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MulticomponentMulticomponent reactionreactions (s (MCRsMCRs))

Post-
condensationMCR

Multicomponent
approach in synthesis:

Sequential additions
are not real MCRs:



MulticomponentMulticomponent reactionreactionss

Environmental concern
in chemistry

�Atom and step economy
�Catalytical processes
�New modes of activation�New modes of activation
�Solvent free reactions or in water
�Cascades and domino reactions 
�Multicomponent reactions

MCRsMCRs givinggiving fastfast accessaccess to to highlyhighly
complexcomplex productsproducts are are stronglystrongly
associatedassociated withwith stepstep economyeconomy

IsocyanideIsocyanide basedbased MCRS combine MCRS combine stepstep
and and atomatom economyeconomy



Isocyanides and multicomponent reactionsIsocyanides and multicomponent reactions

NR
C

R.

M+R-

R NH2 R NC

H

E+

Many potential new bonds but 
isocyanides are relatively stable 
carbenes and poor nucleophiles

No reaction with aldehydes
or imines without electrophilic

activation



Passerini reaction:

Isocyanides and multicomponent reactionsIsocyanides and multicomponent reactions

I. Ugi:1930-2005

Ugi reaction :

A. Dömling, Chem. Rev. 2006, 106, 1

revue: L. Banfi, Org. React. 2005, 65, 1M. Passerini:1891-1962



StrategiesStrategies in in multicomponentmulticomponent
reactionreactionss

+

Post-condensation
MCR

TwoTwo strategiesstrategies::

A)A) DiscoverDiscover new new multicomponentmulticomponent reactionsreactions

B)B) WorkWork on MCR on MCR adductsadducts of efficient of efficient MCRsMCRs: : 
postpost--condensation condensation approachapproach



-Knoevenagel: 

-UDC:

-SNAr :

-Davidson Cycl. : 
-Wittig:

Pyrrole (Marcaccini 1994,1999), pyridones (Marccacini 1997), pyridazines 
(Torroba 2003), quinolinones (Torroba 2004)
γγγγ- Lactames (Hulme 2000), imidazoline (Hulme 1999), benzimidazoles, 
ketopiperazines ( Hulme 1998), quinoxalines (Hulme 2002)
Indazolinones,benzodiazepines (Tempest 2001), macrolactames (Zhu 2001)
Benzoxazepines (Dai 2006)
Imidazoles (Zhang 1996, Sung 2002)
Pyrrolinones (Dömling 2004)

Ionic chemistry

O
O R4

SomeSome UgiUgi postpost--condensations condensations fromfrom ourour colleaguescolleagues

Organometallic
couplings

Lactames (Paulvannan 1999), isoindolines (Wright 
2002, Chen 2005)
Pyrroles (Armstrong 1995,1996), isoxazoles 
(Akritopoulou-Zanze 2004)
Lactames (Akritopoulou-Zanze 2007)

-[4+2]: 

-[3+2]:

-[2+2] :

Lactames (Gracias, 2004), indoles (Umkehrer, 2006), isoquinoline 
(Chen, 2004)
Azepines (Piscopio, 1999), lactames ( Schreiber 2000, Banfi 2003, 
Westermann 2004), macrolactones (Dömling 2003)
Oxindoles (Zhu 2006)

-Heck: 

-RCM:

-Buchwald:

CycloadditionsR4

HN

O

N
R2

R2



Ex: first Ex: first UgiUgi/Pictet/Pictet--Spengler cascade:Spengler cascade:

UgiUgi--postcondensationspostcondensations atat ENSTAENSTA

Our Our philosophyphilosophy: due to the large : due to the large numbernumber of postof post--condensations condensations alreadyalready
discloseddisclosed, new , new studiesstudies must must bringbring the the highesthighest structural structural complexitycomplexity

L. El kaim, M. Gageat, L. Gaultier, L. Grimaud, 
Synlett 2007, 500-502.



CN

MeCO2H

O

H N
NHt-Bu

O
O

+

Me

MeOH

MeO OMe

OMert, 6h

CH2(CO2Et)2 (4 equiv)

Mn(OAc)3 (5 equiv) OMe

OMe
HN

Me

O

UgiUgi--postcondensationspostcondensations atat ENSTAENSTA

Ex: Radical Ex: Radical reactionsreactions and and UgiUgi adductsadducts

O

NH2

+

quant

OMe

OMe

rt, 6h

59%

EtO2C CO2Et

AcOH, 90°C, 6 h

L. El Kaim, L. Grimaud, E. Vieu, Org. Lett., 2007, 4171.

N
NHR1
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R2O
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EtO

Xanthate transfer

N
NHR1

O

R2O
N

N
Ph

Ph

Hydrazone cyclization

N
NHR1

O

O
MeO2C

G

Mn(III) chemistry

OtherOther radical radical 
projectsprojects::



FindingFinding new new IMCRsIMCRs ??

strategiesstrategies neededneeded



FindingFinding new new IMCRsIMCRs ??

strategiesstrategies neededneeded

The Single Reactant Replacement 
approach to finding new MCRs.

In « Strategies for Innovation in 
Multicomponent Reaction Design »
Bruce GANEM, ACR, 2009
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Replacement Replacement approachapproach withwith UgiUgi reactionsreactions

AlwaysAlways come back to the come back to the mechanismmechanism of the of the reactionreaction youyou wantwant to to modifymodify::

R2
1 N

R2

R2

rationale
analyze

N

R

O O

O
H

O

RC
N
R

N

R

O O

O

R'

Can Can wewe replace the replace the iminiumiminium in in UgiUgi couplingscouplings by more by more exoticexotic C=N bonds?C=N bonds?

NitronatesNitronates ??



Mechanism and product :

N
O O

R1

CH3
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N
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Replacement Replacement approachapproach withwith UgiUgi reactionsreactions

R

P. Dumestre, L. El Kaim, A. Gregoire, Chem. Comm., 1999, 775.

A new A new reactionreaction withwith a a nicenice mechanismmechanism but a but a lowlow potentialpotential in in MCRsMCRs (the (the 
acyloximesacyloximes beingbeing easilyeasily hydrolysedhydrolysed, the 3CC , the 3CC goesgoes to a 2CC)to a 2CC)



UgiUgi--SmilesSmiles couplingscouplings

PhenolsPhenols as as carboxyliccarboxylic acidacid surrogatessurrogates in in UgiUgi reactionsreactions

UnderlyingUnderlying ideaidea: replace the : replace the acylacyl transfertransfer of the of the UgiUgi/Mumm by a /Mumm by a 
Michael addition Michael addition leadingleading to a to a vinylvinyl shiftshift



R1CHO

R2NH2 R3NC
+

UgiUgi--SmilesSmiles CouplingsCouplings

Best Michael Best Michael acceptorsacceptors are are nitrolefinesnitrolefines!!

O2N

OH

O2N

O

NR3

R1

HN
R2

SmilesSmiles



UgiUgi--SmilesSmiles CouplingsCouplings

El Kaim, Grimaud, Oble Angew.Chem. Int. Ed 2005, 7961

El Kaïm, Gizolme, Grimaud, Oble J. Org. Chem. 2007, 72, 4169

El Kaim, Gizolme, Grimaud, Oble Org. Lett.2006, 8, 4019



UgiUgi--SmilesSmiles CouplingsCouplings
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DFT DFT studystudy of the of the reactionreaction::
importance  of the importance  of the SmilesSmiles stepstep ((collcoll withwith Dr Dr FleuratFleurat--LeassardLeassard))



UgiUgi
Smiles rearrangementSmiles rearrangement

BiologicalBiological interestinterest of pyrimidine of pyrimidine derivativesderivatives



Traditional Traditional preparationpreparation of aminoof amino--pyrimidinespyrimidines

Smiles rearrangementSmiles rearrangement
UgiUgi

N

N

N

*

*

*

114 250 compounds with
biol. activities in Reaxis*

N

N

N

*

*

**

*N

40927

N

N

N

*

*

**

*C

16316

Ex: New Ex: New diaminopyrimidinesdiaminopyrimidines librairieslibrairies

CyNC

+ N

NBnS

OHCHO

2 days,
60°C

N

N

N
O

CyHN

BnS

1) MCPBA,
3 equiv

2) 4-ClC6H4CH2NH2
3 equiv

N

N

N

O

CyHN

N
H

Ar = 4-ClC 6H4

86%
73%

NH2

Cl

N* *N N* *C

M. Ait Sidhoum, L. El Kaïm, L. Grimaud, Synlett, 2012, 

UgiUgi--SmilesSmiles:  :  an efficient an efficient accessaccess to librairies to librairies of pyrimidines of pyrimidines 



Indoles

Ugi-Smiles couplings
towards biologically relevant scaffolds

One-pot indole synthesis 72%
L. El kaim, M. Gizzi, L. Grimaud
Org. Lett. 2008, 10, 3419

Chloroquine analoguesChloroquine analogues

El Kaim, Grimaud, PravinOrg. Lett. 2011, 7961



Our philosophy with Ugi-type reactions:
MCRs as tools for reactivity study

Ugi and Ugi Smiles adducts are formed in one step and are highly decorated, 
they are ideal substrates to test and discover new reactions.

There’s
an optimistic guy

up there

Catching big fishes with MCRs



Ugi adducts: reactivity of the "peptidyl" position

The stabilized peptidyl radical is easily oxidyzed leading to fragmentations of 
low synthetic interest.



Ugi adducts: reactivity of the "peptidyl" position

To avoid oxydation, the radical must be trapped to a fast radical trapping
agent. Choice of indole scaffolds:



Ugi adducts: reactivity of the "peptidyl" position

L. El kaim, L. Grimaud, X. Legoff, M. M. Azarte, L. Miranda, Chem. Commun. 2011, 8145-8147

The power of Ugi MCR approach: one-pot preparation of complex spiroindolines
without any protection and from commercially available materials:



Ugi adducts: reactivity of the "peptidyl" position

N
H

N

O
CyHN

O
Me

without
base

N
H

N

O
CyHN

O
Me

DBU, THF
air

No Reaction

Cu (II)
1 equiv

Cu (II)
1 equiv

No Reaction



MCRs for new Palladium catalyzed ring-opening

ArCH2NH

N

O

p-ClPh

N Me

O

L. El Kaïm, L. Grimaud, S. Wagschal Chem. Comm.  2011, 47, 1887-1889

X, Y = N ou C-R

PdCl2(PPh3)2 (5 mol%)
DIPEA (1.0 equiv)

130 °C, MW
MeCN

R1 NH

O

N

R2

X

Y

R5 R4

O

R3

Ni-Pr

ArCH2NH

N

O

i-Bu
O

H

Cl

O2N

66%

71%

Ar = p-ClPh



HN

NN

I

i-Pr

Me

O

NN

I

i-Pr

MeHO

97%

TsCl, K 2CO3

MeCN, reflux NN

I

i-Pr

MeTsO

5h

furfurylamine

THF, reflux
5d

74%

EtI, DMF

rt, 1d

N

NN

I

i-Pr

Me

O

98%

MCRs for new Palladium catalyzed ring-opening

Conventionnal preparation of starting materials for this new fragmentation:
Three steps required…

i-Pr
i

97%

N

NN

i-Pr

Me

CHO
MeCN, 130°C, MW

PdCl 2(PPh3)2 (5 mol%)
DIPEA (1.0 equiv)

74% i-Pr

72%

Similar approach for 
isoquiline scaffolds:



N

O

N

PdLn(0)
I

O

H

PdILn H

OHC

Carbopalladation
Mechanism:

MCRs for new Palladium catalyzed ring-opening

LnIPd

N

O

N

O

N

I

N

O

LnIPd

H

O

PdLn(0)

LnClIPd

β-alkoxy
elimination

Cl-

F

G

H



R1

R1

R1

TMSO

R1

O
Pd(II)LPd(II)L

R

Classical ring-openings of cyclopropanes triggered by palladium:

MCRs for new Palladium catalyzed ring-opening

R1

O Pd(II)L

R

L(II)Pd

A) [PdCl(allyl)] 2, P(PhO)3

B) Pd(OAc) 2, PPh3
TBAF.H2O,

CH3CN,80°C

TMSO

R1 + ArX
PhH, 100°C

R1

O

Ar

R2 R2

L2ArPdO

R1

R2

or

TMSO

R1

R2

PdArXL 2

A. E. Nakamura, I. Kuwajima, J. Am. Chem. Soc. 1977, 99, 7360.
B. D. Rosa, A. Orellana, Org. Lett. 2011, 13, 110-113.



NH2

O

H
+

4-MeOPh NC

Cyclopropylamine in Ugi couplings:

MCRs for new Palladium catalyzed ring-opening

MeOH (1M)

O2N I
OH

Me
O2N I

N

Me

H
NO 4-MeOPh

72%

∆∆∆∆

N

H
NO 4-MeOPh

O
I

I

O OH

MeOH (1M)
rt

65% Ugi Ugi-Smiles



O2N I
N

H
NO 4-MeOPh

PdCl2(PPh3)2, 5 mol%
DIPEA 1 equiv O2N

N

H
NO 4-MeOPh

Fragmentation of Ugi adducts :

MCRs for new Palladium catalyzed ring-opening

Me

N

H
NO 4-MeOPh

O
I

CH3CN (0.1 M), 130°C
20 min MW

Me

PdCl2(PPh3)2, 5 mol%
DIPEA 1 equiv

CH3CN (0.1 M), 130°C
40 min MW

N

H
NO 4-MeOPh

O

86%

70%



Publication by S. Rousseaux et al, apparently the same reaction
(published just a couple of months before our study…)

MCRs for new Palladium catalyzed ring-opening

Br
N

N
MeO2C

O

MeO

Pd(0) PdOPiv
N

O

MeO

CH activ

CMD

Pd
N

O

MeO

Pd

N

O

O
H

REN
MeO2C MeO2C

Their mechanistic proposition 
via a CMD due the role of CsOPiv:

Rousseaux, S., Liégault, B., Fagnou, K. Chem. Sci. 2012, 3, 244-248

Our simple catalytical system 
(PdCl2(PPh3)2 indicates a different
mechanism.



N

N

N
I

PdCl2(PPh3)2, Cs2CO3
CH3CN, 130°C, MW

N

N

N

61 %

N

I

CO2MeN

Br

CO2Me

N
MeO2C N

MeO2C

5%

N

PdCl2(PPh3)2, Cs2CO3
CH3CN, 130°C, MW

0% PdCl2(PPh3)2, Cs2CO3
CH3CN, 130°C, MW

48 %

+

Iodo and bromoarenes show a different behavior under treatment with the two
catalytical systems:

MCRs for new Palladium catalyzed ring-opening

Pd(OAc)2 PBu2Me.HBF4
K3PO4, CsOPiv, 

120°C, Mesitylene

CH3CN, 130°C, MW

47 % 17 %

N

O
O NHt-Bu

I

N

O NHO
t-Bu

17 %

N

O
O NHt-Bu

37 %

+

0 %
1) Pd(OAc)2 PBu2Me.HBF4

K3PO4, CsOPiv, 120°C, Mesitylene
2) DDQ, THF

CH3CN, 130°C, MW

87 %
Pd(OAc)2 PBu2Me.HBF4

K3PO4, CsOPiv, 
120°C, Mesitylene

CH3CN, 130°C, MW

45 % 0 %

Pd(OAc)2 PBu2Me.HBF4
K3PO4, CsOPiv, 

120°C, Mesitylene

PdCl2(PPh3)2, Cs2CO3
CH3CN, 130°C, MW

I

N

O NHO
t-Bu

N
H

Pd(OAc)2 PBu2Me.HBF4
K3PO4, CsOPiv, 

120°C, Mesitylene

PdCl2(PPh3)2, Cs2CO3
CH3CN, 130°C, MW

N

O
O NHt-Bu

N
H

0%

69 %



NH2

O

H
+

Cy NC

N

NHCy

O

I

O

OH

I

+

I

O

MeOH

rt 40%

MCRs for new Palladium catalyzed ring-opening

The power of MCRs for a palladium triggered cyclization cascade:

I
I I

PdCl2(P(Ph3)2
Cs2CO3, MW

N

O

O
NHCy

60%

A. Dos Santos, L. El kaim, L. Grimaud, R. Ramozzi. Synlett. 2012, 23, 438.



[4+1]  cycloaddition

O
Electrophilic

Passerini

OtherOther interestinterest for for isocyanideisocyanide basedbased MCRsMCRs
atat ENSTAENSTA

Cl

N
R

R

Electrophilic

activation

activation 
Passerini

Ugi

Organometallic couplings
and 

radical additions



UgiUgi--SmilesSmiles scaffoldsscaffolds preparedprepared
atat ENSTA (up to 2010)ENSTA (up to 2010)
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El Kaïm, L.; Grimaud, L. Mol. Div. 2010, 14, 855-867
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