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The past

• Before the twentieth century, medicines consisted mainly of

herbs and potions and it was not until the mid-nineteenth century

that the first serious efforts were made to isolate and purify the
active principles of these remedies.

• The success of these efforts led to the birth of many of the

pharmaceutical companies we know today.

• Since then, many naturally occurring drugs have been obtained

and their structures determined.

Dr G. La Regina. Integrated strategies for drug design, synthesis and development. 

Drug Discovery, Design and Development



The past

Dr G. La Regina. Integrated strategies for drug design, synthesis and development. 

Drug Discovery, Design and Development



The present

• In recent years, medicinal chemistry has undergone a

revolutionary change.

• Rapid advances in the biological sciences have resulted in a

much better understanding of how the body functions at the

cellular and the molecular level.

• As a result, most research projects in the pharmaceutical

industries or accademia now begin by identifying a suitable target

in the body and designing a drug to interact with that target.
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The present

• An understanding of the structure and function of the target, as

well as the mechanism by which it interacts with potential drug is

crucial to this approach.

• Generally, we can identify the following stages:
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 drug discovery;

 drug design;

 drug development.
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Drug discovery

• Choose a disease.

• Choose a drug target.

• Identify a bioassay.

• Find a ‘hit compound’.

• Isolate and purify the hit compound(s) if necessary.
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Drug design

• Identify structure-activity relationships (SARs).

• Identify the pharmacophore.

• Improve target interactions (pharmacodynamics).

• Improve pharmacokinetic properties.
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Drug development

• Patent the drug.

• Carry out preclinical trials (drug metabolism, toxicology,

formulation and stability tests, pharmacology studies, etc).

• Design a manufacturing process (chemical and process

development).

• Carry out clinical trials.

• Register and market the drug.

• Make money!
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The present

• Many of these stage run concurrently and are dependent on each

other.

• For example, preclinical trials are usually carried out in parallel

with the development of a manufacturing process.

• Even so, the discovery, design and development of a new drug

can take 15 years or more, involve the synthesis of over 10000

compounds, and cost in the region of 800 million US dollars or

560 million euros.
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Drug Design and Synthesis Center
Research team

• Permanent staff

Prof Romano Silvestri and Dr Giuseppe La Regina

• Post-doc

Dr Antonio Coluccia, Dr Sveva Pelliccia, Dr Valeria Famiglini

• PhD students

Dr Sara Passacantilli, Dr Carmela Mazzoccoli, Dr Ludovica Rossi
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Drug Design and Synthesis Center
Research team

• Graduating students

Matteo Creta, Enrica Loi, Federica Carpinella, Nunzia Gilio,

Carmen Borea, Silvia De Vita, Claudia Agostini, Anka Boamba,

Chiara Carioti, Clarissa Buttazzo, Francesca Quirico.
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Drug Design and Synthesis Center
Research team
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Drug Design and Synthesis Center
Main facilities

• CEM Discover SP focused microwave reactor

• Interchim Spot II Flash fully automated flash chromatography system

• Dionex UltiMate 3000 Thermo Scientific HPLC system

• 6 Buchi Rotavapors (R-210 and R-II) equipped with Buchi vacuum

controllers (V-850 and V-855) and Buchi vacuum (V-700 and V-710, 5

and 2 mbar, respectively) and VacuuBrand high-vacuum (RC 6, 2·10-3

mbar) oil pump.

• Bruker Avance 400 MHz NMR spectrometer

• PerkinElmer ATR-FTIR SpectrumOne spectrometer

• 2 MacPro dual 2.66 GHz Xeon
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Cancer

• Cancer is projected to become the leading cause of death

worldwide in the year 2010.

• Cases of cancer doubled globally between 1975 and 2000, will

double again by 2020, and will nearly triple by 2030.

• There were an estimated 12 million new cancer diagnoses and

more than 7 million deaths worldwide in 2008. The projected

numbers for 2030 are 20 to 26 million new diagnoses and 13 to

17 million deaths.
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Cancer
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Choosing a Disease

Distribution of global cancer burden by World Health Organization region

[AFRO: Africa; EMRO: East Mediterranean; ERO: Europe; PAHO: PanAmerican;                   
SEARO: South-East Asia; WPRO: Western Pacific]

World Cancer Report 2008



Tubulin and microtubules

• Microtubules are involved in a wide range of cellular functions

and are critical to the life cycle of the cell.

• Composed of linear rows of alternating α- and β-tubulin,

microtubules are highly dynamic and rapidly assemble and

disassemble to meet the cell’s needs.

• Since inhibition of tubulin polymerization or blockage of

microtubule disassembly increases the number of cells in

metaphase arrest, microtubules are attractive molecular targets

for anticancer therapeutics.
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Tubulin and microtubules
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Choosing a Drug Target

Kavallaris, M. Nat. Rev. Cancer  2010, 10, 1-11.



Tubulin inhibitors
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Tubulin binding sites
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Choosing a Drug Target

Ravelli, R. B. et al. Nature 2004, 428, 198-202 (PDB code: 1SA0).

α,β-Tubulin dimer
Lowe, J. et al. J. Mol. Biol. 2001, 313, 1045-1057 (PDB code: 1JFF).

α,β-Tubulin/paclitaxel complex
Gigant, B. et al. Nature 2005, 435, 519-522 (PDB code: 1Z2B).

α,β-Tubulin/vinblastine complex
Ravelli, R. B. et al. Nature 2004, 428, 198-202 (PDB code: 1SA0).

α,β-Tubulin/DAMA-colchicine complex



New anti-tubulin agents

• Paclitaxel and vinca alkaloids are clinically important
chemotherapeutic drugs, and are widely used for the treatment of
a variety of tumours.

• Restrictions due to toxicity, drug resistance, complex formulations
and limited bioavailability highlight the need for novel tubulin
inhibitors.

• Furthermore, while drugs that act on the vinca and taxane sites
have well-established roles in the treatment of human cancers,
the therapeutic potential of the colchicine site in cancer treatment
has yet to be realized.
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Screening at National Cancer Institute
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Screening at National Cancer Institute
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Finding a hit compound

✓

Tub IC50 = 4.4 μM
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Arylthioindoles: 1st Series

J. Med. Chem. 2004, 47, 6120-6123. PCT Int. Appl. 2006, WO041961. J. Med. Chem. 2006, 49,
947-954.



Rational
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Synthesis
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Arylthioindoles: 1st Series
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Synthesis
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Synthesis
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Arylthioindoles: 1st Series

Offer, J. et al. J. Am. Chem. Soc. 2002, 124, 4642-4646.

✗



Synthesis
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Arylthioindoles: 1st Series

Schlosser, K. M. et al. Org. Lett. 2004, 6, 819-821.



Biological activity
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SARs
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Arylthioindoles: 1st Series
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R2 = 3,4,5-(OMe)3, preferred
R2 = 3,5-(OMe)2, 2-OMe, 3-OMe, good
R2 = 4-OMe, 3,5-Me2, bad



Docking studies
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Arylthioindoles: 1st Series

• Semi-flexible docking studies (genetic algorithm global search

method) were performed using MOE 2004.03 software package

into the colchicine binding site of tubulin (PDB code: 1SA0).

• All the minimizations were performed with MOE until RMSD

gradient of 0.001 kcal mol-1 Å-1 was reached with the MMFF94x

force field. The partial charges were automatically calculated.

• The second highest scored pose was selected and the

protein/ligand complex was minimized.



Docking studies
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Arylthioindoles: 1st Series

MOE binding mode



Docking studies
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Docking studies
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Arylthioindoles: 1st Series

• Semi-flexible docking studies (incremental construction

algorithm) were performed using FlexX module in SYBYL 7.0 into

the colchicine binding site of tubulin (PDB code: 1SA0).

• All the minimizations were performed with MOE until RMSD

gradient of 0.05 kcal mol-1 Å-1 was reached with the MMFF94x

force field. The partial charges were automatically calculated.

• Best docked structures were selected when there was a good

overlapping of the trimethoxyphenyl group of DAMA-colchicine

with that of the docked compound.



FlexX/SYBYL binding modeMOE and SYBYL binding modes

Docking studies
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Molecular dynamics studies
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Arylthioindoles: 1st Series

• Molecular dynamics was performed with MOE 2004.03 using the

NVT environment for 600 ps and constant temperature of 300 K

using the MMFF94x force field with a time step of 2 fs.

• Residues within 15 Å of the ligand were allowed to move freely,

keeping the rest of the protein fixed.

• The binding site was soaked in a water sphere of 25 Å radius

from the sulfur atom of the ligand, and the total charge of the

system included in the water droplet did not require any

adjustment.



Molecular dynamics studies
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Arylthioindoles: 1st Series
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Molecular dynamics studies
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Molecular dynamics studies
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Molecular dynamics studies
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Arylthioindoles: 1st Series
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Molecular dynamics studies
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Arylthioindoles: 1st Series

Colchicine binding mode



Molecular dynamics studies
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Arylthioindoles: 1st Series
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Molecular dynamics studies



Rational
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Arylthioindoles: 2nd Series

J. Med. Chem. 2002, 45, 2556-2562. J. Med. Chem. 2006, 49, 6412-6415. J. Med. Chem. 2006,
49, 3906-3915. J. Med. Chem. 2006, 49, 6425-6428.
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J. Med. Chem. 2007, 50, 2865-2874.
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Synthesis
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Biological activity
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Biological activity
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Molecular modelling studies
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Rational
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Arylthioindoles: 3rd Series

J. Med. Chem. 2009, 52, 7512-7527.
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R1 = H, COOMe, COOEt;
R2 = H, Cl, Br, OMe.

43 new ATIs
and related bioisosteres



Discover SP focused microwave reactor @ DDSC
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Discover SP focused microwave reactor @ DDSC
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Closed vessel mode Open vessel mode



Discover SP focused microwave reactor @ DDSC
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Arylthioindoles: 3rd Series

• Focused single-mode and self-tuning cavity

• 1-300 W power supply

• Vertically-focused IR temperature sensor

• Open (≤100 mL) and closed (10 and 35 mL) vessel reactions

• Simultaneous cooling while heating (PowerMax technology)

• Simultaneous venting while heating (Activent technology)



Synthesis
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Synthesis
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Arylthioindoles: 3rd Series
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Synthesis
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Synthesis
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✗



Synthesis
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Arylthioindoles: 3rd Series
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Synthesis
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Synthesis
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Arylthioindoles: 3rd Series
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Synthesis
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Arylthioindoles: 3rd Series

Closed vessel, 130 ºC, 120 W, 2 min, Activent, 98%

Closed vessel, 130 ºC, 120 W, 2 min, 45%



Synthesis
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Synthesis
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Arylthioindoles: 3rd Series
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Spot II Flash flash chromatography system @ DDSC
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Spot II Flash flash chromatography system @ DDSC

25 g silica gel column 80 g silica gel column
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Arylthioindoles: 3rd Series
Spot II Flash flash chromatography system @ DDSC

• Panel PC with digital 10,4’’ touch screen

• Dual piston pump quaternary gradient + 1 inlet for air purge (35

bar maximum pressure, 250 mL/min)

• Isocratic, linear, auto-step, predefined, four solvents quaternary

gradients

• Liquid or solidsample injections

• UV-Vis dual WL spectrophotometer (200-600 nm) detection

• 2.5 g - 1500 g usable cartridges size

• 3 racks 18 mm tubes (192 tubes) FC trays
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Arylthioindoles: 3rd Series
Spot II Flash flash chromatography system @ DDSC



Biological activity
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Molecular modelling studies
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The present and the future
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Arylthioindoles: 4st Series

• Design of new potential inhibitors of tubulin polymerization with

improved pharmacodynamic and pharmacokinetic properties.

• In silico screening of new compounds by docking studies into the

colchicine binding site.

• Dynamics simulations of the best docked compound/tubulin

complexes.

• Microwave-assisted of the best scored derivatives by open and

closed vessel modes.

• Fully automated flash chromatography of the reaction mixtures.
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“Mi sembra d’essere stato come un fanciullo
sulla sponda del mare, che si diverte a
raccogliere qualche sassolino levigato, una
leggiadra conchiglia, mentre il grande oceano
della verità mi si parava dinanzi tutto ancora
inesplorato.”

I. Newton


