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https://www.youtube.com/watch?v=aC-KZN91CD0





Volontariato? Parliamone insieme 
Vorremmo scoprire cosa ti interessa davvero quando si parla di volontariato. 
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The process to have a drug on the market 



Drug discovery is a multi-disciplinary science

Synthetic Chemistry

Analytical Chemistry

Molecular Modelling

In Vivo PK and Efficacy
Studies

Biological Screening

Biophysical Assays
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Summary

• Exploration of chemical space in drug discovery

• Click Chemistry

• Case studies: Discovery of an orphan drug and of PROTACs

• Multicomponent Reactions

• Case study: Preparation of PROTACs
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How much are we talking about?

Chemical space estimate: 1063

Known chemicals: 1 billion (109)

Approved drugs: ab. 1000

Blockbuster drugs: ab. 100

Number of diseases without a treatment: > 7.000 
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How to accelerate the exploration of the chemical space?

Synthesis must be FAST 

…. and ideally GREEN

• Combinatorial Chemistry

• Parallel Synthesis

• Click Chemistry

• Multicomponent Reactions



Click chemistry: the concept

“The reaction must be modular, wide in scope, give very high yields, generate only inoffensive by-
products that can be removed by non-cromatographic methods, and be stereospecific (but not 
necessarily enantioselective). The required process characteristics include simple reaction conditions, 
readily available starting materials and reagents, the use of no solvents or a solvent that is benign (such 
as water) or easily removed, and  simple product isolation.”

K. Barry Sharpless
Angew. Chem. Int. Ed. 2001, 113, 2056

13

Angew Chem Int Ed 2001, 40, 2004-2021
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CuAAC and SPAAC

1.CuAAC, 2002

2. SPAAC, 2010

• Azide 1 equiv
• Solvent: H2O/tert-butanol
• Alkyne 1 equiv
• CuSO4 0.01 equiv
• Sodium ascorbate 0.1 equiv
• Room temperature

The product precipitates and is isolated by filtration

Nobel Prize in Chemistry, 2022
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The azido group: unnatural and explosive

“ The domain in which chemical
synthesis exercises its creative
power is vaster than that of

nature itself ”

Mercelin Berthelot
(1827-1907)

IL GRUPPO AZIDICO NON ESISTE IN NATURA N N N

PRODOTTI NATURALI CONTENENTI L’ANELLO 
1,2,3-TRIAZOLICO SONO SCONOSCIUTI

«Six carbons (or other
atoms of about the same

size) per energetic
functional group (azide, 

diazo, nitro, etc) provides
sufficient dilution to render 

the compound relatively
safe»

K. B. SharplessHow Dangerous Is Too Dangerous? A Perspective on Azide
Chemistry

Cite This: J. Org. Chem. 2022, 87, 11293−11295 Read Online

ACCESS Metrics & More Article Recommendations

All chemists should be aware of the risks inherent to their
work and should consider how to adequately protect

themselves and their colleagues from such hazards. This begs
the question: Can a reaction be so dangerous that, in a general
purpose laboratory, even in the presence of such precautions,
the residual risk is still too high? We contend that yes, certain
reactions fall into this category: those that employ stoichio-
metric quantities of hydrazoic acid, those that form transition
metal azides, and those that combine inorganic azide with
dichloromethane.
A recent article in this journal authored by Gazvoda et al.

describes a procedure for preparing triazoles from alkynes
using stoichiometric sodium azide, stoichiometric acid, and
catalytic copper, followed by a workup that may include
dichloromethane.1,2 As industrial chemists with decades of
experience safely scaling up azide chemistry, we feel compelled
to share with the research community our three major safety
concerns with this procedure.
In the first case, the combination of sodium azide and acid

affords hydrazoic acid. Hydrazoic acid is both acutely toxic
(mouse LD50 = 22 mg/kg)3 and a powerful explosive; in its
neat form, hydrazoic acid is more explosive than TNT and
orders of magnitude less stable.4 The first scientists to isolate
hydrazoic acid (Curtius and Radenhausen, in 1891)5 found
that “the blast of 50 mg was sufficient to disintegrate the
apparatus to dust” and when a subsequent 700 mg batch
“exploded spontaneously”, it seriously injured the coauthor
(Radenhausen) and the shock wave from the explosion
shattered every glass vessel nearby. There is no safe quantity
when dealing with neat hydrazoic acid.
While dilute hydrazoic acid is safer than the neat compound,

it remains extremely dangerous. In the gas phase, mixtures with
nitrogen containing more than 10% HN3 are explosive.4g In
water, a precise value has not been determined, but it is
generally accepted that solutions of >20 wt % HN3 are
explosive.6 The unique risk posed by hydrazoic acid in solution
is that due to its low boiling point (∼36 °C), inadvertent
evaporation and recondensation of a dilute, nonexplosive
solution can result in a concentrated, explosive solution (see
Figure 1).7 It is critical to understand that condensed droplets
of concentrated hydrazoic acid require neither oxygen nor a
spark in order to explode (i.e., the so-called “fire triangle” does
not apply).4b The slightest amount of friction or impact can
result in detonation. Numerous explosions have been reported
when dealing with hydrazoic acid in solution, many of which
have unfortunately led to injuries and deaths.8

In general, when dilute hydrazoic acid solutions are to be
generated or stored, best practices are to add a low-boiling
solvent (such as ether or pentane) to dilute any vapor and/or
condensate.4f Calculations based on the temperature and pH
may be necessary to understand appropriate safe concentration
limits.6b,7b Additionally, if a reaction system contains hydrazoic
acid or may generate hydrazoic acid, a continuous nitrogen
purge of the headspace may be employed to prevent
condensation, and the entire apparatus may be maintained
above 37 °C to ensure no hydrazoic acid can condense.
Returning to the procedure for triazole synthesis disclosed

by Gazvoda et al., the second major safety concern is the

Published: September 2, 2022

Figure 1. Application of Henry’s Law and Antoine’s Equation to a 2.0
wt % solution of HN3 in water at 25 °C9

Editorialpubs.acs.org/joc

Published 2022 by American Chemical
Society

11293
https://doi.org/10.1021/acs.joc.2c01402
J. Org. Chem. 2022, 87, 11293−11295
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The mechanism of CuAAC is more complex than what expectedImproved mechanism: two copper atoms are involved in the reaction!

Science 2013, 340, 457-460

Valerij Fokin

Copper acetylide

Binuclear
catalytically active
compex with 
interchangeable
copper species

Azide coordination[3+2] cycloaddition

Release of the two
copper species



CuAAC in the discovery of small molecules

• Strong dipole moment, planar and aromatic ring, 2HBA,1HBD

• Isostere of trans-alkene and trans-amide

• Chemical and metabolic stability

• Negligible CYP inhibition

• Creation of novel IP

2.4 Triazoles in bioconjugation
Click chemistry has found application in bioconjugation, a growing field

that is based on the use of biological probes that combine the activity of

small molecules (therapeutics, toxins, fluorophores) with the specificity of

Fig. 4 Differences among trans and cis amides and the 1,2,3-triazole ring.

Fig. 5 An SAR study and hit optimization are often required after the isosterical replace-
ment of an amide bond in a hit compound.

8 Marta Serafini et al.

ARTICLE IN PRESS
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Is Click Chemistry really successful?

Small molecules discovered by click chemistry:

Thousands at preclinical stage

A few in clinical trials  

None on the market solithromycin
antibacterial agent

selvigaltin
liver impairment

Drawbacks:

1. Low aqueous solubility

2. Explosivity of azides

3. Copper-related safety concerns

18



The only drug on the market discovered by CuAAC is an ADC

Bioconjugation: ADCs

sacituzumab govitecan
Trodelvy®

breast cancer

For a review: ChemBioChem 2022, 23, e202200016 

19

anti-Trop2 antibody

Irinotecan
metabolite
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CuAAC in Our Laboratory Over the Years

Click 
Chemistry

Estradiol and Resveratrol Analogues

Tubulin inhibitors

HDAC inhibitors ChemMedChem 2007,  2, 437-440
J. Med. Chem. 2006, 49, 467-470

WO 2012073184 A1 20120607
ChemMedChem 2017, 12, 1542
Nat. Commun. 2018, 9, 5232Mol. Divers. 2010, 14, 109-121

Org. Lett. 2006, 8, 4145-4148 Bioorg. Med. Chem. Lett. 2011, 21, 764

J. Comb. Chem. 2008, 10, 624
Med. Res. Rev. 2008, 28, 278

PI3K Inihibitors



Orai1: the gatekeeper of Ca2+ entryways into cells

Dionysus leading the Horae 
- neo-Attic Roman relief, 1st century -

21

Store-Operated Calcium Entry - SOCE



Duchenne muscular dystrophy 

Rare genetic myopathies

Tubular aggregate myopathy

Autoimmune disorders

Lupus

Rheumatoid Arthritis

Multiple Sclerosis

Transversal mechanism in many diseases

Acute Pancreatitis

SOCE: Physiological and Pathophysiological Role

Skeletal muscle: Effective contraction over time 

Platelet: Activation

Immune cells: T cell differentiation

Pancreatic acinar cells: Digestive enzyme secretion

SOCE over-activation: Ca2+ overload

22



Duchenne Muscular Dystrophy - DMD

• Rare disease
Global prevalence 5/100,000 males

• Severe and progressive X-linked recessive disorder

• Loss-of-function nonsense mutations/deletions  in the 
dystrophin gene

• Characterized by progressive muscle weakness, 
degeneration and wasting

• Loss of deambulation and premature death due to heart 
and/or respiratory failure

No therapy available in Europe:

• Eteplirsen not approved by EMA

• Ataluren withdrawn by EMA 

• Givinostat approved by FDA 

• Gene therapy approved by FDA

Therefore, females with these translocations are unable 
to produce any dystrophin.

De novo mutations are common in DMD and BMD; 
indeed, DMD and BMD are caused by de novo germline 
mutations in one-third of patients18,23–26. Notably, moth-
ers who are not somatic carriers of DMD mutations but 
who have children with DMD or BMD are at risk of hav-
ing another child with DMD or BMD owing to germline 
mosaicism (a percentage of her oocytes carries the muta-
tion). The frequency of germline mosaicism in oocytes 
or sperms varies per individual but can be up to 14%27.

Mechanisms/pathophysiology
DMD and dystrophin
DMD is primarily a disease of muscle degeneration and 
necrosis28 (FIG. 2), although the mechanisms underly-
ing muscle death have been elusive. Several hypotheses 
of muscle death were debated before the discovery of 
dystrophin, including muscle ischaemia, motor neuron 
abnormality, nutritional deficiency, metabolic defects, 
aberrant calcium regulation and sarcolemmal damage29. 
Of these, the sarcolemmal hypothesis gained the most 
popularity as it seems to explain many clinical findings 
of DMD. According to the sarcolemmal hypothesis, 
DMD is caused by structural and/or functional defects 
of a sarcolemmal protein owing to mutations in the 
encoding gene29; subsequent investigations identified 

dystrophin and DMD as the causative protein and gene, 
respectively30,31 (FIG. 1), although in contrast to the initial 
hypothesis, dystrophin is a subsarcolemmal rather than 
a sarcolemmal protein.

DMD encodes the muscle-specific dystrophin 
(Dp427m) in addition to two other full-length isoforms 
from the promoters Dp427c and Dp427p32,33 (FIG. 1); these 
isoforms are expressed in cortical neurons and cerebellar 
Purkinje cells, respectively32,33. The Dp427p isoform was 
identified in mice and research suggests that Dp427p 
expression in human cerebellum is very low during 
embryonic development and postnatally34. In addition to 
the full-length dystrophin isoforms, shorter dystrophin 
isoforms are produced by four internal promoters. These 
isoforms are primarily expressed throughout different 
tissues; Dp260 is expressed primarily in the retina35, 
Dp140 is expressed in the central nervous system, 
kidney36 and at high levels in embryonic brain34, Dp116 
is primarily expressed in peripheral nerves and Schwann 
cells37, and Dp71 is expressed ubiquitously but at higher 
levels in neuronal cells than in other cell types38. Another 
isoform, Dp40, arises from the same promoter as Dp71 
but is polyadenylated in intron 70 (REF.39).

Dystrophin-associated protein complex
The elucidation of dystrophin-binding partners involved 
a combination of studies in human cell models and ani-
mal models along with the study of biopsy and autopsy 
tissues from patients with muscular dystrophy. In stri-
ated muscle, dystrophin interacts with the sarcolemma, 
cytoskeleton (actin microfilaments, intermediate  
filaments, microtubules and other related structural 
proteins), channel proteins, and signalling or scaffolding 
proteins either directly or indirectly (FIG. 3). Collectively, 
dystrophin and its binding partners form the dystrophin- 
associated protein complex (DAPC)40. The traditional 
DAPC was discovered in the early 1990s and was called 
the dystrophin glycoprotein complex (DGC) as sev-
eral components are glycoproteins. The DGC contains 
11 proteins: dystrophin, the dystroglycan subcom-
plex (α-dystroglycan and β-dystroglycan), the sarco-
glycan subcomplex (α-sarcoglycan, β-sarcoglycan, 
γ-sarcoglycan and δ-sarcoglycan), sarcospan, syntro-
phin, dystrobrevin and neuronal nitric oxide synthase  
(nNOS)41. Since the discovery of the DGC, our under-
standing on dystrophin-interacting partners has 
improved. More binding partners have been identified 
and the interaction domains of many of these proteins 
have been mapped. In addition, the dynamic nature of 
the DAPC is appreciated; different DAPCs exist in dif-
ferent tissues or cells and even in different regions of the 
same myocyte. Collectively, these data have improved 
our understanding of DMD pathogenesis.

Dystrophin interacts with the sarcolemma through 
four binding domains located in spectrin-like repeats 
R1–3 and R10–12 and in the cysteine rich (CR) and 
C-terminal (CT) domains42 (FIG. 3). Dystrophin–actin 
binding (mainly with filamentous γ-actin in the cyto-
plasm) occurs via the actin-binding domain (ABD)  
(by two calponin-homolog motifs) and R11–15 (by elec-
trostatic interaction)43. The microtubule–dystrophin 
interaction occurs via R4–15 and R20–23 (REFS44,45). 

HE DystrophinMT Laminin

D
M
D
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m
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a c d
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g h

Fig. 2 | Healthy muscle and DMD muscle histology. Cross-sectional staining of healthy 
muscle (panels a–d) and skeletal muscle from a patient with Duchenne muscular dystrophy 
(DMD; panels e–h). Haematoxylin and eosin (HE) staining shows centrally nucleated 
myofibers, inflammatory cell infiltration, variable myofiber size, and endomysium and 
perimysium connective tissue deposition (panels a and e). Masson trichrome (MT) staining 
shows increased fibrosis (blue staining) in a patient with DMD compared with healthy 
muscle (panels b and f). Immunofluorescence labelling of dystrophin and laminin shows  
a lack of dystrophin in a patient with DMD compared with healthy muscle (panels c and g) 
and variation in myofiber size in DMD muscle (panels d and h).

  3Nature reviews | Disease Primers | article citation iD:            (2021) 7:13 

Pr imer

0123456789();: 

Nat. Rev. Drug Discov. 2023, 22, 917–934; Nat. Rev. Dis. Primers 2021, 7, 13
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SOCE: Novel Target for DMD Treatment

Dystrophin gene nonsense 
mutations/deletions

Non-functional dystrophin
Loss of sarcolemma 

integrity 

SOCE over-activation

Apoptosis and necrosis of 
myofibers

Muscle damage
Functional impairment

Replacement with fibrous
connective tissue

24

In DMD:

1. Over-activation of SOCE leads to apoptosis and 
necrosis of myofibers

2. Knockout of Orai1 improves pathology in mdx mice

3. No other company exploring SOCE inhibitors in DMD

Development of a SOCE inhibitor in DMD 



Two Libraries of SOCE Modulators by CuAAC

Synta66

Pyr6

1st library: pyrtriazoles

2nd library: biphenyltriazoles

WO 2017/212414 A1
J. Med. Chem. 2018, 61, 9756

WO 2021/165735 A1
J. Med. Chem. 2020, 63, 14761

Screening by calcium imaging

• All SOCE modulators share the arylamide moiety

• Poor structural information on Orai1

Bioisosteric
replacement

Bioisosteric
replacement

25

Confocal
microscope



CIC-39Na: Activity on SOCE, Selectivity and ADME

CIC-39NaCell viability
No cytotoxicity up to 60 µM
 
Activity on SOCE
IC50: 851 ± 54 nM

Selectivity over other channels 

No inhibition of: 
VOCCs 
TRPM8 
TRPV1

H2O solubility as sodium salt 
3.6 mg/mL

In vitro metabolic stability
60’, MLM: 75%

26
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CIC-39: Efficacy in DMD

In myotubes from mdx mice: 

Reduction of SOCE

In vivo in mdx mice: 

Reduction of creatine kinase levels in plasma

Increase of muscle strength (grip test) 

Reduction of pro-inflammatory and pro-fibrotic biomarkers in diaphgram

In patients’ myotubes/PBMCs:

Reduction of expression of pro-inflammatory and pro-fibrotic biomarkers



CIC-39: Drug-likeness (Safety and PK)

Good pharmacokinetic profile 
(mice, 10 mg/Kg, i.v.) 

t1/2= 10.3 h
Clearance = 0.43 L/h/kg
Vd = 6.49 L/kg
Cmax = 16248.79 µg/L

Not genotoxic and mutagenic

•  No micronuclei induction in human lymphocytes

•  No induction of reverse mutation by Ames test

No significant inhibition of hERG channel 
(only 2% at 1 µM)

Not cardiotoxic (hERG channel test)

Excellent bioavailability 
(in rats and minipigs) 

Oral Bioavailability = 80%
Comparative PK analysis based on 
intravenous and oral administration

G
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d 
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MTD > 300 mg/Kg

Two-week oral toxicity study in rats
(daily oral administration, 60, 180 and 300 mg/Kg) 

No abnormalities (mortality, clinical signs, 
body weight reduction)

Tolerability

First oral treatment effective in 
DMD regardless of the specific

mutation



29

Timeline

2016

ChemiCare
Foundation 2021

Incubation & 
partecipation

2023

Strategic partnership & 
capital increase

2022

Orphan Drug Designation
for DMD and TAM

2022 2024

Orphan Drug 
Designation for DMD

SAFE 
Convertible Note

20252023

Strategic partnership & 
capital increase

Capital increase
(commitment 2.5 M)
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Fancy isn’t always better

«Chemists are like everyone else, and 
they fall into the trap that fancy is better. 
But I believed we could get just as much
good function from simple molecules
made by simple methods. 
People laughed, it was not complicated
enough.» 

K. B. Sharpless
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PROTACs: a new paradigm in drug discovery
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PROTACs: how do they work?

warhead linker anchor

PROTAC

Protein of 
interest E3 ligase

Proteosome

Craig Crews, 2001
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The most advanced PROTAC in clinical trials

ARV-471
vepdegestrant

Degrader of strogen
receptor ER

Breast cancer Phase III

N
N

N

N
O

NH

O

O

HO

• Do they have drug-like properties?

• Are they safe in humans?

• Do they have a therapeutic effect?

Complex synthesis:

• Long multistep synthesis

• Protection-deprotection sequences

• Use of many coupling reagents (not 
environmentally  friendly)

• Low overall yield

warhead

linker
anchor
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CuAAC for PROTACs that degrade NAMPT

Click 
chemistry amide 

coupling

Williamson

amide coupling

U42

Under revision - J. Med. Chem. jm-2025-01827g  

11 synthetic steps

Efficacy in a 3D model of Triple Negative Breast Cancer 

warhead

linker

anchor
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SPAAC for PROTACs that degrade a transcription factor

+

PBS, 37 °C, overnight
 

SPAAC
Copper-free click 
chemistry

XXX-recruiting oligomer

11 oligo-PROTACs

4 synthetic steps 

warhead

linker

anchor
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Multicomponent reactions

• Sustainable manufacturing of APIs

• One-pot synthesis of complex molecules

• Green approach

• Versatility

• Efficient and rapid synthesis in drug discovery

Telaprevir Lacosamide

Ugi 4-CR

Isocyanide-based MCRs

Passerini-3CR Ugi-4CR

What?

How?

Why?

What for?

+

Serial 2CR-synthesis

MCR
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Passerini and Ugi reactions
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Multicomponent reactions in our laboratory

MCRs

Drug discovery

Functional ingredients for cosmetics

New synthetic methodologies and easy access to tricky substructures

Synthetic platforms
for new technologies

J. Med. Chem. 2022, 65, 15282-15299

J. Med. Chem. 2018, 61, 4436-4455 Bioorg. Med. Chem. 2018, 28, 651-657

J. Med. Chem. 2018, 61, 4436-4455

Tetrahedron Lett. 2017, 58, 4786-4789 Org. Lett. 2021, 23, 3610-3614 Org. Lett. 2021, 23, 3610-3614
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The MCRs in our platform

Ugi

Passerini

Ugi-tritylamine

Split Ugi Angew. Chem. Int. Ed. Engl. 2006, 45, 1099-1102

Org. Lett. 2021, 23, 3610-3614

W W

W

W
W

W

AA A

AA
A

W
W

W AA
A W A

W
A W

A

W

A

W

W

A

warhead

anchor
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Our platform based on MCRs for PROTACs

Isocyanides are easily prepared, solid, stable and not smelly

Anchor
MCR

RNHR’

CH3NH2

TrNH2

Ugi

Ugi-tritylamine

Split Ugi

Passerini

Warhead Linkage pointCOOHWarhead Linkage pointLinker

Linkage point diversification

(+J
Q-1 

(+)JQ-1 

CX4945-based

Olaparib-based

Anchor

None

MCR

J. Med. Chem. 2022, 65, 15282-15299
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Synthesized PROTACs
Ugi Ugi-tritylamine Split Ugi 

(+)JQ-1 and CRBN based PROTACs

(+)JQ-1 and VHL based PROTAC 

CX4945 and CRBN based PROTAC Olaparib and CRBN based PROTAC

(+)JQ-1 and CRBN based PROTACs

(+)JQ-1 and CRBN based PROTACs

Olaparib and CRBN based PROTACs

(+)JQ-1 and VHL based PROTACs

Passerini

(+)JQ-1 and CRBN based PROTAC Olaparib and CRBN based PROTAC CX4945 and CRBN based PROTAC 
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PROTACs for BRD4

27: WB analysis in MDA-MB-231, Triple Negative Breast Cancer, 8h

27

1µ
M

3µ
M

10
µM

30
0n

M

10
0n

M

DM
SO

§ DC50 = 60 nM

§ Thermodynamic aqueous solubility in PBS 0.1 M = 11 µM; in HCl 0.01 N (pH = 2) = 5073 µM

§ Residual substrate 1h in MLMs > 99%

J. Med. Chem. 2022, 65, 15282-15299
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To sum up

• Click chemistry and MCRs: two fast and green 
synthetic approaches for drug discovery

• Small molecules: CIC-39, a clinical candidate for 
Duchenne Muscolar Dystrophy

• PROTACs in oncology for NAMPT, transcription
factors and BRD4


