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To achieve this goal it is necessary to develop 
new drugs directed towards specific targets 

expressed or at least over-expressed in 
cancer and metastatic cells

P Specificity
P Reduced toxicity 
P Maximum therapeutic efficacy

C. Santini, M. Pellei, V. Gandin, M. Porchia, F. Tisato and C. Marzano. 
Advances in Copper Complexes as Anticancer Agents
Chem. Rev., 114 (2014) 815-862.
Impact Factor = 52,758

F. Tisato, C. Marzano, M. Porchia, M. Pellei and C. Santini
Copper in Diseases and Treatments, and Copper-based Anticancer Strategies
Medicinal Research Reviews, 4 (2010) 708-749
Impact Factor = 9,300

Metal-based anticancer strategies

Copper-based anticancer drugs



Metal-based anticancer agents

Ø Why Cu(I)?
• Biochemists have reached a general consensus that physiological copper is primarily

internalised in cells via active transport mechanisms as Cu(I) rather than Cu(II);
• human copper transporter 1 (hCtr1) is recognized as the trans-membrane protein that

internalises copper(I).

Ø Why copper?
• Copper is a micro-element essential for several functions in mammalian physiology. Our

physiology is able to manage copper through complex homeostatic mechanisms;
• copper is a crucial co-factor in angiogenesis;
• ex-vivo studies have demostrated that several cancer cells show an abnormal content of

copper, largely exceeding its content in non-tumor cells.

hCtr1 Cu+ selectivity filter (F. Ren et al. Nature Communications 10 (2019) 1386)



Why Cu(I)-phosphanes complexes?
Ø Phosphanes (PR3) are able to stabilize copper in its reduced Cu(I) state 

avoiding disproportionation to Cu and Cu(II)

Ø hydrophilic [Cu(I)(P)4]+ complexes are easy to handle in biological tests
Ø [Cu(I)(P)4]+ complexes are labile, somehow mimicking  cis-Pt               

ü High in vitro cytotoxicity (generally higher than cis-Pt)

ü Overcoming of cis-Pt resistance (… different mechanism of action)

ü Selectivity toward tumor cells vs non-tumor cells

ü Specificity toward cancer cells derived from solid tumors (colon cancer cells)

ü Cellular internalization by active transport via transmembrane protein hCtr1

ü In vivo antitumor efficacy (Lewis lung carcinoma (LLC) murine model).                        
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Patents
[Cu(thp)4]X showed great antitumor efficacy with
an average IC50 over nine cell types that was
about 30 times lower than that of cisplatin

Patent purchased in 2018 by the 
SAPIR PHARMACEUTICALS (New York, USA)

A549 = lung cancer 
CaCo2, HCT-15 = colon cancer 
Hela = cervix cancer
MCF-7 = breast  cancer
HL60 = leukemia
Daudi = lymphoma
HepG2 = epatoma
A375 =  melanoma

In vivo tests on LLC murine cancer model 

P Soluble and stable in H2O
P 30 times more active than cisplatin
P Not cross-resistance
P Up to 90% regression of the tumor mass 

(in vivo, 15 days C5C57BL mice treated)
P Non-systemic toxicity
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Rational design and biological evaluation of novel conjugated heteroscorpionate ligands and related 
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Combined Chemotherapy (CTX) with Synchrotron Radiation (SR)

Cu

Au

Ø Principle
• Tumor loaded with a high Z element (Pt, Cu, 

Au, Ag), with high probability for adsorbing 
radiation

Ø Effect
• Induction of photoelectric effect by irradiation 

with monochromatic X-rays  beams (keV scale) 
tuneable to the adsorption edges of the high Z 
element

Ø Advantage
• To reduce toxic effects on the surrounding 

healthy tissues
• To increase tumor control



SYRA3 COST Action TD1205: Innovative Methods in Radiotherapy and Radiosurgery
Using Synchrotron Radiation
Director: A. Bravin (ESRF, Grenoble, France)

Its aim is to setup and coordinate a multidisciplinary network to develop
synchrotron radiotherapy and radiosurgery techniques to treat brain
tumours and other diseases of the central nervous system.

13 Countries
30 Research Group
Ø 26 UE
Ø 1 Canada
Ø 1 United States
Ø 2 Australia

Radiation-enhanced metal-based 
chemotherapy in the treatment of 
solid tumors
Scientific partners: Prof. Guido Cavaletti, P.I. (Università
degli Studi di Milano - Bicocca); Dr. Alberto Bravin (ESRF 
Grenoble, France) 

Unicam expertise: CMST (Chemistry and 
Molecular Sciences and Technologies) -
Inorganic Chemistry, Coordination
Chemistry, Metal-based drugs. 



Antimalarial coinage metal complexes

Inhibitory activity of the Cu(I), Ag(I) and Au(I) phosphane
complexes on early sporogonic stages (ESS) of the rodent malaria 
parasite P. berghei in the in vitro ookinete development assay (48).



ü 64Cu was produced in large quantities and with in high specific activity in 
biomedical cyclotrons by the nuclear reaction 64Ni(p,n)64Cu

ü 64Cu is a positron emitter making it a viable PET imaging radionuclide 
which can give real time images of the physiological processes in the 
system.

ü Radiotherapeutic efficacy of 64/67Cu depends highly upon the radioligand 
delivery to the target cells, so the development of bifunctional chelates is 
central to development of 64/67Cu's potential as a radiopharmaceutical.

Copper radioisotopes



Radiometal-based anticancer agents: 64Cu and 67Cu
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ü A novel class of 64Cu(II) labeled complexes with new macrocyclic ligands
ü in vitro and in vivo characterization of 64Cu(I) complexes derived from 

hydrophilic phosphane ligands
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Radiochemistry and Imaging Sciences Service



New theranostic copper complexes and their bioconjugates for a multi-modal
anticancer strategy
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Why metal carbenes complexes?
• Versatile class of soft ligands able to stabilize metals in their reduced state;
• wide range of applications in metal-based catalysis and organocatalysis;
• carbenes precursors are useful as ionic liquids;
• anchors for surface modifications, stabilization and functionalization of metal nanoparticles;
• M-NHCs complexes are labile, somehow mimicking cis-Pt.                                         
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Coinage metals N-Heterocyclic carbene complexes
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Copper catalysts
ü C-N and C-C coupling reactions (Sonogashira reactions) 

R1 X + H R
[Cu-NHCs]

R1 R
base, solvent

R1 X +
[Cu-NHCs]

R1 N
base, solvent

N
N

H
N



Copper catalysts
ü Allylic oxidation (Kharasch-Sosnovsky reactions)
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NEXAFS spectra of samples 3, 4, 5 and 1Synthesis of oxygenate allylic compounds via the 
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Antiviral coinage metal complexes
From molecular design and synthesis to antiviral evaluation of new copper/gold entities against 
the SARS-CoV-2 infection
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Are Cu(I) and Au(I) complexes candidates for SARS-CoV-2 inhibition?

Crystal structure of the free enzyme of the 
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Study of new inorganic and 
organic/inorganic hybrid materials 

for the polymer industry

Ethylene Vinyl Acetate (EVA) 

EVA soles

EVA 18 : 82 
(18% acetate)

Physical  tests 
(ISO regulations)

Tear resistance (ISO 34)

Tear strength and breaking 
elongation (ISO 37)

Chemical  
tests

Scanning Electron Microscopy 
(SEM)

ThermoGravimetric Analysis
(TGA)

FT-IR spectra

MINERAL FILLERS
ü environmentally friendly

ü halogen-free
ü non-toxic

ü non-corrosive
ü reduced smoke density

ü non volatile
ü inert

ü economical

Alufy
Aluminum hydroxide 

Crystal structure of gibbsite

Crystal structure of brucite
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Study of the chemical-physical and 
morphological properties of innovative 

polymeric materials: evaluation of parameters 
and problems in outsoles industries

Riccardo 
Vallesi
POLYURETHANE (PU) RUBBER EVA

PU paints

Rubber/Polyurethane TPU/Polyurethane

Polyester-PU Polyether-PU

• R. Vallesi, C. Santini, F. M. Iaccarino, M. Biagioli, M. Pellei, S. Fonti “Chlorination 
studies in rubber articles for footwear applications” EPF 9th Summer School - Dynamic 
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Abstracts, P39.
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polyurethane/leather yellowing in footwear industry: a case study”, MIPOL (MIlan
POlymer days) web edition, Milano, 15-17 July 2020



Study of the chemical-physical and 
morphological properties of innovative 

polymeric materials: evaluation of parameters 
and problems in outsoles industries

Riccardo 
Vallesi

Fonte: UNI EN 20345



Study of the chemical-physical and 
morphological properties of innovative 

polymeric materials: evaluation of parameters 
and problems in outsoles industries

Riccardo 
Vallesi

1 2

• 1-4 + nBuLi = decomposition species 
• 1-4 + Ag2O (or Ag(CH3COO)2)= unsuccessful reactions

Pellei, M.; Vallesi, R.; Bagnarelli, L.; Dias, H.V.R.; Santini, C., Molecules, 2020, 25, 318
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Design, synthesis and characterization of 
metal complexes as versatile agents 
with biological and catalytic activity

Luca Bagnarelli



Catalytic studies

Biological studies

Design, synthesis and characterization of 
metal complexes as versatile agents 
with biological and catalytic activity

Luca Bagnarelli
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Cu

Bioconjugable
moiety

Coordinating
moiety

Functionalizable
moieties

Lonidamine
antineoplastic agent

Metronidazole
Antibiotic and antiprotozoal agent

Design, synthesis and characterization of metal complexes 
as versatile agents with biological and catalytic activityLuca Bagnarelli

NMDA receptor antagonist
Antagonist for the N-methyl-D-aspartate receptor



MTT FORMAZAN

Design, synthesis and characterization of 
metal complexes as versatile agents 
with biological and catalytic activity

Luca 
Bagnarelli
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Recent and 
predictive 

test for 
in vivo results



Design, synthesis and characterization of 
metal complexes as versatile agents 
with biological and catalytic activity
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Gabrielli S., Pellei M., Venditti I., Fratoddi I., Battocchio C., Iucci G., Schiesaro I., Meneghini C., Palmieri 
A., Marcantoni E., Bagnarelli L., Vallesi R., Santini C.; Dalton Transactions; 49, 15622-15632, 2020.

Kahrasch-Sosnovsky Reaction
Catalytic cycle

Hexyl ester
Increased lipophilicity
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The scientist does not study nature because it is useful; he 
studies it because he delights in it, and he delights in it 
because it is beautiful. If  nature were not beautiful, it 
would not be worth knowing, and if  nature were not 
worth knowing, life would not be worth living.

Henry Poincaré


