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Pharmacie : Diversité Moléculaire ?
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Médicaments : Diversité Moléculaire ?

Moyenne

Produit naturel

Hémisynthétique

300

Total
250- approvals
200 Small

molecules

150

100

50— B,blogiis)*/‘//‘

# of approved drugs

1981- 1986- 1991- 1996- 2001- 2006-
1985 1990 1995 2000 2005 2010
Synthétique Synthétique

Pharmacophore naturel

Masse molaire
Nombre N/O
Liaisons H D/A
Stéréocentres
Cycles
Aromatiques

Log P (OctOH/H,0)

(49) (277)
626 634
4.1/9.3 4.4/8.3
6.4/10.3 5.0/9.2
8.2 6.7
3.1 3.8
0.8 1.3
2.2 1.3

(175) (515)
386 343
3.0/4.1 2.4/2.6
2.5/5.2 1.3/4.2
1.9 0.8
2.8 2.8
1.9 1.9
0.3 1.5

Cheminformatic comparison of approved drugs from natural product versus synthetic origins
Christopher F. Stratton, David J. Newman, Derek S. Tan
Bioorganic & Medicinal Chemistry Letters 25 (2015) 4802—-4807
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Syntheése pour la Diversité Moléculaire

Target-oriented and diversity-oriented organic synthesis in drug discovery

Stuart L. Schreiber Science 2000, 287, 1964— 1969




Syntheése pour la Diversité Moléculaire

Martin D. Burke

THE BASICS OF DIVERSITY-ORIENTED SYNTHESIS David R. Spring
Kieron M. G. O’Connell, Warren R. J. D. Galloway, and David R. Spring

Diversity-Oriented Synthesis: Basics and Applications in Organic Synthesis, Drug Discovery, and Chemical Biology, First Edition. Edited by Andrea Trabocch/
2013 John Wiley & Sons, Inc. Published 2013 by John Wiley & Sons, Inc.



Espace Chimique

Si on considere au maximum 30 atomesCN O S,
on estime a 10 e nombre de molécules possibles
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Synthése pour la Diversité Moléculaire — Synthese Ciblée

Target-Oriented Synthesis:
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Synthése pour la Diversité Moléculaire — Synthese Combinatoire

Focused (Combinatorial) Library Synthesis:
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Syntheése pour la Diversité Moléculaire

Diversity-Oriented Synthesis:
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Moyens et Buts de la Chimie Médicinale Moderne

Le parcours vers un nouveau médicament

1. Identification de Hits : a. Sources Naturelles - Végétales (quinine, cocaine...)

- Animales (Hormones)

- Marines (toxines)

- Champignons (Pénicilline)

- Bactéries (gramicidine, peptides)
b. Synthése : Découverte des sulfamides antibiotiques en étudiant
des colorants, et des sulfamides hypoglycémiants en cherchant un
nouvel antibiotique.

-> Besoin de cribler le plus grand nombre de candidats possible : DOS

2. Optimisation : Améliorer les propriétés dans une indication précise
LD50, Kd, |Og P, tl/z...

-> Besoin de préparer beaucoup d’analogues proches : Chimie Combinatoire (librairies)

3. Développement : a. Production de grandes quantités pour les essais cliniques
b. Aménagement de la syntheése pour la fabrication industrielle

- Besoin d’une synthese avec le maximum d’efficacité : Synthése Ciblée 10



DOS - Diversity Oriented Synthesis

Moyens Types Phases
1. Réactif 1. Briques 1. Construction
2. Substrat 2. Squelette 2. Couplage

3. Stéréochimie 3. Appariement



Moyens de Diversification : par les Réactifs/Substrats

Reagent-based approach Substrate-based approach
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Les Trois Types de Diversités

A Building-Block Diversity
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Comment Quantifier la diversité ? Un exemple, le PMI

Principal Moments of Inertia (PMI)



Les Phases de diversification
Construction/Couplage/Appariement — Diversification par le Réactif

Pair

Build Q) Couple




Les Phases de diversification
Construction/Couplage/Appariement — Diversification par le Substrat
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Syntheése pour la Diversité Moléculaire
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Fig. 3. Application of a B/C/P approach starting from proline 3/3' to B ‘(NHBoc (xiv) i
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A. W. Hung, A. Ramek, Y. Wang, T. Kaya, J. A. Wilson, P. A. Clemons, D. W. 0 et
. e I o A
Young, Proc. Natl. Acad. Sci. U.S.A. 2011, 108, 6799-6804 N B/
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Syntheése pour la Diversité Moléculaire
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D. Pizzirani, T. Kaya, P. A. Clemons, S. L. Schreiber, Org. Lett. 2010, 12, 2822-2825



Syntheése pour la Diversité Moléculaire
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SCHEME 1.2 Diversity-oriented synthesis of 242 compounds based around 18 discrete
molecular frameworks by Thomas et al. Conditions: (a) LiBr, 1.8-diazabicyclo[5.4.0]undec-7-
ene, R'CHO, MeCN; (b); AD-mix, (DHQD)PHAL, THF/H-0 (1:1); ¢) (R)-QUINAP, AgOAc,
i-Pr,NEt, THF, —78°C — 25°C; (d) chiral bis(oxazoline), Cu(OTf),, 3 AMS, CH,Cl,, CsHg;
(e) R?COCI, DMAP, pyridine, CH,Cl; (f) R*CHO, BH; pyridine, McOH; (g) SOCI,, pyridine,
CH,Cl,, 40°C; (h) R*Br, Ag,0, CH,Cl,, 40°C; (i) R’*C(O)R?, TsOH, DME 65°C; (j) R°CHO,
TsOH, DME, 65°C; (k) NaN;, DMF, 100°C then DMAD, PhMe, 65°C; (1) mCPBA, CH,Cl,
then MeOH, 65°C; (m) CH,=CHCO,Bn, PhMe, 120°C, Grubbs II, CH,=CH,; (n) OsOy,,
NMO, CH;C(0)CH1/H,0 (10: 1); (0) RNH,, Me, AICI, PhMe, 120°C, then NaH, R'"'X, DMF,
THF then PhMe, 120°C, Grubbs II, CH;=CHj: (p) NalO,, THF/H,O (1:1) then R7NH,,
NaBH(OAc)s, CH,Cl,; (q) NalO,, THF/H,O (1:1) then RSNHR®, NaBH(OAc);, CH,Cly: (r)
R’CHO, DMF. TsOH, 60°C; (s) R'C(O)R'®, DMF, TsOH., 60°C. (From [47], with permission
of John Wiley & Sons; copyright (© 2008 John Wiley & Sons.)



Syntheése pour la Diversité Moléculaire

gemmacin

gemmacin-B

TABLE 1.1 The Comparable Effects of Emmacin, the Enantiomers
of Gemmacin, Gemmacin B, Erythromycin, and Oxacillin on Three
Strains of Staphylococcus aureus

MICsp (pg/mL)
MSSA EMRSA-15 EMRSA-16
Emmacin 2 9 9
(£)-Gemmacin B Not determined 8 8
(£ )-Gemmacin 2 16 32
Erythromycin 0.5 =64 =64
Oxacillin 0.5 =32 =32

G. L. Thomas, R. J. Spandl, F. G. Glansdorp, M. Welch, A. Bender, J. Cockfield, J. A. Lindsay, C. Bryant, ng
Brown, O. Loiseleur, H. Rudyk, M. Ladlow, D. R. Spring, Angew. Chem. Int. Ed. 2008, 47, 2808—2812



PARUIMANY, GYOGYASZATILAG HASINOSITHAT PEPTIDEK
IKUS FE: ASANAK I

Készitette Dr. Purke Arpdd egyetemi
tandr, Budapest, 1982 méjus 29.

Ttbbek kbzttt az eddig felfedezett peptidhormonok
példdja is hogy & ED P X
82 618 szervezetben szdmos fontos funkeldt ldthatnak el.
Peltehetd, hogy eseknek a bioldgisilag aktiv, &s poten-
cidlis terdpids hatdssal bird peptideknek eddig casak egy
kis tbredékét ismerjik. Bz indokoljs, hogy ezen & teriile-
ten vildgezerte éa is, inf
folyik,

Az ujfajta bioldgiel hatdesal rendelkezl peptidek
felkutatdsdra kétféle elvi lehetfség kimlkozik:

1. 4 izoléldsa ez 615 szer 51, elé-
zetesen felismert biéldgiai hatésuk alapjén.

2. A peptidek szintetikus el8éllitdsa és bioldgial
hatdsaik utélegos felderitése.

Eddig az izoldldsos médszer bizomyult jérhetébbnak
annak ellenére, hogy ez is igen munkaigényes. Ennek sz &
nagyardzate, hogy az adott tagszému peptidek lehetséges
széma olyan gyorsan nf a tagszdmmal, hogy mér a tetrapep-
tidek teljes szémban /160 ezer/ tBrtén§ e15éllitdea is

gyakorlatban megoldhatatlan felsdatnek tinik. Fa a 20 fé- |

le fehérjeslketd aminosavat vessziik alepul, a lehetséges
reptidek szémét /T / a kivetkesS egyenlet fejesi ki e
tagezém /n/ figevényében:

n
W, = 20

He & peptideket 1éph éa fiigzetlenil
114tjuk eld, az n tegu peptidek esetében ms ehhez szilk-

Chymotrypsinogene :
2024 = 5.65 x 10318 séquences, nb de particules dans l'univers : ~1038

Chimie Combinatoire

- 14 -

A médszer k més vegyiilettipusokra

4z elfzfekben kifejtett mGdszer nemcsak aktiv pap-

tidek kus fel alkal Ugganaz az
elv minden mds szekvencidlie felépitdsil vegylilettipusra
' érvényes, vagyis amikor a vegyiilettipushoz tartozd ve=
3 gyliletek sz egymdshor sorban kapcsolddd épltSelemek mi-
- mbsbgében €s sorrendjében killunbbznek epymfatdl, Ezek

kbz8tt lehetnek terméazetes vegyllstek mint példdul asz
oligoszacharidok, vagy oligomukleotidok, de elképrelhe-
6k mestersépes vegyliletek is. Ez utdbbiak esetében
szekvencidlis kopolimer tipusu vezyliletek jhetnek szé-
ba, vagy i polikend tumek.

Fksuypad
Dr. Purke Arpéd
egyetemi tandr

36237/1982. Ugyszdn
Manuaitom, hogy ezt a 14.azaz Tizenndgy oldelbél 4116 Bmsze~
2iiz8tt okiratot dr. Purke Arpdd esyetemi tandr Budapest VII.,
Csengery utca 23. IIL.2.szém aletti lakos elfttem sajdtkesl-
log irta Ay - == m = m = w = mm mmmmm——————
Budapest, 1982. EzerkilencszdznyolevankettS évi Junius hé 15.
/Tizenstdaik/ napjdn. =

Concept introduit en mai 1982

245 AA

Table 1.1. The number of possible peptide sequences.

Number

of Name Number of

residues sequences

2

=1 Ot = e

Dipeptides 400
Tripeptides 8.000
Tetrapeptides 160.000
Pentapeptides 3.200.000
Hexapeptides 64.000.000
Heptapeptides  1.280.000.000




Syntheése sur Support Solide

Cl

1963, synthese sur des billes de polystyrene fonctionnalisé Bruce Merrifield , Nobel 1984

John Stewart (left) and Bruce Merrifield (right) with the first automatic peptide synthesizer

22
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Méthode d’Houghten « tea bag synthesis »

FRONT SIDE
T ]
R Soal
347
Label
Fi1G. 1. Illustration of a mesh packet containing resin. R IC h d rd A H o Ug hte n

“By using these packets, 260 individual peptides were synthesized with a total of >3380 coupling
steps in a period of 4 weeks. Each peptide was obtained in 10-to 20-mg quantities “

Proc. Natl. Acad. Sci. USA
Vol. 82, pp. 5131-5135, August 1985
Immunology

General method for the rapid solid-phase synthesis of large
numbers of peptides: Specificity of antigen—antibody
interaction at the level of individual amino acids
(simultaneous multiple-peptide synthesis)
RicHARD A. HOUGHTEN 24

Department of Molecular Biology, Scripps Clinic and Research Foundation, 10666 North Torrey Pines Road, La Jolla, CA 92037



Générer de la Diversité — Mix & Split
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Réactions Multicomposants — Définition, Historique

“Multicomponent reactions (MCRs) are generally defined as reactions where more than two starting
materials react to form a product, incorporating essentially all of the atoms of the educts"

Alexander Domling Chem. Rev. 2006, 106, 17-89

O NH3 NH2

-H,0
H 3 ©)\CN
HCN o H\H/H o o
EtO © -3H,0 EO™ Y Ok
A. Strecker, Liebigs Ann. Chem. 1850, 75, 27. N
@]

NH; H
A. Hantzsch, Justus Liebigs Ann. Chem. 1882, 215, 1.

Ueber die Synthese pyridinartiger Verbindungen
aus Acetessigiither und Aldehydammeoniak;

von Dr. Adrthur Hantzsch¥),

H__H o
g -3H,0 R
: © T O N
NH;

343, H. Schifer und B. Tollens: Ueber die Bildung von
Basen aus Acetophenon, Formaldehyd und Chlorammonium!').

[Mitgetheilt von B. Tollens.] 26
(Eingegangen am 7. Juni 1906.)



Réactions Multicomposants — Carbonyle/Imine

Name of the reaction

Year of discovery

Examplel]

Strecker synthesis™!

Hantzsch dihydropyridine synthesis!

Radziszewski imidazole synthesis?!

Hantzsch pyrrole synthesis/®!

3, 24]

Biginelli reaction?

Mannich reaction/®

Bucherer —Bergs hydantoin synthesis?" 2

(1838) 1850

1882

1882

1890

1891

1912

1941

NC
CHO
NH,
+ HCN + NHy ———

CFy

Q
)J\’_r + CHz;O + MeMHs; + NHg
o]
Ph
0 N
OHO _-COOEt | o, o000 — \

Br

COOEt

Et00C

CHO COOEt

® L
9 I
8]

|
” /ﬁ{\ + 2CH,0 + MeNH; /\H/L/ M
© 8] 8]

] 9] T T

J’cj}\ O
+ COOE!
HaM MHy )'l\/ *

NH
74
N\ N>=° ' MM NHs + CO, + HCN

3 St .



Réactions Multicomposants — Hantzsch (1882)

0 Ph O Ph O
—
> EtO o) A L ao)iIft[ikoa
NH4OAC H

1,4-dihydropyridines

Arthur Rudolf Hantzsch
7 mars 1857 — 14 mars 1935

_ FeCly _ 1. KOH

2 acide A
HNO3

MnO2

28



Hantzsch - mécanisme

@]
9 + i AcO AcOH
NH,* , AcO" C
EtO ‘ Eto)i . FEo©
o - H,0 NH,* NH;
ﬂ iminium énamine
Ph
Q )\ @) Ph o O Ph
') H crotonisation _
EtO | EtO OH EtO
cat. H* cat. H*
OH o) -~ H,0 0
aldol
@]
EtO 4\ OEt _
I S
0 NG R
ACO" H | H H AcO AcOO H H



Réactions Multicomposants — Hantzsch

() 0 + (b) 0 NH,OAc
: R'CHO
9+2 —» FF*OJE\ 1 : Rzé“ e
'oor H H2, - cata YS 3
10 R2” “NHR? ﬁ x o ¥ cj> : % & O conditions
R (9] 0///:»\\_ RE 12 R4 N =13 5 0 NH,OAc,
- / ' : 1
9+1 —» OR? R? : EtO _..R CHO EtO OEt
. 2 13, unsymmetrical DHP ! catalyst, |
07 R* 1 ("ABC" 3CR) : H,c” S0  conditions HC™ N” " CH
16 17
- catalyst Yb(OTf); CAN  L-Pro 18 PhB(OH),  CeCly*7H,0
‘O product 15 15 15 15 17 17
0O o FPr

L A FPr Joading (mol%) 5 5 10 10 10 5
oy Afe yield (%) 85-95 85-98 83-96  69-94 81-95 61-92
“ o X solvent EtOH EtOH (none) CH4CN EtOH CH4CN

iPr time (h) 2-8 0.5-4 0.5 5 4-5 3-6
Ar temperature 25 °C 25 °C 25 °C 25°C 80 °C 25 °C
18 # of examples 17 16 14 15 13 15
ee - - - 87-99% - -

30



Réactions Multicomposants — Biginelli (1891)

o) Ph Q  Ph
EO o G, —A EOTYY il
2
o A N" 0
H,N" S0 H

3,4-dihydropyrimidin-2(1H)-ones

Pietro Biginelli
25 juillet 1860 — 15 janvier 1937

A Reexamination of the Mechanism of the Biginelli Dihydropyrimidine
Synthesis. Support for an N-Acyliminium lon Intermediate’

C. Oliver Kappe *
Institute of Organic Chemistry, Karl-Franzens-University Graz, A-8010 Graz, Austria

J Org Chem., 1997, 62 (21), pp 7201-7204 o)
ﬁOEt
0
/I/ljw o ! oh O Ph O Ph O
- 0
07 H H o W o -~ HN oet M0 pN OEt

NH; ®) “oEt )\ A8 o

PN 07 NH, N oZ N 07N
07 NH, HO We H

31



Réactions Multicomposants — Biginelli

i (b) 0
0 J
0o 0 catalysts 1-4 HN NH
RN O - 4
i H,N NH, H R1 conditions R2 R
! CO,R®
: 33 39 1 40 002H3
| a1 42 43 44 Ph
i loading (mol%) 10 5 5 10 ‘O o
L ee (%) 88-97  15-99  70-98% 88-99 T
L yield (%) 40-94  51-93  34-73% 73-94% P~oH
_ ; ' solvent CH,Cl, CH,Cl, dioxane/THF (1:4) THF o
36, ptilomycalin ' time (h) 96 72 36-156 20-30
(Overman, 1998) \  temperature 25°C 25°C 25°C 25°C Ph
S i #ofexamples 24 13 15 14 41
HNJLNH : OAc
HO 2z 5 NH,
- ; OAc \n/ N
37, (S)-monastrol ; S H =
(Mitchison, 1999) ' 42 43

32



Réactions Multicomposants — Petasis (1993)

Tetrahedron Letters

Lo -'i-\. )
e ) o
R

- sq

Volume 34, Issue 4, 22 January 1993, Pages 583-586

The International Journal for the Rapid Publication of Preliminary =

The boronic acid mannich reaction: A new method for the
synthesis of geometrically pure allylamines

Micos A. Petasis, Inni Akritopoulou

() (CHgO), e o Nicos A. Petasis
“H Dicxana, 90°C, 1h
—
(b)HQ, Ph
H Naftfing (82%)
90°C, 30min
OH
| g o\ OH | OH | B(OH),
B~ N_2O.1_OH ®,, HO_I_OH N
KN\H (CHO), ,l,vOH HO > "Ph > TBG (l‘\l} BS
Ar r < ~ Ar N :Ar A Ar K
Ar
Ph Ph Ph
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Réactions Multicomposants — Petasis

(a) 0 -

Petasis RH)J\ R2 (HO),B EtOH NH
! H = 2 \y’\ e
(1997) I NH, R® 55 oG H\f./l\///\ns

2 78 !
77, X =0 or OH -

i 0
omeon £ o e SO, T

1 " iso 81
. Wu (2009)

@mole) AL

0

B OB

HJLH NH, R H012n L
1 2 83 100 °C

* R', R2, R3=aromatic

ST

OH
OH R - OH
(0] E H
HO &‘\&0 H HZN = R1 » HO N o) COQH
86, D xﬁﬁse B 0 ”cl’ =
' | 89, D-Neu5Gc
(n‘BUO)EBJ, (Wong' 2006
88
0 HO  OH
HO =
OH 91 —_— HO, b OH
90, D-arabinose — N—
(HO)QBK%,\_\_Ph “—OH
92 93, (+)-uniflorine A
(Pyne, 2008)
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Réactions Multicomposants — Petasis

catalyst 98

(b)
H1m R? 0 (Ho)za\//’\c[ﬁa (10 mol%), NaHCO4
. e o o CHCLH0
94 95

-78 to -40 °C; 24h

97, 10 examples
28-75% yield; 82-97% ee

0 catalyst 102 R N R?
1 2 (15 mol%) , 101, 22 examples |
R N” R EtOZC\[HL H (HO)QB\_\‘///‘\ R? —_— 2 : o 71-89% yield: !
& 78 falene \f(\/\ﬁ 68-97% ee '
0 -15 °C, 36h o |
a9 100 '
CFs S
Ar\ )J\ \\‘
S N N
[ [
H H

N~ N
N H H Cl
@@ _.F’ho)k"' o, Non N 0
N/ N - OBV RN B? — N

Cr NO L OH |
PhO™ S0 PN J o Pho/go Ph
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Réactions Multicomposants — Petasis pour la DOS

Ph
Hoveyda- Ph._ s
Grubbs 11 : 31 MeO,C” N Me
CH,Cl, A A CH,Cl, — N
o Me0,C” N —_— . 5 Oy 0
89% 7\ 72% HH NN N=N
trans/cis = 6.7:1 Ph i HO B
(o) 31
HO
30 N0
Ph._ 32 Me
CpRU(CHsCN)3PF4 :
acetone
85%
~
Co,(C0O)s, Et;NO A
MEOZC N
OH eh NH,4CI, benzene Pd(PPhs),(OAC),
Ph/\/{ 85% Ph a benzene, 80 'C
0 >10:1 dr HO .
O\ﬂ H.N" ~CO,Me EiOH 70%
26 —
25 85%
(HO)zB\/V Pd(PPhs)x(OAc), A
27 benzene, 80 'C MeOC™ "N CpRuU(CH3CN)3PFg
81% Ph acetone
Ph // Br | | Ph HO H — 91%
NaHCO; 35 —
. HN” ~COMe __DMF___ N~ ~CO,Me
iz 86% H Ph
OH OH MeOH CO,Me Coy(CO)g, EtzNO
28 29 80% P benzene
85%
36
Ph__
NaH Hoveyda- Ph_ o
toluene /\Q\ Grubbs II o 31 N
88% \/*\% CH;Cly, A Y\N CH;Cl o}
P H 87% 0 7\ 65% P HY
trans/cis = 6.4:1 I H -
ph” M
42
eh Hoveyda-
mCPBA, THF \/CO?M‘E Grubbs I
78 50 C AR CH,Cly, A
87% ? 90%
th trans/cis = 3:1
OH
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Réactions Multicomposants — Isonitriles

. ©
o° /' o.
N7 - - NZ
Ar/ A ”
r
KOH
R NH + 3 - > R + ; 2
“>NH, CHCI A “NC 3 KCl, 2 H,0
R">X + AGCN ——>  R7>NC + AgX
NEt,
R">NH + POCl; ——> R7NC
So
Ueber die Einwirkung des Chlonvassersto_ffs
u. a. auf das Aethyl- und Methylcyaniir;
1867. von A. Gautier *).
Einwirkung der Wasserstoffsduren. — Lifst man einen 37

Strom getrockneten Chlorwasserstoffgases durch reines Aethyl-



Réactions Multicomposants — Isonitriles

KOH
R“>NH, + CHCl; ——— R“>Nc + 3KCI,2H,0
A
_H
H R/A\N H
OH" S -CI A H {50| OH" OH" 2
CI/}\CI ci-T>cl c” el ———= RN — R/\N)\m ——= R7N7
Cl Cl insertion |l| Cl - H,0 - H,
N-H _Cr _Cr

R/\Br + AgCN — = R/\NC +

A
A9 ho
C )
N @NDBr - AgBr N:
J -
N R R
R Br
N Et, P
R™NH + POCl; —> R NC
Yo
® ) .
RINH___ 03 RN O NEt; RTN° O NEt; R7N o
G Ea — g — e
NS N PRI LN PN
O CI7 1 Cl O 1~ Cl H O 1> Cl o O 1 Cl
Cl Cr Cl Cl +CI
Et;NH

Et;NH* CI



Réactions Multicomposants — Passerini (1921)

NC I;I o
N
Ph” <N N. (o)
Ph” <N

Mario (Torquato) Passerini
(1891-1962)

‘> IZ;O - Arg%';gj\ > H\Eri:\fo
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Réactions Multicomposants — Passerini

(a) catalyst R 0 (b) TiCl
: - | 4 R CO,CH
f‘l\ S i 67 or 68 H L CO,H 0 ¢ (5mol%) H i
. D — 4 1 £ r——— -
R o F° R'” “H conditions \[(\0 R FF'J\NHQ HALH tBU" CH4OH +Bu H”“‘R?
64 65 1 O 66 3 , 23°C, 12h

71, 16 examples (R%=aromatic)
78:12 to0 92:8 dr; 75-92% yield

2 % N_ N E H R' CO,CH
- i T 1 Oy N0 ). o y ' COCH,
7 Gl : LN - 1 H B S =
oTf OTf t+Bu 0 ciO +Bu | . r.;'ii +-Bu |c|) N Acf?H — TAN/)
: reflux
67 tBu .. tBu | 2h H,CO 2h 0

o

68 0]
0 0
catalyst 67 68 i L o
loading (mol%) 20 10 l;?
ee (%) 62-98 63-99 _P_ (10 mol%) R!
yield (%) 75-98  51-70 0 ¢ PhOH H
solvent CH.Cl, toluene )L R . N7 I H = h > BB N“)\N R
time (h) 1254 48 e NH, R toluene, 80 °C, 12-36l T H
temperature 0°C -40 °C 1 2 75 .
# of examples 16 16 76, 25 examples
36-91% vyield
: "0 R H
R H 2N~
H >N N
R« R« _PC R,.® H © N
0 NH, N 0* “Ph 2>N° Q 4 o. .0 HO ©
M PR 9L"\ o T RTY P<H R
Ry H -H,0 R{ "H R/ H C" O 'Ph N Ph NH
| |
N R Rs
R3
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Réactions Multicomposants — Ugi (1962)

Novel Methods of Preparative Organic Chemistry IV
The «-Addition of Immonium Ions and Anions to Isonitriles Accompanied
by Secondary Reactions

BY DOZ. DR, IVAR UGI {1]

INSTITUT FUR ORGANISCHE CHEMIE DER UNIVERSITAT MUNCHEN

Angew. Chem. internat. Edit. [ Vol. 1 (1962) | No. i

n-ﬁ:;H; CH(CH3);

ZTN | e 3 o
, N CO—N— . _CH—CO—NH— XXIm (80 %)
N7 \___ "

Ivar Karl Ugi
9 sept. 1930 - 29 sept. 2005

Rt R2 R} R2

N~/
1 1 R4—NH-C m\// R
/C=0 + RA—NH; /C—..—N\ R}~NZC R-CO,;® C=N—-R3} —— R /tN—!U —> R—-C—N—C—{?—NH-—-RS
PAS— _— e _/' I | i |
R2 R2 & R4 R—?—O 20 \0 0O R*RZO
|
Xlvg XXI
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Mécanisme de la réaction de Ugi
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Ugi pour la DOS

Me
Cﬁiﬂw
N (0]
cl Ugi/Knoevenagel
ref. 10a NHCy
0]
cl N
9 0 N
H o]
-Pr~ N spontaneous }NH
o} NH 63% 4
H N
16 10
CN 1. Grubbs Il
i PR o iy |S Ugi/lRCM/Heck
Ugii2+2 Photocyclization CH;Cl, ref. 10b
ref. 10h N ~o
NHCy 2. Pd(PPh3)2Clz
Vi Et;N, DMF
03/\/ 110 (C, uW
FPreNH 80%
Br
o)
4
N
H
/ 2
JOL MeO. MeO
Ho™ "R? m 0
spontaneous TFA N_ _O
- —» MeO o] MeQ Me
70% R4-NC Me 53%
dr=92:8 hll (0] I:J
HN (0] Ugi 4-CR O n-Bu n-Bu
\Bn 3 1"
Ugi/Diels-Alder / o 0 UgllPl:::tﬁzengler
ref.10g l NHBn
o OMe MeO,C.__N__.O
ﬂ |
i N ~t-Bu -Pr |
N7 NH Pd(OAC);, PPh;
Et 4 Et;N, CH;CN
Pd(OAc);, dppf 125 C, (W
n-BugNBr, K,CO3 ¢l
DMF, 80 C 6 NHBoc o
92% oh
NHBn
1. TEAICH,Cl, MeO:C, _N__©
OMe UgllDep{S'gg;lecllze 2. PS-morpholine, DMF
H 65%
N ref. 10e . UgilHeck
t-Bu 3 steps rof. 10d
Ugi/Arylation
ref. 10f
HN—i-Pr
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[*] Prof. Dr. [. Ugi, Dipl.-Chem. A. Démling
MCR Le Reco rd Organisch—<chemisches Institut I der Techmschen Universitit Mianchen

. Lichtenbergstrasse 4, D-W-8046 Garching (FRG)
The Seven-Component Reaction**

By Alexander Démling and fvar Ugi®  Angew. Chem. Int. Ed. Engl. 1993, 32, No. 4 @ VCOH Verfagsgeseilsch

NaSH + BrCMe,CHO + NH, + Me,CHCHO + CO, + MeOH + (BuNC
I 2 3 4 g 6 7

—> NH‘ + 2 H,0 + NaBr
tBUNHOC COOMe

NaSH + BrCMe,CHO —— HSCMe,CHO + NaBr
1 2 9

s,
9 ¢ NH, + Me,CHCHO — = 'tN 4 21,0
4

3
10

CO, + MeDH === MeOCO,H
5 6 11

I+ 10— > MeOCO; +"( \?’k

13 H

BUNC + 13 +12 — >
rBuN= rBuNHOC COOMe
OMe 8

14

Scheme 2. Mechanism of the 7CC.



Exercices

&,
HO

CNJ<

HO
o]
+ |l
S
2k

N “NH,
11

S
\

SC[OTI]H

MeOH/CH,Cls

o]
Meo - NC 0

Q
3
&

M

N
%‘%
H ;I,. 5
112 ¥

: O
S et
4\@0'5 'DME/L

13 —

Combination of Groebke—Bienaym—Blackburn 3CR and Ugi 4CR. The primary MCR scaffold structures are shown in red

and the secondary scaffolds in blue.

T. H. Al-Tel, R. A. Al-Qawasmeh, W. Voelter, Eur. J. Org. Chem. 2010, 5586
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Exercices a)

0 0O

..

+
FaC =0  NH:
HENAS
CFa

118 (10 mol3s)

114 66% yield

b} . 96% ee
o F EtO 119 (10 mol%)
0.-’ g—=
i 0
0 NH4DAC
115 94% yield
=99% eg
c)
MHCbz NHCbz
N MeO
MeO 120 (10 mol%)
+ — -
O\ 0% “Ph N ~Ph
NH2 H
116 89% yield
d) =09% ee
MNHCbz

120 (10 mol%a) NH MNHCbz
then /\.—/Lh)
MaBHzCN,

TsOH

Ph
117  89% yield
a97% ee

0,N k,.:-\“
&+
O\ i
)
Ph

Organocatalytic asymmetric Biginelli 3CR using chiral phosphoric acid 118.[93] b) Organocatalytic asymmetric Hantzsch 4CR using chiral phosphoric acid
119.[92] c¢) Organocatalytic asymmetric Povarov 3CR using chiral phosphoric acid 120.[94] d) Organocatalytic asymmetric Mannich 3CR using chiral phosphoric
acid 120.[95] Ref : [92] C. G. Evans, J. E. Gestwicki, Org. Lett. 2009, 11, 2957. [93] L.-Z. Gong, X.-H. Chen, X.-Y. Xu, Chem. Eur. J. 2007, 13, 8920. [94] KbLiu, G.
Dagousset, G. Masson, P. Retailleau, J. Zhu, J. Am. Chem. Soc. 2009, 131, 4598. [95] G. Dagousset, F. Drouet, G. Masson, J. Zhu, Org. Lett. 2009, 11, 5546.



a) nBuLi, THF, -78 °C to RT
b) NaHMDS THF, o

ar K
¢) TFA, DCM

d) EDC, HOBT, DMF, DIEA,
HZN\[R1
oX

e) introduction of protection group/
loading of polystyrene macrobead

x = polystyrene macrobead
or protecting group

a) LIOH, H205,
THF/H,0
b) EDC, DIEA, EDC, DIEA, DMAP,
HOBT, DME, | EP¢ 25 DMAR
OH
ol OW\\\
]\ n
NH, OH

R3 R3
o om
|/0 o 7 10 mol % r’o 0
R2_I\N Grubbs I Rz_\N)J\/\/ }
H o o H -
o o)
i s Y
HN._ _R1 10 mol % HN_ _R1
\]: Grubbs II \[
oX
10 mol % oX
Grubbs |l
R3 R3
o o)
o) - o)
R2£ f Rz—'/ 7
N L
N N
H s
N Ho o o

HN R1 HN R1

(o) 4 0) 4

10 mol %
Grubbs ||
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Exercices

'R Ts .
VPG T
1; X = NHNs
2; X = OH
HOQOAC HiPl'gSlOQOAC
1. append 'propagating’
9(H,Ac) building block 9(Sil,Ac)
(with X = NHNs) 2. deacetylate (with X = OH)

Ns 0. .0 OH
N, OH Si
Q’ R~ iPry
R~
3 4
HfPrZSiO\/PO
|

15(Sil,All)

append 'capping' I NSHN/%O
|

building block
25

H 0]
2N AN ™
O\
-ai~ N
0] Slﬂz,l_2
cleave
'temporary' tethers
NsH 0 H O
N NS FN X N
=/ on HO™  OH\§

'Propagating’ building blocks:

RO OAc
\g HO_@ OAc HO"‘Q”'OAC

9(H,Ac); R=H (+)-10(H.Ac) 11(H,Ac)

9(Sil,Ac); R = SiH/Pr,
RO/\g\OAc HlPFZSIO/‘

oTBS
RO"‘Q“'OAC

12(H,Ac); R=H 13(H,Ac); R=H 14(Sil,Ac)

12(Sil,Ac): R = SiHiPr,  13(SilAc); R = SiHiPry

= QOAc
\/\ OAc 4
=

15(H,Ac); R=H 16(H,Ac)
15(Sil, Ac); R = SiHiPr,

'‘Capping' building blocks:

; HO'™ "0 =

9(SilAll) 11(Sil All) 13(s|| All)
OTBS
HJPfgSlO\/\ j
HiPr,SiO™ HPr,Si0
15(Sil,All) (£)-17(SilAl) 13(s|| Ally
HiPr,SiO HiPT,SIO P
S AN NSHNHB/
Ph =
19 20 21;n=1
22, n=2
Ns 23;n=3
/\/N /\% NHNs
NsHN j NsHN_ 7 © A~
P
24 25 26
HO HO,C - HO,C /
,//\D n NHBoc
27 28, n=1 30
29 n=3



HSQ NS FHGI m
22 J \/ﬁ i SN
RE = [ Né" A RNe

oH oH

L- Ns N E =
15(Sil All N 0. 079 = M "Q
L s s, = on L, 28] ﬁs‘Q""om FHEI N 0

- o | RF\_/)/ 0 N M
1B{S<Lm§.‘ H el ¢ S oH 0
5 5| 3
N-.. 0. .0_/‘\.0 0 M):) e FHGI
Si e H 2! N . -
reS o Pr; L H oL N!‘;‘Q"'o TN
RF\J °

oTBsS
NHBec

OH
O ,
LT : =
0 = HO' [o e
NHBoc

oTBS

H,
Oro et oyt
/\D HO OH OH %,

w0l .
S B

27| ! F\JIIOE'}?

26 N Sy G-l =
S SN =
28| 0 FHGI Neito R
5 r\)/ o m HE m = - o Ns N Ph Ns ks
Ns  Ns “j S "v"/? red - ] 2ol N - >
24 _ NQ,N\/\N FHG NsN NQ RF\J i s RF\J S e OH
e [ Ns ) N
\

H | o
R \@—ﬁs NsN i%r L/
Ne gl o L o= 2 L Ns
o @/Q\H_/\I/ 28| F\/',N—\@Aom—- ‘\wo
_ 'y
HSH OH ° = ! (=] 8 @ DOI: 10.1002/anie.200804486
A G-l

o 15(Sil AN WA L e . ) )

w P o,gi:‘/‘\‘\/ oo Synthesis of Natural-Product-Like Molecules with Over
N

Eighty Distinct Scaffolds™*
Daniel Morton, Stuart Leach, Christopher Cordier, Stuart Warriner, and
Adam Nelson*

i & i H
2] N o FHGAI 5 ¥ m
—_— Angew. Chem. Int. Ed. 2009, 48, 104-109
R‘\J i

HG-Il

o OH ~OH
Ns
o N
2 Ns Q_Ns j FHG-II
L.- \/rN N‘/\N = =
RF/ Ns l 0
25 ns Ns "0
i N NS ") e OH OH o ; cycles /Carba
R Ph

28| _ HE‘QO FHGA
RF\)’ m

HOH
il, OH OH
‘ NS.Q si ; OH
ZUL N 0‘3,'0 Sl HO 'r-N’\/\)\ RF\//.r Pry Pry = o
RE~ N e . e
H

iPry = s OH




Exercices __COEt __CO,E!

HO
NaOEt, o2
’/ cozEt COEEt 39 EE]'H !
_-CO,Et 12 ﬁg
MeMgBr
0 NH,OH.HC| :;'ﬁ‘:-“m
NaOAc, MeCN,
“x-CO:Et a6 Aoiuiaiia. g MeOH NH5OH.HCI
H 140 -uc NBCN. ﬁﬁ.o" NEOE', ElGH 3
11 H:H, Me super- 3R, 60°C " 12%
hydride
or MeLi e 50% NaBH,
19% o NH;, EtOH
i Ti{OEt)
\ ., ~COEt then ACOH o
oH _— Et0,C.__~ . _CO,Et .
Sml;, (5eq) | =
THF, MeOH
-78°C
PhNH
CO.Et 70% Pr,NE TiCla, 2DC:I'u"I. rt
10 ?ITILz ﬁ:EH Ic'l'ii'r*:mls N "~CO,Et 65% o
78 °C THF 70 % 71% E10, .
70% ;
/CO,Et __CO,Et
: EtO,C
2 H N
N Ph
EtO,C 2 CO,Et
EtO,C._ .. ! 5
CO,Et
EtOEG CO,Et
8 7 6
Cite this: Chem. Sci,, 2011, 2, 2232
www.rsc.org/chemicalscience EDGE ARTICLE
Synthesis of natural-product-like scaffolds in unprecedented efficiency via
a 12-fold branching pathwayi
Diane Robbins,” Annabella F. Newton,” Camille Gignoux,” Jean-Christophe Legeay,” Alex Sinclair,” 50

Martin Rejzek,” Carly A. Laxon,” Sai K. Yalamanchili,” William Lewis,” Maria A. O*Connell *
and Robert A. Stockman™*



Exercices

Synthesis of analogues 14-21

q AF _OTBDMS

o]

N‘:“‘x

1. LIBH,, THF
_ -
2. TBDMSCI, H
imidazala
G e
1. NaH, CS,. Mel 82% A
50% | 2 BugSnH, AIBN
El@.zcx\}
g
0TS TBOMSC

c CHIE

T8% | ZniAcOH

gog | Hz. PAIC.  side reaction in
Me2| formation of D)

i B

EOLC.

UAN"—\‘-

TBDMSU\/? /Jj/
20

COsEt
~CO:E TBOPSGL, Fans
H imidazale i
DME TBDPSO D"‘N
D
240 T
H ;""‘-n-..f/
. 16
™. Ha
~._ P#T
™36 CO4Et
WMed ."J 2
H HD oH H
L)
T G
B ""1-._‘_/
14 D
COEr CO.Et %Eb
L 100%
E10.C BN (Et0),P(0)CHCOLE HN NalQ,,
- o CO.Et
= _W 2:1 CHCLH,0 2
L " MaH, THF - " -
HT . H":
H E HO
x“'/’ 502: ower 2 steps H'"“/z
13 F G
18
TEDPSCI,
Ba% imidazole
DMF
COsEt COzEL CO4Et
e cl S0CIl;, dicxans oH
TEDPSO . Bu;SnH, AIEN TBDP"O\ - TBOPSG,
: -—
——
. Tol., reflux = a7 L .
= I H™ = - = E
H - H -
-__‘_\_\/ 2[%, '--..,_/ ""-~--.._f’J
17

128 E

Tablel Screen of scaffold 2 and analogues against three cancer cell lines

1Cs values/uM

Compound HL-60 THP-1 AS4C
_COE
Oy
EIO,C — =100 —
H
2
E10,C_
= " 224 275 413
=100 =100 =100
_-COE
TBOPSQ OKN :
24 33 29
H
E10,C.
TBDPSQ or;m
4.7 2.1 2.4
17
EI0,C
TBDPSO HM
11.0 35 =100
18
Et0,C
HO OmN
X 488 =100 =100
Wi/
19
E10,C.
o N
TEDMSO. i 34 “ #
WL
20
o :/OTEDMS
I\ 42 36 43
H g
2
_-COzEt
BnO O‘N ;
. 18.6 =100 —
W
a2




Exercices

o O

HN Et —»

o o

3 12, a-Buli, THF HN " “OEt
—_— !

Modes of cycloaddition

A—=-B,E—-AC—=A
A->C,B->C,C—-B

(1) LioH
(2) ethanclamine
EDC, HOBt

-78—60"C LN (3) TIPSC, imidazoler
40% 13 A 97% (3 steps)
—
0

0O 0 0O 0 o
QTIPS
HN N/\,OTIPS MEMN ’“\/
LH 15, toluene L
—_—
14 NN
= 41% "“"-
MSNS ElsN 16: X=H,H
I-: 17: X= N,
Me H
Rhy(02CCrH s)a. N
—_— 0
benzene, 50 °C Oy H H
73% O0” 'N N‘v’“ﬁjR
Q
TBAF then B =
AAMS, EtsN I:1B,R—TIF'8
4- nphenylcarbonyl chioride, b= 19: R = CO-p-CgH,-Ph

Skeletal Diversity via a Folding
Pathway: Synthesis of Indole
Alkaloid-Like Skeletons

Hiroki Oguri and Stuart L. Schreiber*

ORGANIC
LETTERS

2005
Vol. 7, No. 1
47-50

ras 20

I

c- 22
15 o;N ;
,toluene Rhg(O2CC7H, 5),
0N’ ; 200007 5)4,
T- 2 023\ - - 025
N benzeng, 50°C H
570 NHBL
PMB
26 . R =-(CH»),OTBS
Olule 27 . R=Me
OTBS
MSN;; Et;N 247 % =H, H
E— 25 X =Ny
0 o}
3 n-BuL| THF
+
] -78—E0 °C
\/“f“oms 86%
LiCH, 5 R=Et
PPHOHMHA0; 2.1 OTBS
oo 68:R=H
We
(1) 1,1-carbonyldimidazole, o o i+ M | o]
CH,Cly, 1t
HWOW cl
(2} hydrogen methyl malonate, 8
PriigBr -
47% (2 steps) 44 M3, CH,Cl,
7 B5%
OTBS
ME\ OMe ’Me
N Olle
T 3 © Rha(0,CCiH1s),
_— At o
bernzene, 50 °C O
74% (o]
IWsM;, EtyM 9 X¥X=H H
HC f
CHON [ 10 x =1y oTBS 11



Exercices

8, 53%

C%O ?

UgLfPfc!er—Speng.l'er

stereochemistry C9 n.d. f " e
Ugi/Diels-Alder ‘ o 9,87%,dr. =32
Ugiff2+2] Photocycloadditions
Spontaneous MeO
Cl

hv
" MEO MeOH
@\/ ) St %
N"Y0 J) 9
e g

\ / 3, 41% N
H
0 HME i
_NH.
I N N\|< R“SRE RY - /\\N,_f\/\/
NN, o) - P Grubbs I
N el e
6, 88% RY R®" TOH 4, 73%

H 0
Pd(OAC),, dpp! } .
nBuyNBr, KzCOg N

DMF, 80°C

o
H
H v
@N \|< 10,94% N
I 0 H
0
5 a5 [PA(PPhg)zCla]

EtsN, DMF
110°C, MW
XP“‘;V [Pd(dba)s) \i"aﬂ
CszC0y
dioxane/MeCN (85:15)

Ugi/Arylation MW, 150°C 0
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