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ABSTRACT 

Oxaliplatin (Eloxatin) is a coordination complex featuring a central platinum atom. Its coordination sphere consists 

of a trans-1,2-diaminocyclohexane ligand and a bidentate oxalate ligand coordinated through its oxygen atoms. 

Stereochemical studies confirm a square planar geometry around the platinum(II) center, with the trans-1,2-

diaminocyclohexane and oxalate ligands arranged within this plane. The complex exhibits dsp² hybridization and is 

diamagnetic. The antineoplastic mechanism of this third-generation platinum-based drug, oxaliplatin (Eloxatin), 

involves cytotoxicity primarily mediated by interference with cell growth and multiplication. This occurs via a two-stage 

process: first, the aquation (displacement of the oxalate ligand by water molecules, analogous to chloride displacement in 

cisplatin); second, the coordination of the activated complex to DNA (primarily), causing DNA adduct formation. 

This blocks DNA replication and transcription, ultimately triggering programmed cell death (apoptosis). 

Keywords: alkylated agents; anticancer platinum-based complexes; oxaliplatin (eloxatin); the complexes stereochemistry; 

oxaliplatin uses as anticancer; aufbau principle 

1. Introduction 

In the mid-1960s, the  focusing studies on the medications that 

represent platinum anti-cancer agents was started , and the beginning 

of these studies were concentrated on  the cisplatin complex[1,2], which  

later evolved to include other important compounds such as carboplatin 

and oxaliplatin, which share a central platinum atom that forms the core 

of their mechanism of action[3,4]. These drugs work mainly by 

harmonizing   to deoxyribonucleic acid (DNA) in the nucleus of the 

cancer cell, where irreversible damage occurs through the formation of 

intrastrand and interstrand crosslinks between DNA strands[5]. This 

crosslinking disrupts transcription and cell division, eventually 

inducing apoptosis in rapidly dividing cells[6]. These agents are widely 

used as a cornerstone in the treatment of a variety of solid tumors. This 

includes testicle, ovarian, lung, bladder, head and neck cancers, where 

cisplatin which is the key primary options and were regarded as first 

generation, another new types were become as the second generation 

such as the carboplatin which also shows great efficacy, especially in 

the treatment of colorectal cancer, and these drugs are often combined 

with other therapeutic agents to enhance efficacy[7]. 
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As part of continuous program directed toward the study of important biologically active agents[8-10], it is 

become of interest to study the first drug in the antineoplastic chemotherapeutic platinum – based complex of 

the third-generation which is Oxaliplatin (Eloxatin) to treat of colorectal cancer, it is also called Sanofi- 

Synthelabo as named by Sanofi, the global healthcare and pharmaceutical company[11]. In Japan at beginning 

of 1976 oxaliplatin was patented and approved for medical use, It is on the WHO's list of essential medicines 

at 2023[12] Uses[13]: 

Oxaliplatin is an alkylated agent used for treatment of the following cancers: 

1. Colorectal: 

Especially, metastatic colorectal neoplasm, in which the first-generation cisplatin and second-generation 

carboplatin had been confirmed to be inactive[14]. 

2. Gastric 

3. Pancreatic  

Also, it is undertaking clinical trials to treat the following cancers: 

1. Ovarian 

2. Breast 

3. Non–small cell lung Neoplasm[6,13,16,17]. 

1.1. Chemistry 

Oxaliplatin (Eloxatin) is an alkylated complex (coordinating compound) of platin consists of two 

bidentate ligands, the first is cyclic aliphatic of cyclohexane-1,2-diamine (also called diaminocyclohexane 

(DACH) with  two doner atoms (two nitrogen atoms of the amino groups) the red color, and the second is 

acyclic aliphatic malonate (the two anionic oxygen atoms of hydroxyl groups) the blue color[18], Figure 1.  

 

Figure 1. The cyclohexane-1,2-diamine (Ethanedioate-O,O-)platinnum(II) complex. 

1.2. Complexation 

These two ligands which are the basic (the Lewis definitions of acids and bases) with four lone pairs doner 

atoms are coordinated with the metal Platine), as shown in Fig (1). According to Werner's theory, Platine is 

the central metal atom (the acid that accept the lone pairs of electrons to it's unfilled d orbitals)[8]. 

Thus, the palatine which is the central metal atom and the two ligands of cyclohexane – 1,2- diamine and 

the ethane dioates oxygen directly bonded to it make up the coordination sphere of the complex.  

In this complex, the total charge of this complex compound is neutral, because of two oxygen of (-2 

charges are equaled to the bivalent Platine.   The number of donor atoms (that supplies the lone pairs of 

electrons for the metal-ligand bond) is the complex coordination number, which is four[19]. 

 

 

https://en.wikipedia.org/wiki/WHO_Model_List_of_Essential_Medicines
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1.3. Stereochemistry 

The stereochemical study of this complex (the three-dimensional structure of the molecule) indicated a 

square planar platinum (II) center of trans-1,2-diaminocyclohexane in addition to the bidentate oxalate 

group[20]. This structure is indicated the presence of pseudosymmetry in the crystal that produced confusion in 

its interpretation molecule has been elucidated by X-ray crystallography, Figure 2[21,22]. 

 

Figure 2. The 3D Structure of cyclohexane-1,2-diamine (Ethanedioato-O,O-)platinum (II) complex: a. Display Mode: Cylindrical 

Bonds, b. Display Mode : Space Filling. 

The general rules effects of oxaliplatin isomeric conformations stereochemistry on the structure–activity 

relationships (SAR) were studied by Tyagi and colleagues[23], the first criteria of this rules, the conformation 

must be cis-PtX2(N)2 for bivalent platinum atom where N: (the nitrogen of the two amine groups doner atoms) 

of the cyclohexane-1,2-diamine ligand. The second criteria is X: the leaving ligands, usually anions, should 

consist of groups that have intermediate binding strength to Pt(II)[24]. Examples here of the two anionic dioates 

oxygen donor atoms) of the ligand acyclic aliphatic malonate. Finally, the third criteria is the amine ligands, 

either monodentate or bidentate, should have at least one NH group[25], Figure 3.  

 

Figure 3. The coordinating complex, drawn by 3D.  

Model Display: Space Filling with the four coordinating bonds, the doner atoms, (the two nitrogen atoms, 

the blue atoms) and (the two oxygen atoms, the red atoms) with the central Platine atom. 

1.4. The coordination 

The fifth shell of the transition metal element platinum which its atomic number (78) has eighteen 

electrons of the atomic configuration according to electron configuration through orbit (Bohr principle): 

5s25p65d10 

But the fifth shell of platinum will have seventeen electrons and the remaining one electron will be in the 

sixth shell, according to Aufbau principle:  

5s25p65d9 6s1 

https://en.wikipedia.org/wiki/Square_planar
https://en.wikipedia.org/wiki/Trans-1,2-diaminocyclohexane
https://en.wikipedia.org/wiki/Oxalate
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This specific rule is due to that the 5d is less energy and more stable according to Aufbau principle which 

states that in the ground state of an atom or ion, electrons first fill subshells of the lowest available energy, 

then fill subshells of higher energy[26,27] as show in Figure 4: 

 

Figure 4. The electrons occupy the shells and subshells of an atom in approximate accordance with the Aufbau principle. 

The electronic platinum arrangement according to Aufbau principle because of the presence of 9 electrons 

in d orbitals gives the atom additional stability due to the proximity of the orbital to the semi-fill 5d9, which 

relatively stable position, and the Azimuthal quantum number of 6S orbital is less than the 5d orbital: 

Azimuthal quantum number of 5d orbital = l = (5 + 2) = 7 

Azimuthal quantum number of 6S orbital = l = (n + 1) = 6+0 = 6 

As seen here the palatine metal ion with d8 configuration has often 4 coordinates of the common geometry 

is the square planar complex molecule, a Platine central atom is coordinated by the four doner atoms, which 

form the angles of a square on the same plane, Figure 5[28,29]. Because of no unpaired electron (no single 

electron), i.e all of the electrons are paired in this Platine coordinating complex, this complex is paramagnetic 

compound[30,31]. 

 

Figure 5. The oxaliplatin square planer complex geometry. 

2. The antineoplastic mode of action 

The antineoplastic chemotherapeutic platinum -based complex third generation oxaliplatin (eloxatin), is 

one of cytotoxic medication that is type of alkylated platinum complexes used as chemotherapy drug (CTX) 

which is treat neoplasm by interfering with the growing and multiplying a cell[32,33], through two stages: 
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2.1. The first stage (the aquation of ethanedioate ligand's two dentate anions via the two-

chloride analog)  

This drug is firstly exchanges with chloride ions into (cyclohexane-1,2-diamine dichloro) platinum (II) 

complex, this results from exchanging of ethanedioate ligand with the two chloride ions, (the drug's anionic 

monodentate ligands), because of the high concentration of these chloride ions in blood (about 105 mM) . The 

loss of these ligands is blocked by this high concentration according to Le Chatelier’s principle, as shown in 

Figure 6. Then, in the cell the low concentrations of chlorine help in exchanging of the anions with water and 

undergoes aquation to form [Pt CH(NH2)2(OH2)2]2+, therefore, it becomes more reactive to DNA. This 

substitution is occurred easily due to square geometry which helps in Cl-Pt bond-breaking and Cl-OH2 bond 

making which is a substitution mechanism[34,35], Figure 6. 

 
Figure 6. The mechanism of water-chloride ion substitutionNote that water is the entering group can approach from top or botom since 

saqure planer is easily get into chloride which is a good leaving group. 

2.2. The second stage (coordinating with DNA, s amino acids) 

Finally,  this coordination of two monoaqua species (water)  to the Pt2+ ion makes the medium very acidic 

and help the dissociation of this final complex to coordinate in the cytoplasm with DNA,s two of glycine 

molecules inter or intra cross links and/or with glycine and adenine molecules, which denatures the DNA by 

blocking the duplication of DNA, this stop the transcription and causing cell death,   Oxaliplatin, encourages 

programmed cell death or apoptosis[36,37], Figure 7. 

https://en.wikipedia.org/wiki/DNA
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Figure 7. The platine complex coordinate to cytoplasm with DNA: 

a) With two Glycine molecules intra. 

b) With two Glycine molecules inter. 

c) With Glycine and Adinine molecules intra 

The importance of above three-dimensional structure descriptions of oxaliplatin is its coordinately 

arranges both inter- and intra-strand cross links with the DNA electrons donating atoms of amino acids 

functional groups.   

3. Conclusion 

The third generation oxaliplatin (eloxatin) is antineoplastic alkylated complex (coordinating compound) 

of platin central metal atom and the two ligands of cyclohexane – 1,2- diamine and the ethane dioates oxygen 

directly bonded to it make up the coordination sphere of the complex.  

This complex has stereochemical geometry of a square planar (molecule) with paramagnetic charachter. 

The antineoplastic mode of action of this platinum-based complex, is the cytotoxic effect by its alkylated 

properties via its  interfering with the growing and multiplying a cell, through the first stage of  the aquation 

of ethanedioate ligand's two dentate anions via the two chloride analog and the second stage by the coordinating 

with DNS, s amino acids and  by blocking the duplication of DNA, this stop the transcription and causing cell 

death (programmed cell death or apoptosis ). 

Conflict of interest 

The authors declare no conflict of interest. 

References 

1. Dasari S, Tchounwou PB. Cisplatin in cancer therapy: molecular mechanisms of action. Eur J Pharmacol. 

2014;740:364-378. doi:10.1016/j.ejphar.2014.07.025.   

2. Hassan, E. M., Saleh, M. Y., Saied, S. M., & Kazemi, M. (2025). Magnetic-MOF Zinc nanocatalyst in DESs 

Solvent: A Sustainable Route for 2, 4-Disubstituted Quinoline Synthesis. Journal of Organometallic Chemistry, 

123812. 

3. Kelland, L. (2007). The resurgence of platinum-based cancer chemotherapy. Nature Reviews Cancer, 7(8), 573-

584. 

4. Yaseen, S. N., Al-Fakhry, H. H., & Saleh, M. Y. (2025). Effects of local rosuvastatin/hyaluronan hydrogel on 

post-orthodontic relapse reduction in rabbits: Histological and immunohistochemical study. Iraqi Journal of 

Veterinary Sciences, 39(1), 25-34. 

5. Ghosh, S. (2019). Cisplatin: The first metal based anticancer drug. Bioorganic chemistry, 88, 102925. 

6. Oun R, Moussa YE, Wheate NJ. The side effects of platinum-based chemotherapy drugs: a review for chemists. 

Dalton Trans. 2018;47(19):6645-6653. doi:10.1039/C8DT00838H.   

https://en.wikipedia.org/wiki/Square_planar
https://en.wikipedia.org/wiki/DNA


7 

7. Pabla N, Dong Z. Cisplatin nephrotoxicity: mechanisms and renoprotective strategies. Kidney Int. 2008;73(9):994-

1007. doi:10.1038/sj.ki.5002786.   

8. Sheet, S. H., Mahmod, R. B., Saeed, N. H., & Saied, S. M. (2024). Theoretical study for comparison of pka of a 

number of schiff bases by employing parameters derived from dft and mp2 method. New Materials, Compounds 

and Applications, 8(1), 94-108. 

9. Al-Thakafy NT, Abdelzaher NA, Abdelzaher HG, et al. A novel chalcone compound as a reagent for the 

validation of pharmaceutical cefotaxime sodium preparations. Results in Chemistry. 2024;7:101387.   

10. Mahmood, Z. M., Saied, S. M., & Saleh, M. Y. (2024). Deep eutectic solvent (reline) as catalytic system in 

synthesis of schiff bases derived from glucose and different amines. Kimya Problemleri, 22(3), 281-289. 

11. Graham, J., Muhsin, M., & Kirkpatrick, P. (2004). Oxaliplatin. Nature reviews Drug discovery, 3(1), 11-12. 

12. World Health Organization. The selection and use of essential medicines 2023: web annex A: World Health 

Organization model list of essential medicines: 23rd list (2023). Geneva: World Health Organization; 2023.   

13. Balibrea EM, Card AM, Gin A,. Tumor-Related Molecular Mechanisms of Oxaliplatin Resistance. Molecular 

Cancer Therapeutics. 2016;14(8):1-9.   

14. Gramont A, Figer A, Seymour M. Leucovorin and fluorouracil with or without oxaliplatin as first-line treatment in 

advanced colorectal cancer. J Clin Oncol. 2000;18(16):2938-2947.   

15. Husain, A. Z., Al-Jawaheri, Y. S., & Al-Assafe, A. Y. (2024). Synthesis of substituted heterocyclic with their 

cobalt (Ⅱ) complexes from 2-amino-thiazoles and evaluation of their biological activity. Bulletin of the Chemical 

Society of Ethiopia, 38(4), 909-922. 

16. Apps MG, Choi EH, Wheate NJ. The state-of-play and future of platinum drugs. Endocrine-Related Cancer. 

2015;22(4):R219-R233. doi:10.1530/ERC-15-0237.   

17. Fischer, J., & Ganellin, C. R. (2010). Analogue-based drug discovery. Chemistry International--Newsmagazine for 

IUPAC, 32(4), 12-15. 

18. Ali, A. H., Saleh, M. Y., Yaqoob, Q. A., Saied, S. M., Hasan, M. S., Owaid, K. A., ... & Alsirhani, A. M. (2025). 

Comprehensive evaluation of antibacterial and anticancer activities from indole butanoic acid. Journal of Genetic 

Engineering and Biotechnology, 23(1), 100452. 

19. Ali, R. T., Mohammedthalji, N. H., & Al-Niemi, K. I. (2022). Study of Isothermal, Kinetic and Thermodynamic 

Parameters of Adsorption of Glycolic Acid by a Mixture of Adsorbent Substance with ab-Initio Calculations. 

Egyptian Journal of Chemistry, 65(6), 489-504. 

20. Bennani YL, Hanessian S. trans-1,2-Diaminocyclohexane Derivatives as Chiral Reagents, Scaffolds, and Ligands 

for Catalysis: Applications in Asymmetric Synthesis and Molecular Recognition. Chemical Reviews. 

1997;97(8):3161-3196.   

21. Johnstone, T. C. (2014). The crystal structure of oxaliplatin: a case of overlooked pseudo symmetry. Polyhedron, 

67, 429-435. 

22. Ahmad, H. M., Aldahham, B. J., & Saleh, M. Y. (2024). Dehydroepiandrosterone supplementation improves 

diminished ovarian reserve clinical and in silico studies. Steroids, 211, 109490. 

23. Tyagi, J. V., Mishra, S. K., Singh, R., & Singh, V. P. (2008). SCS-CN based time-distributed sediment yield 

model. Journal of hydrology, 352(3-4), 388-403. 

24. Hasb, A. M., & Saeed, N. H. (2025). CHLORINATION OF N-BENZOYL VALINE BY SODIUM N-CHLORO-

PARA-TOLUENE SULFONYL AMIDE (CAT) HYDROCHLORIC ACIDIC: A KINETIC AND MECHANISM 

STUDY. Kimya Problemleri, 23(2), 239-248. 

25. Ali, A. H., Saleh, M. Y., & Owaid, K. A. (2023). Mild Synthesis, Characterization, and Application of some 

Polythioester Polymers Catalyzed by Cetrimide Ionic Liquid as a Green and Eco-Friendly Phase-Transfer Catalyst. 

Iranian Journal of Catalysis, 13(1). 

26. Bila, L. R. Synthesis of platinum-based electrocatalysts using nitrogen doped onion-like carbon and WS2 

composites as the support for electrooxidation of ethanol in direct alcohol fuel cells. 

27. Saleh, M. Y., Aldulaimi, A. K. O., Saeed, S. M., & Adhab, A. H. (2024). TiFe2O4@ SiO2–SO3H: A novel and 

effective catalyst for esterification reaction. Heliyon, 10(4). 

28. Yam, R. C., & Chan, C. (2015). Knowledge sharing, commitment and opportunism in new product development. 

International Journal of Operations & Production Management, 35(7), 1056-1074. 

29. Sadeek, G. T., Saeed, Z. F., & Saleh, M. Y. (2023). Synthesis and pharmacological profile of hydrazide 

compounds. Research Journal of Pharmacy and Technology, 16(2), 975-982. 

30. Pan, W. (2006). Incorporating gene functions as priors in model-based clustering of microarray gene expression 

data. Bioinformatics, 22(7), 795-801. 

31. Saeed, Z. F., & Saleh, M. Y. (2023). Synthesis and biological evolution of novel substituted 1, 2, 4-triazine from 

sulfanilic acid. Egyptian Journal of Chemistry, 66(1), 555-561. 

32. Saleh, M. Y., Aldulaimi, A. K. O., Saeed, S. M., & Adhab, A. H. (2025). Palladium fabricated on Fe3O4 as an 

organic-inorganic hybrid nanocatalyst for the Suzuki and Stille coupling reactions. Journal of Molecular Structure, 

1321, 139597. 

33. Bethesda, L. (2012). Clinical and research information on drug-induced liver injury [internet]. National Institute of 

Diabetes and Digestive and Kidney Diseases. 



8 

34. Zhao J, Kang Y, Chen L, Qingzhu W., Xinyu W., Hong L., Chenglong H., Tingting Z.,, Qi Zhao, Xianzhe L. and 

Feng F., The Drug-Resistance Mechanisms of Five Platinum-Based Antitumor Agents. Frontiers in Pharmacology. 

2020;11:343. doi:10.3389/fphar.2020.00343. 

35. Saleh, M. Y., Abdelzaher, M. A., Ali, A. H., & Owaid, K. A. (2023). Synthesis and Characterization of some new 

Heterocyclic Polymer Compounds from Benzo [1, 2-d: 4, 5-d] bis (thiazole)-2, 6-diamine and [6, 6'-Bibenzo [d] 

thiazole]-2, 2'-diamine. Rafidain Journal of Science, 32(4), 57-69. 

36. Bhaduri, R., Mukherjee, S., Mitra, I., Ghosh, S., Chatterji, U., Dodda, S. R., & Moi, S. C. (2021). Anticancer 

activity and cell death mechanism of Pt (II) complexes: Their in vitro bio-transformation to Pt (II)-DNA adduct 

formation and BSA binding study by spectroscopic method. Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy, 262, 120096. 

37. Al-Jubori, H. M. S., Al-Mathkuri, T. S. F., Banoon, Z. R., & Saleh, M. Y. (2024). Synthesis of novel benzo [d] 

imidazole bearing α-aminophosphonate and their antimicrobial evaluation. Results in Chemistry, 8, 101586. 
 

 


