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ABSTRACT:

The terpyridine complexes by transition metals have potential applications in the field of therapeutics, imaging
and theranostics. Ni(ll), Co(ll), Fe(Il), Cu(ll), V(IV) etc., terpyridine complexes have been used as antibacterial,
antifungal, antidiabetic, antiarthritic and anticancerous agents. Extensive studies of Pt(ll) terpyridine complexes
reported in medicinal field lack practical usage due to various side effects. However, it showed a gateway to
prepare and study other transition metals which possess virtuous biological properties. Here, we report various
works involving Cu(ll) terpyridine complexes which are found to be potential therapeutic agents.
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INTRODUCTION:

Terpyridine is a popular ligand in the fast growing area
of coordination chemistry which has remarkable tenders
in supramolecular photochemistry. The synthesis of
2,2":6',2"-terpyridine ligand fascinated different research
groups because of its unique coordinating capability
which has a three donor nitrogen atoms bonded to the
metal ion.? The ligand can coordinate with metal ions as
tridentate, bidentate and monodentate 1.2 Additionally,
terpyridine and its structural correspondents as
functional prototypes become popular in the
supramolecular, coordination as well as materials
science fields.> It showed diverse photophysical,
catalytic, electrochemical, and magnetic properties of
terpyridine complexes. These complexes partakes future
claims like light-to-electricity transformation,® light-
emitting electrochemical cells (LECs),* luminescent
sensors® or non-linear optical gadgets.® The application
of such complexes specially in the field of pharmacy and
biomedical are rapidly growing as therapeutic agents.”
The review focuses on the development of therapeutic
agents (anticancer, antitubercular, antiproliferative, etc.)
involving Cu(ll) complexes of terpyridine and
functionalized terpyridine ligands.
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Transition Metal Complexes of Terpyridine:

The transistion metal complexes speed up the
proficiency of therapeutic and pharmacological
properties.® The nature of the ligands and its metal ions
affect the medicinal productivity of transition metal
complexes.® Many transition metal ions forms
complexes with terpyridine ligands. The exceptional
photochemical, electrochemical, and photophysical,
properties of such complexes consent assembly of
supramolecular architectures.’® The first-row transition
metals such as Cr(ll), Mn(ll), Fe(ll), Co(ll), Ni(ll),
Cu(ll) and Zn(I1) produces diverse bis complexes with
terpyridine.’*1* The stability of the metal complexes
also is improved well by the chelating terpyridines.
Furthermore, 4'-functionalized 2,2":6'2"-terpyridines
complexes of transition metals fascinated researchers
because of motivating electronic and magnetic
properties,'® photophysical, and structural characteristics
whish are advantageous in molecular electronics,®
catalysis,Y” molecular magnetism,’® and anti-tumor
therapy.’® To modify the electronic properties of the
ligand and its metal complexes 4'-substituted
terpyridines are developed. The ability of the ligand to
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bind biomolecules such as proteins or DNA presents
enormous possibility to coordinate with drugs. Also, the
strong intercalative interaction of DNA grouped
complexes are significantly performed by the planar
nature of ligand.?°

Applications as a Therapeutic Agent:

Among enormous number of metal drugs, platinum is
widely studied as therapeutic agent because of their
kinetic, structural and thermodynamic properties.?%22-25
Cisplatin, a platinum based drug was found to be an
appealing drug for the treatment of various types such as
head and neck, lung, testicular, colorectal and ovarian
cancers.?*?” The encounter of cisplatin led to the
incredible progress of research for cancer therapy using
metal complexes.?® Though cisplatin has many
disanvantages, other platinum drugs (carboplatin,
oxaliplatin, nedaplatin, lobaplatin) were approvcd for
different types of cancer therapy. However, due to their
severe side effects and drug resistance capacity, these
platinum-based drugs cannot be much explored.?®
Consequently, this opened a gateway for the exploration
of many non-platinum metal drugs and their
pharmacological studies. With less side effect, more
binding affinity, and target selectivity drug-protein
interactions, many proposals are made in the synthesis
of promising drugs. The evolution of platinum based
cancer drugs have proven that modification of ligand
environment is crucial in determining the drug efficacy,
cytotoxicity, pharmacokinetics of metal complex based
therapeutic drugs.?® Terpyridine ligands offer a plethora
of possibility of functionalization in the ligand
environment.

Copper Complexes of Terpyridine:

(ClOy,) (ClOy)

Copper is minimally available in living organisms® and
its complexes are active in antibacterial, antifungal,
antidiabetic, antiarthritic and enzymatic activity. As
copper complexes have less toxic effect to the normal
cells than cancer cells, it draws much attention in the
anticancer formulation. The bioessential nature of Cu(ll)
complexes of terpyridine initiates reactive oxygen
species which are used for the oxidative breaking of
DNA strands through photolytic,3* hydrolytic,® as well
as oxidative pathway®® and thus, inhibiting the
multiplication of cancer cells.3* Being active under
hypoxic condition, Cu(ll) has selective penetration to
tumor cell sheath.® Cu(Il) complex of functionalized
2,2":6',2"-terpyridines 2 and  2,6-di(thiazol-2-yl)
pyridines copper (11) complex 3 shows antiproliferative
effect in A2780 ovarian carcinoma cells.%® Since fused
ring system (e.g. Raloxifene and benzothiazole
derivatives) are much impend in using as anticancer
angents, terpyridine with such functional group develop
antiproliferative activity.®”*® Copper (I1) complexes of
terpyridine  fused ring benzothiophene 4 and
benzothiazole 5 head groups show potential toxicity
towards HepG2 (liver hepatocellular cells) and triple
negative CAL-51 cell lines (breast carcinoma). These
complexes exhibited toxicity to the cancer cell lines by
enhancing the intercellular reactive oxygen species
(ROS) level and cell cycle detention. Thus, induce cell
death via apoptosis can serve as latent anticancer agents
for advanced stage of cancer treatments.>? Moreover,
antimycobacterial screening of clioguinol against
mycobacterium tuberculosis showed clear enhancement
in the antitubercular activity on complexation with
copper. Complexes of copper with clioquinol and
substituted terpyridine 6 have been synthesized which
revealed enhanced biological activity.®® In vitro
cytotoxicity of the bis(4'-(4-tolyl)-2,2":6',2"-terpyridine)
copper (1) complex [Cu(ttpy)2]Cl. 7 displays possible
action against animal tumor Ehrlich ascites carcinoma
(EAC) cell line with respect to the commercially used
cisplatin. The induced apoptotic activity of the complex
against EAC cells is confirmed by Hoechst 33258 (a dye
utilized to identify the transitions of the cell’s nuclear
morphology), acridine orange/ ethidium bromide
(AO/EB) and Pl (Propidium iodide flow cytometry)
staining methods and cell cycle analyses.*® Hence,
Cu(ll) complexes with terpyridine showed amazing
biological activities, these complexes boomed into
therapeutic field for the treatment of threatening
diseases.
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CONCLUSION:

Terpyridine complexes of Ru(ll), Os(Il) and Ir(lll)
complexes outnumber any other metal terpyridine
complexes because of their wide ranging applications in
imaging, DNA intercalation and chemotherapy. Rare
reports of Cu(ll) complexes of terpyridine as therapeutic
agents are assembled in this review. Cu(ll) terpyridine
complexes are reported to have excellent biological
(antitubercular, anticancer, etc.) activities

REFERENCE:

1. Constable EC. 2,2":6",2"-Terpyridines: From chemical obscurity
to common supramolecular motifs. Chemical Society Reviews.
2007; 36(2): 246-253.

2. Constable EC. The coordination chemistry of 2,26'2"-
terpyridine and higher oligopyridines Advances in Inorganic
Chemistry and Radiochemistry. 1986; 30: 69-121.

3. Wild A, Winter A, Schlitter F, Schubert US. Advances in the
field of m-conjugated 2,2":6'2"-terpyridines. Chemical Society
Reviews. 2011; 40(3): 1459-1511.

4. Bolink HJ, Capelli L, Coronado E, Gavina P. Observation of

electroluminescence at room temperature from a ruthenium(ll)
bis-terpyridine complex and its use for preparing light-emitting
electrochemical cells. Inorganic Chemistry. 2005; 44(17): 5966-
5968.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

2739

Chen P, Meyer TJ. Medium Effects on Charge Transfer in Metal
Complexes. Chemical Reviews. 1998; 98: 1439-1478.

Schubert US, Winter A, Newkome GR. Terpyridine-based
Materials. Wiley-VCH Verlag & Co. KGaA, Germany. 2011.
Siddigi  ZA, Khalid M, Kumar S, Shahid M, Noor S.
Antimicrobial and SOD activities of novel transition metal
complexes of pyridine-2,6-dicarboxylic acid containing 4-
picoline as auxiliary ligand. European Journal of Medicinal
Chemistry. 2010; 45(1): 264-269.

Delaney S, Pascaly M, Bhattacharya PK, Han K, Barton JK.
Oxidative Damage by Ruthenium Complexes Containing the
Dipyridophenazine Ligand or Its Derivatives A Focus on
Intercalation. Inorganic Chemistry. 2002; 41(7): 1966-1974.
Vaidyanathan VG, Nair BU. Nair. Synthesis, characterization
and DNA binding studies of a ruthenium (1) complex. Journal of
inorganic biochemistry. 2002; 91(2): 405-412.

Brandt WW, Wright JP. The iron-2,2',2"-terpyridine system.
Journal of the American Chemical Society. 1954; 76: 3082-3083.
Farina RD, Hogg R, Wilkins RG. Rate-pH profile for the
dissociation of iron(ll)- and cobalt(Il)-2,2',2"-terpyridine
complexes. Inorganic Chemistry. 1968; 7(1): 170-172.

Miller RR, Brandt WW. Colorimetric Determination of Cobalt
with 2,27.2"-Terpyridine. Analytical Chemistry. 1954; 26(12):
1968-1969.

Morgan G, Burstall FH. Researches on residual affinity and co-
ordination. Part XXXVII. Complex metallic salts containing 2:
6-di-2"-pyridylpyridine (2 : 2’ : 2"-tripyridyl). Journal of the
Chemical Society (Resumed). 1937; 1649-1655.

Polo AS, Itokazu MK, Murakami lha NY. Metal complex
sensitizers in dye-sensitized solar cells. Coordination Chemistry
Review. 2004; 248(13-14): 1343-1361.

Saha ML, Neogi S, Schmittel M. Dalton Transactions. 2014; 43:
3815-3834.

Saha ML, Schmittel M. Metal-Ligand Exchange in a Cyclic
Array: The Stepwise Advancement of Supramolecular
Complexity. Inorganic Chemistry. 2016; 55(23): 12366,.

De S, Mahata K, Schmittel M. Metal-coordination-driven
dynamic heteroleptic architectures. Chemical Society Reviews.
2010; 39(5): 1555-1575.

Frey J, Tock C, Collin JP, Heitz V, Sauvage JP, Rissanen K.
Cyclic [2]pseudorotaxane tetramers consisting of two rigid rods
threaded through two bis-macrocycles: copper(l)-templated
synthesis and X-ray structure studies. Journal of the American
Chemical Society. 2008;130(33): 11013-11022.

Neogi S, Lorenz Y, Engeser M, Samanta D, Schmittel M.
Heteroleptic metallosupramolecular racks, rectangles, and
trigonal prisms: stoichiometry-controlled reversible
interconversion. Inorganic Chemistry. 2013; 52(12): 6975-6984.
Manikandamathavan VM, Thangaraj M, Weyhermuller T,
Parameswari RP, Punitha V, Murthy NN, Nair BU. Novel
mononuclear Cu (Il) terpyridine complexes: Impact of fused ring
thiophene and thiazole head groups towards DNA/BSA
interaction, cleavage and antiproliferative activity on HepG2 and
triple negative CAL-51 cell line. European Journal of Medicinal
Chemistry. 2017;135: 434-446.

Rosenberg B, VanCamp L, Trosko JE, Mansour VH. Platinum
compounds: a new class of potent antitumour agents. Nature
1969; 222(5191): 385-386.

Boulikas T, Vougiouka M. Cisplatin and platinum drugs at the
molecular level. Oncology Reports. 2003; 10(6): 1663-1682.
Jamieson ER, Lippard SJ. Structure, Recognition, and Processing
of Cisplatin-DNA Adducts. Chemical Reviews. 1999; 99(9):
2467-2498.

Gielen M, Tiekink ERT. Metallotherapeutic Drugs and Metal-
Based Diagnostic Agents. John Wiley & Sons, New York. 2005.
Monneret C. Platinum anticancer drugs. From serendipity to
rational design. Annales Pharmaceutiques Francaises. 2011;
69(6): 286-295.

Galluzzi L, Vitale I, Michels J, Brenner C, Szabadkai G, Harel-
Bellan A, Castedo M, Kroemer G. Systems biology of cisplatin



217.

28.

29.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Research J. Pharm. and Tech. 11(7): July 2018

resistance: past, present and future. Cell Death and Disease.
2014; 5: 1257-1274.

Jung Y, Lippard SJ. Direct cellular responses to platinum-
induced DNA damage. Chemical Reviews. 2007; 107(5): 1387-
1407.

Bruijnincx PCA, Sadler PJ. New trends for metal complexes with
anticancer activity. Current Opinion in Chemical Biology. 2008;
12(2): 197-206.

Linder MC, Biochemistry of copper, Plenum, New York. 1991.
Dhar S, Nethaji M, Chakravarty AR. DNA cleavage on
photoexposure at the d-d band in ternary copper(ll) complexes
using red-light laser. Inorganic Chemistry. 2006; 45(26), 11043-
11050.

Manikandamathavan VM, Kavitha M, Uma V, Parameswari RP,
Vasanthi HR, Nair BU. Cytotoxic copper (Il) complex of
tripyridoguinoxaline with DNA hydrolase activity. Polyhedron
2011; 30(9): 1604-1611.

Uma V, Kanthimathi M, Weyhermuller T, Nair BU, Oxidative
DNA cleavage mediated by a new copper (ll) terpyridine
complex: crystal structure and DNA binding studies. Journal of
Inorganic Biochemistry. 2005; 99(12): 2299-2309.

Bloch WM, Holstein JJ, Hiller W, Clever GH. Morphological
Control of Heteroleptic cis- and trans-Pd,L,L’, Cages.
Angewandte Chemie (International Ed. in English). 2017;
56(28): 8285-8289.

Patersonab BM, Donnelly PS. Copper complexes of
bis(thiosemicarbazones): from chemotherapeutics to diagnostic
and therapeutic radiopharmaceuticals. Chemical Society
Reviews. 2011; 40: 3005-3018.

Czerwinska K, Machura B, Kula S, Krompiec S, Erfurt K,
Roma-Rodrigues C, Fernandes AR, Shulpina LS, Tkonnikov NS,
Shulpin GB. Copper(Il) complexes of functionalized 2,2":6',2"-
terpyridines  and  2,6-di(thiazol-2-yl)pyridine:  structure,
spectroscopy, cytotoxicity and catalytic activity. Dalton
Transactions. 2017; 46: 9591-9604.

Vogel VG, Costantino JP, Wickerham DL, Cronin WM,
Cecchini RS, Atkins JN, Bevers TB, Fehrenbacher L, Jr Pajon
ER, 3rd Wade JL, Robidoux A, Margolese RG, James J,
Lippman SM, Runowicz CD, Ganz PA, Reis SE, McCaskill-
Stevens W, Ford LG, Jordan VC, Wolmark N. Effects of
tamoxifen vs raloxifene on the risk of developing invasive breast
cancer and other disease outcomes: the NSABP Study of
Tamoxifen and Raloxifene (STAR) P-2 trial. Journal of the
American Medical Association. 2006; 295(23): 2727-2741.
Klemens T, Switlicka-Olszewska A, Machura B, Grucela M,
Schab-Balcerzak E, Smolarek K, Mackowski S, Szlapa A, Kula
S, Krompiec S, Lodowskie P, Chrobok A. Rhenium(l)
terpyridine complexes - synthesis, photophysical properties and
application in organic light emitting devices. Dalton
Transactions. 2016; 45: 1746-1762.

Kharadi GJ. Effect of substituent of terpyridines on the in vitro
antioxidant, antitubercular, biocidal and fluorescence studies of
copper(ll) complexes with clioquinol. Spectrochimica Acta Part
A: Molecular and Biomolecular Spectroscopy. 2014; 117: 662-
668.

Mahendiran D, Kumar RS, Viswanathan V, Velmurugan D,
Rahiman AK, In vitro and in vivo anti-proliferative evaluation of
bis(4'-(4-tolyl)-2,2":6',2"-terpyridine)copper(ll) complex against
Ehrlich ascites carcinoma tumors. Journal of Biological
Inorganic Chemistry. 2017; 7: 1109-1122.

2740



