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OrganicOrganic SynthesisSynthesis andand Drug Drug DiscoveryDiscovery
“The most fundamental and lasting objective 
of synthesis is not the production of  new 
compounds, but production of properties”  
G. S. Hammond (1968)

Drug Drug DiscoveryDiscovery andand Drug Drug DevelopmentDevelopment



SomeSome thoughtsthoughts aboutabout O. S. in O. S. in MedMed ChemChem

We often evaluate 5000 to 1000 molecules just to find a compound that
will get forwarded into safety assesment or clinical trials
M. MacCoss. Vice president basic chemistry & drug discovery Merck & Co. 

The significance of Organic Synthesis is currently completely underestimated. 
Synthesis is a bottleneck and the situation is going to get worse
G. Wess. Head of Drug Innovation & Approval

If you don’t have capable chemistry, you won’t have successful drug 
discovery because the pipeline predominantly involves small molecules
M. Abou-Gharbia, Head of Chemical & Screening Sciences, Wyeth Research

It’s the pipeline, stupid!
Steven Paul, President Lilly Research
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Chemical Space
Estimated: 1062 – 1080 drug like molecules (MW ≤ 500)
108- 1010 scaffolds (6.105 heteroaromatics)
Explored:  108 compounds- 780 scaffolds (approx)

Universe
1026 m  Radius
1078 Atoms

“The current failure of combinatorial libraries 
to generate robust preclinical candidates may 
reflect the restricted region of chemical space 
explored by products of combinatorial 
synthetic methods”  M. Feher, Signal Gene



Multicomponent Reactions
Stepwise Approach

Solvent
Activation
Work up

Solvent
Activation
Work up

Solvent
Activation
Work up

+ + +
Multicomponent Approach

1 Solvent
1 Activation
1 Work up

MCRs: Processes in which 3 or more compounds react to yield an adduct displaying
essential parts of the starting materials through a unified reaction mechanism

• Atom Economy-BFE
• Exploratory Power
• Feasibility

• Selectivity
• Versatility

CRITERIA
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55 steps!

We Do Need
New MCRs !!



Discovery of New Multicomponent Reactions

Jerry Lewis
The nutty professor, 1963

• Serendipity

• Massive Screening

• Computer Search

Whenever people turn on the computer, they are 
tempted to switch off their brains. H. Kubiny

• RATIONAL SPECULATION

“Ciencia sin seso, locura doble”
Oráculo Manual de Arte y Prudencia
Baltasar Gracián,  1647

“They are ill discoverers that think there is 
no land, when they can see nothing but sea”
The Essays or Counsels
Francis Bacon, 1597



Multicomponent Reactions
based on N- and O- heterocycles
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DHPsDHPs as Electronas Electron--Rich Components InRich Components In
Lewis AcidLewis Acid--Promoted Promoted CycloadditionsCycloadditions
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ProposedProposed MechanismMechanism
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Dr. José Luis Díaz



DHP range
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Aniline and Carbonyl Range
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Intramolecular Approach
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Why not Aliphatic Amines?
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Tetrahedron letters, 2003, 44, 8449



TandemTandem processesprocesses
4 4 →→ 5 5 →→ 6 Components6 Components
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Dr. M. Carmen Bernabeu



In situ generation of the reactive DHP
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55--(6)(6)--ComponentComponent SequentialSequential ProcessesProcesses

Reissert – Povarov
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2003, 6, 171



SolidSolid PhasePhase ApproachApproach
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4-CR with Enol Ethers
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MCRs with Enol Ethers
*
* *
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Amine range

R NH2+

O

O
H
N R

CO2Et
+

EtO2C-CHO
Sc(OTf)3

CH3CN

OEt

+ EtOH
n

n O

HN R

HO2C-CHO
Sc(OTf)3

CH3CN

O

n

O

O

81 %

H
N

OEt

EtO2C

NO2

O

71 %

H
N

OEt

EtO2C

NO2

O

55 %

H
N

OEt

EtO2C

O

82 %

H
N

OEt

EtO2C OMe

O

93 %

H
N

OEt

EtO2C

O

> 99 %

H
N

OEt

EtO2C

O

NH

O
O

H

H

NO283 %

O

NH

O
O

H

H

65 %

Dr. Oscar Jiménez
Guillermo de la RosaAngew. Chem. Int. Ed. 2005, 44, 6521



Carbonyl range
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Terminator Range
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“Biotic” Terminators
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Enol Ether Range
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Glycals in MCRs

MicrowaveMicrowave ConditionsConditions :  2 :  2 minmin, 100, 100ºCºC
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“Tailored” Enol Ethers
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E. N. Jacobsen et al.  Angew. Chem. Int. Ed. 2002, 41, 3059
K. A. Jorgensen,  Angew. Chem. Int. Ed. 2000, 39, 3559



Enol Esters
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Enol Esters (II)
Substrate variations
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Enol Esters (III)
Substrate variations
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Towards a modular synthesis of Quinolines?
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Passerini and Ugi MCRs
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MCRsMCRs withwith IsocyanidesIsocyanides (I)(I)

Ugi 
chemistry

Passerini
chemistry
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MCRsMCRs withwith IsocyanidesIsocyanides (II)(II)
DHPs Cyclic enol ethers
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Tetrahedron letters, 2004 45 ,7007



MCRsMCRs withwith IsocyanidesIsocyanides (III)(III)
* Different Electrophiles
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MCRsMCRs withwith IsocyanidesIsocyanides (IV)(IV)
* Interaction with Carbon Electrophiles
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MCRsMCRs withwith IsocyanidesIsocyanides (V)(V)
Dr. José Luis Díaz
Miriam Miguel N-Acyl Pyridinium Salts
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J. Org. Chem. 2004, 69, 3550



SubstrateSubstrate RangeRange
Isocyanides and Chloroformates
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ExtensionExtension toto relatedrelated processesprocesses
Intramolecular Approach

Tandem MCRs
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N

O

OMe

N O

N

O

N

O

OMe

N

N

O

O+ +

* J. Zhu y cols, Synlett 2005, 3, 532-534.

Solid Phase version
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MulticomponentMulticomponent ReactionsReactions

Applications in

Medicinal Chemistry

- Synthesis of Bioactive Compounds
- Structure – Activity Relationships



AChEAChE Dual Dual InhibitorsInhibitors
Dr. Elena Gómez

Dr. P. Camps; Dr. D. Muñoz-Torrero (UB)

Acetylcholinesterase

* Hydrolizes Acetylcholine
* Low levels of neurotransmitter 

in Alzheimer patients
* Mediates aggregation of
β-amyloid protein

Peripheral Site
- Allosteric Centre
- β-Amyloid aggregation

N

NH2

Tacrine
IC50 230 nM

Catalytic Site



AChEAChE Dual Dual InhibitorsInhibitors
Inhibitor
Catalytic
Centre

Linker
Binder

Peripheral
Centre

P. Camps, D. Muñoz-Torrero y cols.
J. Med. Chem. 2005, 48, 1701

H
N

Z

Cl OHC

NH2

Z

R1

R2

R3R2

LinkerInh. Catalytic
 Centre

H
N

Z

Cl

R2

Z

IC50 ≃ 10 nM Inactive as
AChE inh 1 step!1 step!

β-amyloid
Aggregation?



ββ--CateninCatenin AntagonistsAntagonists
β-Catenin:

* Mediates cell adhesion
* Transcription cofactor of oncogenes
* Involved in tumor development (colon cancer)

Dr. Elena Gómez

Dra. M. Duñach (UAB)
Dr. A. Riera (PCB-UB)

Antagonists Tcf/β-catenin

M. Lepourcelet y cols.
Cancer Cell 2004, 5, 91

E. Emami y cols.,
PNAS 2004, 101, 12862

IC50 15 µM
N

NH

CH3

NC
CO2C2H5

CH3

H

H

IC50 10 µM
- Selective
- Drug like
- Non toxic (mM)
- Trans isomer inactive
- 4 diversity points



ProlylProlyl OligoOligo--PeptidasePeptidase InhibitorsInhibitors
Dr.Elena Gómez
Carme Masdeu
Dr. E. Giralt (PCB-UB)
Dra. T. Tarragó (PCB)
Human Prolyl Oligo-Peptidase

* Serine-protease hydrolytic enzyme 
selective for neuropeptides at the C-
terminal Proline residues
*Altered levels in Schizophrenia and 
Bipolar disorder
* Expressed in the C.N.S.

•Very Active (nM)
•Short Half-lives
•No drug-like
•Don’t cross B.B.B.

Inhibitors of Human P.O.P

N

NH

CH3

H3CO2C
CO2C2H5

Cl

H

H

O

N

CO2Et

Cl

• Low Potency (µM)
• Drug-like
• Cross B.B.B.
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