in Egg L-a-

phosphatidylcholine liposomes using lower amounts of cholesterol in order to increase 

platinum release. Liposomal formulation showed a promising results in specific ovarian 

tumor cell line but further studies needs to be done. 

Lipoplatin, is a cisplatin containing liposome developed by Regulon, Inc. company 

composed of soy phosphatidylcholine, cholesterol, dipalmitoyl phosphatidyl glycerol, and 
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methoxy-PEG-distearoyl phosphatidylethanolamine. Lipoplatin entered phase I, II, III 

clinical trials and showed that it has a lower side effects and higher accumulation in tumors 

with enhanced efficacy compare to free cisplatin and still under investigation. The same 

company also developed Lipoxal, an oxaliplatin liposomal formula with few side effects 

and better antitumor effect compared to free oxaliplatin[130-132] liPlaCis, is also another 

cisplatin liposomal formula developed by LiPlasome Pharma ApS company. The formula 

designed to be degraded by secretory phospholipase A2 which is abundant in tumor sites 

but other factors also participate in the degradation of the particles. Renal toxicity was not 

prevented by this formula, and that led to early stopping of this formulation in phase I 

stage[109]. Therefore, the same company designed a Liploxa, another oxaliplatin loaded 

liposomal formulation which is still under preclinical investigation[129]. 

1.4.3 Platinum(IV) liposomal formulations  

Liposomal formulation of platinum(IV) complexes was also developed. The two extra 

ligands in platinum(IV) facilitate attachment to nanoparticles such as liposomes.    

Browning et al.[133] investigated the potential of ultrasound and microbubbles (MB) (a 

small gas filled lipid coated bubbles) for delivering of both free and liposomal platinum(IV) 

prodrugs. Iproplatin (cis,trans,cis-dichloridodihydroxidobis(isopropylamine) 

platinum(IV) (10, Figure 1.5) was actively loaded into liposomes by using calcium acetate 

gradient which resulted in 3-fold improvement in drug concentration compared to passive 

loading methods. The resulted liposomal iproplatin (L(Pt)) was attached to MB by strain-

promoted cycloaddition reaction (azide- dibenzocyclooctyne) to form an ultrasound-

responsive drug delivery vehicle. Results showed that iproplatin release from the 

microbubble liposome was triggered by ultrasound and caused an increase in Pt 
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concentration in breast cancer cells. On the other hand, using L(Pt)) only or with ultrasound 

didn’t show any appreciable platinum uptake in breast cancer cells which suggest that the 

microbubble-mediated ultrasonic release of Pt(IV) prodrug from liposomes has greater 

control over drug delivery. Iproplatin (10) was synthesized by adding isoprpylamine to a 

solution mixture of K2PtCl4 and KI in water. The resulted precipitated was reacted with 

AgNO3 and then NaCl to form a yellow precipitate which was oxidized with H2O2 to get 

iproplatin. The drug was loaded into the liposomes after mixing the lipids together (DPPC, 

cholesterol and DSPEPEG(2000))[133].  

Chen et al.[134] designed a hypoxia-amplifying DNA repair–inhibiting nanomedicine 

(HYDRI NM). The nanoparticle carries Pt(IV) in the outer hydrophobic layer and 

tirapazamine (TPZ) chemo drug and oxygen consumer glucose oxidase (GOx) in the 

hydrophilic cavity. Result showed that treating cisplatin resistant cancer cells with HYDRI 

NM amplified intracellular hypoxia by GOx-catalyzed oxidation of glucose and boosted 

the cytotoxicity and bioactivity of TPZ which in turn led to a synergistic effect with the 

platinum(IV) complex against drug-resistant tumors. The HYDRI NM (or 

GOx/TPZ@Lipo-Pt) was prepared first by using platinum(IV) prodrug as a building block 

which was synthesized from reacting cis,trans,cis-[Pt(NH3)2(OH)2Cl2] with excess octane 

isocyanate (79, Figure 1.15). Second the platinum(IV) prodrug was conjugated with 

dipalmitoylphosphatidylcholine, cholesterol, 1,2-Distearoyl-sn-Glycero-3-

Phosphoethanolamine and conjugated methoxyl poly(ethylene glycol) (DSPE-mPEG2k) 

through supramolecular self-assembly method. Finally, the hypoxia-activatable dual-

function chemo-drug tirapazamine (TPZ) and GOx were encapsulated into the hydrophilic 

cavity of the liposomes[134]. 
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Figure 1.15. Structure of liposomal formulation of platinum(IV)Prodrugs; octane isocyanate Pt(IV) (79), 

phosphaplatins platinum(IV) (RRD4) (80), cantharidin platinum(IV) prodrug (CanPt) (81), (OC-6-33)-

diamminedichloridobis(valproato) platinum(IV) ((82), CisPt(IV) (83) and OxaPt(IV) (84).  

 

Belkacemi et al.[135] designed liposomal formulation of phosphaplatins platinum(IV) 

(RRD4) (80, Figure 1.15) and evaluated its therapeutic effects on breast tumor growth and 

metastasis. Result showed that free RRD4 inhibited tumor growth and metastasis while 

their liposomal formulation showed an enhancement in the potency of RRD4 and reduced 

toxicity compared to the free form of the drug. The platinum(IV) was synthesized by 

reacting Sodium pyrophosphate decahydrate with cis-dichloro(trans-1,2-

cyclohexanediamine)platinum(II) to produce (trans-1,2-Cyclohexanediamine)(dihydrogen 

pyrophosphato)- platinum(II) and then was oxidized by H2O2 to yield  (trans-1,2-

Cyclohexanediamine)-trans-dihydroxo(dihydrogen pyrophosphato)platinum(IV) (RRD4). 

Liposomal RRD4 was then prepared by thin-film dehydration where lipids were dissolved 
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and mixed together (DOPC, phosphatidylcoline, Cholesterol and 1,2-dioleoyl-sn-glycero-

3-phosphoethanolamine-N-(4-(p-aleimidophenyl) butyramide (MPB PE)). After that the 

lipid film was hydrated with RRD4 and extruded through a series of polycarbonate filter 

and the resulting liposomal formulation was stored at 4˚C for use[135]. 

Yang et al.[136] designed a hybrid of anti-tumor cantharidin and platinum(IV) prodrug 

(CanPt) (81, Figure 1.15). The conjugate was formulated into a liposome for drug delivery 

to reduce cantharidin side effects (e.g. dysphagia, hematemesis, and dysuria) which limited 

its use for cancer therapy. Results showed that CanPt-NPs delivered the drug to the tumor 

site which result in enhancement in drug accumulation, drug uptake into cancer cells and 

the release of platinum drug in redox-responsive manner which results in a greater 

apoptosis. CanPt was prepared by attaching two hydrophobic cantharidin molecules to the 

axial position of Pt(IV) and was loaded to the phosphate lipid bilayer of the liposomes 

which consist of MPEG2k-DSPE, DPPC, DSPC and cholesterol. Film hydration and 

extrusion by polycarbonate membrane was used to prepare the liposome[5,112,136]. 

Ravera et al.[137] examined the effect of cationic liposomes containing Cisplatin or 

valproate or their combination ((OC-6-33)-diamminedichloridobis(valproato) 

platinum(IV)) (82, Figure 1.15) on cisplatin sensitive human ovarian cancer cells. 

Valproate is a histone deacetylase (HDAC) inhibitor which plays a vital role in gene 

expression, cellular differentiation and cellular apoptosis, its co-administration with DNA-

damaging drugs like cisplatin can give a dual action strategy in which it possesses a much 

higher anti-proliferative activity. Results showed that valproate has poor penetration to 

cells unless its transported by liposomes or conjugated to lipophilic Pt(IV). Pt-VPA (82) 

was more active than the combination of CDDP-VPA which is likely due to the lipophilic 
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property of Pt(IV). In addition, Pt-VPA liposomal formulation exhibited higher cellular 

accumulation with just two-fold increase in its anti-proliferative potency. The liposome 

was prepared by mixing 1,2-dioleoyl-sn-glycero-3- phosphoethanolamine (DOPE) and 

1,2-dioleoyl-sn-glycero-3- ethylphosphocholine (chloride salt) (DOEPC) lipid. Then the 

lipid film was dispersed in an aqueous buffer-saline solution that contain Cisplatin and/or 

VPA. In the case of Pt(IV), LipoPt-VPA was prepared by dissolving lipophilic Pt-VPA in 

CHCl3 during the liposome preparation to be entangled into the membrane instead of being 

entrapped in the inner aqueous solution[137] 

Moreover, Q. Chen et al.[138] developed a nanoparticle-based delivery system to deliver 

platinum complexes. CisPt(IV) (83) and OxaPt(IV) (84) (Figure 1.15) with two long lipid 

chains at the axial position were developed and encapsulated with biodegradable polymer 

methoxy poly-(ethylene glycol)-block-poly (lactic acid) (mPEG5000-bPLA6000). Result 

showed that platinum(IV) prodrug delivery system exhibited a rapid drug release from 

micelle under acidic and high concentration of reducing agent which conclude that this 

system could release platinum complexes rapidly in human cancer cells. Moreover, 

M(CisPt) and M(OxaPt), treated cells were arrested in S phase which resulted in apoptosis. 

Therefore, this system may give a new strategy for overcoming cisplatin resistance[138]. 

1.5 Literature Reviews      

Many platinum drugs have been developed over years but their efficacy was distorted by 

toxicity and inability to reach target site. Many tumor sites such as; pancreatic carcinoma 

enhance the formation of dense desmoplastic stroma which creates a physical barrier that 

prevent chemotherapeutic drugs from reaching tumor cells. Moreover, increased interstitial 

fluid pressure (IFP) in tumor site result in low blood supply and inadequate drug delivery. 
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These challenges and others direct researchers to develop methods that deliver drugs to 

target sites such as making modifications on the surface of liposomes specifically for 

diagnosis, therapeutic and as a tool for molecular imaging to monitor drug delivery, 

response to therapy and early diagnosis[139,140]. Majority of platinum drugs have low 

hydrophilicity in addition to low hydrophobic affinity which result in very low drug-to-

lipid ratio in liposomal formulations. Two methods have been suggested to increase the 

amount of platinum complexes in liposomes; either by using lipophilic platinum 

derivatives that can be encapsulated into large multilamellar liposomes like L-NDDP 

(aroplatin) or by using highly water-soluble platinum complexes like cis-

diamminedinitratoplatinum(II). Several liposomal formulations entered clinical trials but 

none have been approved due to drawbacks like inefficient encapsulation of the drug, very 

low release kinetics from liposomes and poor serum stability[141,142]. To develop 

successful liposomal drugs, we must understand the fate of liposomes in vivo, this can be 

achieved by using reliable bioanalytical methods such as fluorescence labeling and other 

methods (e.g. MRI, mass spectrometry, radiolabeling and computed tomography)[143]. 

Despite the enormous number of imaging techniques there is still a need for highly 

sensitive probes that are suitable for in vivo imaging. Fluorescence imaging is cost-

effective and non-invasive in vivo technique but the problem in preclinical fluorescent 

probes is their rapid clearance in vivo, which reduces their imaging sensitivity. Rapid 

clearance can be avoided by increasing the  number of dye molecules at the target site, and 

encapsulation in liposomes[144]. 

L. Feng et al.[142] prepared a succinic acid (SA) cisplatin prodrug, c,t,c 

[Pt(NH3)2(O2CCH2CH2COOH)(OH)Cl2] (Pt(IV)SA) conjugated to DSPE phospholipid 
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via amide bond to form a liposomal formulation with other lipids as DPPC, cholesterol, 

DSPE-mPEG5k (Figure 1.16). A lipophilic NIR dye called DiR (1,1′-dioctadecyl3,3,3′,3′-

tetramethylindotricarbocyanine iodide) was used as a promising probe for in vivo NIR 

fluorescence and photoacoustic imaging. DiR-Pt(IV)-liposome was studied using UVVIS–

NIR and fluorescence spectrometers which showed increasing in fluorescence intensity due 

to self-quenching effect of DiR when loaded into the lipid bilayer. Cells stained with a 

fluorescent lyso-tracker showed that the liposomal formulation entered the cell via 

endocytosis pathway, also the therapeutic activity of DiR-Pt(IV)-liposome was slightly 

higher than that of Cisplatin. Since Pt(IV)-liposome was a good carrier for hydrophobic 

dye DiR, it was also studied to deliver small hydrophilic molecules and bio-

macromolecules into its aqueous inner cavity by using RhB and NHS-fluorescein (FITC) 

labeled BSA as the model molecules, results also showed that Pt(IV)-liposome-RhB and 

Pt(IV)-liposome-BSA-FITC entered the cell via endocytosis. This conclude that Pt(IV)-

liposome have an excellent capacity for loading a different molecules and drugs[142] 
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Figure 1.16. Structure of  fluorescent liposome in which platinum(IV) prodrug c,t,c 

[Pt(NH3)2(O2CCH2CH2COOH)(OH)Cl2] and the lipophilic NIR dye  DiR (1,1′-dioctadecyl3,3,3′,3′-

tetramethylindotricarbocyanine iodide) were loaded into the lipid layer of liposome while Pt(IV)-RhB and 

Pt(IV)-BSA-FITC  was loaded into the aqueous inner cavity of the liposome. 
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1.6 Aims and Objectives of the Study  

1.6.1 General objective 

1- Synthesis of stable lipophilic and amine (aliphatic and aromatic) fluorescently 

labelled Pt(IV) prodrugs. 

2- Characterization of fluorescent labelled Pt(IV) using available physical methods.  

1.6.2 Specific Objectives 

1- Design, synthesis and characterization of Cisplatin Pt(IV) prodrug derivatives. 

2- Derivatize the Pt(IV) with lipophilic/amine containing fluorophores by conjugation 

to the axial hydroxido ligands. 

1.6.3 Future Objectives 

1- Encapsulation of the synthesized Pt(IV) derivatives in fusogenic liposomes (FLs). 

2- Characterization of the FL-formulation using physical methods.  

3- Characterization of encapsulated Pt(IV) using Raman microscopy, fluorescence 

and using it as a carrier for the delivery of the new compound into cancer cell 

cultures.  

4- Assessing the impact of FLs on the activity of Pt(IV) derivatives using biological 

essays. 
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2. Experimental Part 

General considerations 

Reactions were carried out in a fume hood in the dark. Solvents and reagents were used as 

received from commercial sources without further drying or purification. 

2.1 Materials 

Chemicals: Dansyl chloride, EDC, methanol (MeOH), dimethylformamide (DMF), N-

hydroxysuccinimide (NHS), 6-Aminohexanoic acid, 11-Aminoundecanoic acid, N,N-

Diisopropylethylamine, potassium iodide (KI), succinic anhydride, carbonyl diimidazole, 

ethylenediamine, pyridine, hydrogen peroxide (H2O2 30%, 35%), ammonium hydroxide 

(NH4OH 25%), 2-(6-Chlor-1H-benzotriazol-1-yl)-1,1,3,3-tetramethylaminium-

hexafluorophosphat) (HCTU) and acetic anhydride were purchased from ACROS 

Chemicals Ltd. Sodium sulfate (Na2SO4), 1,6-diaminohexane, dicyclohexylcarbodiimide 

(DCC), Sodium hydrogen carbonate, trimethylamine (TEA), hydrochloric acid (HCl), 

diethylether, and calcium chloride were purchased from Merck Ltd. Potassium 

tetrachloroplatinate(II) (K2PtCl4), and acetonitrile were purchased from Aldrich Chemicals 

Ltd. Oxalyl chloride, fluorescin isothiocyanate isomer 1 (FITC) were purchased from Alfa 

Aesar. Silver nitrate was purchased from Wieland. Tetrahydrofuran (THF) was purchased 

from J.T.Baker. Dichloromethane (DCM) waspurchased from Mallinckrodt Chemicals. 

Ethylacetate was purchased from MACRON fine chemicals. hydrogen peroxide (H2O2 3%) 

was purchased from Floris. 

Silica gel (Silica gel 60 (0.040- 0.063 mm)) for column chromatograph and sheets for thin 

layer chromatography (TLC Silica gel 60 F254) were all purchased from Merck Ltd. 
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Deuterated solvents: D2O, CDCl3 was purchased from ACROS Chemicals Ltd.  

2.2 Instrumentation 

Chemical hazards fuming hood, hotplates, pH meter and rotary evaporator are available at 

Anticancer Drugs Research Lab.  Melting point, FT-IR and UPLC were done at Ibrahim 

Jalal’s lab in the Faculty of Pharmacy, Al-Quds University. Liquid chromatography-mass 

spectroscopy (LC-MS) was done at Al-Quds University. Proton and carbon nuclear 

magnetic resonance spectroscopy (1H-& 13C-NMR) were done at the Hebrew University.  

2.2.1 Nuclear magnetic resonance (1H-, 13C-, NMR)  

All 1H- & 13C- NMR and spectra were conducted using the 500 MHz Varian NMR 

spectrometer. Samples were run in deuterated chloroform (CDCl3). For 1H-NMR, chemical 

shifts are reported in parts per million (ppm, δ) downfield from tetramethylsilane. Spin 

multiplicities are described as doublet (d), doublet of doublets (dd), singlet (s), triplet (t), 

quartet (q), and multiplet (m). 

2.2.2 Fourier transform infrared spectroscopy (FTIR) 

All infrared spectra were obtained from platinum ATR using Tensor II, Bruker, FT-IR 

spectrometer. 

2.2.3 Electrospray ionization mass spectrometry (ESI-MS) 

Was performed using a Thermos Scientific TSQ Endura Triple-stage Quadrupole. Elution 

was in a mixture of 40:40:20 water/acetonitrile/methanol at a flow rate of 15 μL/minute. 

ESI-MS were obtained delivering a diluted solution of the compound in methanol directly 

into the spectrometer source. The ion transfer tube temperature source and vaporizer 
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temperature were set to 325°C and 275° C, respectively with argon as a collision gas and 

nitrogen as a drying and a nebulizing gas.  

2.2.4 Ultra-performance liquid chromatography (UPLC) 

UPLC experiments were performed using Nexera X2 instrument Shimadzu Corporation-

Japan that is equipped with Roc C18 reverse phase column (100 × 3.0 mm). The mobile 

phase was comprised of 0.06% TFA in water (solvent A) and acetonitrile (solvent B). A 

sample injection volume of 10 µL was used at a flow rate of 1 mL/min and eluted over a 

gradient of 0–100% for 25 min. An SPD-M20A prominence diode array detector (PDA) 

was used to detect the eluting peaks at 220 nm and 330nm. 

Gradient mobile phase was used for the prodrugs as follow: 

1. Prodrug (35) 0min: 50%water:50%ACN. 

                     20min: 15%water:85%ACN. 

                     21min: 50%water:50%ACN. 

                    25min: 50%water:50%ACN. 

2. Prodrug (36) and (37): 0min: 65%water:35%ACN 

                                     20min: 50%water:50%ACN. 

                                     21min: 15%water:85%ACN. 

                                     25min: 65%water:35%ACN. 
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2.3 Synthesis of platinum compounds 

2.3.1 Synthesis of cis-dichlorodiammineplatinum(II), [[ cis-[PtCl2(NH3)2], 

Cisplatin](7)  

Potassium tetrachloroplatinate(II) (K2PtCl4) (1) (2g, 0.0048mol) were dissolved in distilled 

water (40ml), and 8 equiv. (6.4g, 0.0385mol) potassium iodide (KI) were added. The 

mixture was stirred at room temperature for 30 minutes. 2.1 equiv. (0.68ml, 0.010mol) of 

25% ammonium hydroxide solution were added drop wisely to the dark brown potassium 

tetraiodoplatinate(II) K2PtI4 (2) solution and stirred for 3 hours. At first one iodide was 

replaced by ammonia to produce a water-soluble triiodomonoamineplatinum(II) (3) which 

was subjected to further ligand exchange to give a fine yellow precipitate of cis-

diaminodiiodoplatinum(II) (cis-Pt(NH3)2I2) (4). The compound was collected by filtration, 

washed with water and dried by vacuum filtration. cis-diaminodiiodoplatinum(II) (cis-

Pt(NH3)2I2) (4) was used subsequently without any further purification. 

Under dark condition (2.24g, 0.0046mol) cis-diaminodiiodoplatinum(II) (cis-Pt(NH3)2I2) 

(4) was suspended in 80 mL DDW and 1.99 equiv. AgNO3 (1.569g, 0.0092mol) were 

added. The mixture was stirred overnight at room temperature. The precipitate of AgI was 

filtered off and the filtrate was collected. The filtrate containing 

diamminodiaquaplatinum(II)/ diamminodinitratoplatinum(II)/ cis-Pt(NH3)2(OH2)2 (5)/ cis-

Pt(NH3)2(NO3)2 (6), was treated with 10 equiv. (9.3ml, 0.0462mol) 5M HCl and stirred 

overnight at room temperature. The resulting precipitate was collected by filtration, washed 

with DDW and dried under vacuum. The final product cis-

diamminedichloroplatinum(II) (7) was collected as a yellow powder.  

Yield: 1.22 g (88%). FT-IR: 3280 and 3203 (N-H stretching), 509 (Pt-N stretching).  
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2.3.2 Synthesis of cis, cis, trans-diamminedichloridodihydroxidoplatinum(IV) 

[cis,cis,trans-[Pt(NH3)2Cl2(OH)2], Oxoplatin] (8) 

In aluminum foil covered RBF, Cisplatin (7) (1g, 0.0033mol) were suspended in distilled 

water (10ml) and (4ml, 0.033mol; 10-fold excess) 30% hydrogen peroxide were added. 

While stirred, the suspension was heated to 50°C for one hour in dark. The mixture was 

then cooled to room temperature and stirring continued overnight. The precipitate was 

collected using filtration under reduced pressure washed with distilled H2O, and diethyl 

ether, and dried under vacuum. The product Oxoplatin (8) was obtained as a pale-yellow 

powder.  

Yield: 876.5mg (2.62mmol, 79.4%). FTIR: 3514, 3458 (O-H stretching), 3253 (N-H 

stretching), 553 (Pt-O stretching). Melting point is 260. UPLC Rt 0.955 minute. 

 

2.3.3 Synthesis of cis, cis, trans-

ethylenediamminedichloridodihydroxidoplatinum(IV) [cis,cis,trans-

[PtenCl2(OH)2] (13) 

PtenCl2(OH2) was prepared in similar manner to Cisplatin and Oxoplatin synthesis.  

Potassium tetrachloroplatinate(II) (K2PtCl4) (1) (1g, 0.0024mol) were dissolved in distilled 

water (30ml), and 8 equiv. (3.2g, 0.0192mol) potassium iodide (KI) were added. The 

mixture was stirred at room temperature for 30 minutes. 1.1 equiv. (176.6μl, 0.00264mol) 

of ethylenediamine solution were added drop wisely to the dark brown potassium 

tetraiodoplatinate (2) solution and stirred for 3 hours. A fine yellow precipitate of cis-

ethylenediaminodiiodoplatinum(II) (cis-PtenI2) (9) was formed.  The compound was 
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collected by filtration, washed with water and dried by vacuum filtration. cis-

ethylenediaminodiiodoplatinum(II) (cis-PtenI2) (9) was used subsequently without any 

further purification. 

Under dark condition (735mg, 1.43mmol) cis-ethylenediaminodiiodoplatinum(II) (cis-

PtenI2) (9) was suspended in 20 mL DDW and 1.99 equiv. AgNO3 (484.5mg, 2.85mmol) 

were added. The mixture was stirred overnight at room temperature. The precipitate of AgI 

was filtered off and the filtrate was collected. The filtrate containing containing 

ethylenediamminodiaquaplatinum(II)/ ethylenediamminodinitratoplatinum(II)/ cis-

Pten(OH2)2 (10)/ cis-Pten(NO3)2 (11), was treated with 10 equiv. (2.86ml, 14.3mmol) 5M 

HCl and stirred overnight at room temperature. The resulting precipitate was collected by 

filtration, washed with DDW and dried under vacuum. The final product cis-

ethylenediamminedichloroplatinum(II) (12) was collected as a yellow powder. cis-

ethylenediamminedichloroplatinum(II) (12) (340mg, 1.04mmol) were suspended in 3% 

hydrogen peroxide (23.6ml, 20.8mmol; 20-fold excess). While stirred, the suspension was 

heated to 50°C for one hour in dark. The mixture was then cooled to room temperature and 

stirring continued overnight. When the precipitate was collected using filtration under 

reduced pressure washed with distilled H2O, and diethyl ether, and dried under vacuum. 

The product PtenCl2(OH2) (13) was obtained as a pale-yellow powder.  

Yield: 257mg (0.713mmol, 68.6%). Melting point is 265. UPLC Rt 0.911 minute. 

2.3.4 Synthesis of Dichloro(1,2-diaminocyclohexane)dihydroxidoplatinum(IV) 

(Pt(DACH)Cl2(OH)2) (16)  

Potassium tetrachloroplatinate(II) (K2PtCl4) (1) (1g, 0.0024mol) were dissolved in distilled 

water (20ml), and 1 equiv. (275mg, 0.0024mol) of DACH (14) was added. The mixture 
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was stirred at room temperature overnight. A fine yellow precipitate02+ of dichloro(1,2-

diaminocyclohexane)platinum(II) (15) was formed.  The compound was collected by 

filtration, washed with water and dried by vacuum filtration and used subsequently without 

any further purification. 

Under dark condition (400mg, 1.058mmol) Pt(DACH)Cl2 (15) was suspended in 5 mL 

DDW and 30% hydrogen peroxide (1.2ml, 10.58mmol, 10-fold excess) and stirred 

overnight. The precipitate was collected using filtration under reduced pressure washed 

with distilled H2O, and diethyl ether, and dried under vacuum. The product 

(Pt(DACH)Cl2(OH)2) (16) was obtained as a pale yellow powder.  

Yield: 340.2mg (0.824 mmol, 77.8%) 

2.3.5 Synthesis of (1,2-diaminocyclohexane)dihydroxidoplatinumoxalate(IV) 

(Oxaliplatin (IV) (20))  

Dichloro(1,2-diaminocyclohexane)platinum(II) Pt(DACH)Cl2 (15) (400mg, 1.052mmol) 

was dissolved in distilled water (1.6 ml), and 1.8 equiv. (321mg, 1.89mmol) of silver nitrate 

were added. The mixture was stirred at room temperature overnight. The obtained silver 

chloride was filtered off with filter paper and the filtrate containing Pt(DACH)Cl2(NO)2 

(17) was collected. To the obtained solution 1.1 equiv. of sodium oxalate (155mg, 

1.16mmol) (18) was added and the mixture was stirred overnight. A fine white precipitate 

of 1,2-diaminocyclohexane platinum oxalate (Oxaliplatin) (19) was formed.  The 

compound was collected by filtration, washed with cold water and dried by vacuum 

filtration and used subsequently without any further purification. 

Under dark condition (200mg, 0.503mmol) Oxaliplatin (19) was suspended in 2 mL DDW 

and 35% hydrogen peroxide (489 μl, 5.03mmol, 10-fold excess) and stirred overnight. The 
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precipitate was collected using filtration under reduced pressure washed with distilled H2O, 

and diethyl ether, and dried under vacuum. The product Oxaliplatin(IV) (20) was obtained 

as a white powder.  

Yield: 175mg, (0.405 mmol, 80.6%). 

2.3.6 Synthesis of di-succinato-cisplatin (cis,cis,trans-[Pt(NH3)2Cl2 

(OOCCH2CH2CO2H)2,] (22) 

Oxoplatin (8) (305mg; 0.913 mmol) was dissolved in 2ml dimethylformamide (DMF), and 

then 2 equiv. succinic anhydride (21) (183mg; 1.83mmol) was added to the solution. The 

reaction mixture was heated to 60°C in the dark for 8 hours with magnetic stirring. The 

solvent (DMF) was removed by rotary evaporator and the pale-yellow product was 

recrystallized from acetone at -20℃ and isolated via vacuum filtration to give a clear 

yellow color solution. This solution was further concentrated under reduced pressure. The 

off-white product di-succinato-cisplatin (cis,cis,trans-

[Pt(NH3)2Cl2(OOCCH2CH2CO2H)2] (22) was precipitated by adding diethyl ether and 

was collected via vacuum filtration. 

Yield: 196.4mg (40.2%), UPLC Rt=0.874. 

2.4 Synthesis of Fluorescent labelled lipophilic amino acids (Dansyl and FITC 

derivatives) (26, 27, 31) 

General procedure: 

In a round bottom flask, lipophilic amino acid (5 equivalents) and sodium bicarbonate 

(19 equivalents) were dissolved in 50 ml DDW H2O. While stirring, dansyl chloride/ 

or FITC dissolved in 14ml THF were added drop-wisely. Triethylamine (TEA, 6 

equivalents) were added in portions and the mixture was stirred at room temperature 
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overnight with exclusion of light. Then THF was evaporated under reduced pressure, 

and the obtained solution was acidified with 0.5M HCl to pH 3 and extracted with ethyl 

acetate (3x50mL). The organic fractions were pooled and dried over anhydrous 

Na2SO4. After filtering off the solids desired product was purified using column 

chromatography [DCM 100%], [EtOAc 100%], or [EtOAc: DCM, 1:1, v:v] to give 

Dansyl/or FITC amino acid derivatives.  

2.4.1 Synthesis of Dansyl amino acid derivatives (26 &27) 

2.4.1.1 Synthesis of 11-((5-dimethylaminonaphthalene-1-sulfonyl)amino)undecanoic 

acid [C23H34N2O4S, 11-DAUDA, Dans-C11OOH](26) 

TLC (EtOAc); Rf =4.1/4.7=0.87; Yield: 1.447g (44.9%); whitish-pink powder. 

1H-NMR (500 MHz, CDCl3) δ (ppm): 1.02(m, 12H), 1.2(m, 4H), 1.54(m, 2H), 2.2(t, 2H), 

2.8(s, 6H), 4.57(t, 1H), 7.11(d, 2H), 8.17(m, 2H), 8.20(dd, 1H), 8.48(d, 1H). 

FT-IR: 3251 (N-H stretching), 2912 (C-H stretching), 1739 (C=O stretching), 1578 (O-H 

ester stretching), 1305 (C-N stretching), 1130 (S=O stretching).  

ESI-MS m/z calculated for C23H34N2O4S 434.6, found 435.2 (M +H)+.  

Melting point: 88 

UPLC Rt 9.795min 

2.4.1.2 Synthesis of 6-((5-dimethylaminonaphthalene-1-sulfonyl)amino)hexanoic acid 

[C18H24N2O4S, 6-DAHA, Dans-C6OOH] (27) 

TLC (EtOAc); Rf =2/6.2=0.32; Yield: 1.5g (55.5%); off-white powder. 

1H-NMR (500 MHz, CDCl3) δ (ppm): 1.13(m, 2H), 1.16(m, 4H), 1.37(m, 2H), 2.11(t, 2H), 

2.8(s, 6H), 4.66(t, 1H), 7.11(d, 2H), 7.45(m, 2H), 8.16(dd, 1H), 8.48(d, 1H). 
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13C-NMR (500 MHz, CDCl3) δ (ppm): 23.87(CH2-CH2-CH2), 25.75(CH2-CH2-C=O), 

29.15(CH2-CH2), 33.40(CH2-C=O), 42.97(N-CH2), 45.42(N-CH3), 115.22(C=C=C-), 

118.66(-C=C=C), 129.62(C=C=C), 129.70(-C=C), 129.90(C=C=C), 130.46(C=C=C), 

134.69(C=C=C), 152.05(C=C-N), 179(C=O). 

FT-IR: 3509 (O-H stretching), 3301 (N-H stretching), 2938 (C-H stretching), 1698 (C=O 

stretching), 1310 (C-N stretching), 1141 (S=O stretching).  

ESI-MS m/z calculated for C18H24N2O4S 364.46, found 365.2 (M +H)+.  

Melting point: 108 

UPLC Rt 7.281min 

2.4.2 Synthesis of FITC amino acid derivatives 

2.4.2.1 Synthesis of 11-((Fluorescein-5-isothiocyanate)amino)undecanoic acid 

[C27H24N2O7S, FITC-C11OOH] (31) 

TLC (EtOAc); Rf =3.5/6=0.583; Yield: 300mg (65.9%); Orange powder. 

FT-IR: 3400 (O-H stretching), 3065, 3008, 2921 (N-H stretching), 1743 (C=O stretching), 

1301 (C-N stretching).  

Melting point: 190 

UPLC Rt 10.681min 

2.4.2.2 Synthesis of 6-(Fluorescein-5-isothiocyanate)amino)hexanoic acid (32) 

TLC (EtOAc); Yield: 63.4mg, 47.4%, orange-brown powder 

2.4.2.3 Synthesis of 4-(Fluorescein-5-isothiocyanate)amino)butyric acid (33) 

TLC (EtOAc); Yield: 86mg, 67.9%, orange-brown powder 
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2.4.2.4 Synthesis of 4-(Fluorescein-5-isothiocyanate)amino)benzoic acid (34) 

TLC (EtOAc); Yield: 85.8mg, 63.4%, orange-brown powder. 

2.5 Synthesis of the platinum(IV) fluorescent-amino acid complexes (35-37)  

 

2.5.1 Synthesis of platinum(IV) dansyl-amino acid complexes 

- General procedure (Approach-1) 

In a round bottom flask (50ml), dansyl amino acids (2.2 equivalent) were dissolved in 2 ml 

DMF and 2ml DCM. While stirring, (2.4 equivalent) HCTU (2-(6-Chlor-1H-benzotriazol-

1-yl)-1,1,3,3-tetramethylaminium-hexafluorophosphat) and (2.4 equivalent) DIPEA (N, 

N-Diisopropylethylamine) were added and the mixture was stirred at room temperature for 

3 hrs. To the stirred mixture (1 equivalent) cis, cis, trans-[PtCl2(NH3)2(OH)2] (8) was 

added. The reaction was stirred for 24h at 50°C with exclusion of light. Reaction progress 

was followed using TLC (DCM: EtOAc, 1:1, v:v). When the reaction was over two thirds 

of the DMF were removed under reduced pressure. To the concentrated mixture (50mL) 

diethyl ether was added and a sticky precipitate was formed. The liquid mixture was 

decantated. The addition of ether and decantation was repeated three times. The precipitate 

was   dissolved in 3mL methanol and filtered to remove insoluble materials. To collected 

filtrate 50mL ether were added and the mixture was chilled overnight. The liquids were 

decanted and the sticky precipitate was collected and dried.  The desired products were 

purified using column chromatography [DCM: EtOAc, 1:1, v:v] to give dansyl amino acid 

Pt(IV) prodrugs. The compounds were further purified by recrystallization in DCM and 

EtOAc. 
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2.5.1.1 Synthesis of di(11-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)undecanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2)) (35)  

TLC (DCM:EtOAc, 1:1, v:v); Rf = 1/6.2=0.161; Yield: 103mg (12.8%); brown powder.  

1H-NMR (500 MHz, CDCl3) δ (ppm): 1.43(m, 12H), 1.44(m, 4H), 2.35(t, 2H), 2.90(s, 6H), 

3.18(q, 2H), 3.71 (m, Pt-NH3), 7.20(d, 2H), 8.11(m, 2H), 8.26(dd, 1H), 8.56(d, 1H). 

UPLC Rt 17.752 

2.5.1.2 Synthesis of di(6-((5-dimethylaminonaphthalene-1-sulfonyl)amino)hexanoic) 

(cis,trans,cis-[Pt(NH3)2(Cl)2)) (36)  

TLC (DCM: EtOAc, 1:1, v:v); Rf =1/6.5=0.15; Yield: 48mg(77.9%); off-white-brown 

powder.  

FT-IR: 3307 (N-H stretching), 2932 (C-H stretching), 1712 (C=O) stretching, 1566, 1415 

(C-N stretching), 1140, 1049 (SO2 stretching), 569, 454 (Pt-N) stretching. 

Melting point: 290 

UPLC Rt 10.112 

- General procedure (Approch-2) 

 

In a round bottom flask (50ml), dansyl fatty amino acids were dissolved in 2 ml DMF. 

While stirring, EDC (0.5 equivalent) was added and the mixture was stirred at 50°C for 

1hr.  Then cis, cis, trans-[PtCl2(NH3)2(OfH)2] (8) was added and the reaction left stirring 

for 24h at 50°C with exclusion of light. Reaction progress was followed by TLC 

(DCM:EtAOc, 1:1, v:v). When the reaction was over DMF was concentrated under reduced 

pressure and diethyl ether was added to precipitate a sticky product which was then 

dissolved in a little amount of methanol. The desired product was precipitated by adding 

ether to methanol. 
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- General procedure (Approach-3) 

In 50 ml round bottom flask cis, cis, trans-[PtCl2(NH3)2(OH)2] (8) was suspended in 2 ml 

pyridine. The suspension was cooled to -5 ºC   in ice bath and while stirred 2.1 equivalents 

of acyl chloride were added drop-wise. The reaction was allowed to warm to room 

temperature and left stirring for 24 h. At the end of the reaction 10 ml DW were added and 

after stirring at room temperature for 30 min the precipitate was collected by filtration. The 

brownish solid was washed with 5 ml ice-cooled water then with 10 ml ether. 

2.5.2 Synthesis of di(11-((Fluorescein-5-isothiocyanate)amino)undecanoic) 

(cis,trans,cis-[Pten(Cl)2)) complexe (37) 

In a round bottom flask (50ml), FITC amino acid derivative (248mg, 0.417mmol) were 

dissolved in 2 ml DMF. While stirring, (1.1:1.1 equivalent) NHS/EDC were added and the 

mixture was stirred at 50°C for 1hr.  cis, cis, trans-[PtenCl2(OH)2] (12) (68.3mg, 

0.189mmol) were added and the mixture was stirred for 24h at 50°C with exclusion of 

light. Reaction progress was followed using TLC (EtOAc 100%). When the reaction was 

over, DMF was removed under reduced pressure. A sticky precipitate was formed and 

dissolved in small amount of methanol. The solution was then added in a dropwise manner 

into water. The desired product (37) was obtained after filtration and washed with water 

and diethyl ether. The compound was further purified by recrystallization in methanol. 

TLC (EtOAc); Rf =6/6=1=; Yield: 140mg (22.7%); Brown powder. 

FT-IR: 3400 (O-H stretching), 3200 (N-H stretching), 2924, 1737 (C=O stretching), 1584, 

1455 (Benzene ring stretching), 1249 (C-N stretching), 1174 (C-O ester stretching), 457 

(Pt-N stretching).  

Melting point: 260. UPLC Rt 1.125min 
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2.6 Stability studies 

Sodium mono phosphate buffer (pH=7.4) was prepared by dissolving 1.7g Sodium mono 

basic in 250ml DDW. The pH was adjusted to 7 by adding 1M NaOH to the solution. 

Stability study was done for di(11-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)undecanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2)) where 500 ppm solution was 

prepared by dissolving 12.5mg of the prodrug in a mixture of MeOH/ACN (1:1 v/v) and 

the volume was completed to 25ml from prepared buffer. The solution was kept at 37 °C 

for 30hrs and monitored by UPLC at a wave length of 330 nm to detect hydrolytic 

conversion of the prodrug to its corresponding parent drug. 
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Chapter three 
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3. Result and Discussion 

Cisplatin is one of the most important anticancer drugs used in clinics. However, its use 

has been limited by its severe side effects, and the development of resistance[4]. Using a 

prodrug strategy, platinum(IV)-based anticancer drugs have been developed by introducing 

two additional axial ligands to overcome Cisplatin limitations [145]. Platinum(IV) prodrugs 

are perceived as inert towards ligand exchange reactions and have to be reduced to their 

active drug form (Platinum(II)) to exhibit a cytotoxic effect[146]. Despite the numerous 

work that have been done to address the mechanism of action of platinum(II) drugs and 

platinum(IV) prodrugs, understanding the cellular uptake and the reduction of 

platinum(IV) prodrugs remains unclear[147]. Cellular imaging techniques such as 

fluorescence microscopy are effective and accessible for detecting and monitoring 

platinum in live cells by attaching fluorophore to the drug[148]. To improve the tissue 

localization and enhance the cellular uptake of platinum-based anticancer agents, and to 

diminish the undesired side effects of platinum(II) drugs fusogenic liposomes will be 

employed. Furthermore, to make possible studying the penetration, localization, 

distribution and speciation of the Pt-liposomal formulation fluorescent labelled 

platinum(IV) derivatives were developed.  Such composite will allow employing wide 

range of biophysical techniques (differential scanning calorimetry (DSC), transmission 

electron microscopy combined with freeze fracture (FF-TEM), dynamic light scattering 

measurements, small angle X-ray scattering (SAXS), Fourier transform infrared 

spectroscopy (FTIR) and fluorescence microscopy for characterizing. The fluorescent axial 

ligands were designed to comprehend properties that maximize encapsulation of the Pt(IV) 

derivatives.   
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3.1 Synthetic Chemistry 

Kinetically inert octahedral platinum(IV) prodrugs attracted great deal of attention as the 

next generation of platinum based anticancer drug candidates. Pt(IV) complexes can be 

functionalized with a wide range of ligands that can be either biologically inactive or active 

to tune their pharmacological properties to overcome the limitations of traditional 

platinum(II) drugs[149]. Several platinum(IV) complexes were reported with significant 

anticancer activity, however none so far have been approved for clinical use. Modification 

at the axial position of platinum(IV) may also tune their lipophilicity and solubility and 

therefore affect their cellular uptake[150,151].  

3.1.1 Design of the axial ligand 

The ligand to be attached to the axial hydroxido sites of platinum(IV) shall meet the 

following requirements: 

1) A fluorescent tag comprised of fused heterocyclic moieties  

2) Solubility modulating functional group 

3)  A lipophilic linker that will connect the fluorescent label platinum center.    

4) An attachable functional group to make possible the conjugation to Pt(IV).  

A group of ligands with the up mentioned features were designed and synthesized (see 

Figure 3.1).   

 

Figure 3.1. Design of fluorophore tags to be attached to the axial hydroxido ligands of platinum(IV).  
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Chemically, the functionalization of the axial sites of Oxoplatin was carried out by 

coupling of the designed ligand to the axial hydroxide sites.  

3.1.2 Coupling of fluorescent labels (tags) to Pt(IV) 

Several approaches have been applied to prepare fluorescent labeled Pt(IV) prodrugs.  

Functionalization of the axial ligands was carried out by using; Activating agents of 

uranium salts such as O-(1H-6-Chlorobenzotriazole-1-yl)-1,1,3,3-tetramethyluronium 

hexafluorophosphate (HCTU); 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 

hydrochloride (EDC); N-hydroxysuccinimide NHS/DCC (or NHS/EDC) or acyl halides.  

The efficiency of carboxylation depends on the solubility of platinum(IV) di-hydroxide 

complexes and the reactivity of activated fluorescent fatty amino acids. Oxoplatin is poorly 

soluble in common solvents that’s why all reactions were done in DMF as a solvent. 

Dichloromethane (DCM) was added to reactions for clear imaging of TLCs. Initially the 

reaction mixtures were pale-yellow suspensions and upon completion the mixtures turned 

into brownish solutions.  All reactions were monitored by TLC and RP-UPLC. The 

compounds were divided into two classes Dansyl and FITC derivatives (Scheme 3.1). 
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Scheme 3.1.  General scheme of different strategies for the synthesis of fluorescent platinum(IV) mono- and 

bis-carboxylate derivatives investigated in this study.  

 

3.1.3 Synthesis of platinum(IV) complexes  

The synthesis of platinum(IV) prodrugs were initiated by the synthesis of the 

corresponding platinum(II) analogues. In the case of Cisplatin (7) and PtenCl2 (12) were 

prepared with 81% and 68.6% yields, respectively, in two successive steps starting from 

the commercially available tetrachloropaltinate(II) [K2PtCl4] (1). The oxidation of 

platinum(II) complexes was accomplished using hydrogen peroxide to afforded the 

platinum(IV) analogue as reported in previous studies[152,153]. 
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3.1.3.1 Synthesis of cis-diamminedichloroplatinum(II) [Cisplatin; (cis-

[PtCl2(NH3)2])] (7, Scheme 3.2) 

The most used method for preparing Cisplatin is the one reported by Dhara in 1970[154]. 

Starting from potassium tetrachloropaltinate(II) [K2PtCl4] (1) which was subjected to 

ligand exchange tactic by the addition of a saturated solution of KI to form the 

tetraiodoplatinate(II) K2PtI4 (2), (Scheme 3.2). Halides (Cl, Br, I) are known as labile 

ligands that are easily replaced by inert ligands like amines. In the first step one iodide was 

replaced by ammonia (NH3) ligand to produce a water-soluble 

triiodomonoamineplatinum(II) (3) which was subjected to a further ligand exchange step 

ending in the water insoluble electroneutral cis-diaminodiiodoplatinum(II) (cis-Pt(NH3)2I2) 

(4). When the intermediate water-soluble triiodomonoamineplatinum(II) (3) reacts with the 

second ammonia group there are two main options; the first is the iodo ligand displacement 

that is trans to ammonia; or the second option is the iodo ligand displacement that is trans 

to other iodo ligand. But because of the strongest trans effect of the iodo ligand that is 

relative to ammonia ensures that the trans iodide is more labile to displacement and result 

in the desired cis-diamminodiiodoplatinum(II) (4) isomer [4]. Earlier procedures before 

Dhara method didn’t involve the initial step which is the converting of [K2PtCl4] (1) to 

K2PtI4 (2) that ensures the formation of cis product without contamination. On the other 

hand, Transplatin the other isomer is prepared by converting [K2PtCl4] directly to 

[Pt(NH3)4]Cl2 and then treated with HCL to give Transplatin [155]. Moreover, a simple 

method was used to distinguish the cis from trans isomers of square planar compounds 

which was developed by Kurnakow in 1894 that involve the treating of the isomers with 

thiourea where Cisplatin produce deep yellow solution and Transplatin produces white 
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insoluble trans product [156]. In the procedure the compound cis-PtI2(NH3)2 (4), was 

collected as a yellow powder, and dried. To exchange the iodide ligand with chloride cis-

PtI2(NH3)2 was treated with AgNO3 in aqueous conditions. This ensure the replacement of 

iodide with water (or nitrate), to obtain soluble diamminodiaquaplatinum(II)/ 

diamminodinitratoplatinum(II)/ cis-Pt(NH3)2(OH2)2 (5)/ cis-Pt(NH3)2(NO3)2 (6), and the 

insoluble AgI which was filtered off. The filtrate containing cis-Pt(NH3)2(OH2)2 (5)/ cis-

Pt(NH3)2(NO3)2 (6) was treated with excess HCl to get isomerically pure yellow solid of 

cis-PtCl2(NH3)2 (7) with a high yield (88%). The dried yellow powder was identified by 

FT-IR (Figure 3.3) where bands of N-H stretching (3280 and 3203), and Pt-N stretching 

(509) were found.  

 

 

Scheme 3.2. Synthesis of Cisplatin (7) from potassium tetrachloroplatinate(II) (K
2
PtCl

4
) (1). Reagents and 

conditions: (a) potassium iodide (KI), distilled water, r.t, 30min, (b) 25% ammonium hydroxide (NH4OH), 

distilled water, r.t, 24 h, 95.8%, (c) AgNO3, distilled water, r.t, 24 h, (d) 5M HCl, distilled water, r.t, 24h, 

88%. 
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3.1.3.2 Synthesis of cis, cis, trans-diamminedichloridodihydroxidoplatinum(IV) 

(Oxoplatin) (8, Scheme 3.3) 

Pt(IV) counterparts (Oxoplatin (8)) was first synthesized by  Chugaev and Khlopin in 

1927[152]. Briefly, Cisplatin [cis-PtCl2(NH3)2] (7) were suspended in H2O2 (Scheme 3.3) 

and double-distilled water and the solution that formed was left to stand overnight during 

which a yellowish crystalline precipitate formed, cis, cis, trans-

diamminedichlorodihydroxyplatinum(IV) (8) with high yield (79.4%) compared to other 

studies which reported yields of 50-70%[157,158]. The platinum(IV) hydroxide ligands 

were originated from hydrogen peroxide and water. The dried yellow crystalline was 

identified using FT-IR (Figure 3.4), where a new sharp and intense peak appeared at 3514 

(O-H stretching), and new Pt-O stretching at 553cm1 compared with Cisplatin. UPLC 

(Figure 3.5) with melting point of 260 and retention time Rt= 0.955. 

 

Scheme 3.3. Preparation of Oxoplatin (8). Reagents and conditions: (a) 30% H2O2, distilled water, 50°C for 

1hr, r.t. for 24hr, 79.4%. 

 

3.1.3.3 Synthesis of cis, cis, trans-

dichloro(ethylenediamine)dihydroxyplatinum(IV) (PtenCl2(OH)2) (13, 

Scheme 3.4) 

Ethylenediamine ligand was used because it has the ability to slower reduction rate of 

Pt(IV) complexes which may refer to the fact that ethylenediamine cause less steric 
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hindrance and stabilize the platinum complexes compared to other ligands. [PtenCl2] was 

synthesized by using adaption of the Dhara method[154]. Starting from potassium 

tetrachloropaltinate(II) [K2PtCl4] (1) which was subjected to ligand exchange by the 

addition of a saturated solution of KI to form the tetraiodoplatinate(II) K2PtI4 (2), (Scheme 

3.4). Two iodide were replaced directly by ethylenediamine ligand due to its chelating 

characteristic to produce cis-ethylenediaminodiiodoplatinum(II) (cis-PtenI2) (9) a yellow 

powder, which was collected and dried. To exchange the iodide ligand with chloride cis-

PtenI2 (9) was treated with AgNO3 in aqueous conditions. This ensure the replacement of 

iodide with water (or nitrate), to obtain soluble ethylenediamminodiaquaplatinum(II)/ 

ethylenediamminodinitratoplatinum(II)/ cis-Pten(OH2)2 (10)/ cis-Pten(NO3)2 (11), and the 

insoluble AgI which was filtered off. The filtrate containing cis-Pten(OH2)2 (10)/ cis-

Pten(NO3)2 (11), was treated with excess HCl to get isomerically pure yellow solid of cis-

ethylenediamminedichloroplatinum(II) (cis-PtenCl2) (12).  Pt(IV) complex PtenCl2(OH2) 

(13) was synthesized by suspending cis-PtenCl2 (12) in 3% H2O2 and the solution that 

formed was left to stand overnight during which a yellowish crystalline precipitate formed, 

cis, cis, trans-dichloride(ethylenediammine)dihydroxyplatinum(IV) PtenCl2(OH2) (13) 

with reasonable yield  (68.6%) compared to other studies yield (76%)[159]. The 

platinum(IV) hydroxide ligands were originated from hydrogen peroxide. The dried pale 

yellow crystalline melting point 265 and UPLC (Figure 3.6) retention time Rt=0.911. 
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Scheme 3.4. Synthesis of cis, cis, trans-dichloride(ethylenediammine)dihydroxyplatinum(IV) PtenCl2(OH2) 

(13) from potassium tetrachloroplatinate(II) (K
2
PtCl

4
) (1). Reagents and conditions: (a) potassium iodide 

(KI), distilled water, r.t, 30min, (b) ethylenediamine, distilled water, r.t, 24 h, 58.3%, (c) AgNO3, distilled 

water, r.t, 24 h, (d) 5M HCl, distilled water, r.t, 24h, 43.3%, (e) 3% H2O2, 50°C for 1hr, r.t. for 24hr, 68.6%. 

 

3.1.3.4 Synthesis of Dichloro(1,2-diaminocyclohexane)dihydroxidoplatinum(IV) 

(Pt(DACH)Cl2(OH)2) (16, Scheme 3.5)  

The DACH ligand was chosen because its bulkier and more hydrophobic than the 

ethylenediammine and diammine carrier ligands, and was found to alters the N-Pt-N bond 

angle. This conformation may lead to steric hindrance and significant distortion of the 

DNA by affecting the type, rate and lethality of adduct formed with DNA[160]. Synthesis 

of platinum prodrug was done in similar manner to above procedures, potassium 

tetrachloropaltinate(II) [K2PtCl4] (1) was subjected to ligand exchange by the addition of 

diaminocyclohexane (DACH) (14) (Scheme 3.5) to produce dichloro(1,2-

diaminocyclohexane)platinum(II) (15) a fine yellow precipitate that was collected and 

dried. The oxidized form(Pt(DACH)Cl2(OH)2) (16) were synthesized by suspending 

Dichloro(1,2-diaminocyclohexane)platinum(II) (15) in 30% H2O2 and DDW the solution 

that formed was left to stand overnight during which a pale-yellowish crystalline 
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precipitate formed, Dichloro(1,2-diaminocyclohexane)dihydroxidoplatinum(IV) 

(Pt(DACH)Cl2(OH)2) (16) with good yield  (77.8%). The platinum(IV) hydroxide ligands 

were originated from hydrogen peroxide and water.  

 

Scheme 3.5. Synthesis of Dichloro(1,2-diaminocyclohexane)dihydroxidoplatinum(IV) 

(Pt(DACH)Cl2(OH)2) (16) from potassium tetrachloroplatinate(II) (K
2
PtCl

4
) (1). Reagents and conditions: 

(a) distilled water, r.t, 24hrs, 92.4% (b) 30% H2O2, distilled water, r.t, 24hr, 77.8%. 

 

3.1.3.5 Synthesis of (1,2-diaminocyclohexane)dihydroxidoplatinumoxalate(IV) 

(Oxaliplatin(IV)) (20, Scheme 3.6) 

Dichloro(1,2-diaminocyclohexane)platinum(II) Pt(DACH)Cl2 (15) was treated with silver 

nitrate (Scheme 3.6). Silver chloride a gray precipitate was formed and filtered off and the 

filtrate containing soluble Pt(DACH)Cl2(NO)2 (17) was collected. Sodium oxalate (18) 

was added to the filtrate and a fine white precipitate of 1,2-diaminocyclohexane platinum 

oxalate (Oxaliplatin) (19) was formed overnight.  The compound was collected and dried 

to be further hydroxide with 35% hydrogen peroxide in the presence of distilled water to 

give Oxaliplatin(IV) (20) with a very good yield (80.6%). 
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Scheme 3.6. Synthesis of (1,2-diaminocyclohexane)dihydroxidoplatinumoxalate(IV) (Oxaliplatin(IV) (20) 

from dichloro(1,2-diaminocyclohexane)platinum(II) (Pt(DACH)Cl2) (15). Reagents and conditions: (a) 

silver nitrate, r.t, 24hrs, (b) r.t, 24hr, 59%, (c) 35% H2O2, distilled water, r.t, 24hr, 80.6%. 

 

3.1.3.6 Synthesis of di-succinato-cisplatin (cis,cis,trans-[Pt(NH3)2Cl2 

(OOCCH2CH2CO2H)2,] (22, Scheme 3.7)  

Di-succinato-cisplatin (22) was synthesized from Oxoplatin (8) and succinic anhydride 

(21) (Scheme 3.7) to produce a pale-yellow product which was recrystallized from acetone 

at -20℃ and isolated via vacuum filtration to give a clear yellow color solution. The 

solution was further concentrated under reduced pressure to give off-white product di-

succinato-cisplatin (cis,cis,trans-[Pt(NH3)2Cl2(OOCCH2CH2CO2H)2) (22) that was 

precipitated by diethyl ether and collected with a yield of 40.2%. UPLC Rt=0.874 (Figure 

3.7). 

 

Scheme 3.7. Synthesis of di-succinato-cisplatin (cis,cis,trans-[Pt(NH3)2Cl2(OOCCH2CH2CO2H)2) (22) from 

Oxoplatin (8). Reagents and conditions: (a) DMF, 60°C, 8hrs, 40.2%.  
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3.1.4 Synthesis of the designed fluorescent ligands 

3.1.4.1 Synthesis of Dansyl amino acid derivatives (26 &27, Scheme 3.8) 

Commercially available dansyl chloride (23) and amino acids [11-amino undecanoic acid 

(24) or 6-amino hexanoic acid (25)] were all purchased and used with no further 

purification. 11-((5-dimethylaminonaphthalene-1sulfonyl)amino)undecanoic acid (Dans-

C11-OOH) (26) or  6-((5-dimethylaminonaphthalene-1sulfonyl) amino)hexanoic acid 

(Dans-C6-OOH) (27) were synthesized by reacting Dansyl chloride (23) with amino acids 

in basic media (Scheme 3.8). The solution was then treated with HCl and extracted with 

ethyl acetate to get the desired products with good yield (44.9%, 55.5% respectively). 

Product were characterized FTIR, ESI-MS, 1HNMR, 13CNMR and UPLC. FT-IR results 

showed new peaks at 1739cm1 for Dans-C11-OOH (Figure 3.8) and 1698cm1 for Dans-

C6-OOH (Figure 3.12) which they are characteristic of carboxyl group confirming the 

successful synthesis of the products. To further confirm the successful synthesis ESI-MS 

(positive mode) was used for Dans-C11-OOH (C23H34N2O4S) found 435.2 (M +H)+ 

(Figure 3.9) and for Dans-C6-OOH (C18H24N2O4S) found 365.2 (M +H)+ (Figure 3.13). 

Confirming the structure for both compounds. 1H-NMR (Figure 3.10) characterization was 

done for Dans-C11-OOH with sharp single peak at 2.8ppm which is a distinctive feature 

of Dansyl N-CH3 protons and peaks downfield from 7.11-8.48ppm confirm the Dansyl 

aromatic hydrogens. In addition, aliphatic hydrogen peaks up-field from 1.02-2.29ppm 

reflects the hydrocarbon chain of amino undecanoic acid. Same results for Dans-C6-OOH 

where 1H-NMR (Figure 3.14) showed sharp single peak at 2.8ppm for Dansyl N-CH3 and 

downfield peaks from 7.1-8.48ppm that confirms the Dansyl aromatic hydrogens and up-

field peaks from 1.13-2.13ppm which reflects aliphatic hydrogen of amino hexanoic acid. 
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13C-NMR (Figure 3.15) was also done for Dans-C6-OOH with similar result of that of 1H-

NMR with aliphatic bands up-field (23.87-45.42ppm chemical shifts) and aromatic bands 

downfield (115.22-152.05ppm chemical shifts). Melting point for the compounds were 88 

& 108 respectively. Retention time were 9.795 (Figure 3.11) and 7.2 respectively (Figure 

3.16).  

 

Scheme 3.8. Synthesis of 11-((5-dimethylaminonaphthalene-1sulfonyl) amino)undecanoic acid (Dans-C11-

OOH) (26) and 6-((5-dimethylaminonaphthalene-1sulfonyl) amino)hexanoic acid (Dans-C6-OOH) (27). 

Reagents and conditions: (a) NaHCO3, distilled water, THF, TEA, r.t, 24hr, (b) THF evaporation, (c) 0.5M 

HCl, r.t, (d) extraction 3X50ml EtOAc , (e) evaporation of organic fractions, yield 44.9% for Dans-C11-

OOH (26) and 55.5% for Dans-C6-OOH (27). 

  

3.1.4.2 Synthesis of FITC amino acid derivatives (31-34, Scheme 3.9) 

Fluorescein is an effective fluorescent reporter used in live cell imaging due to its 

advantages such as; having excellent photo-physical properties and can be synthesized on 

gram-scale. FITC amino acids were prepared in similar manner to Dansyl amino acid 

derivatives. Commercially available Fluorescein isothiocyanate (28) and amino acids [11-

amino undecanoic acid (24), 6-amino hexanoic acid (25), 4-amino butyric acid (29), 4-

amino benzoic acid (30)] were all purchased and used with no further purification. FITC-

amino acids were synthesized by reacting FITC (28) with amino acids in basic media 

(Scheme 3.9). The solution was then treated with HCl and extracted with ethyl acetate to 

get the desired products with good yield (47%-68%). One product was characterized and 

used for coupling with Pt(IV) due to the high lipophilic property of the compound which 
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is 11-(Fluorescein-5-isothiocyanate amino)undecanoic acid (FITC-C11-OOH) (31). The 

compound was characterized using FT-IR were the sharp peak of isothiocyanate at 2007 

disappeared confirming the attachment of amino acid to FITC. Other peaks also confirmed 

the structure at 3400 (O-H stretching), 3065, 3008, 2921 (N-H stretching), 1743 (C=O 

stretching), 1301 (C-N stretching) (Figure 3.17). Melting point 190 and UPLC with 

retention time Rt= 10.681 (Figure 3.18). 

 

Scheme 3.9. Synthesis of FITC amino acid derivatives; 11-(Fluorescein-5-isothiocyanate amino)undecanoic 

acid (FITC-C11-OOH) (31), 6-(Fluorescein-5-isothiocyanate amino)hexanoic acid (FITC-C6-OOH) (32), 4-

(Fluorescein-5-isothiocyanate amino)butyric acid (FITC-C4-OOH) (33), 4-(Fluorescein-5-isothiocyanate 

amino)benzoic acid (34).Reagents and conditions: (a) NaHCO3, distilled water, THF, TEA, r.t, 24hr, (b) THF 

evaporation, (c) 0.5M HCl, r.t, (d) extraction 3X50ml EtOAc , (e) evaporation of organic fractions, yield 

65.9% for (31), 47.4% for (32), 67.9% for (33), 63.4% for (34). 

3.1.5 Synthesis of fluorescent labeled platinum(IV) prodrugs (35-37) 

Due to the inert nature of platinum(IV) complexes, the direct ligand substitution is very 

slow and requires harsh conditions which made this type of reactions rarely employed to 
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prepare platinum(IV) prodrugs. Therefore, the key importance in such reactions is the 

presence of electrophiles that will react with the nucleophilic hydroxide ligand of 

platinum(IV) complexes. Several methods can be used; such as; anhydride and Acyl 

chlorides that reacts with trans dihydroxo platinum(IV) complexes to form dicarboxylates. 

A main difficulty in acyl chlorides reaction is the formation of hydrochloric acid (HCl) as 

a byproduct, which cause the removal of the hydroxy ligands by protonation. This step can 

be overcome by the addition of base like pyridine to sequester the HCl that is 

formed[14,161]. On the other hand, anhydride method results in the formation of 

intermediate (O-acylisourea) which is enough to couple the first hydroxide axial ligand but 

less to the other hydroxide ligand. In addition to that this method has low yield percentage 

due to low solubility of dihydroxido Pt(IV) in most organic solvents. This can be overcome 

by using water soluble EDC and optimization of solvent and reaction conditions to increase 

the yield. Other method can be used to generate dicarboxylate Pt(IV) is by using activating 

agents like uranium salts (e.g. HCTU) and a base which give a resonable yields with the 

ability to isolate Pt(IV) prodrugs from byproducts. This method bypasses the need for 

preparing acyl chlorides and anhydride intermediates and the need for harsh conditions[24]. 

3.1.5.1 Synthesis and characterization of the dansyl fatty amino acid-conjugated 

platinum(IV) complexes (35 & 36, Scheme 3.10) (Approach-1) 

Several method was used for the synthesis of the Dansyl labeled Pt(iv) prodrug (35, 36). 

The successful method was the using of activating agents of uranium salts such as O-(1H-

6-Chlorobenzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HCTU) to 

generate di-fluorescent carboxylate platinum(IV) complexes by using base and the desired 

dansyl amino acid derivatives (Scheme 3.10). Ratio of 1.1 equivalent of activated 
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carboxylate are required to generate mono-carboxylate platinum(IV) complexes or an 

excess of 2.2 equivalent for the formation of di-carboxylate complexes. Uranium salts 

method gave rise to reasonable yields and the platinum(IV) prodrugs was isolated easily 

from the byproducts[24].  The synthesis occurred by conjugating 11-DAUDA (26) or 6-

DAHA (27) to a Pt(iv) prodrug (Oxoplatin 8) by the HCTU-catalyzed ester bond formation 

reaction. The overall yield was (12.8%), (77.9%) respectively. The Dansyl amino acid-

conjugated Pt(iv) compound (35), was characterized by 1H NMR spectroscopy (Figure 

3.19) in which a new signal at (3.71) ppm corresponds to the amine groups of the Pt(iv) 

center appeared. UPLC Rt 17.752 with purity of 77% (Figure 3.20). Melting point of (35) 

was not done due to the sticky characteristic of the compound. Compound (36) was 

characterized by FT-IR where the band of 3509 (O-H stretching) disappeared indicating 

the binding of platinum(IV) to dansyl amino derivatives (Figure 3.24). Melting point was 

290 and UPLC Rt 10.112 with purity of 63.322% (Figure 3.25). Low purity refers to the 

close RF of the starting material with the prodrug and low solubility of the prodrug (36) in 

organic solvents except methanol which made it difficult to be separated through column 

chromatography that’s why further purifications was done to purify the product by 

recrystallization in DCM and ethyl acetate.  



91 

 

 

Scheme 3.10. Synthesis of platinum(IV) prodrugs approach-1; a) General scheme for the synthesis of Dansyl 

labeled platinum(IV) mono- and bis-carboxylate derivatives investigated in this study. Reagents and 

conditions: (a) 30% H2O2, distilled water, r.t, 24 h, 73.4%, (b) HCTU, DIPEA, DMF, 50 °C, 24 h, 12.8% for 

(33), 77% for (34), b) Mechanism of HCTU activation of carboxylic acids and its reaction with Oxoplatin. 
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3.1.5.2 Synthesis and characterization of the dansyl fatty amino acid-conjugated 

platinum(IV)  complexes (Approach-2) 

 Another approach was used to prepare (35) & (36) prodrugs is by using EDC agent. 

Briefly, 11-DAUDA (26) or 6-DAHA (27) was conjugated to a Pt(iv) prodrug (Oxoplatin 

(8)) by the EDC-mediated ester bond formation reaction (Scheme 3.11). The synthesis was 

monitored by UPLC which indicated the production of new products at Rt= 22.55 for 

prodrug (35) (Figure 3.21) and Rt= 13.23 & 22.53 for mono- and di-substituted prodrug 

(36) (Figure 3.26). The Yield for this method was very poor and the compounds were not 

purified due to low yield.  

 

Scheme 3.11. Synthesis of platinum(IV) prodrugs approach-2; a) general scheme for the synthesis of 

platinum(IV) prodrugs (35) and (36). Reagents and conditions: (a) DMF, EDC, 50°C, 1hr, (b) DMF, 

Oxoplatin (8) 50°C, 24hr. b) Mechanism of EDC activation of carboxylic acids and its reaction with 

Oxoplatin (8). 
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3.1.5.3 Synthesis and characterization of the dansyl fatty amino acid-conjugated 

platinum(IV)  complexes (Approach-3) 

In this approach acyl halide were used to be coupled with platinum(IV) complexes. First 

Dansyl amino acid derivatives were converted to acyl chlorides by reacting with oxalyl 

chloride (Scheme 3.12). After that the acyl chlorides were allowed to be reacted with 

Oxoplatin (8) in basic media to neutralize HCl formed from reactions and under calcium 

chloride tube to prevent humidity from entering to the reactions. Despite the strict 

conditions while handling the reactions; the TLC & UPLC (Figure 3.22 & 3.27) for (35) 

and (36), respectively, results indicate hydrolysis of the compounds to starting materials. 

Very low yields and low solubility in organic solvents made it difficult to collect and 

continue purification of compounds. ESI-MS (positive mode) was used for Prodrug (35) to 

confirm the formation of the prodrug; calculated 1167.22 found 1167.417 (M +H)+ (Figure 

3.23).  
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Scheme 3.12. Synthesis of platinum(IV) prodrugs approach-3; a) General scheme for the synthesis of Dansyl 

labeled platinum(IV) (35) and (36). Reagents and conditions: (a) oxalyl chloride, DCM, catalytic DMF, r.t, 

24 h, (b) pyridine, 24 h, r.t, b) Mechanism of oxalyl chloride activation of carboxylic acids and its reaction 

with Oxoplatin (8). 
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3.1.5.4 Synthesis and characterization of the FITC- fatty amino acid-conjugated 

platinum(IV) complexes (37, Scheme 3.13)  

 

FITC-C11-Platinum(IV) prodrug (37) was synthesized via NHS/EDC method. First FITC-

C11-OOH (31) was activated by NHS/EDC (Scheme 3.13) to form FITC-NHS activated 

ester which was reacted with cis, cis, trans-[PtenCl2(OH)2] (13) to give an overall yield of 

22.7% compared to other studies with a yield of 6% [65]. The FITC amino acid-conjugated 

Pt(iv) compound (37) exhibited poor water solubility that’s why concentrated solution was 

prepared in DMF and diluted with pH7.4 buffer immediately prior to analytical 

measurements. Compound (37) was characterized by FT-IR and UPLC. In the FT-IR peaks 

at 3400 (O-H stretching), 3200 (N-H stretching), 1174 (C-O ester stretching), 457 (Pt-N 

stretching) indicate the formation of the compound (37) (Figure 3.28). The compound has 

no solubility in water nor organic solvent except for DMF that’s why for UPLC analysis 

the compound was dissolved in DMF and diluted with pH 7.4 buffer. UPLC of the final 

product indicated that the purity from the described synthetic method was 75.8% (Figure 

3.29). Melting point of the compound was also measured with a value of 260. 



96 

 

 
Scheme 3.13. Synthesis of FITC-platinum(IV) prodrugs; a) general scheme for the synthesis of platinum(IV) 

prodrugs (23). Reagents and conditions: (a) NHS/EDC, DMF, 50°C, 1hr, (b) PtenCl2(OH)2 (13), DMF, 50°C, 

24hr, yield 22.7%, b) Mechanism of NHS/EDC activation of carboxylic acids and its reaction with 

PtenCl2(OH)2. 
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3.2 Stability studies  

Stability study was done for Dans-C11-oxoplatin (35) in sodium mono phosphate 

buffer solution at 37°C and was monitored by UPLC (Figure 3.2). Dans-C11-oxoplatin 

was stable under these conditions. Kinatic study was done for 30hr and the compound 

was stable with no degredation observed.  

 
 

Figure 3.2. Stability study for di(11-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)undecanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2)) (21) at zero time, 3hrs, 24 hr, 26 hr, 28 hr, and 30 

hr. 
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3.3 Compounds characterization using different analytical techniques 

3.3.1 Characterization of Cisplatin complex (7) 

 

Figure 3.3. Fourier transform infrared spectra of Cisplatin (7). 
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3.3.2 Characterization of Oxoplatin complex (8) 

 

Figure 3.4. Fourier transform infrared spectra of Oxoplatin (8). 

 

Figure 3.5. Ultra-performance liquid chromatography (UPLC) of Oxoplatin (8). 
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3.3.3 Characterization of PtenCl2(OH)2 complex (13) 

 

 

Figure 3.6. Ultra-performance liquid chromatography (UPLC) of PtenCl2(OH)2 (13). 

3.3.4 Characterization of di-succinato-Cisplatin complex (22) 

 

 

Figure 3.7. Ultra-performance liquid chromatography (UPLC) of di-succinato-Cisplatin (22). 

 

 



101 

 

 

3.3.5 Characterization of Dans-C11OOH complex (26) 

 
 

Figure 3.8. Fourier transform infrared spectra of; a) 11-((5-dimethylaminonaphthalene-

1sulfonyl)amino)undecanoic acid (Dans-C11-OOH) (26). 

 

Figure 3.9. Electrospray ionization mass spectrometry (ESI-MS)) ion scan mode spectra of; 11-((5-

dimethylaminonaphthalene-1sulfonyl)amino)undecanoic acid (Dans-C11-OOH) (26) (C23H34N2O4S) 

calculated 434.60, found 435.2(M +H)+. 
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Figure 3.10 1HNMR spectra of 11-((5-dimethylaminonaphthalene-1sulfonyl)amino)undecanoic acid 

(Dans-C11-OOH) (26) (C23H34N2O4S). 

 

Figure 3.11. Ultra-performance liquid chromatography (UPLC) of; a) 11-((5-dimethylaminonaphthalene-

1sulfonyl)amino)undecanoic acid (Dans-C11-OOH) (26) with retention time of 9.795. 
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3.3.6 Characterization of Dans-C6OOH complex (27) 

 
Figure 3.12. Fourier transform infrared spectra of 6-((5-dimethylaminonaphthalene-

1sulfonyl) amino)hexanoic acid (Dans-C6-OOH) (27).  

 

Figure 3.13. Electrospray ionization mass spectrometry (ESI-MS) ion scan mode spectra of 6-((5-

dimethylaminonaphthalene-1sulfonyl) amino)hexanoic acid (Dans-C6-OOH) (27) (C18H24N2O4S) calculated 

364.46, found 365.2 (M +H)+. 
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Figure 3.14. 1H-NMR spectra of 6-((5-dimethylaminonaphthalene-1sulfonyl) amino)hexanoic acid (Dans-

C6-OOH) (27) (C18H24N2O4S). 

 

Figure 3.15. 13C-NMR spectra of 6-((5-dimethylaminonaphthalene-1sulfonyl) amino)hexanoic acid (Dans-

C6-OOH) (27) (C18H24N2O4S). 
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Figure 3.16. Ultra-performance liquid chromatography (UPLC) of 6-((5-dimethylaminonaphthalene-

1sulfonyl) amino)hexanoic acid (Dans-C6-OOH) (27) with retention time of 7.28. 

 

3.3.7 Characterization of FITC-C11OOH complex (31) 

 

Figure 3.17. Fourier transform infrared spectra of 11-((Fluorescein-5-isothiocyanate)amino)undecanoic acid 

(FITC-C11-OOH) (31) compared to FITC (28). 
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Figure 3.18. Ultra-performance liquid chromatography (UPLC) of 11-((Fluorescein-5-

isothiocyanate)amino)undecanoic acid (FITC-C11-OOH) (31) with retention time of 10.681. 

 

 

3.3.8 Characterization of di(11-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)undecanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2)) (35)  

 
Figure 3.19. 1HNMR spectra of di(11-((5-dimethylaminonaphthalene-1-sulfonyl)amino)undecanoic) 

(cis,trans,cis-[Pt(NH3)2(Cl)2))) (35) 
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Figure 3.20. Ultra-performance liquid chromatography (UPLC) of di(11-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)undecanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2))) (35) with retention time of 17.752. (Gradient of 

50%:50%, water: ACN) 

 

 
Figure 3.21. Ultra-performance liquid chromatography (UPLC) of di(11-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)undecanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2))) (35) From appraoch-2 EDC mediated with 

retention time of 22.5. (Gradient of 65%:35%, water: ACN) 

 
Figure 3.22. Ultra-performance liquid chromatography (UPLC) of di(11-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)undecanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2))) (35) From appraoch-3 acyl halide mediated with 

retention time of 18.113. (Gradient of 50%:50%, water: ACN) 
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Figure 3.23. Electrospray ionization mass spectrometry (ESI-MS) ion scan mode spectra of di(11-((5-

dimethylaminonaphthalene-1-sulfonyl)amino)undecanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2))) (35) From 

appraoch-3 acyl halide mediated calculated 1167.22 , found 1167.417 (M +H)+. 

 

3.3.9 Characterization of di(6-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)hexanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2)) (36) 

 
Figure 3.24. Fourier transform infrared spectra of di(6-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)hexanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2)) (36). 
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Figure 3.25. Ultra-performance liquid chromatography (UPLC) of di(6-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)hexanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2))) (36) from approach-1 with retention time of 

10.112. 

 
Figure 3.26. Ultra-performance liquid chromatography (UPLC) of di(6-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)hexanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2))) (36) from approach-2 EDC mediated. 
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Figure 3.27. Ultra-performance liquid chromatography (UPLC) of di(6-((5-dimethylaminonaphthalene-1-

sulfonyl)amino)hexanoic)(cis,trans,cis-[Pt(NH3)2(Cl)2))) (36) from approach-3 acyl halide mediated. 

 

 

3.3.10 Characterization of di(11-((Fluorescein-5-

isothiocyanate)amino)undecanoic)(cis,trans,cis-[Pten(Cl)2)) (37) 

 

 
Figure 3.28. Fourier transform infrared spectra of di(11-((Fluorescein-5-

isothiocyanate)amino)undecanoic)(cis,trans,cis-[Pten(Cl)2)) (37) 
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Figure 3.29. Ultra-performance liquid chromatography (UPLC) of di(11-((Fluorescein-5-

isothiocyanate)amino)undecanoic)(cis,trans,cis-[Pten(Cl)2)) (37) with retention time of 1.125. 
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Chapter Four 

Conclusion and Future plans 
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4. Conclusion and future plans 

4.1 Conclusion 

This research project focuses on synthesizing fluorescent labeled platinum(IV) prodrugs to 

understand how Pt(IV) are processed at the cellular level and their molecular mechanisms 

of action. The compounds prepared in the current study were gone through two steps; first 

synthesizing of lipophilic fluorescent amino acids tags, and second step is coupling of these 

tags to Pt(IV) complexes. Several methods have been used to prepare the prodrugs, the 

most useful one was the use of the uranium salt activating agent such HCTU which gave a 

reasonable yield compared to other methods like EDC and acyl halides. The synthesized 

compounds were purified using chromatography techniques, and characterized by (1H-

NMR, 13C-NMR, FT-IR, UPLC spectroscopy and ESI-MS spectrometry). Stability study 

was done for prodrug (35) and showed stability in 7.4 sodium monophosphate buffer at 

37°C over 30 hrs. 

4.2 Future plans 

To improve the tissue localization and enhance the cellular uptake of platinum-based 

anticancer agents, and to diminish the undesired side effects of platinum(II) drugs 

fusogenic liposomes will be employed. Furthermore, to make possible studying the 

penetration, localization, distribution and speciation of the Pt-liposomal formulation 

fluorescent labelled platinum(IV) derivatives will be developed.  The Pt(IV) synthesized 

prodrugs will be encapsulated into fusogenic liposomes (FLs). The FL-formulation will be 

characterized using physical methods and the encapsulated Pt(IV) will be characterized 

using Raman microscopy, fluorescence microscopy. In addition, the impact of FLs on the 

activity of Pt(IV) derivatives will be assessed using biological essays and in vitro 
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assessment of the biological activity of Pt(IV) loaded fusogenic liposoemes against cancer 

cells will be studied. A wide range of biophysical techniques will be employed such as 

(differential scanning calorimetry (DSC), transmission electron microscopy combined with 

freeze fracture (FF-TEM), dynamic light scattering measurements, small angle X-ray 

scattering (SAXS), Fourier transform infrared spectroscopy (FTIR) and fluorescence 

microscopy for characterizing. The fluorescent axial ligands were designed to 

comprehend properties that maximize encapsulation of the Pt(IV) derivative.  

 

 

 

 

 

  



115 

 

 

 

 

 

Chapter Five 

References 

 

 

 

 

 

 

 

 

  



116 

 

5. References  

1. Rosenberg, B.; VanCamp, L.; Trosko, J.E.; Mansour, V.H. Platinum compounds: a 

new class of potent antitumour agents. Nature 1969, 222, 385-386. 

2. Rosenberg, B. Platinum coordination complexes in cancer chemotherapy. Die 

Naturwissenschaften 1973, 60, 399-406. 

3. Ratzon, E.; Najajreh, Y.; Salem, R.; Khamaisie, H.; Ruthardt, M.; Mahajna, J. 

Platinum (IV)-fatty acid conjugates overcome inherently and acquired Cisplatin 

resistant cancer cell lines: an in-vitro study. BMC cancer 2016, 16, 140, 

doi:10.1186/s12885-016-2182-8. 

4. Alderden, R.A.; Hall, M.D.; Hambley, T.W. The Discovery and Development of 

Cisplatin. 2006. 

5. Johnstone, T.C.; Suntharalingam, K.; Lippard, S.J. The Next Generation of 

Platinum Drugs: Targeted Pt(II) Agents, Nanoparticle Delivery, and Pt(IV) 

Prodrugs. Chem Rev 2016, 116, 3436-3486, doi:10.1021/acs.chemrev.5b00597. 

6. Kenny, R.G.; Chuah, S.W.; Crawford, A.; Marmion, C.J. Platinum(IV) Prodrugs - 

A Step Closer to Ehrlich's Vision? European Journal of Inorganic Chemistry 2017, 

2017, 1596-1612, doi:10.1002/ejic.201601278. 

7. Pizarro, A.M.; Sadler, P.J. Unusual DNA binding modes for metal anticancer 

complexes. Biochimie 2009, 91, 1198-1211, doi:10.1016/j.biochi.2009.03.017. 

8. Cepeda, V.; Fuertes, M.A.; Castilla, J.; Alonso, C.; Quevedo, C.; Perez, J.M. 

Biochemical mechanisms of cisplatin cytotoxicity. Anti-cancer agents in medicinal 

chemistry 2007, 7, 3-18. 

9. Florea, A.M.; Busselberg, D. Cisplatin as an anti-tumor drug: cellular mechanisms 

of activity, drug resistance and induced side effects. Cancers 2011, 3, 1351-1371, 

doi:10.3390/cancers3011351. 

10. Shen, D.W.; Pouliot, L.M.; Hall, M.D.; Gottesman, M.M. Cisplatin resistance: a 

cellular self-defense mechanism resulting from multiple epigenetic and genetic 

changes. Pharmacological reviews 2012, 64, 706-721, doi:10.1124/pr.111.005637. 

11. Gomez-Ruiz, S.; Maksimovic-Ivanic, D.; Mijatovic, S.; Kaluderovic, G.N. On the 

discovery, biological effects, and use of Cisplatin and metallocenes in anticancer 

chemotherapy. Bioinorganic chemistry and applications 2012, 2012, 140284, 

doi:10.1155/2012/140284. 

12. Shimada, M.; Itamochi, H.; Kigawa, J. Nedaplatin: a cisplatin derivative in cancer 

chemotherapy. Cancer management and research 2013, 5, 67-76, 

doi:10.2147/CMAR.S35785. 

13. Imai, Y.; Chikayama, T.; Nakazawa, M.; Watanabe, K.; Ando, S.; Mizuno, Y.; 

Yoshino, K.; Sugawara, K.; Hamaoka, K.; Fujimori, K., et al. Usefulness of 

miriplatin as an anticancer agent for transcatheter arterial chemoembolization in 

patients with unresectable hepatocellular carcinoma. Journal of gastroenterology 

2012, 47, 179-186, doi:10.1007/s00535-011-0475-x. 

14. Wilson, J.J.; Lippard, S.J. Synthetic methods for the preparation of platinum 

anticancer complexes. Chem Rev 2014, 114, 4470-4495, doi:10.1021/cr4004314. 

15. Reedijk, J. New clues for platinum antitumor chemistry: kinetically controlled 

metal binding to DNA. Proceedings of the National Academy of Sciences of the 

United States of America 2003, 100, 3611-3616, doi:10.1073/pnas.0737293100. 



117 

 

16. Dasari, S.; Tchounwou, P.B. Cisplatin in cancer therapy: molecular mechanisms of 

action. European journal of pharmacology 2014, 740, 364-378, 

doi:10.1016/j.ejphar.2014.07.025. 

17. Zhang, J.; Wang, L.; Xing, Z.; Liu, D.; Sun, J.; Li, X.; Zhang, Y. Status of bi- and 

multi-nuclear platinum anticancer drug development. Anti-cancer agents in 

medicinal chemistry 2010, 10, 272-282, doi:10.2174/187152010791162270. 

18. Ma, P.a.; Xiao, H.; Li, C.; Dai, Y.; Cheng, Z.; Hou, Z.; Lin, J. Inorganic 

nanocarriers for platinum drug delivery. Materials Today 2015, 18, 554-564, 

doi:10.1016/j.mattod.2015.05.017. 

19. Holford, J.; Raynaud, F.; Murrer, B.A.; Grimaldi, K.; Hartley, J.A.; Abrams, M.; 

Kelland, L.R. Chemical, biochemical and pharmacological activity of the novel 

sterically hindered platinum co-ordination complex, cis-[amminedichloro(2-

methylpyridine)] platinum(II) (AMD473). Anti-cancer drug design 1998, 13, 1-18. 

20. Manzotti, C.; Pratesi, G.; Menta, E.; Di Domenico, R.; Cavalletti, E.; Fiebig, H.H.; 

Kelland, L.R.; Farrell, N.; Polizzi, D.; Supino, R., et al. BBR 3464: a novel 

triplatinum complex, exhibiting a preclinical profile of antitumor efficacy different 

from cisplatin. Clinical cancer research : an official journal of the American 

Association for Cancer Research 2000, 6, 2626-2634. 

21. Baruah, H.; Barry, C.G.; Bierbach, U. Platinum-intercalator conjugates: from 

DNA-targeted cisplatin derivatives to adenine binding complexes as potential 

modulators of gene regulation. Current topics in medicinal chemistry 2004, 4, 

1537-1549, doi:10.2174/1568026043387313. 

22. Venkatesh, V.; Sadler, P.J. Platinum(IV) Prodrugs. Metal ions in life sciences 2018, 

18, doi:10.1515/9783110470734-009. 

23. Wilson, J.J.; Lippard, S.J. Synthesis, characterization, and cytotoxicity of 

platinum(IV) carbamate complexes. Inorganic chemistry 2011, 50, 3103-3115, 

doi:10.1021/ic2000816. 

24. Zhang, J.Z.; Bonnitcha, P.; Wexselblatt, E.; Klein, A.V.; Najajreh, Y.; Gibson, D.; 

Hambley, T.W. Facile preparation of mono-, di- and mixed-carboxylato 

platinum(IV) complexes for versatile anticancer prodrug design. Chemistry 2013, 

19, 1672-1676, doi:10.1002/chem.201203159. 

25. Lemma, K.; Berglund, J.; Farrell, N.; Elding, L.I. Kinetics and mechanism for 

reduction of anticancer-active tetrachloroam(m)ine platinum(IV) compounds by 

glutathione. Journal of biological inorganic chemistry : JBIC : a publication of the 

Society of Biological Inorganic Chemistry 2000, 5, 300-306, 

doi:10.1007/pl00010658. 

26. Meijer, C.; Mulder, N.H.; Timmer-Bosscha, H.; Sluiter, W.J.; Meersma, G.J.; de 

Vries, E.G. Relationship of cellular glutathione to the cytotoxicity and resistance of 

seven platinum compounds. Cancer research 1992, 52, 6885-6889. 

27. Hall, M.D.; Hambley, T.W. Platinum(IV) antitumour compounds: their 

bioinorganic chemistry. Coord. Chem. Rev. 2002, 232, 49-67. 

. 

28. Jovanovic, S.; Petrovic, B.; Bugarcic, Z.D.; van Eldik, R. Reduction of some Pt(IV) 

complexes with biologically important sulfur-donor ligands. Dalton transactions 

2013, 42, 8890-8896, doi:10.1039/c3dt50751c. 



118 

 

29. Liu, Y.; Tian, H.; Xu, L.; Zhou, L.; Wang, J.; Xu, B.; Liu, C.; Elding, L.I.; Shi, T. 

Investigations of the Kinetics and Mechanism of Reduction of a Carboplatin Pt(IV) 

Prodrug by the Major Small-Molecule Reductants in Human Plasma. International 

journal of molecular sciences 2019, 20, doi:10.3390/ijms20225660. 

30. Carr, J.L.; Tingle, M.D.; McKeage, M.J. Satraplatin activation by haemoglobin, 

cytochrome C and liver microsomes in vitro. Cancer chemotherapy and 

pharmacology 2006, 57, 483-490, doi:10.1007/s00280-005-0069-5. 

31. Xu, Z.; Wang, Z.; Deng, Z.; Zhu, G. Recent advances in the synthesis, stability, and 

activation of platinum(IV) anticancer prodrugs. Coordination Chemistry Reviews 

2021, 442, 213991, doi:10.1016/j.ccr.2021.213991. 

32. Jolley, J.N.; Yanovsky, A.I.; Kelland, L.R.; Nolan, K.B. Synthesis and antitumour 

activity of platinum(II) and platinum(IV) complexes containing ethylenediamine-

derived ligands having alcohol, carboxylic acid and acetate substituents. Crystal 

and molecular structure of [PtL4CL2].H20 where L4 is ethylenediamine-N,N'-

diacetate. Journal of inorganic biochemistry 2001, 83, 91-100, doi:10.1016/s0162-

0134(00)00190-2. 

33. Johnstone, T.C.; Alexander, S.M.; Wilson, J.J.; Lippard, S.J. Oxidative 

halogenation of cisplatin and carboplatin: synthesis, spectroscopy, and crystal and 

molecular structures of Pt(IV) prodrugs. Dalton transactions 2015, 44, 119-129, 

doi:10.1039/c4dt02627f. 

34. Chung, T.S.; Na, Y.M.; Kang, S.W.; Jung, O.-S.; Lee, Y.-A. Facile generation of 

platinum(IV) compounds with mixed labile moieties. Hydrogen peroxide oxidation 

of platinum(II) to platinum(IV) compounds. Transition Metal Chemistry 2005, 30, 

541-545, doi:10.1007/s11243-005-2653-2. 

35. Young-A Lee a; Kyung Ho Yoo b; Jung, O.-S. Oxidation of Pt(II) to Pt(IV) 

complex with hydrogen peroxide in glycols. Inorganic Chemistry Communications 

2003, 6 249–251, doi:10.1016/s1387-7003(02)00752-9. 

36. Galanski, M.; Keppler, B.K. Carboxylation of Dihydroxoplatinum(IV) Complexes 

via a New Synthetic Pathway. Inorganic chemistry 1996, 35, 1709-1711, 

doi:10.1021/ic9509490. 

37. Reithofer, M.R.; Bytzek, A.K.; Valiahdi, S.M.; Kowol, C.R.; Groessl, M.; 

Hartinger, C.G.; Jakupec, M.A.; Galanski, M.; Keppler, B.K. Tuning of 

lipophilicity and cytotoxic potency by structural variation of anticancer 

platinum(IV) complexes. Journal of inorganic biochemistry 2011, 105, 46-51, 

doi:10.1016/j.jinorgbio.2010.09.006. 

38. Oldfield, S.P.; Hall, M.D.; Platts, J.A. Calculation of lipophilicity of a large, diverse 

dataset of anticancer platinum complexes and the relation to cellular uptake. J Med 

Chem 2007, 50, 5227-5237, doi:10.1021/jm0708275. 

39. Petruzzella, E.; Sirota, R.; Solazzo, I.; Gandin, V.; Gibson, D. Triple action Pt(iv) 

derivatives of cisplatin: a new class of potent anticancer agents that overcome 

resistance. Chem Sci 2018, 9, 4299-4307, doi:10.1039/c8sc00428e. 

40. Yao-Rong Zheng; Kogularamanan Suntharalingam; Timothy C. Johnstone; 

Hyunsuk Yoo; Wei Lin; Jamar G. Brooks; Lippard*, S.J. Pt(IV) Prodrugs Designed 

to Bind Non-Covalently to Human Serum Albumin for Drug Delivery. J. Am. 

Chem. Soc. 2014, 136, 8790–8798, doi:10.1021/ja5038269. 



119 

 

41. Yue, Z.; Wang, H.; Li, Y.; Qin, Y.; Xu, L.; Bowers, D.J.; Gangoda, M.; Li, X.; 

Yang, H.B.; Zheng, Y.R. Coordination-driven self-assembly of a Pt(iv) prodrug-

conjugated supramolecular hexagon. Chemical communications 2018, 54, 731-734, 

doi:10.1039/c7cc07622c. 

42. Babu, T.; Sarkar, A.; Karmakar, S.; Schmidt, C.; Gibson, D. Multiaction Pt(IV) 

Carbamate Complexes Can Codeliver Pt(II) Drugs and Amine Containing 

Bioactive Molecules. Inorganic chemistry 2020, 59, 5182-5193, 

doi:10.1021/acs.inorgchem.0c00445. 

43. George B. Kauffman; George Slusarczuk; Kirschner, S. cis ‐ and trans ‐

Tetrachlorodiammineplatinum(IV). Inorganic Syntheses 1963, VII, 236, 

doi:10.1002/9780470132388.ch62. 

44. Hall, M.D.; Mellor, H.R.; Callaghan, R.; Hambley, T.W. Basis for design and 

development of platinum(IV) anticancer complexes. J Med Chem 2007, 50, 3403-

3411, doi:10.1021/jm070280u. 

45. Leanne T. Ellis; Hui Meng Er; Hambley., T.W. The Influence of the Axial Ligands 

of a Series of Platinum(IV) Anti-Cancer Complexes on Their Reduction to 

Platinum(II) and Reaction With DNA. Australian Journal of Chemistry 1995, 48, 

793, doi:10.1071/ch9950793  

46. Sunhee Choi; Catherine Filotto; Mark Bisanzo; Sarah Delaney; Daniel Lagasee; 

Jennifer L. Whitworth; Andrew Jusko; Chengruo Li; Nicole A. Wood; Jennifer 

Willingham, et al. Reduction and Anticancer Activity of Platinum(IV) Complexes. 

Inorganic chemistry 1998, 37, 2500, doi:10.1021/ic971047x. 

47. Gibson, D. Multi-action Pt(IV) anticancer agents; do we understand how they 

work? Journal of inorganic biochemistry 2019, 191, 77-84, 

doi:10.1016/j.jinorgbio.2018.11.008. 

48. Li, X.; Liu, Y.; Tian, H. Current Developments in Pt(IV) Prodrugs Conjugated with 

Bioactive Ligands. Bioinorganic chemistry and applications 2018, 2018, 8276139, 

doi:10.1155/2018/8276139. 

49. Ong, J.X.; Lim, C.S.Q.; Le, H.V.; Ang, W.H. A Ratiometric Fluorescent Probe for 

Cisplatin: Investigating the Intracellular Reduction of Platinum(IV) Prodrug 

Complexes. Angewandte Chemie 2019, 58, 164-167, doi:10.1002/anie.201810361. 

50. Olszewski, U.; Ulsperger, E.; Geissler, K.; Hamilton, G. Comparison of the effects 

of the oral anticancer platinum(IV) complexes oxoplatin and metabolite cis-

diammine-tetrachlorido-platinum(IV) on global gene expression of NCI-H526 

cells. Journal of experimental pharmacology 2011, 3, 43-50, 

doi:10.2147/JEP.S13630. 

51. Akshintala, S.; Marcus, L.; Warren, K.E.; Murphy, R.F.; Sissung, T.M.; Srivastava, 

A.; Goodspeed, W.J.; Goodwin, A.; Brewer, C.C.; Zalewski, C., et al. Phase 1 trial 

and pharmacokinetic study of the oral platinum analog satraplatin in children and 

young adults with refractory solid tumors including brain tumors. Pediatric blood 

& cancer 2015, 62, 603-610, doi:10.1002/pbc.25344. 

52. Kvardova, V.; Hrstka, R.; Walerych, D.; Muller, P.; Matoulkova, E.; Hruskova, V.; 

Stelclova, D.; Sova, P.; Vojtesek, B. The new platinum(IV) derivative LA-12 

shows stronger inhibitory effect on Hsp90 function compared to cisplatin. 

Molecular cancer 2010, 9, 147, doi:10.1186/1476-4598-9-147. 



120 

 

53. Bouchal, P.; Jarkovsky, J.; Hrazdilova, K.; Dvorakova, M.; Struharova, I.; 

Hernychova, L.; Damborsky, J.; Sova, P.; Vojtesek, B. The new platinum-based 

anticancer agent LA-12 induces retinol binding protein 4 in vivo. Proteome science 

2011, 9, 68, doi:10.1186/1477-5956-9-68. 

54. Jelinkova, I.; Safarikova, B.; Vondalova Blanarova, O.; Skender, B.; Hofmanova, 

J.; Sova, P.; Moyer, M.P.; Kozubik, A.; Kolar, Z.; Ehrmann, J., et al. Platinum(IV) 

complex LA-12 exerts higher ability than cisplatin to enhance TRAIL-induced 

cancer cell apoptosis via stimulation of mitochondrial pathway. Biochem 

Pharmacol 2014, 92, 415-424, doi:10.1016/j.bcp.2014.09.013. 

55. Johansson, K.; Ito, M.; Schophuizen, C.M.; Mathew Thengumtharayil, S.; Heuser, 

V.D.; Zhang, J.; Shimoji, M.; Vahter, M.; Ang, W.H.; Dyson, P.J., et al. 

Characterization of new potential anticancer drugs designed to overcome 

glutathione transferase mediated resistance. Molecular pharmaceutics 2011, 8, 

1698-1708, doi:10.1021/mp2000692. 

56. Zanellato, I.; Bonarrigo, I.; Sardi, M.; Alessio, M.; Gabano, E.; Ravera, M.; Osella, 

D. Evaluation of platinum-ethacrynic acid conjugates in the treatment of 

mesothelioma. ChemMedChem 2011, 6, 2287-2293, 

doi:10.1002/cmdc.201100426. 

57. Johnstone, T.C.; Wilson, J.J.; Lippard, S.J. Monofunctional and higher-valent 

platinum anticancer agents. Inorganic chemistry 2013, 52, 12234-12249, 

doi:10.1021/ic400538c. 

58. Dhar, S.; Lippard, S.J. Mitaplatin, a potent fusion of cisplatin and the orphan drug 

dichloroacetate. Proceedings of the National Academy of Sciences of the United 

States of America 2009, 106, 22199-22204, doi:10.1073/pnas.0912276106. 

59. Ravera, M.; Zanellato, I.; Gabano, E.; Perin, E.; Rangone, B.; Coppola, M.; Osella, 

D. Antiproliferative Activity of Pt(IV) Conjugates Containing the Non-Steroidal 

Anti-Inflammatory Drugs (NSAIDs) Ketoprofen and Naproxen (dagger). 

International journal of molecular sciences 2019, 20, doi:10.3390/ijms20123074. 

60. Zoriy, M.; Matusch, A.; Spruss, T.; Becker, J.S. Laser ablation inductively coupled 

plasma mass spectrometry for imaging of copper, zinc, and platinum in thin 

sections of a kidney from a mouse treated with cis-platin. International Journal of 

Mass Spectrometry 2007, 260, 102-106, doi:10.1016/j.ijms.2006.09.012. 

61. Bauer, O.B.; Koppen, C.; Sperling, M.; Schurek, H.J.; Ciarimboli, G.; Karst, U. 

Quantitative Bioimaging of Platinum via Online Isotope Dilution-Laser Ablation-

Inductively Coupled Plasma Mass Spectrometry. Analytical chemistry 2018, 90, 

7033-7039, doi:10.1021/acs.analchem.8b01429. 

62. Crone, B.; Schlatt, L.; Nadar, R.A.; van Dijk, N.W.M.; Margiotta, N.; Sperling, M.; 

Leeuwenburgh, S.; Karst, U. Quantitative imaging of platinum-based antitumor 

complexes in bone tissue samples using LA-ICP-MS. Journal of trace elements in 

medicine and biology : organ of the Society for Minerals and Trace Elements 2019, 

54, 98-102, doi:10.1016/j.jtemb.2019.04.011. 

63. Liu, X.; Hummon, A.B. Chemical Imaging of Platinum-Based Drugs and their 

Metabolites. Scientific reports 2016, 6, 38507, doi:10.1038/srep38507. 

64. Wilson, J.J.; Lippard, S.J. Modulation of Ligand Fluorescence by the Pt(II)/Pt(IV) 

Redox Couple. Inorganica chimica acta 2012, 389, 77-84, 

doi:10.1016/j.ica.2011.12.034. 



121 

 

65. Song, Y.; Suntharalingam, K.; Yeung, J.S.; Royzen, M.; Lippard, S.J. Synthesis 

and characterization of Pt(IV) fluorescein conjugates to investigate Pt(IV) 

intracellular transformations. Bioconjugate chemistry 2013, 24, 1733-1740, 

doi:10.1021/bc400281a. 

66. Terai, T.; Nagano, T. Small-molecule fluorophores and fluorescent probes for 

bioimaging. Pflugers Archiv : European journal of physiology 2013, 465, 347-359, 

doi:10.1007/s00424-013-1234-z. 

67. Lee, M.H.; Sharma, A.; Chang, M.J.; Lee, J.; Son, S.; Sessler, J.L.; Kang, C.; Kim, 

J.S. Fluorogenic reaction-based prodrug conjugates as targeted cancer theranostics. 

Chemical Society reviews 2018, 47, 28-52, doi:10.1039/c7cs00557a. 

68. Morris, M.C. Fluorescence-based biosensors from concepts to applications. 

Introduction. Progress in molecular biology and translational science 2013, 113, 

xv-xviii, doi:10.1016/B978-0-12-386932-6.09999-3. 

69. Martynov, V.I.; Pakhomov, A.A.; Popova, N.V.; Deyev, I.E.; Petrenko, A.G. 

Synthetic Fluorophores for Visualizing Biomolecules in Living Systems. Acta 

naturae 2016, 8, 33-46. 

70. Lavis, L.D.; Raines, R.T. Bright ideas for chemical biology. ACS chemical biology 

2008, 3, 142-155, doi:10.1021/cb700248m. 

71. Haugland, R.P.; Spence, M.T.Z.; Johnson, I.D.; Basey, A. The handbook : a guide 

to fluorescent probes and labeling technologies, 10th ed.; Molecular Probes: 

Eugene, OR, 2005; pp. iv, 1126 p. 

72. Sekar, R.B.; Periasamy, A. Fluorescence resonance energy transfer (FRET) 

microscopy imaging of live cell protein localizations. The Journal of cell biology 

2003, 160, 629-633, doi:10.1083/jcb.200210140. 

73. Grimm, J.B.; Heckman, L.M.; Lavis, L.D. The chemistry of small-molecule 

fluorogenic probes. Progress in molecular biology and translational science 2013, 

113, 1-34, doi:10.1016/B978-0-12-386932-6.00001-6. 

74. Cho, S.-Y.; Song, Y.-K.; Kim, J.-G.; Oh, S.-Y.; Chung, C.-M. Photoconversion of 

o-hydroxycinnamates to coumarins and its application to fluorescence imaging. 

Tetrahedron Letters 2009, 50, 4769-4772, doi:10.1016/j.tetlet.2009.06.031. 

75. Greenspan, P.; Fowler, S.D. Spectrofluorometric studies of the lipid probe, nile red. 

Journal of lipid research 1985, 26, 781-789. 

76. Minta, A.; Kao, J.P.; Tsien, R.Y. Fluorescent indicators for cytosolic calcium based 

on rhodamine and fluorescein chromophores. The Journal of biological chemistry 

1989, 264, 8171-8178. 

77. Walker, J.M. The dansyl method for identifying N-terminal amino acids. Methods 

in molecular biology 1984, 1, 203-212, doi:10.1385/0-89603-062-8:203. 

78. Patrascu, B.; Mocanu, S.; Coman, A.; Madalan, A.M.; Popescu, C.; Paun, A.; 

Matache, M.; Ionita, P. Synthesis of Fluorescent Dansyl Derivatives of 

Methoxyamine and Diphenylhydrazine as Free Radical Precursors. International 

journal of molecular sciences 2020, 21, doi:10.3390/ijms21103559. 

79. Bartzatt, R. Dansylation of hydroxyl and carboxylic acid functional groups. Journal 

of Biochemical and Biophysical Methods 2001, 47, 189–195, doi:10.1016/s0165-

022x(00)00136-6  

80. Ke, C.Y.; Wu, Y.T.; Tseng, W.L. Fluorescein-5-isothiocyanate-conjugated protein-

directed synthesis of gold nanoclusters for fluorescent ratiometric sensing of an 



122 

 

enzyme-substrate system. Biosensors & bioelectronics 2015, 69, 46-53, 

doi:10.1016/j.bios.2015.02.002. 

81. Chaganti, L.K.; Venkatakrishnan, N.; Bose, K. An efficient method for FITC 

labelling of proteins using tandem affinity purification. Bioscience reports 2018, 

38, doi:10.1042/BSR20181764. 

82. Kalayda, G.V.; Zhang, G.; Abraham, T.; Tanke, H.J.; Reedijk, J. Application of 

fluorescence microscopy for investigation of cellular distribution of dinuclear 

platinum anticancer drugs. J Med Chem 2005, 48, 5191-5202, 

doi:10.1021/jm050216h. 

83. New, E.J.; Duan, R.; Zhang, J.Z.; Hambley, T.W. Investigations using fluorescent 

ligands to monitor platinum(IV) reduction and platinum(II) reactions in cancer 

cells. Dalton transactions 2009, 10.1039/b821603g, 3092-3101, 

doi:10.1039/b821603g. 

84. Molenaar, C.; Teuben, J.M.; Heetebrij, R.J.; Tanke, H.J.; Reedijk, J. New insights 

in the cellular processing of platinum antitumor compounds, using fluorophore-

labeled platinum complexes and digital fluorescence microscopy. Journal of 

biological inorganic chemistry : JBIC : a publication of the Society of Biological 

Inorganic Chemistry 2000, 5, 655-665. 

85. Kalayda, G.V.; Jansen, B.A.; Wielaard, P.; Tanke, H.J.; Reedijk, J. Dinuclear 

platinum anticancer complexes with fluorescent N,N'-bis(aminoalkyl)-1,4-

diaminoanthraquinones: cellular processing in two cisplatin-resistant cell lines 

reflects the differences in their resistance profiles. Journal of biological inorganic 

chemistry : JBIC : a publication of the Society of Biological Inorganic Chemistry 

2005, 10, 305-315, doi:10.1007/s00775-005-0643-7. 

86. Safaei, R.; Katano, K.; Larson, B.J.; Samimi, G.; Holzer, A.K.; Naerdemann, W.; 

Tomioka, M.; Goodman, M.; Howell, S.B. Intracellular localization and trafficking 

of fluorescein-labeled cisplatin in human ovarian carcinoma cells. Clinical cancer 

research : an official journal of the American Association for Cancer Research 

2005, 11, 756-767. 

87. Katano, K.; Safaei, R.; Samimi, G.; Holzer, A.; Tomioka, M.; Goodman, M.; 

Howell, S.B. Confocal microscopic analysis of the interaction between cisplatin 

and the copper transporter ATP7B in human ovarian carcinoma cells. Clinical 

cancer research : an official journal of the American Association for Cancer 

Research 2004, 10, 4578-4588, doi:10.1158/1078-0432.CCR-03-0689. 

88. Liang, X.J.; Shen, D.W.; Chen, K.G.; Wincovitch, S.M.; Garfield, S.H.; Gottesman, 

M.M. Trafficking and localization of platinum complexes in cisplatin-resistant cell 

lines monitored by fluorescence-labeled platinum. Journal of cellular physiology 

2005, 202, 635-641, doi:10.1002/jcp.20253. 

89. Hama, Y.; Urano, Y.; Koyama, Y.; Bernardo, M.; Choyke, P.L.; Kobayashi, H. A 

comparison of the emission efficiency of four common green fluorescence dyes 

after internalization into cancer cells. Bioconjugate chemistry 2006, 17, 1426-1431, 

doi:10.1021/bc0601626. 

90. Klein, A.V.; Hambley, T.W. Platinum drug distribution in cancer cells and tumors. 

Chem Rev 2009, 109, 4911-4920, doi:10.1021/cr9001066. 

91. Benedetti, B.T.; Peterson, E.J.; Kabolizadeh, P.; Martinez, A.; Kipping, R.; Farrell, 

N.P. Effects of noncovalent platinum drug-protein interactions on drug efficacy: 



123 

 

use of fluorescent conjugates as probes for drug metabolism. Molecular 

pharmaceutics 2011, 8, 940-948, doi:10.1021/mp2000583. 

92. Shen, C.; Harris, B.D.; Dawson, L.J.; Charles, K.A.; Hambley, T.W.; New, E.J. 

Fluorescent sensing of monofunctional platinum species. Chemical 

communications 2015, 51, 6312-6314, doi:10.1039/c4cc08077g. 

93. Montagner, D.; Yap, S.Q.; Ang, W.H. A fluorescent probe for investigating the 

activation of anticancer platinum(IV) prodrugs based on the cisplatin scaffold. 

Angewandte Chemie 2013, 52, 11785-11789, doi:10.1002/anie.201305734. 

94. Ong, J.X.; Ang, W.H. Development of a Pre-assembled TBET Fluorescent Probe 

for Ratiometric Sensing of Anticancer Platinum(ll) Complexes. Chemistry, an 

Asian journal 2020, 10.1002/asia.202000157, doi:10.1002/asia.202000157. 

95. John F. Hartwig; Pieter M. Pil; Lippard, S.J. Synthesis and DNA binding properties 

of a cisplatin analog containing a tethered dansyl group. Journal of the American 

Chemical Society 1992, 114, 8292–8293, doi:10.1021/ja00047a051  

96. Wilson, J.J.; Fedoce Lopes, J.; Lippard, S.J. Synthesis, characterization, and 

photophysical properties of three platinum(II) complexes bearing fluorescent 

analogues of the Di-2-pyridylmethane ligand. Inorganic chemistry 2010, 49, 5303-

5315, doi:10.1021/ic100411p. 

97. Jayawardhana, A.; Zheng, Y.R. Interactions between mitochondria-damaging 

platinum(IV) prodrugs and cytochrome c. Dalton transactions 2022, 51, 2012-

2018, doi:10.1039/d1dt03875c. 

98. Yao, H.; Zhu, G. A platinum-based fluorescent "turn on" sensor to decipher the 

reduction of platinum(IV) prodrugs. Dalton transactions 2022, 51, 5394-5398, 

doi:10.1039/d2dt00124a. 

99. Yao, H.; Chen, S.; Deng, Z.; Tse, M.K.; Matsuda, Y.; Zhu, G. BODI-Pt, a Green-

Light-Activatable and Carboplatin-Based Platinum(IV) Anticancer Prodrug with 

Enhanced Activation and Cytotoxicity. Inorganic chemistry 2020, 59, 11823-

11833, doi:10.1021/acs.inorgchem.0c01880. 

100. Yao, H.; Gunawan, Y.F.; Liu, G.; Tse, M.K.; Zhu, G. Optimization of axial ligands 

to promote the photoactivation of BODIPY-conjugated platinum(IV) anticancer 

prodrugs. Dalton transactions 2021, 50, 13737-13747, doi:10.1039/d1dt02362d. 

101. Dai, Z.; Wang, Z. Photoactivatable Platinum-Based Anticancer Drugs: Mode of 

Photoactivation and Mechanism of Action. Molecules 2020, 25, 

doi:10.3390/molecules25215167. 

102. Li, S.; Wu, Y.; Liu, S.; Wu, T.; Liu, G.; Li, T.; Chen, Z. A multifunctional 

platinum(IV) and cyanine dye-based polyprodrug for trimodal imaging-guided 

chemo-phototherapy. Journal of materials chemistry. B 2022, 10, 1031-1041, 

doi:10.1039/d1tb02682h. 

103. Feazell, R.P.; Nakayama-Ratchford, N.; Dai, H.; Lippard, S.J. Soluble single-

walled carbon nanotubes as longboat delivery systems for platinum(IV) anticancer 

drug design. J Am Chem Soc 2007, 129, 8438-8439, doi:10.1021/ja073231f. 

104. Zhou, F.; Feng, B.; Yu, H.; Wang, D.; Wang, T.; Liu, J.; Meng, Q.; Wang, S.; 

Zhang, P.; Zhang, Z., et al. Cisplatin Prodrug-Conjugated Gold Nanocluster for 

Fluorescence Imaging and Targeted Therapy of the Breast Cancer. Theranostics 

2016, 6, 679-687, doi:10.7150/thno.14556. 



124 

 

105. Cheng, Z.; Dai, Y.; Kang, X.; Li, C.; Huang, S.; Lian, H.; Hou, Z.; Ma, P.; Lin, J. 

Gelatin-encapsulated iron oxide nanoparticles for platinum (IV) prodrug delivery, 

enzyme-stimulated release and MRI. Biomaterials 2014, 35, 6359-6368, 

doi:10.1016/j.biomaterials.2014.04.029. 

106. Yoong, S.L.; Wong, B.S.; Zhou, Q.L.; Chin, C.F.; Li, J.; Venkatesan, T.; Ho, H.K.; 

Yu, V.; Ang, W.H.; Pastorin, G. Enhanced cytotoxicity to cancer cells by 

mitochondria-targeting MWCNTs containing platinum(IV) prodrug of cisplatin. 

Biomaterials 2014, 35, 748-759, doi:10.1016/j.biomaterials.2013.09.036. 

107. He, S.; Li, C.; Zhang, Q.; Ding, J.; Liang, X.J.; Chen, X.; Xiao, H.; Chen, X.; Zhou, 

D.; Huang, Y. Tailoring Platinum(IV) Amphiphiles for Self-Targeting All-in-One 

Assemblies as Precise Multimodal Theranostic Nanomedicine. ACS nano 2018, 12, 

7272-7281, doi:10.1021/acsnano.8b03476. 

108. Min, Y.; Li, J.; Liu, F.; Yeow, E.K.; Xing, B. Near-infrared light-mediated 

photoactivation of a platinum antitumor prodrug and simultaneous cellular 

apoptosis imaging by upconversion-luminescent nanoparticles. Angewandte 

Chemie 2014, 53, 1012-1016, doi:10.1002/anie.201308834. 

109. Liu, D.; He, C.; Wang, A.Z.; Lin, W. Application of liposomal technologies for 

delivery of platinum analogs in oncology. International journal of nanomedicine 

2013, 8, 3309-3319, doi:10.2147/IJN.S38354. 

110. Golombek, S.K.; May, J.N.; Theek, B.; Appold, L.; Drude, N.; Kiessling, F.; 

Lammers, T. Tumor targeting via EPR: Strategies to enhance patient responses. 

Advanced drug delivery reviews 2018, 130, 17-38, doi:10.1016/j.addr.2018.07.007. 

111. Arajo Lopes, S.C.d.; Santos Giuberti, C.d.; Ribeiro, T.G.; Santos Ferreira, D.d.; 

Amaral Leite, E.; Cristina, M. Liposomes as Carriers of Anticancer Drugs. 2013, 

10.5772/55290, doi:10.5772/55290. 

112. Oberoi, H.S.; Nukolova, N.V.; Kabanov, A.V.; Bronich, T.K. Nanocarriers for 

delivery of platinum anticancer drugs. Advanced drug delivery reviews 2013, 65, 

1667-1685, doi:10.1016/j.addr.2013.09.014. 

113. Daraee, H.; Etemadi, A.; Kouhi, M.; Alimirzalu, S.; Akbarzadeh, A. Application of 

liposomes in medicine and drug delivery. Artificial cells, nanomedicine, and 

biotechnology 2016, 44, 381-391, doi:10.3109/21691401.2014.953633. 

114. Akbarzadeh, A.; Rezaei-Sadabady, R.; Davaran, S.; Joo, S.W.; Zarghami, N.; 

Hanifehpour, Y.; Samiei, M.; Kouhi, M.; Nejati-Koshki, K. Liposome: 

classification, preparation, and applications. Nanoscale research letters 2013, 8, 

102, doi:10.1186/1556-276X-8-102. 

115. Liu, P.; Chen, G.; Zhang, J. A Review of Liposomes as a Drug Delivery System: 

Current Status of Approved Products, Regulatory Environments, and Future 

Perspectives. Molecules 2022, 27, doi:10.3390/molecules27041372. 

116. Zalba, S.; Garrido, M.J. Liposomes, a promising strategy for clinical application of 

platinum derivatives. Expert Opin Drug Deliv 2013, 10, 829-844, 

doi:10.1517/17425247.2013.778240. 

117. Bozzuto, G.; Molinari, A. Liposomes as nanomedical devices. International 

journal of nanomedicine 2015, 10, 975-999, doi:10.2147/IJN.S68861. 

118. Ateeq, R.; Veikko, U.; Daniel, L. Mini review on emerging methods of preparation 

of liposome and its application as Liposome drug delivery systems. Open Journal 



125 

 

of Pharmacology and Pharmacotherapeutics 2018, 3, 005-021, 

doi:10.17352/ojpp.000007. 

119. Kalepu, S.; Kt, S.; Betha, S.; M, M. Liposomal drug delivery system - A 

Comprehensive Review. International Journal of Drug Development & Research 

2013, 5, 62-75. 

120. Nakhaei, P.; Margiana, R.; Bokov, D.O.; Abdelbasset, W.K.; Jadidi Kouhbanani, 

M.A.; Varma, R.S.; Marofi, F.; Jarahian, M.; Beheshtkhoo, N. Liposomes: 

Structure, Biomedical Applications, and Stability Parameters With Emphasis on 

Cholesterol. Frontiers in bioengineering and biotechnology 2021, 9, 705886, 

doi:10.3389/fbioe.2021.705886. 

121. Lombardo, D.; Kiselev, M.A. Methods of Liposomes Preparation: Formation and 

Control Factors of Versatile Nanocarriers for Biomedical and Nanomedicine 

Application. Pharmaceutics 2022, 14, doi:10.3390/pharmaceutics14030543. 

122. Sturm, L.; Poklar Ulrih, N. Basic Methods for Preparation of Liposomes and 

Studying Their Interactions with Different Compounds, with the Emphasis on 

Polyphenols. International journal of molecular sciences 2021, 22, 

doi:10.3390/ijms22126547. 

123. Maja, L.; Željko, K.; Mateja, P. Sustainable technologies for liposome preparation. 

The Journal of Supercritical Fluids 2020, 165, 104984, 

doi:10.1016/j.supflu.2020.104984. 

124. Csiszar, A.; Hersch, N.; Dieluweit, S.; Biehl, R.; Merkel, R.; Hoffmann, B. Novel 

fusogenic liposomes for fluorescent cell labeling and membrane modification. 

Bioconjugate chemistry 2010, 21, 537-543, doi:10.1021/bc900470y. 

125. Kube, S.; Hersch, N.; Naumovska, E.; Gensch, T.; Hendriks, J.; Franzen, A.; 

Landvogt, L.; Siebrasse, J.P.; Kubitscheck, U.; Hoffmann, B., et al. Fusogenic 

Liposomes as Nanocarriers for the Delivery of Intracellular Proteins. Langmuir : 

the ACS journal of surfaces and colloids 2017, 33, 1051-1059, 

doi:10.1021/acs.langmuir.6b04304. 

126. Yoshikawa, T.; Okada, N.; Nakagawa, S. Fusogenic liposomes and their suitability 

for gene delivery. Future Lipidology 2006, 1, 735-742, 

doi:10.2217/17460875.1.6.735. 

127. Bulbake, U.; Doppalapudi, S.; Kommineni, N.; Khan, W. Liposomal Formulations 

in Clinical Use: An Updated Review. Pharmaceutics 2017, 9, 

doi:10.3390/pharmaceutics9020012. 

128. Meerum Terwogt, J.M.; Groenewegen, G.; Pluim, D.; Maliepaard, M.; Tibben, 

M.M.; Huisman, A.; ten Bokkel Huinink, W.W.; Schot, M.; Welbank, H.; Voest, 

E.E., et al. Phase I and pharmacokinetic study of SPI-77, a liposomal encapsulated 

dosage form of cisplatin. Cancer chemotherapy and pharmacology 2002, 49, 201-

210, doi:10.1007/s002800100371. 

129. Alavizadeh, S.H.; Badiee, A.; Golmohammadzadeh, S.; Jaafari, M.R. The influence 

of phospholipid on the physicochemical properties and anti-tumor efficacy of 

liposomes encapsulating cisplatin in mice bearing C26 colon carcinoma. 

International journal of pharmaceutics 2014, 473, 326-333, 

doi:10.1016/j.ijpharm.2014.07.020. 

130. Ringhieri, P.; Pannunzio, A.; Boccarelli, A.; Morelli, G.; Coluccia, M.; Tesauro, D. 

Effect of cisplatin containing liposomes formulated by unsaturated chain-



126 

 

containing lipids on gynecological tumor cells. Journal of liposome research 2016, 

26, 307-312, doi:10.3109/08982104.2015.1127257. 

131. Tippayamontri, T.; Kotb, R.; Paquette, B.; Sanche, L. Cellular uptake and 

cytoplasm / DNA distribution of cisplatin and oxaliplatin and their liposomal 

formulation in human colorectal cancer cell HCT116. Investigational new drugs 

2011, 29, 1321-1327, doi:10.1007/s10637-010-9494-3. 

132. Stathopoulos, G.P.; Boulikas, T. Lipoplatin formulation review article. Journal of 

drug delivery 2012, 2012, 581363, doi:10.1155/2012/581363. 

133. Browning, R.; Thomas, N.; Marsh, L.K.; Tear, L.R.; Owen, J.; Stride, E.; Farrer, 

N.J. Ultrasound-Triggered Delivery of Iproplatin from Microbubble-Conjugated 

Liposomes. ChemistryOpen 2021, 10, 1170-1176, doi:10.1002/open.202100222. 

134. Chen, J.; Wang, X.; Yuan, Y.; Chen, H.; Zhang, L.; Xiao, H.; Chen, J.; Zhao, Y.; 

Chang, J.; Guo, W., et al. Exploiting the acquired vulnerability of cisplatin-resistant 

tumors with a hypoxia-amplifying DNA repair-inhibiting (HYDRI) nanomedicine. 

Science advances 2021, 7, doi:10.1126/sciadv.abc5267. 

135. Belkacemi, L.; Atkins, J.L.; Yang, L.U.; Gadgil, P.; Sater, A.K.; Chow, D.S.; Bose, 

R.N.; Zhang, S.X. Phosphaplatin Anti-tumor Effect Enhanced by Liposomes Partly 

via an Up-regulation of PEDF in Breast Cancer. Anticancer research 2018, 38, 623-

646, doi:10.21873/anticanres.12267. 

136. Yang, X.; Tong, J.; Guo, L.; Qian, Z.; Chen, Q.; Qi, R.; Qiu, Y. Bundling potent 

natural toxin cantharidin within platinum (IV) prodrugs for liposome drug delivery 

and effective malignant neuroblastoma treatment. Nanomedicine : nanotechnology, 

biology, and medicine 2017, 13, 287-296, doi:10.1016/j.nano.2016.08.024. 

137. Ravera, M.; Gabano, E.; Zanellato, I.; Gallina, A.; Perin, E.; Arrais, A.; 

Cantamessa, S.; Osella, D. Cisplatin and valproate released from the bifunctional 

[Pt((IV))Cl2(NH3)2(valproato)2] antitumor prodrug or from liposome 

formulations: who does what? Dalton transactions 2017, 46, 1559-1566, 

doi:10.1039/c6dt03749f. 

138. Chen, Q.; Yang, Y.; Lin, X.; Ma, W.; Chen, G.; Li, W.; Wang, X.; Yu, Z. 

Platinum(iv) prodrugs with long lipid chains for drug delivery and overcoming 

cisplatin resistance. Chemical communications 2018, 54, 5369-5372, 

doi:10.1039/c8cc02791a. 

139. Lamichhane, N.; Udayakumar, T.S.; D'Souza, W.D.; Simone, C.B., 2nd; Raghavan, 

S.R.; Polf, J.; Mahmood, J. Liposomes: Clinical Applications and Potential for 

Image-Guided Drug Delivery. Molecules 2018, 23, 

doi:10.3390/molecules23020288. 

140. Weinberg, R.A. The biology of cancer, Second edition. ed.; pp. xx, 876, A 876, G 

830, I 828 pages. 

141. Accardo, A.; Mangiapia, G.; Paduano, L.; Morelli, G.; Tesauro, D. Octreotide 

labeled aggregates containing platinum complexes as nanovectors for drug 

delivery. Journal of peptide science : an official publication of the European 

Peptide Society 2013, 19, 190-197, doi:10.1002/psc.2481. 

142. Feng, L.; Gao, M.; Tao, D.; Chen, Q.; Wang, H.; Dong, Z.; Chen, M.; Liu, Z. 

Cisplatin-Prodrug-Constructed Liposomes as a Versatile Theranostic 

Nanoplatform for Bimodal Imaging Guided Combination Cancer Therapy. 



127 

 

Advanced Functional Materials 2016, 26, 2207-2217, 

doi:10.1002/adfm.201504899. 

143. Su, C.; Liu, Y.; He, Y.; Gu, J. Analytical methods for investigating in vivo fate of 

nanoliposomes: A review. Journal of pharmaceutical analysis 2018, 8, 219-225, 

doi:10.1016/j.jpha.2018.07.002. 

144. Tansi, F.L.; Ruger, R.; Rabenhold, M.; Steiniger, F.; Fahr, A.; Hilger, I. 

Fluorescence-quenching of a liposomal-encapsulated near-infrared fluorophore as 

a tool for in vivo optical imaging. Journal of visualized experiments : JoVE 2015, 

10.3791/52136, e52136, doi:10.3791/52136. 

145. Harper, B.W.; Krause-Heuer, A.M.; Grant, M.P.; Manohar, M.; Garbutcheon-

Singh, K.B.; Aldrich-Wright, J.R. Advances in platinum chemotherapeutics. 

Chemistry 2010, 16, 7064-7077, doi:10.1002/chem.201000148. 

146. van Rijt, S.H.; Sadler, P.J. Current applications and future potential for 

bioinorganic chemistry in the development of anticancer drugs. Drug discovery 

today 2009, 14, 1089-1097, doi:10.1016/j.drudis.2009.09.003. 

147. Pizarro, A.M.; McQuitty, R.J.; Mackay, F.S.; Zhao, Y.; Woods, J.A.; Sadler, P.J. 

Cellular accumulation, lipophilicity and photocytotoxicity of diazido platinum(IV) 

anticancer complexes. ChemMedChem 2014, 9, 1169-1175, 

doi:10.1002/cmdc.201402066. 

148. Ettinger, A.; Wittmann, T. Fluorescence live cell imaging. Methods in cell biology 

2014, 123, 77-94, doi:10.1016/B978-0-12-420138-5.00005-7. 

149. Zhang, S.; Wang, X.; Guo, Z. Rational design of anticancer platinum(IV) prodrugs. 

2020, 75, 149-182, doi:10.1016/bs.adioch.2019.10.009. 

150. Basu, U.; Banik, B.; Wen, R.; Pathak, R.K.; Dhar, S. The Platin-X series: activation, 

targeting, and delivery. Dalton transactions 2016, 45, 12992-13004, 

doi:10.1039/c6dt01738j. 

151. Gibson, D. Platinum(iv) anticancer prodrugs - hypotheses and facts. Dalton 

transactions 2016, 45, 12983-12991, doi:10.1039/c6dt01414c. 

152. Chugaev, L.; Chlopin, W.; Fritzmann, E. On the oxidation of complex compounds 

of platinum. Paper I. Oxidation by hydrogen peroxide and ozone. Journal of 

Inorganic and General Chemistry 1926, 151, 253-268, 

doi:10.1002/zaac.19261510125. 

153. Vollano, J.F.; Blatter, E.E.; Dabrowiak, J.C. DNA breakage by a perhydrate 

complex of cis-dichloro-cis-diammine-trans-dihydroxyplatinum (IV)(cis, cis, 

trans-Pt (IV) Cl2 (NH3) 2 (OH) 2). . Journal of the American Chemical Society, 

1984, 106, 2732-2733, doi:10.1021/ja00321a061. 

154. Dhara, S.C. A rapid method for the synthesis of cis-[Pt (NH3) 2Cl2]. Indian J Chem 

1970, 8, 193-194. 

155. Natile, G.; Coluccia, M. Current status of trans-platinum compounds in cancer 

therapy. Coordination Chemistry Reviews 2001, 216-217, 383-410, 

doi:10.1016/s0010-8545(01)00315-0  

156. Mellor, D.P. The Sterochemistry of Square Complexes. Chemical Reviews 1943, 

33, 137-183, doi:10.1021/cr60105a003  

157. Brandon, R.J.; Dabrowiak, J.C. Synthesis, characterization, and properties of a 

group of platinum (IV) complexes. J Med Chem 1984, 27, 861-865, 

doi:10.1021/jm00373a009. 



128 

 

158. Fahmy, S.A.; Ponte, F.; Grande, G.; Fawzy, I.M.; Mandour, A.A.; Sicilia, E.; 

Azzazy, H.M.E. Synthesis, Characterization and Host-Guest Complexation of 

Asplatin: Improved In Vitro Cytotoxicity and Biocompatibility as Compared to 

Cisplatin. Pharmaceuticals (Basel) 2022, 15, doi:10.3390/ph15020259. 

159. M. Galanski; Keppler, B.K. Synthesis and Characterization of New 

Ethylenediamine Platinum(IV) Complexes Containing Lipophilic Carboxylate 

Ligands. Metal-Based Drugs 1995, 2, 57-63, doi:10.1155/MBD.1995.57. 

160. Page, J.D.; Husain, I.; Sancar, A.; Chaney, S.G. Effect of the diaminocyclohexane 

carrier ligand on platinum adduct formation, repair, and lethality. Biochemistry 

1990, 29, 1016-1024, doi:10.1021/bi00456a026. 

161. Giandomenico, C.M.; Abrams, M.J.; Murrer, B.A.; Vollano, J.F.; Rheinheimer, 

M.I.; Wyer, S.B.; Bossard, G.E.; Higgins, J.D. Carboxylation of Kinetically Inert 

Platinum(IV) Hydroxy Complexes. An Entr.acte.ee into Orally Active 

Platinum(IV) Antitumor Agents. Inorganic chemistry 1995, 34, 1015-1021, 

doi:10.1021/ic00109a004. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



129 

 

لها بواسطة الفلوروسنتية كسوابق الادوية وتحمي (Ⅳتصنيع، دراسة الخصائص البيوفيزيائية لطلائع البلاتين )

 جسيمات شحمية كناقلات نانونية الى الخلايا السرطانية

 بريجية زينب اعداد الطالبة:

 اشراف الدكتور: يوسف نجاجرة

 لملخصا

مركبات  ستخدامآثار جانبية خطيرة. يتم ا ، لا يزال المرضى يعانون منن الانتشار الواسع لعلاج السرطانعلى الرغم م

ولكن بسبب السمية  ن وأوكساليبلاتين وكاربوبلاتين لعلاج عدة أنواع من السرطانمثل سيسبلاتي البلاتينمن  الجيل الثاني

لجيل الرابع من ا ، فإنتطبيقها العلاجي. من ناحية أخرى ، يتم تقييدمة الكيميائية الجوهرية/المكتسبةالعامة والمقاو

 لجيل الثانيابات استقرارًا من مركشكل خامل أكثر هي عبارة عن ، ذات الروابط المحورية الإضافية البلاتين مركبات

ربط ة عن طريق إلى الخلايا السرطانيل وهو الجيل الثاني اعالشكل الف مع آثار جانبية أقل ولديها القدرة على تسليم

 البلاتينيةات المركب. تقدم عدد قليل من ةالمحوري روابطإلى ال او مركبات تستهدف الخلايا السرطانية دهنيةمركبات 

 يرها لفهم آليةاستخدام العديد من الآليات مثل التصوير الفلوري وغ يجب، لذلك، إلى التجارب السريريةابع الجيل الر

، تم المشروع . في هذاالروابط المحورية الجديدةإلى  دهنية مركبات مضيئةعن طريق اقتران وذلك عملها داخل الخلية 

مضيئة  دهنية باحماض أمينيةة يالبلاتين المركباتتم ربط حيث  المضيئةالبلاتينية  المركبات طلائع تصنيع سلسلة من

 . طويلة

، ت الحمراءتحليل الطيفي للأشعة تحال ، نقطة الانصهار،عن طريق المضيئةالأحماض الأمينية الدهنية  طلائعتم تشخيص 

للتأكد  الرش الكهربائيكتلي للتأين بالطيف ال قياس تقنيات، وكروماتوجرافيا سائلة فائقة الأداءالمغناطيسي النووي، ووالرنين 

درجة حرارة لى ع كروماتوجرافيا سائلة فائقة الأداءداخل المختبر باستخدام  هذه الطلائع وتم دراسةمن المركبات المصنعة. 

 مشابهة لدرجة حموضة الدم.  7.4 ودرجة حموضةدرجة مئوية(  37) ةثابت
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